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Personal background

ÅPhD at the University of 
Saskatchewan 

ÅExpertise in corrosion

ÅFocus materials related to 
nuclear power and radioactive 
waste
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Canadian Light Source:

Improving the 
lifetime and 
accident 
tolerance of 
reactor 
components

Improving 
radioactive 

waste 
management 

strategies 

Developing ways 
of preventing 
corrosion in 
molten salt for 
advanced 
reactors
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Most energy sources start with electrons;

but, when we talk about nuclear technologies, we 
are starting with the nucleus!



Nuclear energy comes from nuclei

ÅElectrons
ÅNOT in a nucleus!

In a nucleus

ÅProtons 
Ådetermine element
ÅPositive charge

ÅNeutrons
Ådetermine isotope
ÅNo charge



Nuclear Fission

Neutron

Neutrons

Heat



Ὁ ɝάὧς

When splitting an element like uranium,
the fragments are lighter



Nuclear Fission: Neutron energy

òSlowó

Neutron

òFastó

Neutrons

Heat

ÅNeutrons initially are going too fast to cause fission
ÅSlowing down the neutrons, making them more easily 

absorbed
Å¦ǎŜ ǿŀǘŜǊ όάƭƛƎƘǘέ ƻǊ άƘŜŀǾȅέύ 
    or graphite



What is heavy water?
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Heavy water is when one of the H atoms on water has a neutron (referred to as deuterium)



Need to slow the neutrons

Heavy

Water
Slow

Neutrons

Fast

Neutrons



Uranium enrichment

10



Nuclear Power Demonstration (NPD) 
(April 11, 1962)

ÅNPD was designed by Atomic Energy of Canada Limited (AECL) and was 
/ŀƴŀŘŀΩǎ ŦƛǊǎǘ ƴǳŎƭŜŀǊ ǇƻǿŜǊ Ǉƭŀƴǘ

ÅThe reactor design was dubbed the CANada Deuterium Uranium (CANDU)

11https://www.cns-snc.ca/media/history/npd/npd.html
https://nuclearheritage.com/lewis/

Image of NPD core and fuel loading machineNPD in 1962



CANDU fuel
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CONTROL RODS

HEAVY WATER (moderator)

HEAVY WATER 

(coolant)

URANIUM

FUEL
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Heat Engine Block Diagram

Heat

Source

Power 
Conversion

Heat 
Rejection

Coolant
Electricity, 
Hydrogen

Coolant

Coal

Methane

Uranium

Waste Heat



Evolution of the CANDU Design

ÅBetween 1966 and 1993 Canada built 22 CANDU reactors (19 
in operation today) and has built CANDU reactors in 6 other 
countries
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Douglas PointWR-1 Gentilly-1

NPD

https://world-nuclear.org/information-library/country-profiles/countries-a-f/canada-nuclear-power.aspx



Current Day

ÅThe current focus is reactor maintenance/refurbishment and 
producing medical isotopes
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Pickering Generating Station

Point Lepreau Generating Station Darlington Generating Station

Bruce Generating Station



Power comparison
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1,100 MWe 6,288 MWe

MWe = 1,000 households



Induced reaction: Cobalt 60 

Åѹ ƻŦ ǿƻǊƭŘΩǎ Ŏƻōŀƭǘ сл ŎƻƳŜǎ ŦǊƻƳ 
CANDU reactors  

ÅTransported all over the world

ÅCreate other isotopes used in Cancer 
treatment



ÅFactory production to bring 
down cost

ÅLess up-front cost, easier to 
finance

ÅCan be deployed to remote 
regions

ÅHigher output temperatures 
for industrial processes

ÅHelp de-carbonize industries 
such as oil sands, steel, or 
potash mining

Small Modular Reactors (SMR) and 
Advanced Reactors

19https://www.cbc.ca/news/science/small-modular-reactors-nuclear-smr-1.5187469
https://www.world-nuclear-news.org/Articles/Demonstration-HTR-PM-connected-to-grid

An advanced reactor, China

Illustration of an SMR



Land Area Usage

This image is licensed from Generation 

Atomic under a Creative Commons 

Attribution-ShareAlike 4.0 International 

License. 

https://www.generationatomic.org/why-nuclear
https://www.generationatomic.org/why-nuclear
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/


Switching primary energy sources is imperative to 
stop climate change and keep our way of life.

Blue: total lifecycle emissions
Red: direct emissions



What does the future hold as we try to 
reach net zero?

22
https://www.iea.org/countries/canada

Includes electricity, transport, residential heating, and industrial heat
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Kept under water 
for ~10 years
Radiation heats 
the water

Water blocks 
radiation, but we 
can see through it



Dry storage, until 
DGR is ready

Radiation makes 
containers warm to 

touch



Used fuel storage in Canada
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Dry storage containers at the Bruce Power Plant



Deep Geological Repository (DGR)
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Role of the Canadian Nuclear Safety 
Commission (CNSC)

ÅThe CNSC Regulates all Nuclear Facilities and Activities in 
Canada

ÅIndependent Commission holds hearings that are public and 
Webcast

ÅDecisions are reviewable by Federal Court

ÅRegulation of SMRs:
ÅLicensing process requires a licence application that includes 

sufficient information to demonstrate a reactor can be safely 
constructed, operated and decommissioned

ÅCNSC staff provide recommendations on licensing to the 
Commission, who is the decision maker through a public hearing 
process
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Nuclear power

ÅAdvantages:
ÅSafe & Clean
ÅReliable Baseload
ÅCO2 free
ÅEasy to handle waste
ÅGood paying jobs

ÅDisadvantages:
ÅSlow to build (2028 in 
Ontario)
ÅHigh technology 
(requires specific 
expertise)
ÅHigh up front cost



Questions?
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Cobalt 60 gamma rays powerful enough to kill 
cancer

Co-59 + neutron -> Co-60.

