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Downtown Port Hope, with the Cameco uranium 
hexafluoride conversion facility in the right central 
background – one of only five in the western world.
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Robert Del Tredici

PORT HOPE is known to the world as the “uranium capital” of Canada.



Port Hope 
Great expectations?



OPG has said the Wesleyville site could house up to 
10,000 megawatts of nuclear capacity. That is 60 %
larger than the Bruce Nuclear Complex, the largest
operating nuclear power plant In the world.



It has eight large CANDU reactors and 
  an extensive waste management facility 
   – Wesleyville would be significantly larger.
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A portion of the Bruce Nuclear Complex near Lake Huron 



Wesleyville : 53 percent larger than Bruce A and Bruce B combined

Wesleyville : 10,000 MW;       Bruce A and Bruce B combined : 6,550 MW



Bruce power requires extraordinary security.
    Their SWAT team is permitted to use “prohibited weapons” –
  assault-style, fully automatic military-grade weapons

Bruce won US NATIONAL SWAT CHAMPIONSHIP COMPETITION multiple times.



A fuel bundle looks solid, but radioactive materials leak out through 
tiny pin-holes and cracks. Severe fuel damage causes massive leaks.
Fuel undergo corrosion, distortion, and embrittlement in the reactor. 

“The extreme lethality of a freshly removed 
spent fuel bundle is such that a person 
standing within a metre of it  
would die within an hour.”  
Porter Commission (1978)

High-Level
Radioactive 
Waste



Empty Spent Fuel Pool

Photo: Robert Del Tredici

Irradiated nuclear fuel is so radioactive it continues to generate heat for many years

CANDU used fuel must be cooled in a pool of circulating water for at least 10 years.



Safeguards
Seal

Fuel Bundles
(Total = 384)

10 tons

Lift Plate

Reinforced
High Density

Concrete

Steel inner
liner

Steel outer
liner

Fuel 
modules
(total = 4)

Drain Port

Vent Port

Shield Plate Lid
Locating

pin

Structural
Weld

Pickering
Dry 
Storage
Cask

60 tons empty
70 tons full

40 kilos of
Plutonium
(enough for
6-7 A-Bombs)

To ensure no
theft of plutonium



HELLO ROBERT

.
THIS OLDER PORTION MAY BE BURIED -- HOORAY !

AFTER  30  YEARS

Every reactor will have 30 years wirth os waste on-site.
LOOK at the picture.   Each red dot is 30 years of waste.

NWMO does not plan to move any waste less than 30 years old

THE ONSITE HAZARD  
IS NOT ELIMINATED by BURYING THE OLD STUFF

Nuclear Waste has NOWHERE to go! 
Most of it will stay at Wesleyville > 100 years.
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YOU HAVE AN EVER- GROWING INVENTORY OF UNBURIED WASTE

EVEN WITH  GEOLOGIC DISPOSAL



“If a problem is too difficult to solve,

you cannot claim it is solved

 by pointing to all the efforts made to solve it”

Nobel Prize winning physicist
Hannes Alfvén, 1977

NUCLEAR WASTE:
An Unsolved Problem



Big nuclear at Wesleyville
What happened to “small”reactors?



“Small Modular Nuclear Reactors”

S M R



“Small Modular Nuclear Reactors”

S M R
(Spending Money Recklessly)



TAKE A TRIP BACK TO THE FUTURE
2018: Canada’s Road Map for SMRs

motivated by the
sad state of the nuclear industry

following 25 years of stagnation



1996 – 438 reactors
17% of global electricity
(< 3.3% of global energy)

2019 – 442 reactors
10% of global electricity
(< 2% of global energy)

In 2019: The nuclear industry had been stagnant for about 25 years

World Nuclear Association Data



“The State of Affairs [2019]

“The International Atomic Energy Agency (IAEA), looking 
ahead to 2050, sees the most optimistic global electricity 
market share for nuclear as only about 
5 percent, down from 10 percent today . . .

“. . . and in the United States and Europe, it steadily 
declines to between 3 and 5 percent of the market, 
constituting a potential for market ‘failure’.”

ASME – The American Society of Mechanical Engineers (Nov 2019)



The First Nuclear Renaissance (2001):

a litany of failures



Olkiluoto reactor (1400 Mwe) 
Finland – begun in 2005. 

