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Safety of Spent Fuel Transportation

The U.S. Nuclear Regulatory Comrmission (NRC) is an independent agency that was created by
Congress. Its mission is to regulate the nation’s civilian use of radioactive materials in a way that
protects public health and the environment. The NRC regulates commercial nuclear power
reactors; research, test, and training reactors; nuclear fuel cycle facilities; and medical, academic,
and industrial uses of nuclear materials. The NRC aiso regulates packaging for the transport,
storage, and disposal of nuclear materials and waste. And it licenses the export and import of
radioactive materials.

The U.S. Department of Transportation {DOT) coordinates with the NRC to set rules for the
packaging of nuclear materiais. DOT afso works with the NRC and affected states to regulate their
transport. DOT regulates carriers, sets standards for routes and is responsible for international
agreemenis on the transport of all hazardous materials.

The U.S. Department of Energy (DOE) is responsible by law for disposal of spent fuel from the
nation's nuclear power reactors.

The International Atomic Energy Agency (IAEA) is a forum for scientific and technical cooperation
in the nuciear field. Part of the United Nations, the IAEA sets global regulations in many areas of
the nuclear industry. IAEA’s regulations for materials packaging and transport serve as a mode{
for the United States and other nations.

The NRC has three main functions:

1. To set standards and develop regulations;

2. To isspe licenses for nuclear facilities and nuclear materials users; and
3. To inspect facilities to ensure thal NRC regulations are being met.

The Nuclear Regulatory Commission

The NRC regulates the nuclear fuel cycle from beginning to end. Starting when the uranium is
taken from the ground, the NRC oversees its processing and manufacture into fuel to be used in
reactors. The NRC also plays a role in ensuring the safe transportation, storage and permanent
geologic disposal of used fuel.

The NRC works to protect public health and safety. the environment and our national security.
To keep the public's confidence, the NRC aims to do its work openly and to be effective,
efficient and realistic.

Proper handling of nuclear materials wiil help to protect the safety of the public and plant
workers. To achieve this aim, the NRC works with the DOT and DOE in the U.S., and
internationally, with the |AEA. Together, these agencies help to make sure nuclear materials are
packaged and transported safely.

This brochure explains the NRC's role in the safe packaging and transport of spent nuclear fuel

from commercial nuclear power plants. The NRC oversees the design, manufacture, use and
maintenance of containers for these radioactive shipments.



About half of the public's average annual radiation exposure comes from natural sources. These
sources include radon, the human body, outer space, rocks and soil. This natural radiation is
called "background” and can vary greatly from place to place. Nearly all of the rest of an
average person's exposure comes from medical sources, such as x-rays and diagnostic tests
that are used in health care. Radiation that can be traced to radioactive materials transpont
makes up a tiny fraction of an average person's overall exposure. Such low levels of exposure
are very unlikely tc have any biological effect, but if they did they would be too small to be
detectable. The human body responds to radiation in the same way whether it comes from
natural or manmade sources.

What Is Spent Fuel?

Nuclear reactors make electricity and, as a waste product, spent fuel. Uranium fuel can power a
reactor for a number of years until it needs to be replaced. The used fuel is then known as
“spent fuel.” It must be stored safely until it can be shipped offsite.

The Nuclear Waste Policy Act sets a policy for safe, permanent disposal of spent fuel and other
high-level radioactive wastes. Congress in 1987 selected Yucca Mountain in Nevada as the site
to be studied for a repository deep underground. DOE applied to the NRC in 2008 for a permit
ta construct the repository there. But DOE withdrew its application in 2010. The NRC's role is to
assess whether the facility would meet NRC regulatory requirements. Cther policy
considerations are up to DOE and Congress,

It will be some time before a repository is available. All nuclear power reactors move their spent
fuel first into pools for storage on site. As the amount of spent fuel in the pool increases, many
reactors are also using dry casks for storage. The NRC reviews and approves the designs for
these systems.

Once a central location for storage or disposal is approved, spent fuel will need to be
transported there from sites around the country. These shipments would likely be made by rail
or on publi¢c highways.

Because spent fuel is highly radicactive, people may wonder:

* How does the NRC protect the public from radiation during transport?

» What is the likelihood one of these shipments wilt be involved in an accident?

* How well can the shipping containers withstand an accident and prevent the refease of nuclear
materials?

The NRC addresses these and other questions as a part of its ongoing efforts to ensure safe
transport. As new technology and real-world information become available, the NRC evaluates
its regulations. [t is important to know that spent fuel has been shipped safely within the U.S.
and abroad for more than 40 years.

The Key ta Ensuring Safety: the Speni Fuel Shipping Container

Spent fuel is highly radioactive and must be shielded and contained to be transported safely.
Safe shipment requires a large, robust spent fuel container called a "cask.”

The NRC regulates the design and construction of these casks to ensure the public is protected.
Containers used to move spent fuel by rail or highway are designed to withstand severe



accidents. In the U.8. and internationally, these containers must pass a series of tests that
mimic accident forces. The NRC reviews spent fuel containers very carefully to ensure they
meet the design standards and test conditions in the regulations.

These containers must be able to survive four tests involving impact, puncture, fire and
submersion in water. During and after the tests, the casks must contain the nuclear material,
limit radiation doses to acceptable levels and prevent a nuclear chain reaction.

To protect workers and the public, a cask has walls of steel and shielding materials five to 15
inches thick and a massive lid. Truck containers weigh about 25 tons when [oaded with one to
two tons of spent fuel. Rail containers can weigh as much as 150 tons and can carry up to 20
tons of spent fuel. The ends of these transportation containers are encased in structures called
impact limiters. In an accident, these impact limiters would crush and absorb the impact forces,
protecting the package and its contents.

Spent fuel containers are tightly sealed and provide heavy shielding. But it is not possible to
shield all the radiation. The containers must have enough shielding to protect anyone who might
be near the cask during transport.

Cask designers may use several techniques to demonstrate their containers are safe. They can
use computer analyses, comparisons with other designs, component testing, and physicat
testing of a scale model or a combination of these techniques. Most often, they combine
analyses and physical testing. They meet with technical review staff from the NRC, explain their
design and provide supporting documents in an application. The NRC evaluates each design,
examines the information in depth, and performs its own calculations. NRC reviewers are
experts in different areas of science and engineering. They include structural and materials
engineers and safety specialists with advanced degrees and many years of experience.

Once the NRC is satisfied that a design meets the requirements, it issues a Cenrtificate of
Compliance through a public rulemaking process. This certificate describes the approved
design, including what materials must be used, the autharized contents, and the dimensions of
the container. Then the containers can be manufactured and used. Manufacturers and shippers
have programs in place to ensure the containers meet design specifications throughout
fabrication and transportation. These programs are known as quality assurance. To ensure the
casks meet the certificates, NRC staff inspects both the manufacturer and the facilities that will
use them.

But just having a cenrtificate does not mean a cask can be used. Both NRC and DOT regulations
aiso require a number of safety determinations before each spent fuel shipment. These include
checks for leaks and tests to ensure radiation levels are within safe limits. These actions are
designed to ensure that all aspects of every spent fuel shipment meet all the safety standards.

A Brief History of Spent Fuel Shipments and Studles

More than 1,300 spent fuel shipments have been completed safely in the U.S. over the past 35
years. Four were involved in accidents. But none resulted in a release of radioactive material or
a fatality due to radiation exposure.

This experience confirms that the safety system is sound. But will this hold true when shipments
increase to move spent fuel to a future repository or a storage facility?



The NRC locks at the risks associated with spent fue! transport in a methedical and scientific
way. Several NRC-sponsored studies over the years have focused on the risk related to spent
fuel transport on highways and railroads. The resulis provide additional confidence in the
current regulations to assure the safety of spent fuel transport.

In a 1977 study, the NRC found the risk from transporting spent fuel to be low. The study gave
the NRC confidence that existing regulations are adequate to protect the public.

In separate studies in 1987 and 2000, the NRC looked more closely how shipping containers
would perform in accidents. Each study used more advanced research methods than in the
earlier studies. These studies both found the risk posed by spent fuel shipments would be even
smaller than estimated in 1977. That finding holds true even if the number of spent fuel
shipments were to increase greatly.

The latest risk study, published in January 2014, modeled the radiation doses people might
receive from spent fuel shipments. This study again confirmed that NRC regulations for spent
fuel transport ensure safety of the public and the environment.

The 2014 study looked at how three NRC-certified packages would behave during both nermal
shipments and transportation accidents. The study modeled a variety of transport routes using
popuiation data from the U.S. Census Bureau. It used statistics from actual highway and rail
accidents and state-of-the-art computer models. The study considered doses from normal
shipments to people living along transportation routes. It alsc looked at doses to occupants of
vehicles sharing the route, vehicle crews and other workers, and anyone present at a stop. The
risk assessment found:

* Doses from routine transport would be less than 1/1000 the amount of radiation people
receive from background sources each year

» There is less than a 1.in 1 billion chance that radioactive material would be released in
an accident

= |f an accident did release radioactive material, the dose to the most affected individual
would not cause immediate harm

In addition to these risk studies, the NRC has looked closely at real-world transportation
accidents involving fires. The NRC did a series of case studies on the moslt severe accidents to
see how well an NRC-certified spent fuel package would have performed. These studies show
the current regulations protect the public even in the most severe fires. The case studies include
the Howard Street tunnel chemical fire that burned for five days in Baltimare in 2001; the 1982
Caldecott tunnel fire and the 2007 MacArthur Maze fire, both sparked by gasoline tankers
outside Oakland, Cal.; and a 2007 brush fire in the New Hall Pass tunnel outside Los Angeles.

Additional NRC studies identified the conditions in an accident that could produce a fire severe
enough to engulf a spent fuel transport package.

On the hasis of these studies, plus operational experience and its own reviews, the NRC
believes spent fuel can continue to be shipped safely. The evidence shows this will be true even
if hundreds of shipments are made each year. The NRC is continuing to track spent fuel
shipping, including more analyses and testing of spent fuel casks, to ensure that the risks
remain low,



Understanding the Risks

Risk is generally understood to be the chance of injury, damage or some kind of loss. The spent
fuel shipment record in the U.S. has been outstanding to date. Many more shipments have been
successfully completed internationally under the same basic safety standards

While shipping spent fuel does involve risk, NRC studies show this risk is low. As a part of its
safety effort, the NRC aims to manage the hazards to mimimize the risk. To evaluate the risks,
the NRC asks the following three questions and then converts the answers into numbers:

» What can go wrong?
= How likely is it to occur?
» If something goes wrong, what are the consequences?

The overwhelming majority of spent fuel shipments are accident-free. To calculate the radiation
risks to the public, researchers use two scenarios. One involves a trip on which an accident
occurs; the other covers the vast majority of journeys that do not involve an accident.

Researchers use a four-step process to study actual and potential accidents and their effects.

Step 1. Experts determine what might happen.

« They gather historic records.

« They also put togeather data on how many spent fuel shipments are jikely each year.

+ They look at the rate of accidents for rail and highway shipmenis.

» They look at a large number of accidents that are credible.

« They also fook af the effects of crash impact forces, fires or punctures on the shipping conlainer. They pick forces that
are more severe than those covered by NRC standards.

The Accident Scenario

NRC studies show that the likelihood of an accident is low. Fewer than 1 in 100 accidents
invelving a spent fuel container will be more severe than the conditions defined in the design
standards. However, if a very unlikely chain of events occurs, an accident might be severe
enough to cause a radicactive release.

To estimate the risk of these severe accidents, researchers use a multi-step approach. They
use data and their experience with past highway and rail accidents involving other hazardous
rmaterials. Part of this step is to determine what kinds of accidents could happen and lock at
what their effects might be.

Using this method, the chance that an accident would be serious engugh to lead to a small
release is about 1 in 1,000. The chance of a large release is less than one in 1,000.000,000.

Step 2. Engineers use complex computer programs to estimate how the parts of a shipping conlainer might be damaged
by coilislons or fires.

« They gather data on how much spent fuel each confainer will carry,

+ They analyze how the spent fuef might respond in a given type of accident,

= They calculate the temperalture of the container and the spemt fuel itself during a long-term fire.

This infarmation alfows them to eslimate the size of a potential leak and how much nuclear material might escape.

Step 3. Researchers match accident scenarios from Step T with the analyses from Step 2. This tefls them the likelihood
that there would be severe damage to the container or its contents.

Step 4. A special computer progrant computes a risk estimate. The program takes accident probability estimates, expected
numbers of shipments, route data (like population densities), weather data (to estimate how any release might be spread
by wind), and radiological dose data to produce a risk estimate.



The Acclident-Free Scenario

For most spent fuel shipments, nothing will go wrong and no nuclear material will be released.
For these shipments, experts calculate the total radiation dose that all people along the route
could receive. They use informaticn on routes and local populations to determine how many
people may be affected and the dose they could receive.

The risk to the public from an accident-free joumey results from the very low levels of radiation
that may come through the cask walls. A person standing along the highway or railroad track
might receive a brief exposure that is well below regulatory limits. Exposure will vary depending
upon the speed of the vehicle and how far away the person is standing. Doses from routine
transport would be less than 1/1000 the amount of radiation people receive from background
sources each year.

The Boliom Line

The NRC believes that shipments of spent fuel in the U.S. are safe. This belief is based on the
NRC's confidence in the shipping containers that it certifies and its ongoing research in
transportation safety.

