Concerns with NWMO'’s Proposal to
Transport High-Level Nuclear Fuel
Waste to a Deep Geological
Repository in NW Ontario

by Dodie LeGassick
Nuclear Lead for Environment North and
member of We the Nuclear Free North

City of Thunder Bay Council — September 12, 2022 @

W We the Nuclear Free North




What is to be transported?
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https://cna.ca/

Used Nuclear Fuel Pellet Characteristics

Pellets do not come out of the reactor the
same way they went in.

“The pellet undergoes transformations in the
reactor due to the effects of external radiation
and fission reactions.”

“At microscopic scale, the pellet is embrittled

at the grain boundaries by the accumulation of
pressurized fission gas bubbles and metallic
precipitates, and restructured zones of high
porosity appear at the periphery of the pellet.”

“At macroscopic scale, the pellet is
fragmented into about ten to fifteen pieces.”

The following changes occur in the physical state of the spent fuel

pellet on removal from the reactor:

» At macroscopic scale, the pellet is fragmented into about ten to
fifteen pieces (Fig. 14.8).

Cladding

4,8. State of the fuel pellet and fuel microstructure after irradiation in the reactor (spent UQO; fuel, burnup: 60

Source: https://www.sciencedirect.com/science/article/pii/B9781845695422500144



A List of 211 Selected Radionuclides in Irradiated Nuclear Fuel

Standard Commeon Name of Atomic Mass F.P. F.ILA.P. Z.AP. Actinide
Chemical element Number Fission Activation Activation (includes
Symbol Product Product Product progeny)
H Hydrogen 3 ¥¥¥ ¥ ¥
(T) (Tritium)
Be Beryllium 10 ¥ ¥
3 Carbon 14 ¥¥¥ ¥¥¥
Si Silicon 32 ¥ ¥
B Phosphorus 32 ¥ ¥
S Sulphur 35 ¥
Cl Chlorine 36 ¥
Ar Argon 39 ¥ ¥
Ar Argon 42 ¥ ¥
K Potassium 40 ¥
K Potassium 42 X
Ca Calcium 41 ¥
Ca Calcium 45 ¥
Sc Scandium 46 ¥
Standard Common Name of Atomic Mass F.P. F.I.A.P. 7Z.AP. Actinide
Chemical element Number Fission Activation Activation (includes
Symbol Product Product Product progeny)
v Vanadium 50 ¥
Mn Manganese 54 ¥ ¥¥Y
Fe Iron 55 ¥¥¥ ¥¥¥
Fe Iron 59 ¥
Co Cobalt 58 ¥ ¥
Co Cobalt 60 ¥YY ¥YY
Ni Nickel 59 ¥ ¥¥Y¥Y
Ni Nickel 63 ¥¥YY ¥¥YY
Zn Zinec 65 ¥ ¥
Se Selenium 79 ¥¥Y
Kr Krypton 81 ¥
Kr Krypton 85 ¥¥¥
Rb Rubidium 87 ¥
Sr Strontium 89 ¥ ¥
Sr A Strontium 90 ¥¥¥ ¥ ¥
Y Yttrium 90 ¥¥Y¥ ¥ ¥




X Yttrium 91 ¥ . 3
Zr Zirconium 93 ¥¥¥ ¥ ¥¥¥
Zr Zirconium 95 ¥ ¥ ¥
Standard Common Name of Atomic Mass F.P. F.I1AP. Z.AP. Actinide
Chemical element Number Fission Activation Activation (includes
Symbol Product Product Product progeny)
Nb Niobium 92 ¥
Nb Niobium 93m ¥¥¥ ¥ ¥¥¥
Nb Niobium 94 ¥ T ¥¥¥
Nb Niobium 95 ¥ ¥ ty
Nb Niobium 95m ¥ ¥
Mo Molybdenum 93 ¥ ¥
Te Technetium 99 TEy ¥ ¥
Ru Ruthenium 103 ¥
Ru Ruthenium 106 ¥¥¥
Rh Rhodium 103m ¥
Rh Rhodium 106 ¥YY
Pd Palladium 107 ¥¥¥
Ag Silver 108 ¥ ¥ ¥
Ag Silver 108m ¥ ¥YY ¥
Ag Silver 109m ¥ ¥ ¥
Ag Silver 110 ¥ ¥ ¥
Ag Silver 110m ¥ ¥ ¥
Cd Cadmium 109 s 3 : 4 ¥
Cd Cadmium 113 ¥ ¥
Cd Cadmium 113m ¥¥Y¥ ¥
Cd Cadmium 115 ¥
Standard Common Name of Atomic Mass F.P. F.I1.A.P. Z.AP. Actinide
Chemical element Number Fission Activation Activation (includes
Symbol Product Product Product progeny)
In Indium 113m ¥
In Indium 114 ¥ ¥ ¥
In Indium 114m ¥
In Indium 115 ¥
Sn Tin 113 ¥
Sn Tin 117m ¥ ¥ ¥
Sn Tin 119m ¥¥¥ ¥¥¥
Sn Tin 121m ¥ ¥¥¥
Sn Tin 123 ¥ ¥