Plan: operational in 3 years, 
at a cost of 3 billion euros. 

Started up - March 2022, 19 years 
later, cost >11 billion euros

Took 6 times longer to build than 
promised and cost 4 times more $$.

Collapse of French giant Areva (2014-2017)

• one of the “stars” of the 
“Nuclear Renaissance” 
• this “bankrupted” Areva 
– it was absorbed by 
Electricté de France.



Westinghouse Electric filed 
for bankruptcy in 2017 with 
$9 billion in losses from 
new nuclear projects – 

mainly the four AP 1000 
reactors: Vogtl in Georgia,  
V C Summer in S Carolina.

S Carolina abandoned the  
project, Georgia did not.

Bankruptcy of Westinghouse (2017) 

• The US government gave $8.3 
billion in loan guarantees on the 
financing of the four reactors.



construction licence : 2012.

Estimated cost: $14 billion
Actual cost: $35 to $36 billion
          
Est. completion: 2016-17
Actual completion: 2023-24

COST MORE THAN DOUBLED
   TIME TO BUILD TRIPLED 

Vogtle units 3 and 4
cost per kilowatt installed is
$15,700 –  costliest in the world

2023 - Westinghouse bought by 2 Canadian 
firms Cameco (49%) & Brookfield (51%) 

VOGTLE



The Second Nuclear Renaissance (~ 2018):

“small modular reactors”



SMR

“small modular reactors”

Second Make-Believe Renaissance



Problems for Small Modular Nuclear Reactors
• Very costly : mass production is needed!!

• Too much competition ~ impossible to standardize

• Funding hard to find: public money is easier

• Few markets and slow deployment

• More vulnerable to threats - less robust containment:



Problems for Small Modular Nuclear Reactors
• THEY ARE NOT SO SMALL

• THEY ARE NOT SO MODULAR

• THEY ARE NOT SO AFFORDABLE

• THEY ARE, HOWEVER, NUCLEAR!!

They are SMNRs, not SMRs.



The NuScale Power Module
• licensed for construction
• when projected power costs  
   doubled, clients backed out.

 CANCELLED – 2023

   This is a 77 megawatt light-
   water reactor – PWR – with 
   steam generators (boilers) 
   and passive safety features.

NuScale PWR

passive means no power required

IDAHO



The Ultrasafe Micro Modular Reactor is a gas-cooled 5 megawatt
reactor with a molten salt heat storage system. Ultrasafe filed for

bankruptcy in
2024 and so
the project is

    PAUSED

It is intended
for the Chalk
River site in 
Ontario.

CHALK RIVER ONTARIO



The BWRX-300 is a Boiling Water Reactor (300 megawatts) estimated
to cost $6.5 billion Canadian – equal to the cost per MW of Vogtle.

The Canadian regulator CNSC has given a construction licence
for the first of four units to be built east of Toronto at Darlington.

UNDER CONSTRUCTION

DARLINGTON



A closer look reveals that the BWRX-300 is 21 stories high; 10 stories
above-ground and another 11 stories below ground. Not so small.

And not so modular either. A work force of up to 4000 has been
cited by the Prime Minister who has invested federal money in it.



Those are cars & trucks on the ground! Ralph says it’s
“The size of a mall, and the lead time of a cathedral”

“SMALL” Modular Reactor under construction at Darlington.

Licence to prepare site
given to OPG in 2011

3 percent of Wesleyville!!



COST OF FIRST 300 MW UNIT IS $6.5 BILLION

Cost per kilowatt = $21,666 C = $15,500 USD
(corresponding figure for Vogtle: $15,700 USD)

VERY EXPENSIVE ELECTRICITY



Reduction in size is due in part to elimination of safety systems.

“The BWRX-300 … leverages the design and licensing basis of the… ESBWR boiling water 
reactor, certified by the US Nuclear Regulatory Commission.” – World Nuclear News 2021



LARGE nuclear reactor plans are 15 TIMES more than SMR plans
Is the promise of SMRs just a way of “rehabilitating” nuclear?

Yesterday – newspaper article in New Brunswick

NEW NUCLEAR PLANS ARE NOT SMALL AT ALL!

