
Stronger Together for 
Canadian Innovation

2020 - 2021

ANNUAL 
REPORT

University Network of 
Excellence in Nuclear 
EngineeringUNENE

Photo courtesy of Bruce Power



2

CONTENTS

Stronger Together for  
Canadian Innovation

Chairman’s Message 3
President’s Message 4
Introduction 6
Our Role 8
Research 10
Education 20
Communications 23
Outreach 24
UNENE Stakeholders 25
Business Plan 26
Financial Statements 28
Our Team 31Photo courtesy of courtesy of 

Women in Nuclear Canada



CHAIRMAN’S
MESSAGE

University Network of Excellence  
in Nuclear Engineering UNENE

Jatin Nathwani
UNENE Chairman

2020-21 was a challenging year in Canada 
and worldwide, as we all responded to 
the COVID-19 pandemic. For the nuclear 
community, our environment also included a 
resurgence of interest in nuclear technology. 
Our UNENE member organizations all adapted 
to these twin challenges with positive steps, 
developing and supporting new reactor 
technologies, broader applications of nuclear 
capabilities, and a stronger dialogue with 
policy-makers and the communities around 
us. Through our Board meetings and the many 
activities that UNENE conducts, I was pleased 
to see that the organization has managed to 
adapt to pandemic restrictions and respond to 
the increased need for collaborative work. 

On top of the day-to-day activities of the 
UNENE team and member organizations 
(recorded in the year’s review on the following 
pages), the Board of Directors saw the results 
of a comprehensive Business Planning exercise 
to set a vision and direction for UNENE in 

the coming years. This work grew out of the 
need to establish UNENE as a collaboration 
hub and to bring its communications, 
infrastructure, and governance to the next 
level. I feel confident that by following this 
plan, UNENE will forge a successful path to 
meet its mandate fully. I would like to make a 
personal note of thanks to Jacquie Hoornweg, 
who provided the consultation and close 
partnership with UNENE President Jerry 
Hopwood and the UNENE team, to develop the 
vision and plan for the future. 

The UNENE Board of Directors continues to 
act as a forum to hear UNENE’s progress and 
challenges, to provide high-level guidance to 
the UNENE Management team, and to provide 
assurance to our not-for-profit partnership 
members that UNENE is effective in addressing 
their needs and priorities, and that it remains 
financially secure. As we move into 2022, I 
view UNENE as ready to take further steps to 
enhance its role in the nuclear community.
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PRESIDENT’S
MESSAGE

University Network of Excellence  
in Nuclear EngineeringUNENE

Jerry Hopwood
UNENE President & CEO

This Annual Report for UNENE covers a unique 
period for our network and society. The 
COVID-19 pandemic affected every aspect 
of life, with fundamental disruptions due to 
lockdowns, health impacts in communities 
and organizations, and dramatic changes in 
working and study conditions. Looking back 
from the vantage point of the first half of 2022, 
as society gradually adapts to the coronavirus 
amid signs of reduced disruptions, we can feel 
relief at having come through this time with 
UNENE’s core functions intact and thriving. 
Indeed, we have maintained our research and 
education programs and set the direction for 
a more engaged and impactful partnership 
through the launch of UNENE’s 2021-25 
Business Plan.

The day-to-day operation of UNENE has 
represented a considerable challenge 
during this period. The management and 
administration team has experienced an entire 

two-year period restricted to meeting online. 
Like many other organizations, we have had 
to adapt to this way of carrying out our work. 
More substantially, our educational programs 
– M. Eng courses, introductory/refresher 
courses, and the work of planning and student 
relations, have all been undertaken online, in 
a virtual environment. This has represented 
an opportunity and a challenge, and we have 
gained a great deal of insight into extending 
the range of course delivery, which will serve 
well as we transition to the new conditions 
post-COVID. The world of education is evolving 
rapidly, and UNENE must evolve our program 
delivery also, as we find interest in our 
programming from broader geography.

UNENE’s R&D leaders have also adapted to the 
changes during the pandemic. Lockdowns and 
restrictions in lab access have caused some 
delays to research projects in some cases. 
More often, the researchers have adapted 
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BUSINESS  
PLANNING

Our business plan  
maintains & 

strengthens our 
research activities

RESEARCH EDUCATION

by putting effort into activities that can be 
carried out remotely – emphasizing modelling 
and computer analysis where hands-on 
experimentation has not been practical.  The 
result has been that overall momentum has 
been maintained, and this has shown up in 
vibrant webinars and meetings with industrial 
partners and in our Annual R&D workshop – 
held successfully online.

UNENE completed the development of a new 
Business Plan during the year and obtained 
positive feedback from our Board of Directors 
to complete the plan and develop steps to 
implement it. The Business Plan establishes 
a vision for UNENE as a flourishing centre 
supporting partnerships: strengthening our 
existing educational and R&D programs by 
orienting them to industry and stakeholder 
needs and building a greater activity as a 
collaboration and communications hub for 
our partnership members and the nuclear 
community overall. Initiatives towards this 
are already starting up. Emphasis is on 
communications, including a revitalized 
website and UNENE newsletter, and on acting 
as a collaboration hub, taking opportunities 
to connect industry and other nuclear sector 
organizations with our university community. 

