
Yang Sui, Design Engineer

Used Nuclear Fuel 
Transportation



2

Presenter
Presentation Notes
Used fuel is currently safely stored at various power generating stations and research laboratories.
They are mostly in Ontario, but some in Quebec and New Brunswick.
Mostly in Dry storage.
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Deep Geological Repository (DGR)

Presenter
Presentation Notes
And you’ve learned that our long term management plan is a centralized, deep geological repository.
That is, we want to consolidate all used fuel into a single location.
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Presenter
Presentation Notes
We don’t know where that single location will be.
There are currently 5 possible locations for it. We will talk about those locations later today.
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Presenter
Presentation Notes
Remember that used fuel is currently stored in locations in multiple provinces.
Our challenge is connecting all the purple squares with one of those blue dots. Bringing the used fuel from where they are stored now to the repository.
Wherever the repository ends up being, we will have to transport a lot of used nuclear fuel.
And that transportation will have to be done on public infrastructure, on public roads, in traffic flow with the public.



• Develop a safe, secure and socially acceptable transportation 
plan to move used nuclear fuel to the repository location.
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Transportation Objective

Presenter
Presentation Notes
We need to have a safe, secure, and socially acceptable transportation plan. This is our main objective.




• Develop a safe, secure and socially acceptable transportation 
plan to move used nuclear fuel to the repository location.

• Learning from international experience
• Adhering to stringent regulatory framework
• Designing and testing robust transportation packages
• Transportation system planning
• Emergency response planning
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Transportation Objective

Presenter
Presentation Notes
So, what are we doing to move towards this objective?
There are five factors that will contribute to our objective of safely transporting used nuclear fuel.
They are: learning from international experience, adhering to stringent regulations, designing and testing robust containers, careful logistics planning, and emergency response planning



Used Nuclear Fuel Transportation Experience
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50 years of safe transport internationally and in Canada: no serious 
injuries, health impacts, fatalities or environmental consequences 

attributable to the radiological nature of used nuclear fuel shipments

Presenter
Presentation Notes
Let’s look at each factor/area a bit more closely.
Staring with international experience.
Many countries are experienced in transporting used nuclear fuel. Different modes are used: road, rail, and water. Used fuel is routinely shipped between countries as well. E.g. between France and Japan.
This has been going on for over 50 years.
Here in Canada, we haven’t transported used nuclear fuel on a large scale but we are learning from this international experience.



Radioactive Materials Transportation Regulation

Transport Canada
• Transportation of Dangerous Goods Regulations (TDG)

• Sets transport requirements for all 9 classes
of dangerous goods

Canadian Nuclear Safety Commission
• Covers Class 7 Radioactive Materials
• Sets transport packaging requirements
• Packaging and Transport of Nuclear 

Substances Regulations (PTNSR)
• Based on International Atomic Energy Agency (IAEA) Standards
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Presenter
Presentation Notes
Next, let’s look at the regulations that govern radioactive material transportation in Canada
Anything that is transported in Canada falls under Transport Canada’s TDG regulations. Transport of Dangerous Goods regulations.
You may recognize some of these symbols while driving around on the roads. Gasoline tankers, for example, carries a placard to say that it is carrying flammable material.
The TDG regs classify radioactive material as class 7. For class 7, the TDG regulations mostly focus on placarding and labeling requirements. The rest, it defers to the CNSC regulations.
This is because the CNSC regulations are comprehensive and cover many requirements on radioactive material transport packages and even tie-down requirements.
Transport Canada recognizes that packages meeting CNSC regulations would not pose any additional risk that the TDG regulations need to cover.
The CNSC, or Canadian Nuclear Safety Commission regulates packages through the PTNSR. It is based on regulations by the International Atomic Energy Agency. Or IAEA.
And the IAEA regulations are the reference regulations in many countries.
You don’t need to remember these names, the key point here is that Canada has a nuclear regulator that puts strict requirements on radioactive material transportation. Those regulations are based on international standards. And the regulations are so robust that Transport Canada does not need to impose many more requirements.




Used Nuclear Fuel Transportation Packages

• Packages must meet the design and safety requirements of 
Canadian regulations as set by the Canadian Nuclear Safety 
Commission (CNSC)
– Based on International standards as set by the International 

Atomic Energy Agency (IAEA)

• Safety is built into the packages
– The requirements include impact, thermal, and immersion to 

ensure that the package can withstand severe accident conditions

• CNSC reviews and certifies packages for the transport of radioactive 
materials in Canada
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Presenter
Presentation Notes
The most stringent aspect of regulation is the set of requirements on transportation container design.
Regulations dictate that used fuel must be contained in very robust transportation packages.
Used fuel transportation will have to be done on public infrastructure, on public roads, and in the traffic flow with the public.
Many shipments will be needed. And over so many shipments and so many kilometers, accidents will happen. No one can guarantee an incident-free program.
So, safety must be built directly into the package/container. So that when accidents happen, all radioactive materials stay contained. And the accident does not become more severe than a conventional traffic accident.