Plans for new LARGE nuclear plants in Canada:
• Peace River New Nuclear :             4,800 MW
• Bruce C New Nuclear :                    4,800 MW
• Wesleyville New Nuclear :           10,000 MW
Total large nuclear plants :              19,600 MW

Plans for new SMALL nuclear plants in Canada:
• BWRX-300 x 4 at Darlington:          1,200 MW
• ARC-100 at Point Lepreau:                 100 MW
Total SMRs planned so far:                 1,300 MW



The Competition:

The Status of Renewable Energy



Lazard. April 2023

NUCLEAR

WIND + storage

SOLAR + storage

The HIGHEST cost for renewable with storage 
is far less than the LOWEST cost for nuclear.



US Energy Information Administration (EIA)

2018



COP 28 (2023):
1. Triple renewables and double energy efficiency by 2030

(~200 nations, official pledge)

2. Triple nuclear power by 2050
(25 nations, unofficial aspiration ~ photo-op)



Slide courtesy of Mycle Schneider, World Nuclear Industry Status Report - 2026

Astomishing improvements in energy storage



Slide courtesy of Mycle Schneider, World Nuclear Industry Status Report - 2026



Graphic : Ontario Clean Air Alliance (OCAA)







Radioactivity at Port Hope
It all started with RADIUM



Henri Becquerel 1896
discovered radioactivity of uranium & thorium

~ invisible energy given off ceaselessly ~

1896
Uranium and
Radioactivity
• invisible energy from ores

• exposes photographic plates

• causes “ionization”

• causes radiation burns

• cannot be shut off



In a “cloud  chamber” you can see the tracks of radioactive emissions from uranium ore.

Photo: Robert Del Tredici

You cannot see radioactivity



Nuclear                         
  

alpha
betaor

gamma ray

Three types of emissions:
Alpha, Beta and Gamma

A radionuclide emits either an alpha or a beta particle.
Such particles are electrically charged and move very fast.
In some cases a powerful gamma ray is also given off.
All three forms of atomic radiation damage living cells.

(also called a radionuclide)
Nucleus



Ball of Plutonium

Marie Curie 

1898 

Marie Curie discovered other
radioactive materials – radium
and polonium – byproducts of
uranium – as well as radon gas

We now know that
uranium atoms disintegrate, 
giving off ionizing radiation, 
and changing into a series of
other unstable elements.



Marie Curie realized that
the harmful effects of
atomic radiation can be
used to destroy tumours.

From 1910 radium needles 
became a preferred treatment 
for shrinking solid tumours.

PROBLEM: Radium has
a half-life of 1600 years!!
What to do with leftovers?

RADIUM



Radium dial painters

radium 

Radium Dial Painters

1920

Girls hired to use
radium-based paint
to make numerals
on watch dials
glow in the dark …

… ingested minute
amounts of radium
when they licked
the tips of their
brushes to get a
very fine point .

deaths from
Fatal anemia
Bone cancers
Head cancers



Navajo Miner

Radioactive 
Radon Gas  

Underground Miner (Navajo)
with lung cancer

Photo:  Robert Del Tredici

• radioactive radon gas
is produced when radium
atoms disintegrate

• radon causes lung
cancers and other 
lung diseases in
uranium miners

• radon is the leading
cause of lung cancer 
among non-smokers

• radon gas deposits solid
radioactive materials
in lung  tissue 

• radon is seven times
heavier than air and
travels great distances …

1930



Yellowcake Road

The Yellowcake Road (Canada)

Our uranium goes
to Port Hope on 
Lake Ontario for
conversion to uranium 
hexafluoride (export) or uranium dioxide (domestic).

Yellowcake is
“milled uranium” 

Map by G Edwards 
and R Del Tredici

PORT
HOPE

PORT
RADIUM



Abandoned Ore Sacks

Photo: 
Robert Del Tredici

Dene man standing over discarded radium ore sacks at Port Radium, NWT



Teepee at Deline

Photo: 
Robert Del TrediciIn the Sahtu-Dene Village of Deline, Great Bear Lake, NWT



Marel Pochon studied with
MARIE CURIE.

He designed the Port Hope
RADIUM REFINERY - 1932

He was aware of the harmful
effects of atomic radiation.