UNENE’s finances remain solid as we 
consolidate efforts to our main expenditures 
supporting R&D. Delays in some R&D programs 
have meant that UNENE has built up funding 
ready to launch new rounds of R&D projects. 
The 2020 round of R&D projects is now well 
underway, after the UNENE Research Advisory 
Committee thoroughly reviewed a fine set of 
proposals. UNENE has been able to finance 
the work to upgrade our communications, 
carry out the business planning initiative and 
prepare to fully meet our mandate, while 
maintaining a break-even position regarding 
revenue and expenditure. 

Looking ahead, and from the vantage point of 
early 2022, we see that the work already started 
in 2020-21 will show increasing results in future 
years. I am pleased to say that UNENE is a 
well-recognized and sought-after organization, 
playing its part in the growing and accelerating 
nuclear ecosystem here in Canada, and playing 
a valued role for Canada internationally. 
The UNENE team has pulled through the 
challenging period, putting in extra effort and 
resourcefulness, and I would like to thank 
everyone who has contributed so well this year.

UNENE supports 
the research work 

of our member 
universities

Focused on 
industry-university 
partnership to supply 

highly-qualified 
graduates

OUTREACH

Seeing an increase 
interest & demand 

to build working 
relationships.

University Network of Excellence  
in Nuclear Engineering UNENE

Picture of Bruce Nuclear Power Plant
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Nationally, the year 2020-21 was dominated 
by the impacts of the COVID-19 Pandemic. 
The rapid development of COVID-19 led to 
the need to move many operations online, 
including UNENE’s M.Eng course program 
and much of the lab-based work in our 
university research programs. Looking back, 
these adaptations were accomplished 
successfully – student enrollment and 
engagement remained satisfactory for our 
M.Eng program, and important research 
work continued, albeit with some inevitable 
slowdowns. Most importantly, the health and 
safety of the UNENE community were well 

maintained, and collaboration continued to be 
a community strength. During the year, UNENE 
strengthened ties with cooperating institutions 
and began to upgrade its communications 
and infrastructure, with results starting 
to be seen by the end of the year. This all 
came as UNENE recognized the value of a 
role as a collaboration hub and built these 
developments into a comprehensive business 
plan for the next part of this decade. The end 
of the year saw UNENE positioned to have met 
the pandemic challenge, learned to adapt, and 
built important foundations for the future.

University Network of Excellence  
in Nuclear EngineeringUNENE

Introduction

Adapting to COVID-19

In March 2020, as governments and 
organizations responded to the COVID-19 
outbreak with restrictions on movement, the 
UNENE management team moved to a fully 
online/work-from-home operating model. 
This was maintained throughout the year; 
our team became used to meeting regularly 
by Zoom, as so many others have done. 
Looking back from early 2022, this approach 
has been necessary and has enabled UNENE’s 
operations to continue smoothly. 

As universities and colleges responded by 
limiting or closing in-person activities, the 
UNENE M.Eng program also moved online. 
Close communications between our Program 
Director, students and instructors, and 
logistics support from our Administrator, 
enabled re-orientation of the course delivery; 

and student enrollment was maintained, with 
the addition of students including a wide 
geographical distribution across Canada. 

UNENE worked closely with our research leads 
as they adapted to the restrictive conditions 
at universities and coordinated with NSERC 
to ensure confidence in program delivery. 
Where necessary, delays in research lab 
work were recognized and accounted for in 
program timing. The Annual UNENE Research 
Workshop was held online, which turned into 
a successful event with a large turnout of over 
200 participants.

By the end of the year, although the pandemic 
challenge deeply affected society, UNENE 
maintained program momentum and good 
stakeholder communications. 
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Responding to our 
Environment
While the COVID-19 pandemic took many 
headlines this year, UNENE saw significant 
developments and changes in the 
environment, energy and nuclear sectors. 
Evidence of global heating continued to 
accumulate, and preparations for the 
November 2021 COP 26 summit produced a 
strong response from governments globally 
– commitments to future action building 
the case for “Net-Zero” GHG emissions by 
2050 – a very ambitious but needed target. 
This has added interest in the nuclear energy 
option and a growing focus on advanced 
nuclear technologies in Canada, particularly 
Small Modular Reactors (SMRs). UNENE’s 

researchers are widening their focus to 
prepare for the accelerating development of 
SMRs while maintaining our focus on the most 
important day-to-day topics, the continuing 
reliable, safe operation of Canada’s nuclear 
fleet and facilities.

The burgeoning interest in nuclear is prompting 
an emphasis on collaboration among our 
nuclear community of organizations in Canada 
and internationally. UNENE needs to play its 
part as a collaboration partner and is working 
to build relationships and programs with 
like-minded organizations as a key plank in its 
business plan.

Business Planning

2020-21 was also notable for the strong 
progress in the nuclear community towards 
collaboration. New organizations with a 
collaboration mandate have emerged, and the 
movement towards working together among all 
the parts of the nuclear sector has accelerated. 
This trend is important for UNENE, as our 
mission is to connect universities and other 
industry organizations to work together. At the 
beginning of the year, UNENE identified value 
in building a role as a Collaboration Hub and 
worked with a team of senior nuclear sector 
leaders to articulate the vision and operational 
direction for this. After the Board of Directors’ 
approval in September, this approach became 
a centrepiece of the UNENE Business Plan, 

initially presented to the Board in January 
2021. A summary of the Business Plan for 
January 2021 is included below (see page 25).

Looking back from spring 2022, the UNENE 
Business Plan has been finalized and approved 
and turned into an operational plan – and 
UNENE’s role as a collaboration hub is 
growing. The business plan also maintains 
and strengthens our research activities, 
initiates a needs assessment to better orient 
our overall education program, and builds a 
strong communications program centred on 
the upgraded website and UNENE newsletter, 
Network.