Sn Tin 125 ¥¥¥Y ¥
Sn Tin 126
Sb Antimony 124 ¥ ¥
Sb Antimony 125 ¥¥¥ ¥¥Y¥
Sb Antimony 126 ¥ ¥
Sh Antimony 126m ¥¥¥
Te Tellurium 123 ¥ "
Te Tellurium 123m ¥ ¥
Te Tellurium 125m ¥¥¥ iy
Te Tellurium 127 ¥ ¥
Ia Tellurinm 127 ) ¥4 ) ¥4
I A Todine 129 ¥ ¥
. Standard Common Name of Atomic Mass F.P. FI1.AP. Z.A.P. Actinide
Chemical element Number Fission Activation Activation (includes
Symbol Praduct Product Product RLOZen)
Cs Cesium 134 ¥
Cs Cesium 135 ¥¥¥
Cs Cesium 137 ¥¥¥
a arium 37m
La Lanthanum 138 ¥
Ce Cerium 142 ¥
Ce Cerium 144 ¥¥Y
Pr Praseodymium 144 ¥¥¥
Pr Praseodymium 144m ¥¥¥
Nd Neodymium 144 ¥
Pm Promethium 147 ¥¥¥
Sm Samarium 147 X
Sm Samarium 148 ¥ ¥
Sm Samarium 149 ¥
Sm Samarium 151 ¥¥Y¥
Eu Europium 152 ¥¥¥ ¥
Eu Europium 154 ¥¥¥ ¥
Eu Europium 155 ¥¥¥ ¥
Standard Common Name of Atomic Mass F.P. F.I1.AP. Z.AP. Actinide
Chemical element Number Fission Activation Activation (includes
Symbol Product Product Product progeny)
Gd Gadolinium 152 X 4
Gd Gadolinium 153 ¥ ¥
Th Terbium 157 ¥




Th Terbium 160 ¥
Dy Dysprosium 159 ¥
Ho Holmium 166m ¥ ¥
Tm Thulium 170 ¥
Tm Thulium 171 ¥
Lu Lutetium 176 ¥
Lu Lutetium 176 ¥
Lu Lutetium 176 ¥
Hf Hafnium 175 ¥
Hf Hafnium 181 ¥
Hf Hafnium 182 ¥
Ta Tantalum 180 ¥
Ta Tantalum 182 ¥
Standard Common Name of Atomic Mass F.P. FI1.AP. Z.AP. Actinide
Chemical element Number Fission Activation Activation (includes
Symbol Product Product Product progeny)
W Tungsten 181 ¥
W Tungsten 185 ¥
W Tungsten 188 ¥
Re Rhenium 187 ¥
Re Rhenium 188 ¥
Os Osmium 194 ¥
Ir Iridium 192 ¥
Ir Iridium 192m ¥
Ir Iridium 194 ¥
Ir Iridium 194m ¥
Pt Platinum 193 ¥
Tl Thallium 206 ¥
Tl Thallium 207 ¥
Tl Thallium 208 ¥
Tl Thallium 209 ¥
Pb Lead 204 ¥
Ph Lead 205 ¥
Pb Lead 209 ¥
Pb Lead 210 ¥
Pb Lead 211 ¥
Phb Lead 212 ¥
Pb Lead 214 ¥
Standard Common Name of Atomic Mass F.P. F.I1.AP. 7.AP. Actinide




Chemical element Number Fission Activation Activation (includes
Symbol Product Product Product progeny)

Bi Bismuth 208 ¥

Bi Bismuth 210 ¥ ¥

Bi Bismuth 210m ¥

Bi Bismuth 211 L

Bi Bismuth 212 =

Bi Bismuth 213 ¥

Bi Bismuth 214

Po Polonium 210 5 3

Po Polonium 211 ¥

Po Polonium 212 ¥

Po Polonium 213 ¥

Po Polonium 214 ¥

Po Polonium 215 ¥

Po Polonium 216 >

Po Polonium 218 ¥

At Astatine 217 ¥
Standard Common Name of Atomic Mass F.P. F.I.AP. 7Z.AP. Actinide
Chemical element Number Fission Activation Activation (includes

Symbol Product Product Product progeny)