BLOOD

Marie Curie died in 1934
of “anemia” caused by radium.

Her daughter Irene Curie died
of leukeia fromatomic radiation.

MARCEL POCHON

Macel Pochon had a large family.

1934



Chronic exposure increases the incidence
of cancer, leukemia, genetic damage,

strokes, heart attacks, and low intelligence

For cancer there is a “latency period” :

. . . the onset of disease occurs years
or decades after exposure.

Atomic Radiation ~
Lessons from Science
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Nuclear Fission: 
the nature of the beast



Enough energy is given off in a few 1000 years to destroy the Earth ~ but there’s no trigger

Photo: Robert Del Tredici

1939 – NUCLEAR FISSION IS DISCOVERED



Model of Uranium Atom

Model of a
Uranium Atom

Oak Ridge TN

Photo: Robert Del Tredici

Uranium is 
the key 
element in 
all nuclear 
fission 
technology

Without it 
there would
be

1) NO 
Nuclear   

      weapons

2) NO
      Nuclear 
      reactors



Quebec Agreement

Prime 
Minister 
of Canada

Quebec 1943

President
of the U.S.A.

Prime 
Minister
of Britain

Quebec Accord :  tripartite cooperation
in the making of the first atomic bombs 



Destruction of the City of Hiroshima by one uranium bomb, Aug. 6, 1945



1. In the core, uranium atoms are split, releasing heat.
2. The heat boils water in vessels called steam generators

3. The steam is used to spin a turbine to generate electricity.
4. Meanwhile hundreds of unwanted radioactive byproducts are created.

steam generators

Reactor
core

How a PWR nuclear reactor works



What is Nuclear Fission?

More neutrons trigger 
more  fissions  and  so
the  energy  release  is 
multiplied enormously.

A subatomic projectile
called a neutron starts a
nuclear chain reaction
by splitting a nucleus of
“fissile uranium” (U-235). 

The nucleus splits into
two large fragments and
energy is released – along
with 2 or 3 extra neutrons.

The 2 broken pieces are
new radioactive nuclei
called “fission products”. 

ENERGY      IS RELEASED

WHEN A
NEUTRON

STRIKES  A
FISSILE

URANIUM 
ATOM

AND THE RESULTS ARE
FISSION PRODUCTS

AND

MORE NEUTRONS

U-235

1938-39



More neutrons trigger 
more  fissions  and  so
the  energy  release  is 
multiplied enormously.

A subatomic projectile
called a neutron starts a
nuclear chain reaction
by splitting a nucleus of
“fissile uranium” (U-235). 

The atom splits into
two smaller atoms and
energy is released – along
with 2 or 3 extra neutrons.

The 2 smaller atoms are
new radioactive materials
called “fission products”. 

ENERGY      IS RELEASED

WHEN A
NEUTRON

STRIKES  A
FISSILE

URANIUM 
ATOM

AND THE RESULTS ARE
FISSION PRODUCTS

AND

MORE NEUTRONS

U-235

Splitting the Nucleus 1938-39



More neutrons trigger 
more  fissions, and some 
go on to produce more 
radioactive byproducts.

Chain Reaction

The atom splits into
fragments In hundreds 
of ways.

The broken pieces are
mostly toxic  radioactive 
atoms that constitute 
the bulk of the waste
in the used nuclear fuel.

ENERGY      IS RELEASED

WHEN A
NEUTRON

STRIKES  A
FISSILE

URANIUM 
ATOM

AND THE RESULTS ARE
FISSION PRODUCTS

AND

MORE NEUTRONS

U-235

1938-39



What do the extra neutrons do? 
• They keep on producing more fission products

• They turn some uranium into plutonium
• They “activate” everything in the core



Enrichment plant

Creation of plutonium inside a nuclear reactor …

. . . when an atom of uranium-238 absorbs a neutron

Absorption of a neutron creates a heavier (“transuranic”) element



Enrichment plant

. . . it is transformed into an atom of plutonium-239

two beta 
particles

are emitted

Other transuranic actinides are produced in a similar way.



Photo:  Robert Del Tredici

This glass paperweight
is the exact size of the
plutonium ball used in
the Nagasaki bomb.

That’s how much
plutonium you need
to destroy a city.