» The NRC ensures that shipping containers are robust by:

- Defining strict requirements for package design and performance

- Reviewing designs and independently checking a container's ability to meet accident
conditiens and

- Doing inspections to ensure casks are built, maintained and used properly.

« The NRC also looks at the risks involved in spent fuel shipments. The agency:

- Analyzes spent fuel transport records to fully understand any safety issues

— Evaluates new transportation issues, such as projections for the number of shipments,
changes in population along some routes and other factors, and

— Keeps up with technology as it evolves to refine estimates of current and future risk to the
public.

There will always be a slight chance that an accident will cause a release of nuclear material.
But the NRC has found the likelihood of such an event and the risk to the public to be extremely
low. Even so, the NRC will continue to be vigitant about public safety as an essential part of its
mission.

Spent Fuel Transpon Security

The NRC also regulates how spent nuclear fuel is protected in transit against sabotage or theft.
The NRC’s current rules for the physical protection of spent fuel transport include:

» Coordinating with law enforcement agencies before the shipment

* Requiring advance notice to States, Indian tribes, and the NRC

* Using a communications center and other means to monitor shipments while in route

« Armed escorts, and

* Devices that allow drivers and escorts to shut the vehicle off



Since September 11, 2001, the NRC has taken additional steps to protect the public.

For Additional Information Contact:
Office of Public Affairs

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Phone: (301) 415-8200

Email: OPA@NRC.GOV

Internet Home Page: hitp./fwww.nrc.gov

U.S. Nuclear
Regulatory

Commission
NUREG/BR-0292
March 2615
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Safety of Spent Fuel Transportation

The U.S. Nuclear Regulatory Commission (NRC} is an independent agency thal was created by
Congress. Its mission is to regulate the nation’s civilian use of radioaclive materials in a way that protects
public heaith and safety and the environment. The NRC reguiates commercial nuclear powsr reactors;
research, test and training reactors; nuclear fuel cycle faciilies: and medical. academic. and industrial
uses of nuclear materials. The NRC also regulates packaging for the transpont. storage, and disposal of
nuclear materiais and waste. And it licenses the export and import of radioactive materials,

The U.S. Department of Transportation (DOT) coordinates with the NRC to set rules for the packaging
of nuclear materials. DOT also works with the NRC and affected States to regulate their transport. DOT
reguiates carriers. sets standards for routes, and is responsible for international agreements on the
transport of alf hazardous materials.

The U.8. Department of Energy (DOE} is responsible by law for disposal of spent fuel from the nation's
nuclear power reaclors.

The International Atomic Energy Agency (IAEA) is a forum for scientific and technical cooperation in
the nuclear field. Part of the United Nations. the IAEA sets global reqguiations in many areas of the nuclear
industry. IAEA's regulations for malerials packaging and transport serve as @ mede! for the United States
and other nations.

The NRC has three main functions:

1. To set standards and develop reguiations

2. To issua licensas for nuclear facilities and nuclear materials users
3. To inspect facilities (o ensure that NRC regulations are being met

The Nuclear Regulatory Commission

The NRC regulates the nuclear fuel cycle from beginning to end. Starting when the uranium is
taken from the ground, the NRC oversees its praocessing and manufacture into fuel to be used in
reactors. The NRC alsc plays a role in ensuring the safe transportation, storage, and permanent
geologic disposal of used fuel.

The NRC works to protect public health and safety, the environment, and our national security.
To keep the public's confidence, the NRC aims to do its work openly and to be effective,
efficient, and realistic.

Proper handling of nuclear materials will help to protect the safety of the public and plant
workers. To achieve this aim, the NRC works with the DOT and DOE in the United States, and
with the IAEA internationally. Together, these agencies help to make sure nuclear materials are
packaged and transported safely.

This brochure explains the NRC's role in the safe packaging and transport of spent nuclear fuel
from commercial nuclear power plants. The NRC oversees the design, manufacture, use and
maintenance of containers for these radicactive shipments.

Radiation

About half of the public's average annual radiation exposure comes from natural sources. These
sources include radon, the human body, outer space, rocks, and soil. This natural radiation is



called background and can vary greatly from place to place. Nearly all of the rest of an average
person's exposure comes from medical sources, such as x-rays and diagnostic tests that are
used in health care. Radiation that can be traced to radioactive materials transport makes up a
tiny fraction of an average person’s overall exposure. Such low levels of exposure are very
unlikely to have any biological effect, but if they did they would be too smali to be detectable.
The human body responds to radiation in the same way whether it comes from natural or
manmade sources.

What is Spent Fuel?

Nuclear reactors make electricity and, as a waste product, spent fuel. Uranium fuel can power a
reactor far a number of years untif it needs to be replaced. The used fuel is then known as spent
fuel. It must be stored safely until it can be shipped offsite.

The Nuclear Waste Policy Act sets a poiicy for safe, permanent disposal of spent fuel and other
high-level radioactive wastes. Congress in 1987 selected Yucca Mountain in Nevada as the site
to be studied for a repository deep underground. DOE applied to the NRC in 2008 for a permit
to construct the repository there. But DOE withdrew its application in 2010, The NRC’s role is to
assess whether the facility would meet NRC regulatory requirements. Cther policy
considerations are up toc DOE and Congress.

k will be some time before a repository is available. All nuclear power reactors move their spent
fuel first into pools for storage on site. As the amount of spent fuel in the pool increases, many
reactors are also using dry casks for storage. The NRC reviews and approves the designs for
these systems.

Once a central location for storage or disposal is approved, spent fuel will need to be
transported there from sites around the country. These shipments would likely be made by rail
or on public highways.

Because spent fuel is highly radicactive, people may wonder:

» How does the NRC protect the public from radiation during transport?

« What is the likelihood one of these shipments will be involved in an accident?

* How well can the shipping containers withstand an accident and prevent the release of nuclear
materials?

The NRC addresses these and other questions as a part of its ongoing efforts to ensure safe
transport. As new technology and real-world information become available, the NRC evaluates
its regulations. It is important to know that spent fuel has been shipped safely within the United
States and abroad for more than 40 years.

The Koy to Ensuring Safety: the Spent Fuel Shipping Contalner

Spent fuel is highly radioactive and must be shielded and contained to be transported safely.
Safe shipment requires a large, robust spent fuel container called a cask.

The NRC regulates the design and construction of these casks to ensure the public is protected.
Containers used to move spent fuel by rail or highway are designed to withstand severe
accidents. In the U.S. and internationally, these designs must pass a series of tests that mimic



accident forces. The NRC reviews spent fuel containers very carefully to ensure they meet the
design standards and test conditions in the regulations.

These containers must be able to survive four tests involving impact, puncture, fire, and
submersion in water. During and after the tests, the casks must contain the nuclear material,
limit radiation doses to acceptable levels, and prevent a nuclear chain reaction.

To protect workers and the public, a cask has walls of steel and shielding materials 5 tg 15
inches thick and a massive (id. Truck containers weigh about 25 tons when loaded with one to
two tons of spent fuel. Rail containers can weigh as much as 150 tons and can carry up to 20
tons of spent fuel. The ends of these transportation containers are encased in structures called
impact limiters. In an accident. these impact limiters would ¢rush and absorb the impact forces,
protecting the package and its contents.

The text under the cask drop

Spent fuel containers are tightly sealed and provide ;
graphic should read:

heavy shielding. But it is not possible to shield all the
radiation. The containers must have encugh shielding to
protect anyone who might be near the cask during The NRC requires spent fuel

transport. shipping casks 1o survive four
tests in sequence: (1} free-drop
impact, (2) puncture impact, (3)
fire, and {4) water immersion.

Cask designers may use several techniques to

demonstrate their containers are safe. They can use

computer analyses, comparisons with other designs, compenent testing, physical testing of a
scale model, or a combination of these techniques. Most often, they combine analyses and
physical testing. They meet with technical review staff from the NRC, explain their design, and
provide supporting documents in an application. The NRC evaluates each design, examines the
information in depth, and performs its own calculations. NRC reviewers are experts in different
areas of science and engineering. They include structural and materials engineers and safety
specialists with advanced degrees and many years of experience,

Once the NRC is satisfied that a design meets the requirements, it issues a certificate of
compliance through a public rulemaking process. This certificate describes the approved design
(including what materials must be used), the authorized contents, and the dimensions of the
container. Then the containers can be manufactured and used. Manufacturers and shippers
have programs in place to ensure the containers meet design specifications throughout
fabrication and transportation. These programs are known as quality assurance. To ensure the
casks meet the certificates, NRC staff inspects both the manufacturer and the facilities that will
use them.

But just having a certificate does not mean a cask can be used. Both NRC and DOT regulations
also require a number of safety determinations before each spent fuel shipment. These include
checks for leaks and tests to ensure radiation levels are within safe limits. These actions are
designed to ensure that all aspects of every spent fuel shipment meet all the safety standards.

A Brief History of Spent Fuel Shipments and Stutlies



More than 1,300 spent fuel shipments have been completed safely in the United States over the
past 35 years. Four were involved in accidents. But none of the shipments resulted in a release
of radioactive material or a fatality due to radiation exposure.

This experience confirms that the safety system is sound. But will this hold true when shipments
increase to move spent fuel to a future repository or a storage facility?

The NRC looks at the risks associated with spent fuel transport in a methodicat and scientific
way. Several NRC-sponsored studies over the years have focused on the risk related to spent
fuel transport on highways and railroads. The results provide additional confidence in the
current regulations to assure the safety of spent fuel transport.

In a 1977 study’, the NRC found the risk from transporting spent fuel to be low. The study gave
the NRC confidence that existing regulations are adequate to protect the public.

In separate studies in 18877 and 2000°, the NRC looked more closely how shipping containers
would perform in accidents. Each study used more advanced research methods than in the
earlier studies. These studies both found the risk posed by spent fuel shipments would be even
smaller than estimated in 1977. That finding holds true even if the number of spent fuel
shipments were to increase greatly.

The latest risk study, published in January 2014, modeled the radiation doses people might
receive from spent fuel shipments. This study again confirmed that NRC regulations for spent
fuel transport ensure safety of the public and the environment.

The 2014 study? looked at how three NRC-certified packages would behave during both normal
shipments and transportation accidents. The study modeled a variety of transport routes using
population data from the U.S. Census Bureau. It used statistics from actual highway and rail
accidents and state-of-the-art computer models. The study considered doses from normal
shipments to pecple living along transportation routes. It also looked at doses to occupants of
vehicles sharing the route, vehicle crews and other workers, and anyone present at a stop.

The risk assessment found:

=  Doses from routine transport would be less than 1/1000 the amount of radiation people
receive from background sources each year.

= Thereis less than a 1 in 1 billion chance that radioactive material would be released in
an accident.

. If an accident did release radioactive material, the dose to the most affected individual
would not cause immediate harm.

In addition te these risk studies, the NRC has iocked closely at real-world transportation
accidents involving fires. The NRC did a series of case studies on the most severe accidents to
see how well an NRC-certified spent fuel package would perform. These studies show the
current requlations protect the public even in the most severe fires, The case studies include the
Howard Street tunnel chemical fire that burned for five days in Baltimore in 2001: the 1982

! hitp:/ipbadupws.nrc.govidocs/ML1219/ML12192A283 pdf
Z hitp:/iwww.nrc govireading-rm/doc-collections/nuregs/contract/cr4829/
3 hitp:/ipbadupws nrc.gov/docs/ML0036/MLOC3688324 pdf
# hitp://pbadupws nrc.govidecs/ML1403/ML14031A323 pdf



Caldecott tunnel fire and the 2007 MacArthur Maze fire, both sparked by gasoline tankers
outside Oakland, CA.; and a 2007 brush fire in the New Hall Pass tunnel outside Los Angeles.

Additional NRC studies identified the conditions in an accident that could produce a fire severe
enough to engulf a spent fuel transport package.

On the basis of these studies, plus operational experience and its own reviews, the NRC
believes spent fuel can continue to be shipped safely. The evidence shows this will be true even
if hundreds of shipments are made each year. The NRC is continuing to track spent fuel
shipping, including more analyses and testing of spent fuel casks, to ensure that the risks
remain low.

Risk is generally understood to be the chance of injury, damage or some kind of loss. The spent
fuel shipment record in the United States has been outstanding to date. Many more shipments
have been successfully completed internationally under the same basic safety standards.

While shipping spént fuel does involve risk, NRC studies show this risk is low. As a part of its
safety effort, the NRC aims to manage the hazards to minimize the risk. To evaluate the risks,
the NRC asks the following three questions and then converts the answers into numbers:

* What can go wrong?
» How likely is it to occur?
* If something goes wrong, what are the consequences?

The overwhelming majority of spent fuel shipments are accident-free. To calculate the radiation
risks to the public, researchers use two scenarics. One involves a trip on which an accident
occurs; the other covers the vast majority of journeys that do not involve an accident.

Researchers use a four-step process to study actual and potential accidents and their effects.

Step 1. Experts determine what might happen.

+ They gather historic records.

« They aisa put together data on how many spent fuel shipments are ilkely each year.

« They look at the rate of accidents for rail and highway shipments.

« They look at a large number of accidents that are credibie.

» They also look at the effacts of crash impact forces, fires, ar punctures on the shipping container. They pick forces that
are more severe than those covered by NRC sitandards.