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. 
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ResearCH 
Laboratories

Government  
Vision & Funding

UNENE Member Universities
Research, Capacity Building & Outreach 

UNENE Hub
• Connects university, industry and government partners
• Aligns, coordinates and prioritizes industry needs with  

academic research
• Facilitate and delivers capacity-building education and programs
• Identifies and leverages funding opportunities
• Mobilizes knowledge and disseminates research results

Industry research and  
Capacity-Building Requirements

Industry
COG Industry Collaboration

CNA Policy Leadership
NII, CCNS, CNS, CCNI, IAEA, NEA Initiatives

Utilities
Canadian +  

CANDU operators 
internationally

TECHNOLOGY 
VENDORS

SUPPLY 
Chain



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.

Our Mandate

Qinshan CANDU Nuclear Plant, China  
(built by AECL, CANDU unit)
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Research

Research Chair 
Programs

The Industrial 
Research Chairs (ICRs) 
support program-
related resource costs 
& research grants.

Pg. 11
Research  
Cooperative Projects

Support member 
universities’ research 
work through ICRs and 
individual research 
cooperative projects 
(RCPs).

Pg. 15
Annual R&D  
Workshop

At the R&D Workshop, 
UNENEs network of 
academia, industry 
and government come 
together.

Pg. 18
Selected 2020-2021 
Research Highlights

Examples of some of 
the nuclear science 
and engineering 
projects that UNENE’s 
programs offer.

Pg. 19

University Network of Excellence  
in Nuclear EngineeringUNENE
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Overview:
UNENE continued to support our member 
universities’ research work through the 
Industrial Research Chair programs and 
individual research cooperative projects 
(RCPs). In addition, we expanded our work in 
collaboration with UNENE industrial members to 
enable university support to member programs. 

For example, UNENE has built a strong 
relationship with the CANDU  Owners Group 
(COG) Strategic Research Program. We are busy 
defining valuable work scopes universities can 
carry out in support of COG R&D suppliers. 
Similarly, UNENE is working 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, 
summarized further below, produce salient 
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. During 
this year, a new round of research proposal 
evaluation was undertaken, with a significant 
number of excellent proposals supplied. 
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 
being completed. In addition, UNENE worked 
with individual research chairs to support the 
program renewals as Chair terms became 
complete – part of the vital work of providing a 
sustainable based for student development and 
research continuity.

During the year, UNENE also worked with The 
Natural Science and Engineering Research 

Council (NSERC) to establish the basis for 
NSERC support to UNENE projects under the 
new NSERC “Alliance Grant” program for joint 
industry-NSERC funded projects. We were able 
to establish that NSERC can provide enhanced 
support at a 2:1 funding ratio for qualifying 
UNENE projects, which adds to the projects’ 
benefits for our members. UNENE’s research 
portfolio, including current research chair 
programs and cooperative projects, is noted 
below, followed by a selection of some of our 
research highlights for 2020-21 – space does not 
allow for all the achievements of our researchers 
and students to be included!

UNENE R&D activities are guided by our 
Research Advisory Committee, which reports 
to the UNENE Board of Directors. The RAC met 
twice during the year, in May 2020 and January 
2021. During the year, the outgoing RAC Chair, 
Steve Bushby, stepped down from this volunteer 
position, and after a search, UNENE was very 
pleased and fortunate to obtain the services 
of Paul Spekkens as the new incoming RAC 
Chair in March 2021. The RAC ensures that 
research progress is well monitored via the 
individual Technical Advisory Committees for 
each Chair program and research project, and 
addresses major topical issues that may benefit 
from advice to the UNENE management team 
and Board. During the year, topics covered 
included: How to link universities with the other 
industry SMR participants, e.g., via the COG 
SMR Technology Forum; how to build linkages 
with U.S.-funded university research programs, 
and the potential for cooperation with offshore 
universities in general. The RAC also directed 
the 2020 Request for Proposals for new research 
projects and identified the appropriate balance 
to seek between operational support and 
innovative design/development studies.

University Network of Excellence  
in Nuclear Engineering UNENE
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UNENE Research Chairs:
UNENE Guelph Research Chair in  
High Temperature Aqueous Chemistry 
The main goal of this chair is to expand mission-oriented experimental research and modelling 
expertise in areas related to the primary coolant of chemistry, moderator chemistry, and steam-
generator chemistry of the CANDU reactor fleet and 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 
that exist in nuclear reactors and spent-fuel storage systems. 

Some program highlights include the study of D2O 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.

UNENE McMaster Research Chair in  
Nuclear Safety Analysis and Nuclear Reactor Safety and Thermohydaulics  
This program covers many projects in various areas of research and development centred on 
nuclear safety experimental and analysis topics, including uncertainty analysis, fuel and fuel 
channel integrity, severe accident analysis, in-vessel retention, and risk analysis, computational 
and tool development, testing and validation, and CANDU applications and advanced reactor 
methodologies.

John Luxat,  
McMaster University

David Novog,  
McMaster University

UNENE Queen’s Industrial Chair in  
Nuclear Materials  
The main goal of this program is to understand the materials of the CANDU fuel channel, 
particularly the impacts of processing choices and aging mechanisms. The fuel channel includes 
the pressure tube, calandria tube and spacers, which keep them separate over the channel’s 
lifetime.

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

For example, the program seeks to understand the anisotropic behaviour of pressure tube 
material over a wide range of crystallographic textures and microstructures and to relate this to the 
elongation of pressure tubes, their increase in diameter, their sag and their fracture characteristics.

