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Most energy sources start with electrons;

but, when we talk about nuclear technologies, vve
are starting with thenucleud



Nuclear energy comes from nuclel

ANOT in a nucleus!

In a nucleus

AProtons
Adetermine element
APositive charge

ANeutrons
Adetermine isotope
ANo charge
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Nuclear Fission

Neutrons

Neutron
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When splitting an element like uranium,
the fragments are lighter
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Nuclear Fission: Neutron energy

A Neutrons initially are going too fast to cause fission

A Slowing down the neutrons, making them more easily
absorbed
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What is heavy water?

Water Molecule: H20

electrons , xygen atom

atom
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Key: protons neutrons electrons

e e

ECE/BioE 416

Lecture 12 -

Heavy water is when one of the H atoms on water has a neutron (referred to as deuteri
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Need to slow the neutrons

Heavy
Water
Fast + % Slow
Neutrons 'Neutrons




Uranium enrichment

Uranium-238 U-238
99.3% 95.5%
U-235 (4.5%) sl

Uranium-235 (0.7%) *

Natural Uranium ,
Low-enriched

uranium(LEU)



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

ANPD was designed by Atomic Energy of Canada Limited (AECL) and was
[yl RIFQa FTANRUG ydzOf S NJ LI2gSN) LX |y

AThe reactor design was dubbed tBANad@euterium Uranium (CANDU)

Image of NPD core and fuel loading machin

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



CANDU fuel

FUEL PELLET

FUEL PENCIL

FUEL BUNDLE

NUCLEAR REACTOR
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Heat Engine Block Diagram

Coolant

) Electricity,

Hydrogen

Coal

Methane “g’-a

Uranium

""\_: Waste Heat

Coolant
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Evolution of the CANDU Design

NPD

Douglas Point Gentilly-1

ABetween 1966 and 1993 Canada built 22 CANDU reactors (1
In operation today) and has built CANDU reactors in 6 other
countries
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https://world -nuclear.org/informationlibrary/country-profiles/countriesa-f/canadanuclearpower.aspx



Current Day

PointLepreauGenerating Station DarlingtonGenerating Station

Pickering Generating Station BruceGenerating Station
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AThe current focus is reactor maintenance/refurbishment and
producing medical isotopes
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Power comparison

1.100 MWe

MWe = 1,000 households
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Induced reaction: Cobalt 60

e
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CANDU reactors

ATransported all over the world

ACreate other isotopes used in Cancer
treatment
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Small Modular Reactors (SMR) and
Advanced Reactors

lllustration of an SMR

AFactory production to bring
down cost T

ALess ugront cost, easier to s
finance e OoRETX

ACan be deployed to remote
regions

An advanced reactor, China i
e g AHigher output temperatures
= {  for industrial processes

AHelp decarbonize industries
such as oil sands, steel, or

potash mining

https://lwww.cbc.ca/news/science/smalinodularreactorsnuclearsmr-1.5187469
https://www.world-nuclearnews.org/Articles/Demonstratiofd TRPM-connectedto-grid
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Land Area Usage

HOW MUCH LAND
DOES IT TAKE T0 POWER A CITY OF ©RIILLIDN 2 ?

Source: Lovering, Jessica, et al. “Land-use Intensity of Electricity *German
Production and Tomorrow's Energy Landscape.” Consumption Levels

July 2021. (https://doi.org/10.1371/journal.pone.0270155).
Direct and indirect impacts taken into account.
Capacity Factors (US): EIA. Analysis by volunteer engineers.

1 kilometer : =

WIND SOLAR GEOTHERMAL NUCLEAR
741 km’ 188 km* 14 km’ 1km’

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.

820

emissions (gCO, equivalent/kWhr)

Blue: total lifecycle emissions
Red: direct emissions

230
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coal gas biomass solar PV geothermal hydro nuclear  onshore
(combined (roofing) wind

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

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

Water blocks
radiation, but we
can see through it
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Dry storage, until
DGR Is ready
Radiation makes
containers warm to

touch



Used fuel storage in Canada

Dry storage containers at the Bruce Power Plant
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Deep Geological Repository (DGR)

Lateral Tunnel

4. Ventlation E
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Role of the Canadian Nuclear Safety
Commission (CNSC)

AThe CNSC Regulates all Nuclear Facilities and Activities in
Canada

Alndependent Commission holds hearings that are public and
Webcast

ADecisions are reviewable by Federal Court

ARegulation of SMRs:

ALicensing process requirediegenceapplication that includes
sufficient information to demonstrate a reactor can be safely
constructed, operated and decommissioned

ACNSC staff provide recommendations on licensing to the
Commission, who is the decision maker through a public hearing

process



Nuclear power

AAdvantages: ADisadvantages:
ASafe & Clean ASlow to build (2028 in
AReliable Baseload Ontario)

ACQ free AHigh technology

AEasy to handle waste  (requires specific

AGood paying jobs expertise)
Py AHigh up front cost




Questions?
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Cobalt 60 gamma rays powerful enough to Kill

cancer

Co59 + neutron> Cae60.