The Accident Scenario

NRC studies show that the likelihood of an accident is low. Fewer than 1 in 100 accidents
involving a spent fuel container will be more severe than the conditions defined in the design
standards. However, if a very unlikely chain of events occurs, an accident might be severe
enough to cause a radioactive release.

To estimate the risk of these severe accidents, researchers use a muiti-step approach. They
use data and their experience with past highway and rail accidents involving other hazardous
materials. Part of this step is to determine what kinds of accidents could happen and look at
what their effects might be.



Using this method, the chance that an accident would be serious enough to lead to a small
release is about 1 in 1,000. The chance of a large release is less than one in 1,000,000,000.

Stop 2. Engineers use complex computer programs to estimate how the parts of a shipping container might be damaged
by collisions or fires.

+ They gather data on how much spent fuel each container will carry.

* They analyze how the spent fuef might respond in a given type of accident.

* They calculate the temperature of the container and the spent fuel itself during a fong-term fire.

This information allows engineers to estimate the size of a potential leak and how much nuclear material might escape.

Step 3. Researchers match accident scenarios from Step 1 with the analyses from Step 2. This tells them the likelihood
that there would be severe damage lo the container or its contents.

Step 4. A special computer program computes a risk estimate. The program takes accident probability estimates, expected
numbers of shipments, route data (like population densities), weather data (to estimate how any release might be spread
by wind), and radiological dose data to produce a risk estimate.

The Accident-Free Scenario

For most spent fuel shipments, nothing will go wrong and no nuclear material will be released.
For these shipments, experts calculate the total radiation dose that all people along the route
could receive. They use information on routes and local populations to determine how many
people may be affected and the dose they could receive.

The risk to the public from an accident-free journey results from the very low levels of radiation
that may come through the cask walls. A person standing along the highway or railroad track
might receive a brief exposure that is well below regulatory limits. Exposure will vary depending
upon the speed of the vehicle and how far away the person is standing. Doses from routine
transport would be less than 1/1000 the amount of radiation people receive from background
sources each year.

The NRC believes that shipments of spent fuel in the United States are safe. This belief is
based on the NRC's confidence in the shipping containers that it certifies and its ongoing
research in transportation safety.

+ The NRC ensures that shipping containers are robust by:

- Defining strict requirements for package design and performance

— Reviewing designs and independently checking a container's ability to meet accident
conditions

- Doing inspections to ensure casks are built, maintained and used properly

» The NRC also looks at the risks involved in spent fuel shipments. The agency:

- Analyzes spent fuel transport records to fully understand any safety issues

- Evaluates new transportation issues, such as projections for the number of shipments,
changes in population along some routes, and other factors

- Keeps up with technology as it evolves to refine estimates of current and future risk to the
public

There will always be a slight chance that an accident will cause a release of nuclear material.
But the NRC has found the likelihood of such an event and the risk to the public to be extremely



low. Even so, the NRC will continue to be vigilant about public safety as an essential part of its
mission.

Spent Fuel Transport Security

The NRC also regulates how spent nuclear fuel is protected in transit against sabotage or theft,
The agency strengthened these rules after Sept. 11, 2001. The curren rules for the physical
protection of spent fuel transport include:

+ Coordinating with law enforcement agencies before the shipment

» Requiring advance notice to States, Indian tribes, and the NRC

* Using a communications center and other means to monitor shipments while in route

» Using armed escorts, and

* Using devices that allow drivers and escons to shut the vehicle off

For Additional information Contact:
Office of Public Affairs

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Phone: (301) 415-8200

Email: OPA@NRC GOV

Internet Home Page: http:/fwww.nrc.gov

U.S. Nuclear
Regulatory
Commission
KUREG/BR-0292
March 2015










From: Couret, Ivonne

To: Fortune Grasty, Tojuana; Machalek, Woody: Baker, Johnnie: Meyd, Dongidl: Ferredl, Kimberfy; Malone, Ting
Cc: Shannon, Vaterie; Harrington, Holly; West, Stephanie

Subject: OPA_NUREG Spreadsheet_ Data Call

Date: Monday, June 20, 2016 3:48.00 PM

Attachments: N r by I OPA Jun Elax

Importance: High

Attached is the OPA NUREG Data Call sheet for FY 16 and FY 17.

As per ADM directions, | have included the other generated pieces produced as part of the
original NUREG under the NRC-designated term supplement.

Please let me know if you need further clarifications, | will be the OPA POC on these
projects.

Thanks in advance for all your suppoft. Ivorme

oone L Coured

Public Affairs Officer

Office of Public Affairs

JS Nuciear Repu.atary Commission
301-415-8205

v One. cou e idnre goy

NEW — Information Digest 2015-2016 now available online at http://www.nrc.gov/reading-
rm/doc-colfections/nuregs/staff/sr1350/
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Also — I'm wondering whether you had any luck getting images out of the cask vendors for
that brochure. No rush, just following up.

Thanks,

Maureen Conley
NRC Office of Public Affairs
301-415-8202



Hudson, Sharaon

From: Wylie, Maureen

Sent: Thursday, June 04, 2015 11:.08 AM

To: Barbara Gusack; Grancorvitz, Teresa

Cc Muessle, Mary, Hudson, Sharon

Subject: Fwd: Annual Fee Payments far Nuclear Regulatory Commission License No. SNM-2512

Idaho Spent Fuel Facility Independent Spent Fuel Storage Installation (EM-
FMDP-15-029)
Attachments: EM-FMDP-15-029 Annual Fee Payments for NRC License No. SNM- 2512 ISFSLpdf

Ticket action as appropriate

From: "Kaiser. Nancy A™ <kaisernu@id.doc.pov>
Subject: Annual Fee Payments for Nuclear Regulatory Commission License No. SNM-2512 Idaho Spent Fuel
Facility Independent Spent Fuel Storage Installation (EM-FMDP-15-029)

Date: (4 June 2015 08:56

To: "Wylic, Maureen” <Maureen, Wylic@nsc, gov>

Ce: "Allen, William" <William Allen@nre.gov>, "Hall, Gregory G" <grecory hall@icp doe.govs, "CW]
Correspondence Control” <CWICorrespundenceControl @ icp.doe, gov>
This correspondence is sent electronically only. Hard copy is available upon request. Hard copy will be sent to
Maureen Wylie.
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Safety of Spent Fuel Transportation

The U.S. Nuclear Regulatory Commission (NRC) is an independent agency that was created by
Congress. Its mission is to regulate the nation’s civifian use of radicactive materials in a way that
protects public health and the environment. The NRC regulates commercial nuclear power
reactors; research, test, and training reactors; nuclear fuel cycle facilities; and medical, academic,
and industrial uses of nuclear materials. The NRC also regulates packaging for the transport,
storage, and disposal of nuclear materials and waste. And it licenses the export and import of
radioactive materials.

The U.5. Department of Transportation (DOT) coordinates with the NRC to set rules for the
packaging of nuclear materials. DOT also works with the NRC and affected states to reguiate their
transport, DOT requlates carriers, sets standards for routes and is responsible for international
agreements on the transport of all hazardous materials.

The U.S. Department of Energy (DOE) is responsible by law for disposal of spent fuel from the
nation’'s nuclear power reactors.

The International Atomic Energy Agency (AEA} is a forum for scientific and technical cooperation
in the nuclear field. Part of the United Nations, the IAEA sets global requlations in many areas of
the nuclear industry. IAEA’s reqgulations for materials packaging and transport serve as a mode!
for the United States and other nations.

The NRC has three main functions.

1. To set standards and develop reguiations;

2. To issue licenses for nuclear facilities and nuclear materials users; and
3. To inspect facilities to ensure that NRC reguiations are being mel.

The Nuclear Regulatory Commission

The NRC regulates the nuclear fuel cycle from beginning to end. Starting when the uranium is
taken from the ground. the NRC oversees its processing and manufacture into fuel to be used in
reactors. The NRC also plays a role in ensuring the safe transportation. storage and permanent
geologic disposal of used fuel.

The NRC works tc protect public health and safety. the environment and our nationa! security.
To keep the public's confidence. the NRC aims to do its work openly and to be effective,
efficient and realistic

Proper handling of nuciear materiais will help to protect the safety of the public and plant
workers. To achieve this aim, the NRC works with the DOT and DOE in the U.S., and
internationally, with the IAEA. Together, these agencies help to make sure nuclear materials are
packaged and transported safely.

This brochure explains the NRC's role in the safe packaging and transport of spent nuclear fuel

from commercial nuclear power plants. The NRC oversees the design, manufacture, use and
maintenance cf containers for these radicactive shipments.

Radiation



About half of the public's average annual radiation exposure comes from natural sources. These
sources include radon, the human body, outer space. rocks and soil. This natural radiation is
called "background” and can vary greatly from place to place. Nearly all of the rest of an
average person’'s exposure comes from medical sources, such as x-rays and diagnostic tests
that are used in bealth care. Radiation that can be traced to radioactive materials transport
makes up a tiny fraction of an average person's overall exposure. Such low levels of exposure
are very uniikely to have any biological effect, but If they did they would be too small to be
detectable. The human body responds to radiation in the same way whether it comes from
natural or manmade sources.

What is Spent Fuel?

Nuclear reactors make electricity and. as a waste product, spent fuel. Uranium fuel can power a
reactor for a number of years until it needs to be replaced. The used fuel is then known as
"spent fuel.” It must be stored safely until it can be shipped offsite.

The Nuclear Waste Policy Act sets a policy for safe. permanent disposal of spent fuel and other
high-level radioactive wastes. Congress in 1987 selected Yucca Mountain in Nevada as the site
to be studied for a repository deep underground. DOE applied to the NRC in 2008 for a permit
to construct the repository there. But DOE withdrew its application in 2010. The NRC's role is to
assess whether the facility would meet NRC regulatory requirements. Other policy
considerations are up to DOE and Congress.

It will be some time before a repository is available. All nuclear power reactors move their spent
fuel first into pocls for storage on site. As the amount of spent fuel in the pool increases, many
reactors are also using dry casks for storage. The NRC reviews and approves the designs for
these systems.

Once a central location for storage or disposa! 1s approved, spent fuel will need to be
transported there from sites around the country. These shipments would likely be made by rail
or on public highways.

Because spent fuel is highly radicactive, people may wonder:

- How does the NRC protect the public from radiation during transport?

* What is the likelihood cne of these shipments will be involved in an accident?

* How well can the shipping containers withstand an accident and prevent the release of nuclear
materials?

The NRC addresses these and other questions as a part of its ongoing efforts to ensure safe
transport. As new technology and real-world information become available the NRC evaluates
its regulations. It is important to know that spent fuel has been shipped safely within the U.S.
and abroad for more than 40 years.

The Key to Ensuring Satety: the Spent Fuel Shipping Container

Spent fuel is highly radicactive and must be shielded and contained to be transported safely.
Safe shipment requires a large, robust spent fuel container catled a “cask.”

The NRC regulates the design and construction of these casks te ensure the public is protected.
Ccontainers used to move spent fuel by rail or highway are designed to withstand severe



accidents. In the U. 3. and internationally, these containers must pass a series of tests that
mimic accident forces. The NRC reviews spent fuel containers very carefully to ensure they
meet the design standards and test conditicns in the regulations.

These containers must be able to survive four tests involving impact, puncture, fire and
submersion in water. During and after the tests, the casks must contain the nuclear material,
limit radiation doses to acceptable levels and prevent a nuclear chain reaction.

To protect workers and the public, a cask has walls of steel and shielding materials five ta 15
inches thick and a massive lid. Truck containers weigh about 25 tons when loaded with one to
two tons of spent fuel. Rail containers can weigh as much as 150 tons and can carry up to 20
tons of spent fuel. The ends of these transportation containers are encased in structures called
impact limiters. In an accident, these impact limiters would crush and absorb the impact forces,
orotecting the package and its contents.

Spent fuel containers are tightly sealed and provide heavy shielding. But it is not possible to
shield all the radiaticn. The containers must have enough shielding to protect anyone who might
be near the cask during transport

Cask designers may use several technigues to demonstrate their containers are safe. They can
use computer analyses, comparisons with other designs, component testing, and physical
testing of a scale model or a combination cof these techniques. Most often, they combine
analyses and physical testing. They meet with technical review staff from the NRC, explain their
design and provide supporting documents in an apphcation. The NRC evaluates each design,
examines the information in depth, and performs its own calculations. NRC reviewers are
experts in different areas of science and engineering. They include structural and materials
engineers and safety specialists with advanced degrees and many years of experience.

Once the NRC is satisfied that a design meets the requirements, it issues a Certificate of
Compliance through a public rulemaking process. This certificate descnbes the approved
design, including what matenais must be used. the authorized contents, and the dimensions of
the container. Then the containers ¢an be manufactured and used. Manufacturers and shippers
have programs in place to ensure the containers meet design specifications throughout
fabrication and transportation. These programs are known as quality assurance. To ensure the
casks meet the certificates, NRC staff inspects both the manufacturer and the facilities that will
use them.

But just having a certificate does not mean a cask can be used, Beth NRC and DOT regulations
also require a number of safety determinations before each spent fuel shipment. These include
checks far leaks and tests to ensure radiation levels are within safe limits. These actions are
designed to ensure that all aspects of every spent fuel shipment meet all the safety standards.