As well, the program is broadening its research of materials to prepare for choices relating to 
small modular reactors (SMRs).

Peter Tremaine,  
University of Guelph

Mark Daymond,  
Queen’s University

* co-sponsored by CANDU 
Owners Group (COG)

University Network of Excellence  
in Nuclear EngineeringUNENE
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UNENE Ontario Tech Research Chair in  
Health Physics and Environmental Safety
This program was established to provide research and training for sustainable nuclear power 
production in Canada and contribute to international nuclear safety and security efforts.

A sustainable nuclear power industry depends on regulatory compliance including a “social 
license ” for refurbishment, decommissioning, waste management and introducing of new reactor 
technologies. The industry also relies on the availability of young professionals and contractors 
trained and engaged with the industry.

The program provides the industry with expertise and means to test and characterize advanced 
real-time instruments, insight into the scientific drivers of regulatory requirements in radiation 
protection and environmental safety and expertise in the potential applications of advanced 
modelling and visualization technology for radiation protection training, plant nuclear security 
and environmental protection.

Joint UNENE University of Toronto and Queen’s University Chair in  
Corrosion Control and Materials Performance in Nuclear Reactors  
The program focuses on deepening the understanding of corrosion processes in steels and other 
metal alloys applicable to nuclear facilities. Behaviour associated with trace impurities, water 
chemistry and the effects of radiation are considered. Most recently, long-term corrosion impacts 
on waste container behaviour are under study.

The program also assists Ontario Power Generation (OPG) with ongoing corrosion issues, 
especially those related to Monel. It also develops close links with Canadian Nuclear Laboratories 
(CNL) on current and future activities. Advice is also provided to OPG on electrochemical 
monitoring of a dry storage container for used fuel at the Darlington Waste Management Facility.

Roger Newman,  
University of Toronto

Suraj Persaud,  
Queen’s University

UNENE Waterloo Research Chair in  
Risk Based Life Cycle Management of Engineering Systems 
The program focuses on developing probabilistic models and uncertainty analysis methods to 
improve aging management and life cycle performance of nuclear plant systems.

Practical applications drive the scope of the research to critical nuclear plant systems, such as fuel 
handling, fuel channels, safety valves and fire protection systems. In addition to supplying highly 
qualified personnel (HQP) to the industry, the program also provides valuable training to plant 
engineers in risk and reliability analysis.

It has developed aging management optimization tools, machine learning algorithms for 
modelling plant data and data analytics methods to extract fuel handling (FH) performance data. 
The program also supports the industry’s needs for safe and cost-effective power generation and 
life cycle management of nuclear plant systems.

Mahesh Pandey,  
University of Waterloo

Edward Waller,  
Ontario Tech University

Kirk Atkinson,  
Ontario Tech University

University Network of Excellence  
in Nuclear Engineering UNENE
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UNENE Western Research Chair in  
Controls, Instrumentation and Electrical Systems
The research activities in this program focus 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 modelling, 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 been recognized internationally as a centre 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 now play 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 of the key issues in the public acceptance of continued nuclear power production is the 
safe operation of reactors over an extended lifetime and the development and implementation 
of a safe and reliable system for the long-term storage of spent nuclear fuel. This includes the 
design of a spent fuel container with a very high degree of integrity. This IRC research program 
is to develop a mechanistic understanding of the corrosion of alloys under g-irradiation. 
A combination of experiments and analyses will provide a very detailed time-dependent 
characterization of radiolytically-produced oxidants, oxide film growth and metal dissolution 
rates. 

It will provide the scientific and technical basis for (1) assessment of the integrity and longevity of 
the weld design of the proposed NWMO Mark II container for long-term disposal of used nuclear 
fuel, and (2) assessment of the corrosion performance of CANDU nuclear reactor structural 
components, in particular, End Shield Cooling (ECS) systems, in support of decommissioning and 
long-term disposal planning.

Clara Wren,  
Western University

* co-sponsored by Nuclear Waste 
Management Organization (NWMO)

ResearCH 
chairs8 Partner  

universities7Acros
s

University Network of Excellence  
in Nuclear EngineeringUNENE
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Active Research Cooperative 
Projects (RCPs) during 2020-21:

Computational fluid dynamics analysis of natural convection heat transfer 
in volumetrically heated corium melt for CANDU reactors    
Marilyn Lightstone, McMaster University

This research uses computational fluid dynamics (CFD) to obtain detailed information 
on the natural convection fluid flow and local and time-varying heat transfer rates 
at the vessel wall within CANDU reactors. This information will be used to assess 
the appropriateness of the underlying assumptions in the simplified integral codes 
currently used 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 CANDU pressure tube (PT) hydride blister formation that 
can lead to cracking. An eddy current (EC) probe performs in-reactor gap monitoring 
from within the PT. EC-based gap measurement is used in predictions of time-to-
contact between PT and calandria tube (CT) and is important for the safety and 
licensing of CANDU reactors.

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

This project aims to evaluate the influence of current ion exchange resin practices  
on feeder integrity and determine if the resin mixtures in use can be optimized to 
lower the amount of iron being removed from the solution while 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 overall objective of this project is to apply novel micro-mechanical testing 
techniques to evaluate the SCC of Ni-Fe alloys and irradiation assisted SCC 
(IASCC) of stainless steels. This research will prove beneficial to the nuclear 
industry by providing the micro-scale mechanical properties associated with SCC, 
complementing the wide array of prior research on nano-scale precursor chemical 
factors (e.g. intergranular oxidation, de- alloying, pitting, etc.). 