Shielding
/ Co60
source
Collimator
& Jaws
‘ ' — Gamma
beam

J\ Tumour



Moving nuclear waste
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Impact

Limiter Bolt
Impact
Used Fuel st
Redwood
Transport Impact
Protection
PaC kag e Lid Bolt
Stainless
Boible Steel Lid
_ O-Ring
Longer distance Seals

Fuel Module E
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Package Body
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Average Background dose: 1.8 mSv

Public dose: 1 mSyv

0.35

0.16
0.012 0.017 -

Scale Mobile Vehicle Driver
Operator Mechanic Inspector




Deaths peif Whr(billionkWhr)

Brown coal 32.72

Coal 2462

Oil 18.43

Biomass

Gas 2.82

Nuclear | 0.07

0 ) 10 15 20 25 30

Source: Markandya and Wilkinson (2007) OurWorldInData.org/energy-production-and-changing-energy-sources/ « CC BY
Note: Figures include deaths resulting from accidents in energy production and deaths related to air pollution impacts. Deaths related to air
pollution are dominant, typically accounting for greater than 99% of the total.



These activities have produced
Radioactive waste
This waste needs a place

| ow level

High level waste:
i Spent Fuel

Handled differently

Interm'e |ate Ievel waste
. Reactor Components
+ Filters, resins



Deep geological
repository (DGRY):
5 barriers



https://energyeducation.ca/3dmodels/Nuclearwaste1/
https://energyeducation.ca/3dmodels/Nuclearwaste1/
https://energyeducation.ca/3dmodels/Nuclearwaste1/
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Barrier 2: The Fuel Element and the Fuel Bund
Zircalloy keeps fuel in and water out.

Keeps radon in as well (no noticeable change |
pressure)




Barrier 3: The Used Nuclear Fuel Container
48 bundles isolated from environment

ony FlLYAfeéQa ftATFS




Barrier 4: Bentonite Clay
Stops water flow
To keep from corroding the copper
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Barrier 5: half a kilometer of solid roc

L egend
1. Surface faclilities
2.Main Shaft

3. Placement rooms
4. Ventilation exhaust shaft




Waste management

Above ground Below ground(DGR

(Rolling stewardship)

Expense Payforever $36onceF 2 NJ | LISNE2Y Qa |y
Monitoring Needed forever Needed until sealed

Access to people wanting Needs to be controlled from many poini Limitedaccess

to steal it

Environmental exposure Protectfrom weather and events Protected by ground

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

Retrieval Quite easy Relatively easy until sealed aft@ore than

100 years



What about Saskatchewan?

ADr. SylvidFedorukk Sf LISR RS @St 2 LJ
Cobalt 60 Therapy Unit for patient care here in
Saskatchewan

AThe Saskatchewan Research Council (SRC) oper
small research reactor for 38 years

AHome to the Saskatchewan Accelerator Laborato
(SAL), later converted to the Canadian Light Sour
(CLS)

At KS ¢ 2 NI fugest piodiceRof URanium

- - .

https://fedorukcentre.ca/whewe-are/history.php#TheHonorableDrSylviaFedoruk19272012
https://www.src.sk.ca/news/slowpoke&lecommissioned 45
https://inis.iaea.org/search/search.aspx?orig_gq=RN:20064107
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Light Water
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Nuclear Fuel

Most nuclear fuel is
In the form of
ceramic uranium
dioxide

Image from science
photo.com



Rod cluster
control assembly N,

guide thimble
tube U Pellet

I Fuel rod

Image is from Mitsubishi Nuclear Fuels
http:// www.mnf.co.jgpages2/pwr2.htm

Nuclear Fuel Assembly | "

Fuel pellets are
- assembled into
nuclear fuel
assemblies

Image is from the Virtual Nuclear Tourist
http:// www.nucleartourist.consystems/p
wrfuell.htm



Cooling towers

COOLING TOWER
CROSS-FLOW INDUCED DRAFT

DISTRIBUTION

COLD WATER OUT



Nuclear Reactor Core

Nuclear fuel assemblies are
arranged within the nuclear
reactor core

Reactor core

S control rod
drive assembly

reactor
pressure vessel

fuel assemblies

fuel assembly

© 2012 Encyclopaedia Britannica, Inc. lower gnd plate

Pressurized-water

reactor [N control rod drive

mechanism

overall dimensions
width: 3.5 metres (11.5 feet)

height: 10 metres (33 feet) ol reds

coolant outlet coolant outlet

fuel assembly fuel assemblies

upper grid plate

fuel assembly
lower grid plate

baffle plate

coolant inlet

coolant inlet i /
—©

2012 Encyclopadia Britannica, Inc.



Nuclear Reactor Power Plant

Containment Structure

Pr*essunzer Steam
Erenemfur‘

Image is public domain from the US Nuclear Regulatory
Commission



BWR lllustrated

Containment Structure

AT

Reactor T -
Vessel — Generator
=2 REE R 4 [ {
Control Rods
[ Condenser

(Image is public domain from the Nuclear Regulatory Commission)
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two main commercial types
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Heavy Water Light Water
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Nuclear Fission
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Need to slow the neutrons

Heavy
Water
Fast + % Slow
Neutrons 'Neutrons




What a fast
Neutron sees

What a slow
Neutron sees