A Brief History of Spent Fuel Shipments and Studies

More than 1,300 spent fuel shipments have been completed safely in the U.S. over the past 35
years. Four were involved in accidents. But none resulted in a release of radioactive material or
a fatality due to radiation exposure.

This experience confirms that the safety system is socund. But will this hold true when shipments
increase to move spent fuel to a future repository or a storage facility?



The NRC looks at the risks associated with spent fuel transport in a methodical and scientific
way. Several NRC-sponsored studies cver the years have focused on the risk related to spent
fuel transport on highways and railroads. The results provide additional confidence in the
current requlations to assure the safety of spent fuel transport.

In a 1877 study, the NRC found the risk from transporting spent fuel to be low. The study gave
the NRC confidence that existing regulations are adequate to protect the public.

In separate studies in 1987 and 2000. the NRC looked more closely how shipping containers
would perform in accidents. Each study used moere advanced research methods than in the
earlier studies. These studies both found the risk posed by spent fuel shipments would be even
smaller than estimated in 1977. That finding holds true even if the number of spent fuel
shipments were to increase greatly

The latest risk study, published in January 2014 modeled the radiation doses people might
receive from spent fuel shipments. This study again confirmed that NRC regulations for spent
fuel transport ensure safety of the public and the environment.

The 2014 study looked at how three NRC-certified packages would behave during both normal
shipments and transportation accidents. The study modeled a variety of transport routes using
population data from the U .S Census Bureau It used statistics from actual highway and rail
accidents and state-of-the-art computer models. The study considered doses from nermal
shipments to people living along transportation routes It also locked at deses to occupants of
vehicles sharing the route. vehicle crews and other workers, and anyone present at a stop. The
risk assessment found:

»  Doses from routine transport would be less than 1/1000 the amount of radiation people
receive from background sources each year

» Thereis less than a 1in 1 billion chance that radicactive material would be released in
an accident

. If an accident did release radicactive matenal. the dose to the most affected individual
would not cause immediate harm

In addition to these risk studies, the NRC has looked clesely at real-world transportation
accidents involving fires. The NRC did a series of case studies on the most severe accidents to
see how well an NRC-certified spent fuel package would have performed. These studies show
the current regulations protect the public even in the most severe fires. The case studies include
the Howard Street tunnel chemical fire that burned for five days in Baltimore in 2001; the 1982
Caldecott tunnel fire and the 2007 MacArthur Maze fire. both sparked by gasoline tankers
outside Cakland, Cal.; and a 2007 brush fire in the New Hall Pass tunnel cutside Los Angeles.

Additional NRC studies identified the conditions in an accident that could produce a fire severe
encugh to engulf a spent fuel transport package

On the basis of these studies, plus operational experience and its own reviews, the NRC
believes spent fuel can continue to be shipped safely. The evidence shows this will be true even
if hundreds of shipments are made each year The NRC is continuing to track spent fuel
shipping, tncluding more analyses and testing of spent fuel casks, to ensure that the risks
remain low.



Understanding the Risks

Risk is generally understood to be the chance of injury. damage or some kind of loss. The spent
fuel shipment reccrd in the U S has been outstanding to date Many more shipments have been
successfully completed internationally under the same basic safety standards.

While shipping spent fuel does involve risk. NRC studies show this risk is low. As a part of its
safety effort. the NRC aims t¢ manage the hazards to minimize the risk. To evaluate the risks,
the NRC asks the following three questions and then converts the answers intc numbers:

= What can go wrong?
* How likely is it to occur?
» If something goes wrong, what are the consequences?

The overwhelming majority of spent fuel shipments are accident-free. To calculate the radiation
risks to the public, researchers use two scenarics. Cne involves a trip on which an accident
occurs. the other covers the vast majonty of jeurneys that de not involve an accident.

Researchers use a four-step process to study actual and potential accidents and their effects.

Step 1. Experts determine what might happen.

+ They gather historic records.

« They also put together data on how many spent fuel shipments are likely each year.

« They look at the rate of accidents for raif and highway shipments.

« They look at a large number of accidents that are credible.

» They also look ai the effects of crash impact forces, fires or punctures on the shipping container. They pick forces that
are more severe than those covered by NRC standards.

The Accident Scenario

NRC studies show that the likelihood of an accident is low. Fewer than 1 in 100 accidents
involving a spent fuel container will be more severe than the conditions defined in the design
standards However, if a very unlikely chain of events occurs. an accident might be severe
enough to cause a radioactive release.

To estimate the risk of these severe accidents, researchers use a multi-step approach. They
use data and their experience with past highway and rail accidents invalving other hazardous
materials Part of this step is to determine what kinds of accidents could happen and look at

whal their effects might be

Using this method. the chance that an accident would be sericus enough to lead to a small
release is about 1in 1,000 The chance of a large release is less than one in 1,000,000,000

Step 2. Engineers use complex computer programs to estimate how the parts of a shipping container might be damaged
by collisions or fires.

+ They gather data on how much spent fuel each container will carry.

» They anaiyze how the spent fuel might respond in a3 given type of accident,

+ They calculate the temperature of the container and the spent fuel itself during a long-term fire.

This information allows them to estimate the size of a potential feak and how much nuclear material might escape.

Step 3. Researchers match accident scenarios from Step 1 with the analyses from Step 2. This telis them the likelihood
that there would be severe damage to the container or its contents.

Step 4. A special computer program computes a risk estimate. The program takes accident probability estimates, expected
numbers of shipments, route data (ke popufation densities), weather data (to estimate how any release might be spread
by wind), and radiofogical dose data to produce a risk estimate.



The Accident-Free Scenario

For most spent fuel shipments, nothing will go wrong and no nuclear material will be released.
For these shipments, experts calculate the total radiation dose that all people aiong the route
could receive. They use information on routes and lcca! populations to determine how many
pecple may be affected and the dose they could receive

The risk to the public from an accident-free journey resuits from the very low levels of radiation
that may come through the cask walls. A person standing along the highway or railroad track
might receive a brief exposure that is well below regulatory limits. Exposure will vary depending
upon the speed of the vehicle and how far away the person is standing. Doses from routine
transport wou'd be less than 1/1000 the armount of radiation people receive from background
sources each year.

The Bottom Line

The NRC believes that shipments of spent fuel in the U S are safe. This belief is based on the
NRC's confidence in the shipping containers that it certifies and its engoing research in
transportation safety.

*» The NRC ensures that shipping containers are robust by

— Defining strict requirements for package design and performance

— Reviewing designs and independently checking a container's ability 1o meet accident
cenditions and

— Doing inspections to ensure casks are built. maintained and used properly.

* The NRC also locks at the nisks involved in spent fuel shipments. The agency:

- Analyzes spent fuel transport records to fully understand any safety issues

- Evaluates new transportation issues, such as projections for the number of shipments,
changes in population aleng some routes and other factors. and

— Keeps up with technology as it evolves to refine estimates of current and future risk to the
public.

There will always be a shght chance that an accident will cause a release of nuclear material.
But the NRC has found the likelihood of such an event and the risk to the public to be extremely
low. Even so, the NRC will continue to be vigilant about public safety as an essential part of its
mission.

Spent Fuel Transport Security

The NRC also regulates how spent nuclear fuel is protected in transit against sabotage or theft.
The NRC's current rules for the physical protection of spent fuel transport include:

« Coordinating with law enforcement agencies before the shipment

* Requiring advance notice 1o States, Indian tribes. and the NRC

« Using a communications center and other means to monitor shipments while in route

* Armed escorts, and

+ Devices that allow drivers and escorts to shut the vehicle off



Since September 11, 2001, the NRC has taken additional steps to protect the public.

For Additional Information Contact:
Office of Public Affairs

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Phone: (301) 415-8200

Email: OPA@NRC.GOV

Internet Home Page: http://iwww.nrc.gov

U.S. Nuclear
Regulatory
Commission
NUREG/BR-0292
March 2015
































































OPA will work with the graphics folks on this — we think we can package it a little differently

and make it even more dramatic and clear. When we have something to share I'll bring it to
our monthly meeting.

Thanks,

Maureen Conley
NRC Office of Public Affairs
301-415-8202
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Specifically, they want to know when this document will be publicly available.

While | believe that it is already, | wanted to ensure | provide an accurate response. Please
advise.

Also, in case you missed it, here is an article that appeared in the Pahrump Valley Times
related to this updated brochure. Select the first link for details.

Thanks —

David

NEWS









Maureen is working on an update to NUREG/BR-0292. Because there is not any current
large-scale commercial spent fuel shipping in the US, there are not a lot of transport
package pictures. Would you reach out to your vendors, NAC, Holtec and AREVA-TN to
see if they have any pictures of their current transportation package designs that they
would voluntarily provide for us to consider using in the brochure update. If they could
identify which package it is and where the picture was taken (i.e., photograph of NAC-LWT
taken at public meeting in Virginia; or empty HI-STAR storage and transportation package
being transported to a utility for storage). | don’t think we need super-precise details, but
we need to be able to identify what the picture is and roughly how it is being used in the
picture.

Please send Maureen whatever you get or let her know if the vendor doesn’t have
anything. You should also let the vendors know that we are asking all three — | don’t want
anyone to think they have an exclusive deal.

Thanks,

Michele Sampson

Division of Spent Fuel Management
301-415-7493



Idrge-scdie Colnmercidl speriL iuel srpping i e uo, tiere dre rot a 101 01 uansport
package pictures. Would you reach out to your vendors, NAC, Holtec and AREVA-TN to
see if they have any pictures of their current transportation package designs that they
would voluntarily provide for us to consider using in the brochure update. If they could
identify which package it is and where the picture was taken (i.e., photograph of NAC-LWT
taken at public meeting in Virginia; or empty HI-STAR storage and transportation package
being transported to a utility for storage). | don'’t think we need super-precise details, but
we need to be able to identify what the picture is and roughly how it is being used in the
picture.

Please send Maureen whatever you get or let her know if the vendor doesn’t have
anything. You should also let the vendors know that we are asking all three — | don’t want
anyone to think they have an exclusive deal.

Thanks,
Michele Sampson



Division of Spent Fuel Management
301-415-7493






Thanks,
Michele Sampson

Division of Spent Fuel Management
301-415-7493
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Division of Spent Fuel Management

Office of Nuclear Material Safety and Safeguards
(301) 415-6577
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To: Conley, Maureen <Maureen.Conley@nrc.gov>
Cc: Silva, Patricia <Patricia.Silva@nrc.gov>; Hsia, Anthony <Anthony.Hsia@nrc.gov>
Subject: Revised NUREG/BR-0292

Maureen — congratulations for getting this brochure completed and across the goal line.

| took the opportunity to open the link to NUREG/BR-0292 Rev 1 in the NRC email that was
provided late yesterday. | also forwarded the .pdf to several stakeholders whom | routinely
interact — at the US DOE, US DOT, State Regional Groups, and the Tribal Caucus.

While I did not request such input, | received the following comments from a DOE staff
member. If there is the possibility of considering some of these changes to the new
revision of this brochure, | am happy to help revamp some of the language, based on these
comments.

In a related comment, this DOE staff member also asked me if they could include a link to
NUREG/BR-0292 in their similar DOE publication on spent fuel transport, which is under
development. If you agree, | will reply that they can provide a link to our NUREG, but only

aftar wa rnnecidar tha rnmmante fean halnw) that thev hava nrovidad




















































































| created a folder on the g: drive that has files with the revised text (marked up with
changes per QTE), photo captions, and 12 images that | think will work.

G:\Maureen\Safety of Spent Fuel Transpaortation brochure
Do you want to communicate with the graphics folks about this, or should [?

Thanks,

Maureen Conley
NRC Office of Public Affairs
301-415-8202
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Maureen Conley
NRC Office of Public Affairs
301-415-8202






















































Sounds good. My only potential conflict is if Scott wants me to attend another meeting
for him. Will know more next week.

From: Conley, Maureen

Sent: Tuesday, December 01, 2015 4:29 PM

To: Lombard, Mark; Hsia, Anthony; Marcano, Damaris; Sampson, Michele

Subject: spent fuel communication products

When: Wednesday, December 09, 2015 3:00 PM-4:00 PM (UTC-05:00) Eastern Time (US &
Canada).

Where: Mark's office

Hi, all. Mark and | talked about getting together to discuss the spent fuel
transportation safety brochure next week, maybe we can combine that with a
discussion about responses to RegCon questions?

Also, as we discussed, I'm sending this as a recurring meeting — we’'ll see how that
works going forward. Thanks!






Subject: two questions for you'

Hi, Michele. Am | remembering correctly that DOE only built one of the two NRC-licensed
Isfsis in Idaho? TMI-2 is operating, but not the Idaho spent fuel facility? (and if that's
correct, where are they storing research reactor fuel?)

Also — I'm wondering whether you had any luck getting images out of the cask vendors for
that brochure. No rush, just following up.

Thanks,

Maureen Conley
NRC Office of Public Affairs
301-415-8202
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301-415-8202



Hi, tolks. In looking ahead to our next scheduled meeting March 16 — I will be out on travel that whole week. 'The
week prior is the RIC, which leaves either the week of Feb. 29 or the week of March 21 for the next time we can all
get together. Do you have a preference? I'm leaning toward that latter. With any luck I will have a closer-to-final
transport safety brochure and a couple more blog posts ready to go by then...