Photo:  Robert Del Tredici

Howard Morland with 
model of an H-bomb
(thermonuclear bomb)
showing the plutonium
ball needed to raise the
temperature to 100
million degrees so that
nuclear fusion can start.



What is an Activation Product? 

Splitting of the Atom

Photo: Robert Del Tredici

The diagram shows how a non-radioactive atom of 
deuterium becomes a radioactive atom of tritium

when it absorbs a stray neutron.

n D T
neutron deuterium tritium

stable
atom

radioactive
atom

When a stray neutron is absorbed by a non-radioactive atom
the result is often a radioactive atom – an “activation product”.

Example: tritium is an 
  activation product



What gets activated? 

Splitting of the Atom

Water is activated and produces radioactive tritium (T)
(chemically identical to ordinary hydrogen, but radioactive)

Air is activated and produces radioactive carbon-14 (C-14).

All organic molecules have carbon and tritium in them, so these 
radioactive varieties become incorporated into our DNA.

Even the structural materials in the core area of the reactor 
become radioactive waste, dangerous for 1000s of years.

Steel, concrete, zirconium, and other materials are activated –   
so cannot be recycled – but must be stored as radioactive waste.

Impurities in the fuel and in the cladding are also activated.



F.I.A.P. = fuel impurity activation product      Z.A.P. = zirconium cladding activation product     [source: AECL] 
A LIST OF SELECTED RADIONUCLIDES IN IRRADIATED NUCLEAR FUEL



A LIST OF SELECTED RADIONUCLIDES IN IRRADIATED NUCLEAR FUEL
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A LIST OF SELECTED RADIONUCLIDES IN IRRADIATED NUCLEAR FUEL



This list of 211 man-made radionuclides
contained in irradiated nuclear fuel
is by no means complete (AECL) 

F.I.A.P. = fuel impurity activation product      Z.A.P. = zirconium cladding activation product     [source: AECL] 

A LIST OF SELECTED RADIONUCLIDES IN IRRADIATED NUCLEAR FUEL

[AECL = Atomic Energy of Canada Limited]



Water Volume

This graph represents the
Irradiated fuel produced in a
single year by one CANDU.

Royal Commission Report, 1978

Ontario Royal Commission on Electric Power Planning (1978)

actinides now
dominate

fission
products

Volume of Lake Superior

For the first 500 – 1000 
years, fission products are 

the deadliest components of 
nuclear fuel waste. 

After 1000 years, actinides 
are the deadliest 
components of 

nuclear fuel waste. 
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The blue line shows
radio-toxicity for a

period of 10 million yrs



Annual tritium release from the Bruce A nuclear plant : 
880 terabecquerels (3275 MWe). [tera = trillion = million million]

That’s 0.255 terabecquerels of tritium per megawatt of electricity

Wesleyville annual tritium emissions are estimated:

0.255 terabecquerels x 10,000 Mwe = 
2,550 terabecquerels of tritium (per year)

Very discouraging for farmers, especially ORGANIC farmers.
(Brief story: elderly couple in Pembroke – organic veggies kaput.)

ROUTINE RADIOACTIVE RELEASES



Maximum allowed = 7000 becquerels of tritium per litre (Let’s call this “one slug”).
One “slug” is how much tritium will compromise one litre of drinking water.

For Wesleyville plant : 2,550 trillion becquerels / 7 thousand becquerels = 364 billion “slugs”.

So the annual emissions of tritium from the Wesleyville plant are enough, in principle, to
compromise 364 billion litres of drinking water per year, or about one billion litres per day. 

That’s 68% over the daily water consumption in Montreal with a population of 1.95 million people.

ODWAC ( Ontario Drinking water  advisory council) says max. tritium in drinking water
should be no more than 20 becquerels per litre.

Using that standard, yearly tritium emissions  from Wesleyville could compromise an amount of 
water 350 times larger – contaminating the daily water use of 350 x 3.3 = 1.2 BILLION people

HOW MUCH WATER CAN YOU CONTAMINATE?



Maids of Muslyumovo

Photo: Robert Del Tredici

These girls are learning for the first time that radioactive liquid waste (reprocessing) was
dumped into the Techa River causing deaths and illnesses:  called “vegetative syndrome”



The End

ccnr@web.ca