Shielding

Co-60 
source

Collimator 
& Jaws

Gamma 
beam

Tumour



Moving nuclear waste





Used Fuel 
Transport 
Package

Longer distance



Scale 
Operator

Mobile 
Mechanic

Vehicle 
inspector

Driver

Public dose: 1 mSv

Average Background dose: 1.8 mSv



Deaths per TWhr (billion kWhr)



These activities have produced 
Radioactive waste

This waste needs a place

Low level 
waste

High level waste:
ïSpent Fuel

Intermediate level waste
ïReactor components
ïFilters, resins 

Handled differently



Deep geological 
repository (DGR):
5 barriers

https://energyeducation.ca/3dmodels/Nuclearwaste1/
https://energyeducation.ca/3dmodels/Nuclearwaste1/
https://energyeducation.ca/3dmodels/Nuclearwaste1/


Barrier 1: The Nuclear Fuel Pellet
/ŜǊŀƳƛŎ ǘƘŀǘ ǿƻƴΩǘ ŘƛǎǎƻƭǾŜ ƛƴ ǿŀǘŜǊ



Barrier 2: The Fuel Element and the Fuel Bundle
Zircalloy keeps fuel in and water out.
Keeps radon in as well (no noticeable change in 
pressure) 



Barrier 3: The Used Nuclear Fuel Container

48 bundles isolated from environment
όпу ŦŀƳƛƭȅΩǎ ƭƛŦŜǘƛƳŜ ŜƭŜŎǘǊƛŎƛǘȅ ǿŀǎǘŜΦύ



Barrier 4: Bentonite Clay
Stops water flow
To keep from corroding the copper



Legend
1.Surface facilities
2.Main Shaft
3.Placement rooms
4.Ventilation exhaust shaft

Barrier 5: half a kilometer of solid rock!



Waste management 

Above ground
(Rolling stewardship)

Below ground (DGR)

Expense Pay forever $36 once ŦƻǊ ŀ ǇŜǊǎƻƴΩǎ ŀƴƴǳŀƭ ŜƭŜŎǘǊƛŎƛǘȅ

Monitoring Needed forever Needed until sealed

Access to people wanting 
to steal it

Needs to be controlled from many pointsLimited access

Environmental exposure Protect from weather and events Protected by ground

Expert opinion Could be done for a while, no actual planEvery country with spent nuclear fuel has a 
panel of experts recommending 

Retrieval Quite easy Relatively easy until sealed after more than 
100 years



What about Saskatchewan?

ÅDr. Sylvia Fedoruk ƘŜƭǇŜŘ ŘŜǾŜƭƻǇ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ 
Cobalt 60 Therapy Unit for patient care here in 
Saskatchewan

ÅThe Saskatchewan Research Council (SRC) operated a 
small research reactor for 38 years

ÅHome to the Saskatchewan Accelerator Laboratory 
(SAL), later converted to the Canadian Light Source 
(CLS)

Å¢ƘŜ ǿƻǊƭŘΩǎ ǎŜŎƻƴŘ-largest producer of uranium
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https://fedorukcentre.ca/who-we-are/history.php#TheHonorableDrSylviaFedoruk19272012
https://www.src.sk.ca/news/slowpoke-decommissioned
https://inis.iaea.org/search/search.aspx?orig_q=RN:20064107



hǾŜǊ ппл ǊŜŀŎǘƻǊǎ ƛƴ ол ŎƻǳƴǘǊƛŜǎΣ ōǳǘΧ
      two main commercial types
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Nuclear Fuel

Most nuclear fuel is 
in the form of 

ceramic uranium 
dioxide

Image from science-
photo.com

Images are public domain from 
the US DOE



Nuclear Fuel Assembly

Image is from Mitsubishi Nuclear Fuels  
http:// www.mnf.co.jp/pages2/pwr2.htm

Fuel pellets are 
assembled into 

nuclear fuel 
assemblies

Image is from the Virtual Nuclear Tourist
http:// www.nucleartourist.com/systems/p

wrfuel1.htm



Cooling towers
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Nuclear Reactor Core

Nuclear fuel assemblies are 
arranged within the nuclear 

reactor core



Nuclear Reactor Power Plant

Image is public domain from the US Nuclear Regulatory 
Commission
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BWR Illustrated

(Image is public domain from the Nuclear Regulatory Commission)
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Nuclear Fission

òSlowó

Neutron

òFastó

Neutrons

Heat



Need to slow the neutrons

Heavy

Water
Slow

Neutrons

Fast

Neutrons



What a fast 
Neutron sees

What a slow
Neutron sees



Zoom on 
the 
reactor

Containment building