Let me know what you prefer and I'll update the scheduler. Thanks,
Maureen Conley

NRC Office of Public Affairs
301-415-8202
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Maureen Conley
NRC Office of Public Affairs
301-415-8202









Subject: [External_Sender] Re: FW: Question from the media

Hi Maureen,

[ apologize for the situation. We will take the last line out of the article. Here are my
questions for you:

1. Why did you decide to update this brochure?






Daria Sokolova

Pahrump Valley Times reporter

18700 F Hwv 3172 Pahrumn NV R0N48












| will make the shielding blog and the transportation safety brochure priorities. Shielding
would make sense to put in the dry storage brochure and you may want that transportation

brochure at the meeting too...

Thanks,
Maureen



Dry Cask 101 3/21/2016

Consolidated storage/WCS [plan to post when we receive WCS application)

Research

Awaiting OPA edits:

tsfsi dry runs

Confinement

Inspections

Shielding

Extended storage and transportation (pian to post when paper goes to Commission May 31}

30-foot drop test

Renewals
Renewal inspections

Material degradation

Posted:
Dry Casks 101: Managing Heat
Caylee Johanson

Dry Cask 1{1: Storage and Transport — The Right Materials for the Job
John Wise

Dry Cask 101 - Criticality Safety
Drew Barto

Spent Fuel Casks 101 —~ What We Regulate and Why
Mark Lombard



Let’s see what DSFM can come up with —we're pretty confident the vendors will want us to
use their photos, so we can revisit after the holidays...

Maureen Conley
NRC Office of Public Affairs
301-415-8202
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When you have a chance, please let me know your thoughts.

Thanks!
Maureen



Original grade level 12.2

The U.8. Nuclear Regulatory Commission (NRC} is an independent agency established by the-U.8.
Congress,_Its missian is to license and regulate the Natior's civilian wse of radioactive materials
irt & way that profects pubilic health and the environmeny, in4874 to ensyreadequate protection of
pubiic health. safety, and the environment in the use of nuclear materials. The NRC regulates
commercial nuclear power reactors, RoR-power.research, test, and training reactors; and-nuclear
fuel cycle facilities; and . The NREC aisoregulates medical, academic, and industriaf uses of
nucfear materials, The NRC also requlates, as well as packaging for the fransport, storage, and
disposal of nuclear materials and waste, And it. inaddition +he NRC regulates the design,
manufacture, use, and mantenance of comtainers for high-level radioactive shipments. licenses
the expaort and import of radioactive rmaterials.

The {/.5. Department of Transporiation (DOT) coordinates, incoordimation with the NRC to; sets
rules for gaveraing the packaging of nuclear materials. With NRC and the affected siates, DOT
works with the NRC and affected states to regulates their transport-of nugtear materials. The DOT
also reguiates carriers of nuciear-materials, sets standards for transpoedation routes, and is
responsible for international agreements on the transport of all hazardous materials.

The U.5. Department of Energy {DOE} is responsible by law for , among other things, oversees the
development of disposal systems-for of spent nuciearfuel from the nation's nuclear power plants.
This aclivily is entiredy funded by fees callected from nuclear power plant cormpanies and
tltimately from-rate payers.

The international Atomic Energy Agency (IAEA) is aserves as the world’s principal
intergoveramental forum for scientific and technical cooperation in the nuclear field. Aa agency
Fan of the Uniled Nations, the IAEA sets globa! published regulations for transporting nuclear
materials transport. These regulations serve as a model for the United States and other nations.

Tha NRC has throe poacpal man functions:

1. to Sat standards and develop reguistions,

2. lo isswe licenses for nuclear faciiities and nuciear matesials users; and
3. to inspect facifiries 1o ensure that NRC reguiations are being met.

The Nuclear Regulatory Commission

The U S—Nuaclear Regulatory Commission{NRC} regulates the nuclear materials-fuel cycle from
beginning to end. Thes cyclelt begins with the mining of uranium. #-The cycle continues through
the manufacture of fuel, its use in reactors, any-temporary storage and {ultimately- with
permanent geologic disposal.

The NRC works s-dedicated-to maintainirg public health and safety. protecting the
environment. and ensurewg our national securily. i-ways thatinerease-public conhidance+w the
agersy Tomaintam the public's conlidence. tThe NRC aims plans-to do its work openly and te
achieyve these goals-by-making Hsachwiiesmere pe effective, efficient, and realistic.—and by 1o
It afso strives 1o keep the redusngwnnecessary regulatory burden regsonable on ail those

involved in the use, handling, transpont, and disposal of nuclear materials.

The NRC believes that pProper handling of nuclear materials will help to ensure the safety of
the public and plant workers. That is why eward that end. the NRC works with other agencies_in
the U S and internationailly to ensuie these matenals are bandled and transported salely. —such
as the U-S—Deparmeant ot Transportation (DOT)-the b5 Deparment-of Energy {BOEL and
the laternational-Atomic Energy-Agency{HAEA;




This booklet relates-expiainste the NRC's role in ensunng the-safe transpertation ofspent
nuclear fuel from commercial nuclear power plants is transporied —Specificatythesafely The
NRC oversees the design, manufacture, use, ang maintenance of containers for lhese
radioactive shipments.

Radiation
S ist% say ghout estimate thal nasrly 30 parcent of alf radiation axposure comes frown natural sources: radon gas, the

human body, outer space, rocks, and soif. Thes ssatural Bachground radiation s caited “background” ang naturaliy
present, but iis fevels can vary greatiy. People fiving in areas with a ol significant aman! of granite, for example, receive

mon eorth-based redistion fromn the eart)l. Those living o working af high aititudes ivi Mo diation. Most
natural @xposore i5 from rador, 8 Gas that saeps from the eerth’s crust info the air we Ther g 10 p of
all pdiation exgoture comes from Mman-made SOUFCes, manly P Y ical X-reys. an artificial radiation are
similar in kind and effect

What is Swont Fuel?

Nuclear reactors produce-make electricity and, as a waste product. spent fuel. Uranium fuel can
power a teactor powers—reactors-far a number of years until it needs to be replaced: until its
potentiat o produce electrical pewer is exhausted. The used wranm-fuel is then referred
taknown as *spent fuel” i must be stored safely Muclearpower plantsstore-speant fusbm
enclosed-coohng-pools and- - Some cases n-dry-storage-casks unkd it can be shipped-to await
stpment_offsite. -te-a temporarystorage-orpermanentcisposal {aciity.

The Nuciear Waste Policy Act (NWPA) . enasted-by Congress 1902 ¢alicforspentfuet o-be
maved oo temporary-storage-fasility of too permanent DOE repositesy.

T—h&NWPA sets a nationalpolicy for safe, permanent disposal of spent fruslear fuel and other

underground reposrtory The acuon by Congress-and the President in July 2002 approwing
Yucea Mountawn-will pasmitihe DOE o apphedy to the NRC in 2008 to for a permit to construct
the repository there, But DOE withdrew its application in 2019. -The NRC's role js tg assess
whether the proposed facility meets NRC regulatory requirements. Other policy considerations
are up to DOE and Congress under the-NWRAs{ouse-ts-independent wdament as-aaexper
techical-agoncy-to decde whether lo-grant DOE-a heenseto-construst o high-levelwaste
repastonsat Yucca Mountan Only-after axtensive raview ol a DEE application wil the NRC be
abla-tejudge whethor BOE-hat-satishaed the-demands ol thereguiations- The- NWPA gives NRC
up lo-fouryeasrs to deside whethsr io grantthe-heense

It will be some time before Because a repository iz won't-be-avallable, for seme time- same Al
nuclear power plants move thew awe spent fuel first inte pocls for storage on site. As the amount
of spent fue! grows, many reactors are also using dry storage casks implernentng plans {of
tevniperary sterage-on ste--Other-plants plan to-siore-spent fuel away-from theveadctorata
teinpeiaty site-unti 3-permanent repoesitary s bulk_The NRC reviews and approves designs for
these systems.

Once a central location for storage or disposai is approved, spent fuel wilt need to be
transported there safely from sites around the country. Given the widespread locations of power
reactors i a disposal site is finally-approved. licensees wilknead totransport-spentfuek to that
sie gafely. These shipments would likely be made on railroads and on public highways.




Because shpent fuel is highly radivactive,_-ang-must be fransported-inlarge—heavy-containers
that shald the publicHrom-axposure Fthis raises the following fegquertiy asked-guestions-+p
CORRECHOR- With-such shipmenis:

+ How does the NRC protect the public from radicactive waste that is being transported?

= What is the likelihood of these shipments being involved in an accident?

* How well can the transportation containers withstand an accident and prevent the release of
nuclear materials?

The NRC addresses these and cther guestions as a part of its engaing efforts to ensure safe
transport. As new technologies and information become available, the NRC continbally
evaluates its existing safety requirements. it is important to know that spent fuel has been
shipped safely within the U.S. and abroad for more than 30 years

The Key to Ensuring Safety: the Spent Fuel Shipping Container

Spent fued is highly radicactive and must be heavily shielded and tightly contained to be
transported safely. As essental componentfor any sSafe shipment requires «a rabust spent
fuel container, or “cask.”

The NRC sstablishes regulatesions ang standards-for the design and construction of these
robustcasks to ensure the public is as-the prmary woy i0-protected-the pubhe-duringtrarspod.
Containers used tec meve spent fuel by rail or highway are designed to withstand severe
accidents. In the U.S and internationally, regulabions requirethat these containers must pass a
series of tests that mimic accident damageforces. The NRC conducts-rgorous reviews to certify
that spent fuel containers very carefully {o ensure they meet the design standards and test
conditions in the regulations.

These containers must be shown—by test araralysis able to sunvive aseguente offour
testssimndated sooaent condihions involving impact, puncture, fire. and submersion_in water.
During and after the tests, the eontainers-casks must contain nuclear material, limit doses ta
acceptable levels; and prevent a nuclear reaction.

To protect workers and the public, a cask eontamars hagve walls of steel and shielding
rmatenals five to 15 inches thick. made of steel and shieiding materials and a massive lid. Truck
containers weigh about 25 tons when loaded with 1 gne to 2two tons of spent fuel. Rail
containers can weigh as much as 150 tons and can carry up to 20 tons of spent fuel. The ends
of these transportation containers are encased in structures called impact limiters. in the-event
of an accident. these limiters would crush, absorbing impact forces and protecting the container
and its cargo

Spent fuel containers are tightly sealed and provide heavy shiglding for mestradiation.
However But it is not possible to elinsate shield all the radiation-wih-shiglding. The
Ccontainers must provide enough shielding to protect anyone reduce-external radwation-io iow
levers that meet DOT and-NRG radiatian standards for the radiabten dose 1o wdwidusls who
might be near the cask during transport.

Gontainer Gask designers may use several lechniques to demonstrate their containers arg safe.
They can use computer analyses, comparisons with other designs, companent testing. scale-
mode! testing, or a combination of these teenmquesmdemeﬂm&ethakee%ner&a«c&safe



They explain their design and prowide supporting documents in an apphcation The NRC
evaluates each appheationfora centainerdesign, examines the information in depth, and then
performs its own calculations. NRC reviewers are experts in different areas of science and

engineering. They include structural and materials engineers and safety specialists with
advanced degrees and many years of experience.

COnce the NRC 15 satisfied that 2 design meetls the requiremenis  issues a Cedificate of
Compliance Then {of-a spem fuel-cantainer design- fabAcators-make the containers can be

to thatensures the containers cortruousty meet design specifications throughout fabricatien
and transportation.

Another study, released-in March-2000. used mmprovad-technslogyts analyzed how well the
aby -of containers would hold up in te-withstard-an accident. Using improved technolegy. tThis
study found cesacluded-that the risk would be even smaller than_originally estimated in 1977
even if from the increased-number of spent fuel shipments ncreased greatly-that could-6ccus+n
the hrstholf-of this-century would-be even smailer than ongwmally estmated v 1547

The latest risk study, published n January 2014, medeled the radiation doses peaple might

transport dre adequate to ensure safety of the public and the environment. It examined how
three NRC-certified packages would behave during both normal shipments and accidents |t




modeled a variety of transport routes using population data from the 200G census, as updated in
2008 it ysed actual highway and rail accident statistics [t considered dose normal
shipments to people living along transportation routes, cccupants of venicles siaring the route
vehicle crews and other workers. and anyone present at a stop. And it used state-cf-the-art
computer models The risk assessment found

*__ Deses from routine transport would be less than 171000 the amount of radiation pegple - Formatted: Font: {Default) Futura-Condensed, Fort color:
recaive from backaround sources each year AL g
* _Thereis less than a 1 in 1 billion chance that radigactive material would be released in

_0.25" + Indent at: 0.5%

an_accdent - S SR SRR Ay
2 : : s | Formatted: Font: {Default) Futura-Condensed, Font color:
* ¥ an acaident did refease radicactive material. the dose to the most affected individual Black {Defauit) Futur 4 rik:coior

wouid not cause immediate harm

_ post John Cook and | put together on the nsk assassment.
hittp ipyle-blog rre-galewdy gow2 0N 0% | Gitransporing-
, Spent-nyClear-fuel-how-go-we-know-ity-sate!
On the basis of these studies, operational experience, and its own iechaical reviews, the NRC e G e BT
concluded that the shipment of spent fuel 15 will be safe. even is_hundreds of shipments are
made each year at projesieg-shipment lsvels- The NRC is conltinuing io iolow-developments
intrack spent fuel shipping, inciuding the performance of additional more analyses and testing of

spent fuel casks, to ensure that the risks remain low.