Transportation Package Options
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Under development for AECL style 
baskets (non-OPG used fuel)

Dry Storage Container –
Transportation Package 
(DSC-TP): 
• 100 tonnes
• 384 fuel bundles in 4 modules

Used Fuel Transportation 
Package (UFTP):
• 35 tonnes
• 192 fuel bundles in 2 modules

Certified to transport 
OPG used fuel

Basket Transportation 
Package (BTP):
• 25 tonnes
• 180 fuel bundles in 3 baskets

Presenter
Presentation Notes
That brings us o the next factor contributing to our safe transportation objective: package design.
We have three package options: UFTP, BTP, and DSC-TP.
The current reference plan is to use the UFTP to transport all used fuel by road.
But used fuel in Quebec and New Brunswick are currently stored in a round configuration that does not fit nicely into the rectangular UFTP. Which is why we are developing a round container.
And the vast majority of used fuel is currently stored in DSCs. The DSCs are already sealed. So it would make sense to transport these sealed DSCs directly. We do have this DSC-TP that is certified to move the DSCs. We are actively looking into this option of moving DSCs directly.
The UFTP is still the reference plan so let’s take a closer look.
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Used Fuel Transportation Package

Presenter
Presentation Notes
One unit of the UFTP was built. It is a very large, very heavy, very robust container. The body is one solid piece of stainless steel with walls about 11” thick. The lid is also one solid piece of stainless steel, also 11” thick.
The lid is held down by 32 heavy duty bolts. And on top of all that, we put on an impact limiter. The impact limiter acts like a helmet. It is designed to crush in an impact to absorb energy and protect the bolted lid area. Like a bicycle helmet.
Fully loaded, this package weighs 35 tonnes.
Sure, this UFTP package looks and sounds robust, but how do we prove it?



• Drop test → 9 m onto unyielding surface
• Penetration test → 1 m drop onto steel pin
• Thermal test → 800°C for 30 minutes
• Water immersion test → 15 m depth for 8 hours; 200 m for 1 hour
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Used Fuel Transportation Package: Tests

Presenter
Presentation Notes
We prove robustness through testing to meet regulatory requirements.
There are many requirements in the regulations. The most dramatic of requirements are these tests that simulate transportation accidents.
This is where robustness of transportation packages are tested.
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Used Fuel Transportation Package: Tests

Presenter
Presentation Notes
The UFTP has been certified so it has already passed these tests. We are designing the new package, the BTP, to withstand these severe tests without releasing its contents.




APM Transportation Video: Excerpt
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Presenter
Presentation Notes
Here is a video of the UFTP testing, and of some additional tests to demonstrate package robustness.
The UK and Germany tests where done on different packages but they are designed to the same regulations as our UFTP.
Discussion on energy in drop test vs. train crash?



Transportation Logistics
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Presenter
Presentation Notes
The next challenge is transportation logistics planning.
We have robust packages for transportation, but how do we move them?

There is road transport. The UFTP and BTP can fit on a standard size transport trailer, and be pulled by a standard commercial tractor.

But the DSC-TP is very large and very heavy. At over 100 tonnes, it’s difficult to transport by road. We would need some special arrangement: a customized trailer or a specially designed, dedicated transport vehicle.

A DSC-TP transport would have to span multiple lanes, and would have to move very slowly. Imagine driving behind this big and slow convoy.



Transportation Logistics
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Presenter
Presentation Notes
There is rail transport.
The DSC-TP size and weight is no problem for a train. There is a long history of moving big, heavy things by train. And here again, we are learning from international experience.
There are still many challenges with rail transport but we are actively looking into the rail transport option for the DSC-TP.



Transportation Logistics

• Assess logistics for moving used nuclear fuel from 
interim storage sites to potential host communities.
– Road vs. rail transport

• Route assessments consider:
– Infrastructure
– Emergency Response Resources
– Alternative Route Assessments
– Safety Assessment – conventional accidents
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Presenter
Presentation Notes
We will look at the balance between road vs rail transport options.
And this is just one part of transportation logistics planning.
The whole system planning will also look at what infrastructure is available, what emergency response resources are available, what alternative routes are available, and safety considerations along the way.



Emergency Response Guidebook
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See Guide 163: Radioactive Materials

Presenter
Presentation Notes
The next factor contributing to safe transportation is emergency response planning.
Moving all of Canada’s used fuel is a huge undertaking that requires a large scale transportation program.
There is no way to guarantee an incident-free program.
We need to be prepared to respond to accidents.
We just learned that in following the stringent regulations, transportation packages are designed to withstand severe accidents without releasing any of its hazardous contents.
Accidents would not be very different from conventional, heavy load accidents.
Transport Canada recognizes this and advises accordingly in their guidebook for emergency responders.
The text may be hard to read but here are some highlights:
“Radiation presents minimal risk to transport workers, emergency response personnel and the public during transportation accidents.”
“Undamaged packages are safe. Contents of damaged packages are hazardous only if released.”
Regarding Type B packages, the guide says that “Life threatening conditions may exist only if contents are released or packaging shielding fails. Because of design, evaluation and testing of packages, these conditions would be expected only for accidents of utmost severity.”
So, after seeing a transportation package survive a head-on collision with a train, what kind of other accidents of utmost severity can we reasonably imagine?
Nevertheless, a well established emergency response plan is of course very important to ensuring public safety.
There are international guidelines to help us design our emergency response plans.
And we will coordinate with the province and municipalities along the way to develop a robust emergency response plan.
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Summary

• Develop a safe, secure and socially acceptable transportation 
plan to move used nuclear fuel to the repository location.

Presenter
Presentation Notes
In conclusion, I’d like to reiterate that our primary objective is to ensure SAFE transportation of Canada’s used nuclear fuel.
Today, we’ve looked at the five key factors that contributes to our objective:
We are learning from a long history of international experience
We are adhering to stringent Canadian and international regulations
We are designing and testing very robust transportation packages
We are carefully planning the logistics of such a large scale transportation program
And we are working on emergency response planning for when accidents do happen.
Work is on-going in all areas to ensure Canada’s used nuclear fuel is transported safely.
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