University Network of Excellence  
in Nuclear Engineering UNENE
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Investigation of irradiated spacer materials (X750 and Zr-Nb-Cu)    
Zhongwen Yao, Queen’s University

This project aims to develop an improved understanding of the fracture mechanism 
of the Inconel X-750 spacers located between the calandria and pressure tubes in 
CANDU nuclear reactors. The focus will be on 1) building up 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 hydrogen effects on fracture 
behaviour, 4) applying standard models to understand the material property changes 
of the X-750 matrix,  5) examining the irradiation induced microstructures and creep 
behaviour 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 Ontario Power Generation’s (OPG) related research and 
development initiative, the project focuses on reducing volumes of metallic wastes 
and immobilizing dispersive wastes safely and economically for interim storage and 
permanent disposal.

Networked drones for concrete structure, environmental and radiation 
surveys (sponsored by OPG)   
Angela Schoellig, University of Toronto

In the past decade, there has been tremendous progress in developing unmanned 
aerial vehicles (UAVs), also called drones. The main goal of this proposal is to develop 
a fully automated UAV monitoring solution for industrial sites. The integration of 
a combination of localization sensors will localize the vehicle with high accuracy 
indoors and outdoors. To monitor large industrial sites efficiently, we propose a 
multi-UAV strategy. A lightweight sensor suite will be researched and demonstrated 
in proof-of-concept experiments with the goal of achieving automated, remote 
concrete health assessment. 

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, 
specifically, environment characterization to aid in deconstructing nuclear power 
plants. The ultimate goal of this work is to reduce exposure to humans from 
decommissioning activities, which include demolition, packaging and removal of 
debris and safe storage activities.

University Network of Excellence  
in Nuclear EngineeringUNENE
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An optimized graphene oxide membrane for the filtration of tritiated 
water (sponsored by OPG)   
Mark Daymond, Queen’s University

The proposed research will develop expertise in testing graphene oxide membranes 
for isotopic filtration of water. The long-term goal is to develop a system capable 
of reliably filtering tritium from heavy water. A computational modelling study will 
support the research to determine the underlying mechanism for the filtration and, 
hence, guide a process of optimizing the membrane through functional additions. 
Different membrane types will be assessed and optimized, and in addition, there will 
be an approach to scaling up from the lab to a pilot plant. The key outcome of this 
research will be the efficient separation of 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 themes: Low Energy Radionuclide Monitoring, Waste 
Capture and Decontamination, Waste Segregation and Decommissioning Project 
Management. The approach under study uses a Gas-ionization type detector 
modified to detect low energy emissions such as those associated with Tritium and 
Fe-55. Different methods for converting tritiated heavy water into a vapour form for 
direct injection into a GEM detector have been studied, thus reducing the need for a 
much higher gain. The results suggest that either electrolysis or atomization methods 
should be used to maximize the amount of tritium in the vapour environment.

University Network of Excellence  
in Nuclear Engineering UNENE

Western University RAMPS Facilities
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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.

UNENE held our Annual R&D Workshop online from December 14-17, 2020. This was a first for 
us, responding to the restrictions and challenges of the COVID-19 pandemic. While we missed 
the in-person interactions, relationship building and networking that are traditional benefits of 
our workshops, the online edition was highly successful and brought its benefits. This virtual 
get-together was welcome after the high degree of isolation during the year. We were able 
to include all the features of our traditional workshop, including an excellent student panel 
session and a very strong virtual poster session. The workshop featured a guest speaker from 
the University of North Carolina, Professor Kostadin Ivanov, who provided us with a very useful 
U.S. perspective.

ANNUAL  
R&D  
WORKSHOP
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Guelph University: The Guelph research 
chair program under Peter Tremaine provided 
expert advice to guide chemistry control 
during the start-up of refurbished reactors as 
the Canadian nuclear fleet is renewed. UNENE 
student Jacy Conrad, in completing her Ph.D., 
received the prestigious IACT (International 
Association of Chemical Thermodynamics) 
Junior Award and also served as Chair for the 
Canadian Nuclear Society Student Conference.

McMaster University: Dave Novog 
completed the first full year of the 
McMaster-led SMART program of SMR 
student experiential learning, including 
planning a student hackathon in Summer 
2021. Dave also chaired the independent 
review group assessing the Canadian 
Nuclear Safety Commission’s risk-informed 
safety methodology. McMaster continues 
participating in important international 
benchmarking and collaboration projects, 
including OECD-NEA Thermalhydraulics 
Benchmarks and the IAEA-CRP (cooperative 
research project) on PHWR Physics-
Thermalhydraulic Coupled Analysis.

Ontario Tech University: Kirk Atkinson, 
UNENE Associate Research Chair, was 
appointed the Director of the Centre for Small 
Modular Reactors in early 2020, providing a 
focus for the range of university studies and 
collaborations in this field. The centre will 
work alongside similar centres such as the 
Clean Energy Research Laboratory, exploring 
synergies in clean fuels such as Hydrogen. 

Queen’s University, University 
of Toronto: Mark Daymond obtained 
a Discovery grant to enable Molten Salt 
material irradiation capabilities at the Queen’s 
accelerator facility in collaboration with Roger 
Newman at the University of Toronto. During 
the first full year of the joint Queen’s - U of T 
Research Chair program, the team obtained 
an additional NSERC Alliance grant addressing 
the corrosion resistance of Cu cladding for 
high-level waste.