Undersianding the Risks

Risk is generally understood to be the passibity-chance of injury, damage- or some kind of loss.
Given that waderslanging—4The spent fuel shipment record in the U.S. has been outstanding to
date. Many more shipments have been successfully completed internationally under the same
basic safety standards.

While shipping spent fuet does invoive risk, NRC siudies show ind«cate that- this risk is low. As a
evaluate the nsks IThe NRC = risk assassment asks the foliowing three questions and then
convens the answers into numbers te-arrive-at a riskvalue:

« What can go wrong?
» How likely is it?
+ If something goes wrong. what are the consequences?

Adthough £The overwhelming majority of spent fuel shipments are accident-free.Tg calculste {he
radiation rigks to the public. . researchers calculate radiation risks to lhe pubhc using use two
scenancs. One sceraric-involves a jeurey-iripdurng on which an accident occurs; the other
covers the vast majerity of journeys that do not invelve an accident.

Researchers usa @ four-step process (0 study aciual And pofential scciten!s and ehair affecls on 8 conlamar.

Step 1. Experts ase lusiorns records o determine what might happen.

+ They also gather put together data on how many spent fuel shipmenis are fikely each year.

= They iooh a1 the rate of accidents for rad and highway shipments.

= Researchers They look at 2 large ber of idents that are ivabiecredible.

» They aiso jook at crash impact forces, fires or punctures_They pick forces that are more severd than those covered by
NR{ srandards.
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use a multi-step approach%&ﬂat&nsk They use ThaLappmaehmaeedeﬁ% data and
their experience with past trucking and rail accidents invelving other hazardous materials. Pan
of this step is to determing This also-involves-datennisag-what kinds of accidents could happen
and looking at what their poleatial-effects might be

According to the DOE Final Environmental Impact Statement {=EiS3-for the Yucca Mountain
Project, about 11,000 rail or 53,000 truck shipments might be expecied during the 24 years of
operation of the repository—should it-be approved. The chances that any accident would occur
during a spent fuel shipment are about 1 in 10,000 for rail shipments and 1 in 1,000 for highway
transport. Put another way, these estimates indicate that 1 to 50 accidents involving casks are
conceivable in the process of moving aiicurrert-spent fuel to a pernarenirepository.

Looking at these conceivable accidents, the chance that even one would be serious enough to
lead to even a small release is about 1 in 1,000. The chance of 2 large release is estimated to
be less than one in 1,000.000,000.

Step 1. Engh tise ph P programs ic estimate how the parts of a shipping iner might be darmaged
by coliisions or ires.

« They gather daia on how much speat fuel each container wil carry.

« Thay analyze how the fuel might respond in & given fype of accigent.

* They e the temperature of the ang the spant fuel itse! during 2 Jong-term fire.

This information ailows them 16 estimale Provides estinales ont the size of any potential lexk and how much nuclear
rmaterial might escape.

Step 2. Researchers match accident scenanos from Step 1 with the assessmautsanalyses from Step 2_This gives them &
gereanae the chance of severe 1o thec orisc

Step 4. Researchers use 3 special computer program t m compute ' ml eslimate with & specal camputer progran. The
program takes accident probability foufe daia {like population densities),
wgather dais fo cstimate how any release might he apread by Mndk and mdiclogical dose data to produce a risk estimate.

The Accident-free Scenarie

Far most spent fuel shipments s an-aecidant-freejourney- nothing will goes wrong and no
nuciear material will be wsreleased-from the-sontames. In this scenario, experts calculate the
total of radiation dose al-sadiolegical-oxpaswies. ordesas, that alf people along the route could
be-received-by-ah people-ateng-the-ranspertationroute s caleulated. Because spent fuel-even
fully contained. sl emits low levels of radiation through the eontamer cask wails, researchers
eshmate the total ra ragiation dose to people who col who could be exposed. They use information on

be affected: affected whe cewd b&expesed- and the tetalradiation-dose that dose dose they might receive.



The risk to the public from an accident-free journey results from the very low-evel radiation field
that surrounds the spent fuel containestransport cask If the container 1s moving past a person.
perhaes-such as someone standing along the highway or railroad track. the exposure is brief
and well below regulatory limits. Exposure will vary depending upon the speed of the train or
hactor-traier ngvehicle and how far sway the-distance-the person is standing fross the highway
o frack. The very low doses to each person along the route s are added to oblaswn get the totat
population dose. As 3 Basis for compansss 3A passenger flying iavebag round-trip By-a+ from

greater than the dose o persons closest o a typical spent fuel shipment




Since September 11, 2001, the NRC has taken additional steps to protect the public. Fhese
steps-invalve a-heightemingofthe security posture.- including rew-measures-taken-to-protect
nuclearfaciites-and regulsted-activittessuch as-spent-fuel-transportation—and-arders that NRC
haswsuad tohcensees

For Additiens (nformation Comtact:
Office of Public Affairs

U.S. Nuclear Regutatery Commission
Washington, D.C. 20555-0001

FPhone: (301) 415-8200

Email: OPA@NRC. GOV

Internet Home Page: hittp.//www.nrc.gov
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Proper handling of nuclear materials will heip to protect the safety of the public and plant
workers To achieve this am. the NRC works with the DOT and DOE in the US.. and
intarnationally, with the IAEA. Together. these agencies help to make sure nuclear matenals are
packaged and transported safely.

This brochure explains the NRC's role in the safe packaging and transpori of spent nuclear fuel
from commercial nuclear power plants The NRC oversees the design. manufacture. use and
maintenance of containers for these radipactive shipments.



The NRC addresses these and other guestions as a patt of its ongoing efforts to ensure safe
transport. As new technology and real-waorld information become available, the NRC evaluates
its regulations. It is important to know that spent fuel has been shipped safely within the U S
and abroad for more than 40 years.

The Key to Ensuring Safety: the Snent Fuel Shippiag Container

Spent fuel is highly radicactive and must be shielded and contained to be transperied safely
Safe shipment requires a large, robust spent fuel container called a “cask.”



The NRC regulates the design and construction of these casks to ensure the public is protected.

Containers used 10 move spent fuel by rail or highway are designed 1o withstand severe
accidents. In the U.S. and internationally, these containers must pass a series of tests that
mimic accident forces. The NRC reviews spent fuel containers very carefully to ensure they
meet the design standards and test conditions in the requiations.

These containers must be able to survive four tests involving impact. puncture, fire and
submersion in water. During and after the tests_ the casks must contzin the nuciear matenal.
limit radiation doses to acceptable levels and prevent a nuckear chain reaction.

T¢ protect workers and the public, a8 cask has walls of steei and shielding materials five to 15
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checks for leaks and tests 1o ensure radiation levels are within safe limits. These actions are
designed to ensure that all aspects of every spent fuel shipment meet a2l the safety standards.

A Brief Histery of Suext Fue! Shipments and Stadies

More than 1.300 spent fuel shipments have been completed safely in the U.S. over the past 35
years. Four were involved in accidents. But none resulted in a release of radioactive material or
a fatality due to radiation exposure.

3
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This experience confirms that the safety system is sound. But wail this hold true when shipments
increase to move spent fuel to a future repository or a storage facility?

The NRC looks at the risks associated with spent fuel transport in a methodwcal and scentific
way. Several NRC-sponsored studies cver the years have focused on the nsk related to spent
fuel transport on highways and railrcads. The results provide addition2l confidence in the
regulations in place to assure the safety of spent fuel transport.

Ina 1977 study. the NRC found the risk from transporting spent fuel to be low The study gave
the NRC confidence that existing regulations are adequate to protect the public

In esnarate etiidiae in 1QR7 and 2N00 the NRC Innked mare rinsely hnw shininn containere

Howard Street tunnel chemical fire that burned for five days in Battimore in 2001: the 1882
Caldecott tunnel fire and the 2007 MacArthur Maze fire. both sparked by gaschne tankers
outside Oakland. Cal.; and a 2607 brush fire in the New Hall Pass tunnel cutside Los Angeles.

Additional NRC studies identified the conditions in an accedent that could produce a fire severe
enaugh to engulf a spent fuel transpon package

On the basis of these studies, plus operational experience and its own reviews. the NRC
believes spent fuel can be shipped safely. The evidence shows this will be true even if hundreds
of shipments are made each year The NRC is continuing to track spent fuel shipping. including
more analyses and testing of spent fuel casks, te ensure that the risks remain low



Understanting the Risks

Risk is generally understocd to be the chance of injury. damage or some kind of loss. The spent
fuel shipment record in the U.S. has been outstanding te date. Many more shipments have been
successfully completed internationally under the same basic safety standards.

While shipping spent fuel does invoive risk, NRC studies show this risk is low. As a part of its

safety effort, the NRC aims to manage the hazards tc minimize the risk. To evaluate the risks,
the NRC asks the following three questions and then converts the answers inflo humbers:

release is about 1 in 1,000. The chance of a large release is less than one in 1,000,000,000.

Step 2. Engii S USe COMmph P prog to i how the parts of » shipping might be di ged
by cofiisions or fires,

* They gather gack on how muych spant fuel each container will carry.

« They analyze how (ha spent fuel might resgond in 2 given type of accident.

= They calcuinte the D ® of the < iner and the spent fuel itself during # long-term fire.

This information alfows them to estimate the sire of & polantisl feak and how much nuciear materal might escape.

Step 3. Researchers match accident scenarios from Step 1 with the analyses from Step 2. This gives them the chance of
severe damage to the tainer of ifg tend.

Step 4. A special It progran: i & nsk esth The pragum takes mﬁmmublhmly estimates, expected
numbers of shipmenis, roufe date (Tike pog i data fro oW any might be spread
by wind), and radioiogical dose data fo produce a risk esunure

u




The Accident-free Scenario

For most spent fuel shipments, nothing will go wrong and no nuclear material will be released.
For these shipments, experts cakculate the fotal radiation dose that all people along the route
could receive. They use information on routes and focal populations to determine how many
people may be affected and the dose they couid receive.

+ _The risk to the public from an accident-free journey resuits from the very low levels of
radiation that mav come throuaoh the rask walls A nersnn standina alona the hiahwav nr

= REEPS UR WILTL AELHTIUYY &% 10 BV0ves IO TeNnRe CsOnmgnss on curren @i TULUNE TSk O e
public.

Although there will always be a slight chance that an accident will cause a release of nuclear
material. But the NRC has found the likelihood of such an event and the risk to the public are
extremely low. Even sg, the NRC wil! continue to be vigilant about pubiic safety as an essential
part of its rmission.

Spent Fael Transpert Security

The NRC also regulates how spent nuclear fuel is protected in transit against sabotage or theft.
The NRC's current rules for the physical protection of spent fuel transport inciude:

20y
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+ Coordinating with law enforcernent agencies before the shipment

« Requiring advance notice to States and the NRC

+ Using @ communications center and other means to momtor shipments while in route
« Armed esconts. and

» Remote devices that allow vehicles to be tumned off.

Since Septermber 11, 2001, the NRC has taken additional steps to protect the public.

For Rdditional Infermation Comact:
Office of Pubhic AHairs

L.S. Nuclear Requlatory Commission
Washington, D C. 20555-0001

Phone: {301) 415-8200

Email: OPA@NRC GOV

Internet Home Page. hitp /fwww nrc gov
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Proper handling of nuclear materials will help to protect the safety of the public and plant
workers To achieve this aim_ the NRC works with the DOT and DOE inthe U5, and
internationally with the |AEA. Together these agencies help to make sure nuclear materials are
packaged and iransported safely

This brochure expiains the NRC's role in the safe packaging and transport of spent nuclear fuel
from commercial nuclear power plants. The NRC oversees the design manufacture. use and
maintenance of containers for these radioactive shipments.



The NRC addresses these and cther questions as a part of its ongoing efforts to ensure safe
transport. As new technology and real-world information become available. the NRC evaluates
its regulations. It is important to know that spent fuel has been shipped safely within the U.S
and abroad for more than 40 years.

The Key to Ensuring Safety: the Spent Fuel Shigping Container

Spent fuel is highly radicactive and must be shielded and contained to be transported safely
Safe shipment requires a large, robust spent fuel container called a "cask ~



The NRC regulates the design and construction of these casks to ensure the public is protected.
Containers used to move spent fuel by rail or highway are designed to wathstand severe
accidents. Inthe U.S and internationally, these containers must pass a series of tests that
mimi¢ accident forces. The NRC reviews spent fue! containers very carefully to ensure they
meet the design standards and test conditions in the regulations

These containers must be able to survive four tests involving impact. puncture, fire and
subrnersion in water. During and after the tests the casks must contain the nuclear material.
limit radiation doses to acceptable levels and prevent a nuclear chain reaction

To protect workers and the public. a cask has walls of siee! and shieiding materials five (o 15
inches thick and a massive id Truck containers weigh about 25 tons when loaded with one to
two tons of spent fuel. Rail containers can weigh as much as 150 tons and can carry up to 20
tons of spent fuel. The ends of these transportation containers are encased in structures called
impact limiters In an accident. these impact limiters would crush and absorb the impact forces,
protecting the package and its contents

Spent fuel containers are tightly sealed and provide heavy shielding. But it 1s not possible to
shield all the radiation. The containers must have enough shielding to protect anyone who might
be near the cask dunng transport.