Rn Radon 219 ¥

Rn Radon 220 ¥

Rn Radon 222 ¥

Fr Francium 221 ¥

Fr Francium 221 X

Ra Radium 223 ¥

Ra Radium 224 ¥

Ra Radium 225 ¥

Ra A Radgium 226 ¥

Ra Radium 228 ¥

Ac Actinium 225 ¥

Ac Actinium 227 ¥

Ac Actinium 228 ¥

Th Thorium 227 ¥

Th Thorium 228 - 4

Th Thorium 229 ¥

Th Thorium 230 ]

Th Thorium 231 ¥

Th Thorium 232 ¥




Th Thorium 234 T e
Standard Common Name of Atomic Mass F.P. F.1.A.P. 7Z.A.P. Actinide
Chemical element Number Fission Activation Activation (includes

Symbol Product Product Product progeny)

Pa Protactinium 231 ¥

Pa Protactinium 233 ¥¥¥

Pa Protactinium 234 X

Sl Deotoctiniun W ETH e —

U Uranium 232 ¥

| 6 Uranium 233 ¥

U Uranium 234 ¥¥¥

U A Uranium 235 ¥

U Uranium 236 ¥¥Y¥

U Uranium 237 ¥¥¥

8 Uranium 238 ¥¥¥Y

U Uranium 240 ¥

Np Neptunium 237 1539

Np Neptunium 238 ¥

Np Neptunium 239 ¥¥Y

Np Neptunium 240 ¥

A Neptunizm 2400 b ¥4

Pu Plutonium 236 X

Pu Plutonium 238 XY

Pu A\ Plutonium 239 ¥YY

Pu Plutonium 240 ¥¥¥

Pu Plutonium 241 ¥¥¥

Pu Plutonium 242 XXy

Pu Plutonium 243 ¥

Pu Plutonium 244 ¥

tandar ommon Name 0 Atomic Mass F.P. FI1AP. Z.AP. Actinide
Chemical element Number Fission Activation Activation (includes
Symbol Product Product Product progeny)

Am Americium 241 S

Am Americium 242 ¥

Am Americium 242m ¥¥¥

Am Americium 243 ¥¥Y¥Y

Am Americium 245 ¥

Cm Curium 242 ¥¥Y

Cm Curium 243 Yy




Cm Curium 244 ¥¥¥

Cm Curium 245 ¥

Cm Curium 246 ¥

Cm Curium 247 ¥

Cm Curium 248 ¥

Cm Curium 250 ¥

Bk Berkelium 249 ¥

Bk Berkelium 250 ¥

Cf Californium 249 ¥

Cf Californium 250 ¥

Cf Californium 251 ¥

Cf Californium 252 ¥
Standard Common Name of Atomic Mass F.P. F.I1.AP. 7.AP. Actinide
Chemical element Number Fission Activation Activation (includes

Symbol Product Product Product progeny)

¥ indicates that the radionuclide is present in the designated category
¥¥¥ indicates an activity level of more than a million becquerels per kilogram

This list of 211 radionuclides
contained in irradiated nuclear fuel

IS by no means complete. (AECL)

Radionuclides slides from Gordon Edwards’ presentation, “Nuclear Fuel Waste: Questions and Challenges.” Used with permission.



Canada’s Interim Storage Sites for Used Nuclear Fuel Waste

Concern: these sites are up to 2,540 kms from the proposed DGR — much too far for safe transport

1.

|
NUCLEAR FACILITY

APPROX KMS
1 AECL - Whiteshell 400

2 Bruce A& B 1,650
3 Douglas Point 1,670
4 Pickering 1,650
5 Darlington 1,680
6 AECL - Chalk River 1,530
7 AECL - Gentilly 1 1,970
8 Gentilly 2 1,970
9 Point Lepreau 2,540




PROXIMITY PRINCIPLE

The Proximity Principle directs that waste should be managed as
close to the point of generation as is technically feasible. The
Proximity Principle has been embedded in the European
Community’s Strategy for Waste Management since the 1990s.

Our “ASK” is that the City of Thunder Bay
Council request the Province of Ontario
Legislature to adopt the Proximity Principle.




MAJOR CONCERN

Quote from NWMO's: “Progress Through Collaboration - Triennial Report 2014-2016", pg. 43

“Provision for optional femporary shallow storage aft
the central site if needed.*”
*Temporary shallow storage at the deep geological repository is

optional and not currently included in the Nuclear Waste Management
Organization's implementation plan.