University of Waterloo: Added a new 
research project to develop a method of 
estimating uncertainties in contamination 
levels at a given site based on limited sample 
measurements. This will provide a valuable 
tool to identify the total contamination load 
and potential for hotspots in cleanup sites.

Western University: The UNENE Research 
Chair Jing Jiang worked on proposals to 
participate in three COG projects in support 
of COG’s Strategic Research Program: (1) 
with MDA Corporation on “Distributed 
Antenna Systems for Data transmission inside 
nuclear power plants for condition-based 
maintenance (CBM); (2) with Alithya Digital 
Technology Corporation on “Use of FPGA 
Platforms for Digitalization and Modernization 
of I&C Systems in Nuclear Power Plants; and 
(3) with Kinectrics Inc. on “Application of Fiber 
Optic Sensors for Performance Monitoring in 
Nuclear Power Plants. 

Some 2020-21 Research Highlights
UNENE universities attract support and engagement for numerous additional nuclear science 
and engineering projects due to the anchoring of our research chair programs, which provide 
the long-term stability to build strong research teams. University programs are recognized 
for the excellence of their work through numerous publications and awards and for building 
opportunities for collaboration. Importantly, university research provides practical expertise and 
problem-solving in support of our nuclear sector organizations. The following is an incomplete list 
of examples of the leverage that UNENE’s programs offer.
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EDUCATION

M.Eng. Program

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

Pg. 21

Education Advisory Committee

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

Pg. 21

NEM School

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

Pg. 22

University Network of Excellence  
in Nuclear EngineeringUNENE
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UNENE M.Eng. Degree:
UNENE continued to deliver the M.Eng program 
throughout the academic year via online course 
delivery.  Average student course participation 
remained sufficient at approximately 12-17 
students, although some courses saw reduced 
attendance.  The following courses were delivered:

In addition, UNENE delivered refresher courses to 
provide introductory learning for incoming M.Eng 
students, covering Mathematics and Reactor 
Physics.

Course UN503 on Nuclear Regulations was 
delivered for the first time this academic year, 
relatively large number of students registered.

The UNENE graduate courses were all delivered 
online using Webex and Zoom.  Students did 
not need to travel to Durham College in Whitby.  
The majority of the students appreciated and 
supported this method of delivery.

University Network of Excellence  
in Nuclear Engineering UNENE

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 

met three times during the academic year: May 
2020, January 2021, and September 2021.  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.

Completed Graduate Courses (2020-2021)

1. Reactor Physics (UN802) 
Instructors: Ben Rouben & Eleodor Nichita 
Location: McMaster University 
3 students (Sep - Nov 2020)

2. Plant Operations (UN502) 
Instructor: Glenn Harvel 
Location: Ontario Tech 
12 graduate & 2 training students (Jan - Mar 2021)

3. Health Physics (UN805) 
Instructor: Josip Zic 
Location: McMaster University 
17 students (Apr - Jun 2021)

4. Nuclear Regulation (UN503) 
Instructor: Imtiaz Malek 
Location: Ontario Tech 
14 students (Jun - Aug 2021)

Completed Refresher Courses (2020-2021)

1. Mathematics 
Instructor: Wei-Chau Xie 
Location: Waterloo University 
more than 20  students (Aug 2020)

2. Reactor Physics 
Instructors: Ben Rouben & Eleodro Nichita 
Location: McMaster University 
more than 20  students (Aug 2020)
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Nuclear Engineering  
Management (NEM) School: 

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, with possible 
contingencies for either online delivery or further 
delay.  An enthusiastic roster of students was 
identified through the IAEA, and lecturers from the 
IAEA and local Canadian experts were identified.  
In the end, the school was again postponed, with 
the intention to hold the school in early 2022.  
Certainly, the UNENE/COG/OTU consortium sees 
this as an initiative that will provide tangible 
benefits to Canadian and international students. 
We believe it will be well worth the wait.

In addition to UNENE’s own programs, UNENE is 
engaged in collaboration with our partners in a 
number of progressive educational initiatives.  A 
UNENE university consortium, led by McMaster, 
is working with partners globally as part of the 
OECD-NEA NEST (Nuclear Education, Skills 
and Technology network) program to provide 
international fellowships to leading students.  In 
parallel, UNENE is providing Advisory Committee 
leadership to an innovative CREATE-sponsored 
program providing SMR-specific education and 
experiential learning opportunities across Canada 
as a collaboration among our UNENE universities. 
Globally, UNENE has joined the IAEA-supported 
Nuclear Education Networks Group, which includes 
education networks from Asia, Africa, Latin 
America, and Easter Europe, along with fellow 
networks ENEN and NTEC. 

The UNENE Graduate Program is subject to 
a 7-year cycle of program reviews. The last 
program review was conducted in 2013. As 
the five participating universities (McMaster, 
Queen’s, Waterloo, Western and Ontario Tech) 
agreed, McMaster University led the program 
review.  The Program Review consisted of two 
phases.  In the first phase, known as the Self-Study 
phase, using help from the McMaster IQAP office, 
UNENE collected documents and information 
on the UNENE program covering the past seven 
years, performed a study and assessment of this 
information, and prepared a Self-Study report by 

the end of January 2021.  In the second phase, the 
Self-Study report was reviewed by a review team 
of three professors who were not involved in the 
UNENE program.  In April 2021, the review team 
met online with UNENE management, professors, 
and students, to provide an opportunity for 
discussions on selected topics.  The Review Team 
prepared and submitted their report in June 2021, 
stating that overall, the UNENE graduate program 
is successfully delivering a quality education 
experience.  By the end of August 2021, UNENE 
prepared a list of actions to respond to 6 main 
recommendations made by the Review Team.