Cask designers may use several techniques to demonstrate thewr containers are safe They can
use computer analyses, comparisons with other designs, compenent lesting. and physical
testing of a scale model or a combination of these techniques Most often_they combine
analyses and physical testing They meet with technical review staff from the NRC. explain their
design and provide supporting documents in an apphcation The NRC evaluates each desgn,
examines the information in depth. and performs s own calculations NRC reviewers are
experts in different areas of science and engineenng They include structural and matenals
engineers and safety specialists with advanced degrees and many years of expenence.

Once the NRC is satisfied that a design meets the requirements._ it issues a Certificate of
Compliance through a public rulemaking process. This certificate describes the approved
design. including what matenals must be used. the authorized contents. and the dimensions of
the container Then the containers can be manufactured and used Manufacturers and shippers
have programs in place to ensure the containers meet des:gn specificatons throughout
fabrication and transportation. These programs are known as quality assurance To ensure the
casks meet the certificates, NRC staff inspects both the manufacturer and the facilities that will
use them.

But iust having a certificate does not mean a cask can be used Both NRC and DOT requlations
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This experience confirms that the safety system is sound. But will this hold true when shipments
increase to move spent fuel to a future repositary or a storage facility?

The NRC looks at the risks associated with spent fuel transport 1n @ method:ical and scientific

way. Several NRC-sponsored studies over the years have focused on the risk related tc spent

fuel transport on highways and railroads The results provide additional confidence in the B

current regulations inplace to assure the safety of spent fuel transport Formatted: Highioht
In a 1977 study. the NRC found the risk from transporting spent fuel to be low The study gave

the NRC confidence that existing regulations are adequate to profect the public.



spent fuel shipping, including more analyses and testing of spent fuel casks, to ensure that the
risks remain low.

Understanding the Risks

Risk is generally understeod to be the chance of injury, damage or socme kind of loss The spent
fuel shipment record in the U.S. has been gutstanding to date. Many more shipments have been
successfully completed internationally under the same basic safety standards.

While shipping spent fuel does involve risk, NRC studies show this risk is low. As a part of its
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The NRC also regulates how spent nuclear fuel is protected in transit against sabotage or theft.

The NRC's current rules for the physical protection of spent fuel transport include;

» Coordinating with law enforcement agencies pefore the shipment

* Reguinng advance nofice to States, /ndian tribeg, and the NRC

» LIsing a communications center and other means to monitor shipments while in route
« Armed escorts, and

« Remote devices that allow vehicles to be turned off.

Since Septernber 11, 2004, the NRC has taken additiona! steps to protect the public.

For Additional Infermiation Contact:
Office of Public Affairs

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Phone: {301) 415-8200

Email: OPA@NRC GOV

Internet Home Page hitp://www.nrc.gov
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In addition to the studies mentioned above, the NRC has conducted studies of very long
duration fire scenarios that bound expected real-world accident conditions for a
representative set of package designs that are likely to be used in future shipping
programs. The NRC has documented the predicted performance of NRC certified spent
fuel packages in these real life severe accidents. The NRC conducted a screening of real
life transportation accidents, performed case studies for the most severe accidents, and
examined it current regulations as a result of the consequences of the accidents. The
results of these case studies have been documented in several NUREG reports
(NUREG/CR 6894, 6987, 7035, 7101, 6793, 6886, 7101, 7034). For example, the NRC
has performed case studies of the Baltimore tunnel fire of 2001, the Caldecott tunnel fire of
1982, the MacArthur Maze fire of 2007, and the New Hall Pass tunnel fire of 2007.

The NRC has also conducted additional studies to determine accident parameters that
could produce a severe fire with the potential to engulf a SNF transportation package, and
analyzed and updated statistics for accidents (e.g., frequency of road and rail accidents
involving a long duration fire). The NRC also analyzed accidents and determined trends
associated with these accidents.

The NRC is currently working to publish a compendium to summarize the severe fire accident study
for both roadway and railway, with an expected goal to have these summary documents out for

public comment during the 4th quarter of fiscal year 2015.



Subject: Public Outreach on Shent Fuel
When: Thursday, February 27, 2014 2:00 PM-2:30 PM (UTC-05:00) Eastern Time (US & Canada).
Where: Mark's Office (3WFN 14B16)

Maureen,

| went over all the facts sheets and brochures you sent me, and | think we have good
material to support a Category Ill public meeting...or a webinar...or a live chat....or a
blog....

Mark and | wanted to discuss all the venues open to us and see where it might make
sense to start and what you might recommend.

Thanks,

Stephanie












To: Lombard, Mark; Hsia, Anthony; Marcano, Damaris
Subject: Safety of Spent Fuel Transportation brochure working draft rev. 1.docx

Hi, all. Here is my first rough cut at the revision, mainly edited to simplify language and
address Yucca Mountain uncertainties. | added in language on the latest transportation risk
assessment but think it would be useful to also add something about the Howard st. tunnel
fire and the MacArthur Maze fire and any other accidents you guys have studied that |
might not be aware of (these probably could be added in call-out boxes in the margins
unless we think a lot of text is required to explain them/give context/etc.)

When you have a chance, please let me know your thoughts.

Thanks!
Maureen
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Additionally. it licenses the export and import of radioactive materials.

The U.S. Department of Transportation {DOT) coordinates with the NRC to set rules for the
packaging of nuclear materials. DOT warks with the NRC and affected states (o reguiate their
transport. DOT alsoe reguiates carriers, sets standards for routes, and is responsible for
international agreements on the transport of all hazardous materials.

The U.5. Department of Energy (DOE) is responsible by law for dispesal of spent fue! from the
nration’s nuclear power reactorsplants.

The international Atomic Energy Agency (JAEA} is a ferum for scientific and technical cooperation
in the nuclear field. As_pFart of the United Nations, the IAEA sets glabal regufations for many
areas of the nuclear industry, including nuclear materialspackaging and transportation. These
IAEA s packaging and ransporiation reguiations sefve as a3 model for the United States and other

nations.

The NRC has three maip lunctions:

1. fo 38t v and D reguistions;

2. 1o iszue licenses for nuckear faciities and nuclear matenials users; and
1. o inspect facifities o that NRC iati ara being met.

The Naclear Regulatery Commission

The NRC regulates the nuctear fuel cycle from beginming to end. it begins with the mining of
uranium_and . The cycle continues through the manufacture of fuel. its use in reactors.
transportation storage, and permanent geciogic disposal

The NRC works to maintain public health and safety, protect the enviranment and ensure our
national security. To maintain the public’s confidence, the NRC aims to do its work openly and
to be effective, efficient, and realistic to It also stnves to keep the regulatory burden reasonable







The NRC regukales reviews and approves the design and construction of these casks to ensure
the public is protected from the associated hazards. Containers used to move spent fuel by rail
or highway are designed to withstand severe accidents In the ! S_ and internationally, these
containers must pass a series of tests that mimic accident forces. The NRCT reviews spent fuel
containers very carefully to ensure they meet the design standards and test conditions in the
regulations.

These containers must be abie designed to survive a sequence of four tests_mcluding a 30-foot
drop test onto an unvieiding surface. a puncture test 2 fully engulfing fire at 1.475 degrees
Fahrenheit for 30 minutes, and immersion under invelving-impact punciure: fireand submerson




updated in 2008, and-}t used actual highway and rail accident statistics. Using state-of-the-art
computer medels. the studyvl considered deses from normal shipments to people living along
transportation routes, occupants of vehicles sharing the route, vehicle crews and other workers,
and anyone present at a stop. _Ansd-tused stale-oithe-ad computer-models-The nisk
assessment found:

*«  Doses from routing transpeort would be less than 1/1000 the amount ¢f radiaticn people
receive from background sources each year

= There is less than a 1 in 1 biffion chance that radioactive material would be released in
an accident



= If an accident did release radioactive material, the dose to the most affected individual
wouid not cause immediate harm )
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On the basis of these studies, operatienal experience. and its own reviews, the NRC concluded ¢
that the shipment of spent fuel will be safe, even ifs hundreds of shipments are made each year.

The NRC is continuing to track spent fuel shipping. including more analyses and testing of spent

fuel casks, to ensure that the risks remain low.

Buoderstanding the Risks

Risk is generally understood to be the chance of injury, damage or some kind of ioss._ The
spent fuel shipment record in the U.S. has been outstanding to date. Many more shipments
have been successfully completed internaticnally under the same basic transpertation safety
standards.

While shipping spent fuel does involve risk, NRC studies show this risk 1s low._As a part of its
safety effort, the NRC aims to manage the hazards to minimize the risk. To evaluate the risks.
the NRC asks the fcllowing three questions and then converts the answers inte numbers:

« What ¢can go wreng during transporation?
+ How likely is it tg occur?
+ If something goes wrong, what are the consequences for the package and the pubiic?

The averwhelming majority of spent fuel shipments are accident-free. _To calculate the radiation
risks to the publi;. researchers use two scenarigs. One invelves a trip on which an accident
occurs; the other covers the vast majority of journeys that de not invclve an accident.

Researchers use a faur-step process to siudy actual and potential accidents and their effects.

Step 1. Experts determing what might apgen.

+ Thay gather historic recomnds.

» They also put fogether data pn how many spent fus! shipments are likely each year.

+ They look at the rate of accidents for r3if and highway shipments.

+ They look at 3 large number of accidents thal are credible.

» Thay also look a2t crash impact forces, fires or punctures.  They pick forces that are more severe than those covered by
NRC standards.

The Accldent Scenaris



According to the DOE Final Environmental impact Statement for the Yucca Mountain Project.
about 11,000 rail or 53,000 truck shipments might be expected during the 24 years of operation
of the groposed repository. The chances that any accident would occur during a spent fuel
shipment are about 1 in 10,000 for rail shipments and 1 in 1,000 for highway transport. Put
another way, these estimates indicate that approxmnately 1 to 50 accidents involving casks are
conceivable in the process of moving spent fuel tc a repository.

Looking at these conceivable accidents, the chance that even one would be serious enough fo
lead to even a smal release is about 1.in 1,000. The chance of a large reiease is estimated 1o
be less than one in 1,000,000,000.

The Bsttem Line

The NRC believes that shipmeats of spent fuel in the U.S. are safe. This belief is based on the
NRC's confidence in the shipping containers that it certifies and its ongaoing research in
transportation safety.

« The NRC ensures that shipping containers are robust by:

—ReguatingReviewing and cerdifving their design and conducting mspections dunng
construction.




- Reviewing designs and independently checking a container's ability to meet accident
conditions
- Ensuring casks are built, maintained, and used properly.

« The NRC also investigates and assesses the risks involved in spent fuel shipments. The
agency:

-~ Analyzes speni fuel transport records to fully undersiand safety issues.

- Evaluates new transporalion issues, such as projeclions for the number of shipments,
changes in population along some routes. and other factors.

- Keeps up with technology as it evolves to refine estimates of current and future risk to the
public

Although there will always be z slight chance that an accident will cause a release of nuclear
materiat, the NRC has found that the likelihood of such an event and the risk to the public are
extremely low. Even so, the NRC will continue to be vigilani about public safety as an essential
par of its mission.

Speat Fusl Transaert Sscurity

The NRC also regulates the proteclion of spent nuclear fuel in transit against sabotage_theft or
diversign o¢ othes makcious acls. The NRC's current rsles-regulations for the physical
protection ¢f spent fuel transport include:

+ Coordinating with -law enforcement agencies before the shipment

+ Requiring advance notice to States and the NRC

* Using a communicalions center and cther means tc meniter shipments while in route

+ Armmed escorts -aad

« Immobilization devices.

Since September 11, 2001, the NRC has taken additional steps to protect the public.

Fer Additional Informatisn Contact:
Office of Public Affairs

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Phone: (301} 415-8200

Email: OPA@NRC GOV

Internet Home Page: hitp://www nrc.gov
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Subject: Safety of-Spent- Fuel Tréhsportatioh brochure working draft rev. 1.docx

Hi, all. Here is my first rough cut at the revision, mainly edited to simplify language and
address Yucca Mountain uncertainties. | added in language on the latest transportation risk
assessment but think it would be useful to also add something about the Howard st. tunnel
fire and the MacArthur Maze fire and any other accidents you guys have studied that |
might not be aware of (these probably could be added in call-out boxes in the margins
unless we think a lot of text is required to explain them/give context/etc.)

When you have a chance, please let me know your thoughts.

Thanks!
Maureen






Hi, all. Here is my first rough cut at the revision, mainly edited to simplify language and
address Yucca Mountain uncertainties. | added in language on the latest transportation risk
assessment but think it would be useful to also add something about the Howard st. tunnel
fire and the MacArthur Maze fire and any other accidents you guys have studied that |
might not be aware of (these probably could be added in call-out boxes in the margins
unless we think a lot of text is required to explain them/give context/etc.)

When you have a chance, please let me know your thoughts.

Thanks!
Maureen
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unless we think a lot of text is required to explain them/give context/etc.)

When you have a chance, please let me know your thoughts.

Thanks!
Maureen






Maureen Conley
NRC Office of Public Affairs
301-415-8202



Hi Maureen-
Happy New year.