If this provision, which continues to appear in NWMO documentation, is
Implemented, it may allow for shallow storage of high-level nuclear
waste at the central site before the DGR is even constructed.


https://www.nwmo.ca/~/media/Site/Reports/2017/03/21/16/19/TR2016_EN_web.ashx?la=en

Truck Proposed for the Transport of BTPs and UFTPs (UFTP depicted without weather cover)

Source: NWMO 2021 Transportation LTE Design Report




Proposed Transportation Containers
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Image source: NWMO Preliminary Transportation Plan, December 2021
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Tests Performed on Transportation Packages

Free-Drop Test

~ N

The package is dropped from nine
metres (30 feet) onto a flat, unyielding
surface (such as a steel-reinforced
concrete pad), striking the surface in the
orientation that will result in the most
damage to the package.

Puncture Test

After the drop test, the same package
is subjected to a one-metre (40-inch)
free drop onto a 15-centimetre
(six-inch) diameter steel bar at least
20 centimetres (eight inches) long.

Thermal Test

00 6

The same package used in the drop
and puncture tests is then subjected to
a fully engulfing petroleum fire. The fire
temperature must reach 800 degrees
Celsius (1,475 degrees Fahrenheit) for
30 minutes.

Immersion Test

Source: Safe and Secure Transportation of Used Nuclear Fuel - NWMO — May 2015

Using either computer analysis or
physical testing methods, the package
is subjected to external pressure that

is the same as if it were immersed
under 15 metres (50 feet) of water for

at least eight hours to test for leakage.
The package is also subjected to an
enhanced water immersion test at

200 metres (650 feet) to test its ability to
withstand extreme external pressures.




Packages/Shipments per Year by Road and Rail

All road (reference case) Both sites

576 UFTPs/year — 1 package/truck
78 BTPs/year — 1 package/truck

Total: 654 shipments/year

©

Road/rail alternative South Bruce

Ignace area

78 BTPs/year

; 1 package/truck
©

78 BTPs/year
1 package/truck

Source: NWMO 2021 Preliminary Transportation Plan

288 DSC-TPs/year

1 package/truck

165 DSC-TPs/year
1 package/truck

25 DSC-TPs/year
5 packages/train

22 DSC-TPs/year
14 packages/train

Total: 391 shipments/year Total: 265 shipments/year




CP Rail through Thunder Bay (red)
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Dangers of rail transport

Ice-Jacking: Sun-Kinking:
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Potential

highway route
for nuclear fuel waste
from:

(1) Bruce Nuclear
Generating Station,
(2) Pickering Nuclear
Generating Station
and

(3) Darlington Nuclear
Generating Station
to the

Revell Lake site i%
40 km west of Ignace




First Nations Communities on the Proposed Trucking Route

"[We] vehemently oppose the NWMOQO'’s concept of a DGR near Ignace, Ontario due to many health and safety
concerns, the potential for devastating impacts to the environment, and the lack of consent from NAN
communities and members.” — Nishnawbe Aski Nation Chiefs-in-Assembly, August 2022
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ONTARIO HIGHWAY COLLISIONS - PICKERING TO IGNACE: 2015 -

Truck
Highway Section Description Collisions All Collisions

A. Hwy 401, from Brock Rd. Pickering TO Hwy 400 North
York 3,450 25,337

B. Hwy 400 at 401 Ramp North York, TO End of Hwy 400 1,855 14,5633

C. End of Hwy 400, south of Sudbury, TO Hwy 17 near
Sudbury 200

D. Hwy 69/Hwy 17 near Sudbury, TO Hwy 11 E. Jct. at
Nipigon

E. Hwy 17 at Nipigon, TO Hwy 17 Shabaqua 318

F. (End of overlap of Hwy 17/Hwy. 11 W. Jct.) at
Shabaqua, TO East Street in Ignace 367

TOTALS: Pickering to Ignace 7,010 47,454

Source: Ontario Ministry of Transportation, via Freedom of Information Act request

2020

% Truck
Collisions

13.6%
12.7%
17.9%
19.8%

19.4%

51.5%




(S S | A | E—— E—|
# Truck # All % Truck
Year Collisions Collisions Collisions
2015 55 119 46%
2016 54 119 46%
2017 50 118 42%

2018 49 94 52%

2019 98 667
2020 61 13 S547%

Total 367 £l:2
Average percent Truck Collisions 2015-2020 = 52%




Our Request

On behalf of Environment North and We the Nuclear Free
North, | request that Thunder Bay Council adopt the
Proximity Principle with regards to nuclear fuel waste.

/Do | want to be one of the small handful of people who decided for the first fime in \
Canadian history, that it is perfectly good practice to abandon long-lived human-
made radioactive waste materialse Do | truly believe that our present knowledge of
science, technology and nature is sufficient for me to be certain of the validity of this
course of action for the next 100,000 to 1,000,000 yearse

\~Dr. Gordon Edwards, President, Canadian Centre for Nuclear Responsibility /