IQAP UNENE Program Review: 
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The activities of UNENE and our member organizations have grown tremendously since 
UNENE’s inception in 2002, and we have a lot to talk about and tell the world about.  As part 
of revitalizing our communications, UNENE has launched a digital newsletter under the title 

“Network,” which, from time to time, will provide an in-depth view 
of some of our activities and thinking. The first newsletter edition 
was published in June 2020 and covered topics such as innovative 
student projects, our universities’ community support during 
the pandemic, and the multi-UNENE university SMART program 
launch.

In parallel, UNENE has worked to upgrade our public website, 
in particular creating a digital news page with regular updates 
covering news from our members, UNENE activities, and items of 
interest to the nuclear community and the interested public. This 
is part of the ongoing activity to bring our digital infrastructure up 
to current standards. The emphasis on improved communications 

has also led us to enhance our presentation materials, express UNENE’s work and mission to 
the world, and build a stronger presence on behalf of our members. Communicating our role, 
mission and progress is integral to UNENE’s Business Plan. UNENE recognizes the need to 
develop comprehensive communications and stakeholder relations strategies to carry out this 
role effectively.

COMMUNICATIONSCOMMUNICATIONS



24

OUTREACH

 
The accelerating development of nuclear technology and applications has led to a highly 
interconnected nuclear sector, with utilities, industry, governments, academia, and 
research agencies increasingly working together. UNENE is seeing increasing interest and 
demand to build working relationships with like-minded organizations. 

UNENE is building cooperative actions with organizations across Canada’s nuclear 
sector, developing memoranda of understating with the Nuclear Innovation Institute in 
Bruce County (supporting innovation and education), the Canadian Centre for Nuclear 
Sustainability in Pickering (leading decommissioning and long-term sustainability), the 
Organization of Canadian Nuclear Industries (supply chain-university cooperation). These 
and other collaborative relationships help us pool resources and ideas, benefit from joint 
activities and programs, and strengthen our collective work.

This is also broadening UNENE’s perspective as a Canada-based organization that 
values and gains from several international ties, including our first international 
affiliate university, the Polytechnic University of Bucharest, which joined UNENE in 
September 2019. UNENE also plays a respected role with the IAEA through our “Practical 
Arrangement” (MOA), which was renewed in January 2021, and which covers our 
collaborative work on Nuclear Knowledge Management, including supporting Nuclear 
Energy Management Schools, Nuclear Education Networks, and developing knowledge 
management formal documents, along with supporting our member universities liaison 
with the IAEA.

One significant initiative this year was the development of the pan-Canadian SMR Action 
Plan, sponsored by the Canadian Government. This Action Plan consists of a large number 
of contributing chapters detailing how the different elements of the nuclear community 
are working to advance the development and deployment of Small Modular Reactors. 
UNENE was pleased to contribute a chapter indicating how our member universities and 
we are supporting this vital initiative. We look forward to seeing the fruits of the many 
SMR initiatives in the years ahead.

UNENE was active in reaching out to nuclear colleagues and beyond as we participated in 
panels, contributed conference papers and met with the broader university community 
throughout the year. The year was notable for UNENE participation in panel discussions at 
the Canadian Nuclear Association Annual Conference, leading round tables on the Federal 
Nuclear Waste Policy Review, and the first Canada-Romania university round table on  
nuclear education.

University Network of Excellence  
in Nuclear EngineeringUNENE

OUTREACH
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UNIVERSITIES INDUSTRY GOVERNMENT CIVIL SOCIETY

MEMBER UNIVERSITIES 
Budapest Polytechnic

NON-MEMBER 
UNIVERSITIES 

North Carolina State

EDUCATION 
CONSORTIUMS 

Nuclear Technology 
Education Consortium 

(NTEC - UK)
European Nuclear Education 

Network (ENEN)

INDUSTRY 
ORGANIZATIONS

International Atomic  
Energy Agency
Electric Power  

Research Institute

GOVERNMENT 
CONSORTIUMS

OECD-Nuclear  
Energy Agency

Students

Researchers

Scientists and Academics

Government Officials and 
Decision-Makers

Nuclear Environmentalists 
and Activists

Energy and Mainstream 
Media

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. 

UNENE STAKEHOLDERS 2020

UNIVERSITIES INDUSTRY GOVERNMENT CIVIL SOCIETY

MEMBER UNIVERSITIES 
École Polytechnique

Guelph

McMaster

New Brunswick

Ontario Tech

Queens

Regina

Royal Military College

Saskatchewan

Toronto

Waterloo

Western

Windsor

INDUSTRY MEMBERS
 Bruce Power

Kinectrics
NWMO

Ontario Power Generation
SNC-Lavalin

OTHER INDUSTRY 
STAKEHOLDERS

New Brunswick Power
Canadian Nuclear 

Laboratories  
(including CNL national lab)

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
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BUSINESS PLAN PROGRAM OVERVIEW

The program elements within the business plan period strengthen the effectiveness of UNENE’s 
research & development, education and training activities and develop parallel initiatives to 
fully realize UNENE’s mandate through the advancement strategies, which collectively comprise 
the UNENE Collaboration Hub model.

Based on the background described on page 7, the Business Plan outlines main goals and 
activities based on a three-year plan starting in April 2021. 

The plan focuses on strengthening UNENE’s existing programs and adapting and expanding 
UNENE’s role as a bridge between industry and universities and as a representative for our 
community into the broader stakeholder group. UNENE will advance by building its role as a 
collaboration hub and improving our infrastructure. Because development as a collaboration 
hub is a foundation for each of UNENE’s activities, including optimization of current activities.

AREAS OF FOCUS 

UNENE will undertake activities to fully develop the framework including structure, human 
resource and governance to optimize the organization into its hub model in the first year of the 
business plan. The main area of UNENE development in this Business Plan period will be that of 
growing the value of UNENE as a collaboration hub. The main areas of focus are as follows:

UNENE  
Business Plan 
2021

• FUNDING AND GOVERNMENT RELATIONS / ADVANCEMENT STRATEGY
 » Identify key interests of government and identify areas of alignment 

between government priorities and UNENE member activities
 » Identify opportunities for federal funding to contribute to industry 

and university research, development and capacity building and to 
support UNENE Hub activities

 » Strengthen relationships to deepen mutual benefit of partnership 
between academia, industry and government

University Network of Excellence  
in Nuclear EngineeringUNENE
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• MEMBERSHIP AND PARTNERSHIP STRATEGY: PROGRAM DEVELOPMENT 
AND PILOT

 » Expand the UNENE collaboration mechanism to include input and 
service provision to nuclear technology vendors and supplier chain 
companies; and 

 » Gain input and insights from broader spectrum of the nuclear 
industry, including technology vendors, supply chain and  
other nuclear industry participants to expand the opportunities for 
university research and 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.

• WEBSITE DEVELOPMENT
 » The UNENE website was originally developed “for members only” 

as a reference source. It has become dated in both its brand and 
user experience and in the technology, and today functions only 
for operational purposes such as data collection / management, 
educational information sharing, capacity building and outreach. 
UNENE’s website can be a critical piece of operational and 
branding infrastructure and a thorough revamp to achieve this 
has been launched, to reflect UNENE’s range of activities, as a 
public-facing website. As part of this process, user experience, 
accessibility and DEI considerations will also be factored in.

• OUTREACH PLAN
 » To fulfill and attract additional government support, attract more 

qualified candidates to the nuclear sector and to strengthen 
public confidence. By showcasing innovation and sharing 
objective research and fact-based evidence about nuclear science, 
technology and energy, UNENE will leverage digital technologies 
and interpersonal relationships for outreach to civil society 
and strengthen knowledge within the nuclear sector, and with 
government decision-makers.

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



       
ASSETS
Current assets  

Cash 
Accounts receivable
Portfolio investments
Prepaids 

LIABILITIES
Current  

Accruals
Deferred fees

   
 
NET ASSETS
Unrestricted 
   

University Network of Excellence in Nuclear Engineering 
Statement of Financial Position
AS AT MARCH 31 

$          531,595
301,100

 2,238,602
4,972

$       3,076,269

$            71,139 
250,000 

 321,139

2,755,130
  

$       3,076,269

       743,075
-

 1,959,490
4,972

 2,707,537

 69,974
66,000

 135,974

2,571,563
 

$       2,707,537

                2021              2020

FINANCIAL 
STATEMENTS
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These financial statements have been prepared by Grant Thornton, UNENE Auditors.



FOR THE YEAR ENDED MARCH 31

University Network of Excellence in Nuclear Engineering 
Statement of Operations and Changes 
in Net Assets

       
REVENUE

Fees 
Workshops and courses
Interest income
Textbook 

EXPENSES
Administration fees
Bank charges
Insurance
Office
Professional fees
Program preparation
Research expenditures
Textbook
Workshop and courses

   
 
EXCESS OF REVENUE OVER EXPENSES

NET ASSETS
Beginning of year
Excess of revenue over expenses
End of year

   

$       1,961,000
31,918

 30,919
-

$       2,023,837

$          360,561 
339 

3,726 
49,253 
13,118 

- 
1,373,408 

- 
39,865 

     1,840,270

$          183,567

$       2,571,563
  183,567

$       2,755,130

                2021              2020

$       2,143,000
102,176

 40,581
335

$       2,286,092

$          351,987 
199 

3,726 
58,909 
12,816 

2,260 
1,234,000 

1,695 
91,146 

     1,756,738

$          529,354

$       2,042,209
  529,354

$       2,571,563

University Network of Excellence  
in Nuclear Engineering UNENE
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FOR THE YEAR ENDED MARCH 31

University Network of Excellence in Nuclear Engineering 
Statement of Cash Flows

       
CHANGE IN CASH AND CASH EQUIVALENTS

OPERATING ACTIVITIES
Excess of revenue over expenses 
Changes in non-cash operating working capital

Accounts receivable
Prepaids
Accruals
Deferred fees 

INVESTING ACTIVITIES
Purchase of portfolio investments
Proceeds on redemption of portfolio investments

   
 
CHANGE IN CASH AND CASH EQUIVALENTS

CASH AND CASH EQUIVALENTS

Beginning of year

End of year
   

$         183,567

(301,100)
 -

1,165
184,000

$            67,632

(2,198,136) 
1,919,024 

(279,112) 
 

(211,480) 
     

743,075

$         531,595

                2021              2020

$         529,354

-
 14,785

21,468
(46,000)

$            519,607

(941,644) 
504,719 

(436,925) 
 

82,682 
     

660,393

$         743,075
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