Yes, the process for publication is quite long here. We provided the Final report to Publications for review
in November, and they said it would be the end of January before they could start on it. When we get it
back from them, we'll need to make any changes they want. Then we need to prepare a Federal Register
Notice announcing availability of the Final, and then release it. I'm sure there are many more sub-steps,
approvals and processes in there too.

| would note that the outdated brochure to which you refer was also a long, drawn-out affair, subject to
many reviews and revisions. It was quite labor intensive both for staff and our contractor, and ended up
costing almost a third of the project it summarized. Frankly, I'm not sure the effort was cost-effective.

In recognition of that experience, NUREG-2125 actually contains 2 Summaries. The Draft contains a 2-
page Executive Summary at the beginning of the report, and a 12-page Public Summary that was located
in the last Appendix. ACRS recommended that we give the Public Summary more prominence, which



Our approach in the Public Summary was to strike a balance between clarity and completeness by using
straightforward illustrations and graphics to (hopefully) convey enough technical information for the
results to make sense. Some of the public comments we received on the Draft report were
complimentary of the Public Summary So, | would like to think we will at least partially succeed in
addressing accessibility and transparency in the Final report too, but we really won't know until after we
publish it.

Now as to another separate brochure, it is my view that Public Summary described above obviates that
need. Also note that, unlike the Draft, the Final report will be printed in full-color. The contract supporting
SFTRA expires in March 2014, and we have no funds currently budgeted to make any revisions to the
text, figures, graphs, tables etc., beyond that point. However, | don't believe we would object if you
wanted to develop a separate brochure, provided that you take the text, figures, graphs, tables, etc. as-is
from the Final report. [Note this does not constitute any commitment of SFST resources to support such
an effort.]

Those are my thoughts. Hope they help.

-John



| know your executive summary is intended for general public consumption. We could put
that language in our glossy full-color brochure (assuming my supervisor approves). Curious
to know what you think....

Maureen Conley
NRC Office of Public Affairs
301-415-8202









Since September 11, 2001, the NRC has taken additional steps to protect the public.

Just want to be sure we are accurate and including the most important information. Thanks
for any help you can provide!

Maureen Conley
NRC Office of Public Affairs
301-415-8202



r

Happy to talk more about this tomorrow if you want.

Maureen Conley
NRC Office of Public Affairs
301-415-8202






Maureen Conley
NRC Office of Public Affairs
301-415-8202
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The U.S. Nuciear Regulatory Commission (NRC) is an independent agency established by the U.S.
Congress in 1974 to ensure adequate protection of public health, safety, and the environment in
the use of nuclear materials. The NRC regulates commercial nuclear power reactors; non-power
research, test, and training reactors; and fuel cycle facilities. The NRC aiso regulates medical,
academic, and industrfal uses of nuclear materials, as well as packaging for the transport,
storage, and disposal of nuclear materials and waste. In addition, the NRC regulates the design,
manufacture, use, and maintenance of containers for high-level radioactive shipments.

The U.S. Department of Transportation (DOT), in coordination with the NRC, sets rules governing
the packaging of nucfear materials. With NRC and the affected siates, DOT regulates the transport
of nuclear materials. The DOT also reguiates carriers of nuclear materials, sets standards for
transportation routes, and is responsible for international agreements on the transport of ail
hazardous materials.

The U.S. Department of Enargy (DOE), among other things, oversees the development of disposal
systems for spent nuclear fuel from the nation's nuclear power plants. This activity is entirely
funded by fees collected from nuclear power plant companies and ultimately from rate payers.

The International Atomic Energy Agency (IAEA) serves as the world's principal intergovernmeantal
forum for scientific and technical cooperation in the nuclear field. An agency of the United
Nations, the IAEA published regulations for transporting nuclear materials. These regulations
serve as a mode! for the United States and other nations.

The NRC has three principal functions:

1. to set standards and develop regufations;

2. to issue licenses for nuclear facilities and nuclear materials users, and
3. to inspect facilities to ensure that NRC regulations are being met.

The Nuclear Regulatory Commission

The U 8. Nuclear Regulatory Commission (NRC) regulates the nuclear materials cycle from
beginning to end. This cycle begins with the mining of uramum. It continues through the
manufacture of fuel, its use in reactors, any temporary storage, and (uitimately} with permanent
geologic disposal.

The NRC is dedicated to maintaining public health and safety, protecting the environment, and
ensuring our national security in ways that increase public confidence in the agency. The NRC
plans to achieve these goals by making its activities more effective, efficient, and realistic, and
by reducing unnecessary regulatory burden on all those involved in the use, handling, transport,
and disposal of nuclear materials.

The NRC believes that proper handling of nuclear materials will help to ensure the safety of the
public and plant workers. Toward that end, the NRC works with other agencies, such as the
U.S. Department of Transportation (DOT), the U.S. Department of Energy (DOE), and the
International Atamic Energy Agency (IAEA).

This booklet relates to the NRC's role in the safe transportation of spent nuclear fuel from
commercial nuclear power plants. Specifically, the NRC oversees the design, manufacture, use,

and maintenance of containers for these radioactive shipments.



Scientists estimate that nearly 90 percent of all radiation exposure comes from natural sources: radon gas, the human
body, outer space, rocks, and soil. Background radiation is naturally present, but its levels can vary greatly. People living
in areas with a significant amount of granite, for example, receive more earth-based radiation. Those living or working at
high aititudes receive more cosmic radiation. Most natural exposure is from radon, a gas that seeps from the earth’s crust
info the air we breathe. The remaining 10 percent of all radiation exposure comes from man-made sources, primarily
medical x-rays. Natural and artificial radlation are similar in kind and effect.

What is Spent Fuel?

Nuclear reactors produce electricity and, as a waste product, spent fuel. Uranium fuel powers
reactors for a number of years, until its potential to produce electrical power is exhausted. The
used uranium fuel is then referred to as “spent fuel.” Nuclear power plants store spent fuel in
enclosed cooling pools and, in some cases, in dry storage casks to await shipment to a
temporary storage or permanent disposal facility. The Nuclear Waste Policy Act (NWPA),
enacted by Congress in 1992, calls for spent fuel to be moved te a temporary storage facility or
to a permanent DOE repository.

The NWPA sets a national policy for safe, permanent disposal of spent nuclear fuel and other
radioactive wastes in an underground repository. The action by Congress and the President in
July 2002 approving Yucca Mountain will permit the DOE to apply to NRC to construct the
repository.

The NRC’s role under the NWPA is to use its independent judgment as an expert technical
agency to decide whether to grant DOE a license to construct a high-level waste repository at
Yucca Mountain. Only after extensive review of a DOE application will the NRC be able to judge
whether DOE has satisfied the demands of the regulations. The NWPA gives NRC up to four
years to decide whether to grant the license.

Because a repository won't be available for some time, some nuclear power plants are
implementing plans for temporary storage on site. Other plants plan to store spent fuel away
from the reactor at a temporary site until a permanent repository is built.

Given the widespread |locations of power reactors, if a disposal site is finally approved,
licensees will need to transport spent fuel to that site safely. These shipments would likely be
made on railroads and on public highways.

Spent fuel is highly radiocactive and must be transported in large, heavy containers that shield
the public from exposure. This raises the following frequently asked guestions in connection
with such shipments:

* How does the NRC protect the public from radioactive waste that is being transported?

» What is the likelihood of these shipments being involved in an accident?

+ How well can the transportation containers withstand an accident and prevent the release of
nuclear materials?

The NRC addresses these and other questions as a part of its ongoing effarts to ensure safe

transport. As new technologies and information become available, the NRC continually
evaluates ils existing safety requirements.

The Key to Ensuring Safety: the Spent Fuel Shipping Comaines



Spent fuel is highly radioactive and must be heavily shielded and tightly contained to be
transported safely. An essential component for any safe shipment is a robust spent fuel
container, or “cask.”

The NRC establishes regulations and standards for the design and construction of robust casks
as the primary way to protect the public during transport. Containers used to move spent fuel by
rail or highway are designed to withstand severe accidents. U.S. and international regulations
require that these containers must pass a series of tests that mimic accident damage. The NRC
conducts rigorous reviews to certify that spent fuel containers meet the design standards and
test conditions in the regulations.

These containers must be shown, by test or analysis, to survive a sequence of four simulated
accident conditions involving impact, puncture, fire, and submersion. During and after the tests,
the containers must contain nuclear material, limit doses to acceptable levels, and prevent
nuclear reaction.

To protect workers and the public, containers have walls five to 15 inches thick, made of steel

and shielding materials, and a massive lid. Truck containers weigh about 25 tons when loaded
with 1 to 2 tons of spent fuel. Rail containers can weigh as much as 150 tons and can carry up
to 20 tons of spent fuel. The ends of these transportation containers are encased in structures
called impact limiters. In the event of an accident, these limiters would crush, absorbing impact
forces and protecting the container and its cargo.

Spent fuel containers are tightly sealed and provide shielding for most radiation. However, it is
not possible to eliminate all radiation with shielding. Containers provide enough shielding to
reduce external radiation to low levels that meet DOT and NRC radiation standards for the
radiation dose to individuals who might be near the cask during transport.

Container designers may use computer analyses, comparisons with other designs, component
testing, scale-model testing, or a combination of these techniques to demonstrate that
containers are safe. Most often, they use a combination of computer analyses and physical
testing. NRC evaluates each application for a container design, examines the information in
depth, and then performs its own calculations. NRC reviewers include structural and materials
engineers and safety specialists with advanced degrees and many years of experience.

Once the NRC issues a Certificate of Compliance for a spent fuel container design, fabricators
make the containers. Manufacturers and shippers must adhere to a program that ensures the
containers continuously meet design specifications.

NRC and DOT reguiations also require a number of safety determinations before each spent
fuel shipment. These include checks for leaks and tests to ensure that radiation levels and
contamination levels are within safe limits. These actions are designed to ensure that all
aspects of every spent fuel shipment meet the applicable NRC safety standards.

A Brief History of Spent Fuel Shipments and Studies

More than 1,300 spent fuel shipments regulated by the NRC have been completed safely in the
U.S. during the past 25 years. Although there have been four accidents involving those
shipments, none have resulted in a release of radioactive material.



Experience with past shipments confirms that the fundamental safety system is sound. The
question becomes, "What might happen if there are thousands of future shipments?' The NRC
continucusly evaluates risks associated with spent fuel transport in a methodical and scientific
way. To provide additional confidence, the NRC has sponsored several risk studies related to
spent fuel transportation on highways and railroads.

In 1977, the NRC completed a study that has since become the "baseline” for comparison with
new information and studies completed since then,

In 1987, the NRC used improved research methods to evaluate how shipping containers react
in accidents and to estimate the risk of releasing radioactive materials. The study resuits added
assurances about the ability of shipping casks to withstand an accident and confirmed results of
the 1977 study.

Another study, released in March 2000, used improved technology to analyze the ability of
containers to withstand an accident. This study concluded that the risk from the increased
number of spent fuel shipments that could oceur in the first half of this century would be even
smaller than eriginally estimated in 1977.

On the basis of these studies, operational experience, and its own technical reviews, the NRC
concluded that the shipment of spent fuel is safe at projected shipment levels. The NRC is
continuing to follow developments in spent fuel shipping, including the performance of additional
analyses and testing of spent fuel casks, to ensure that the risks remain low.

Risk is generally understood to be the possibility of injury, damage, or some kind of loss. Given
that understanding, the spent fuel shipment record in the U.S. has been outstanding to date.
Many more shipments have been successfully completed internationally under the same basic
safety standards.

While shipping spent fuel does involve risk, NRC studies indicate that this risk is low. As a part
of its safety effort, minimizing risk is an important concept to the NRC. The NRC's risk
assessment asks the following three guestions and then converts the answers into numbers to
arrive at a risk vaiue:

* What can go wrong?
* How likely is it?
+ If something goes wrong, what are the consequences?

Although the overwhelming majority of spent fuel shipments are accident-free, researchers
calculate radiation risks to the public using two scenarios. One scenario involves a journey
during which an accident occurs; the other covers the vast majority of journeys that do not
involve an accident.

Researchers use a four-step process lo study actual and potential accidents and their effects on a comtainer.

Step 1. Experts use historic records (o determine what right happen.

« They also gather data on how many spent fuel shipments are likely each year.

« They look at the rate of accidents for rail and highway shipments.

* Researchers look at a large number of accidents that are canceivable.

= They also look at crash impact forces, fires, or punctures that are more severe than those covered by NRC standards.



Shown is a computer simulation of the response of a cask o a severe fire environment. Analyses like this and tests are
used by NRC to assure safe transportation of spent fuel.

The Accident Scenario

NRC studies show that fewer than 1 in 100 accidents involving a spent fuel container will be
more severe than the conditions of the design standards. However, if a very unlikely chain of
events occurs, the accident might be severe enough to cause a radioactive release.

To estimate the likelihood and consequences of unusually severe accidents, researchers use a
multi-step approach to calculate risk. That approach uses accident data and their experience
with past trucking and rail accidents involving other hazardous materials. This also involves
determining what kinds of accidents could happen and looking at their potential effects.

According to the DOE Final Environmental Impact Statement (FEIS) for the Yucca Mountain
Project, about 11,000 rail or 53,000 truck shipments might be expected during the 24 years of
operatien of the repository, should it be approved. The chances that any accident would occur
during a spent fuel shipment are about 1 in 10,000 for rail shipments and 1 in 1,000 for highway
transport. Put another way, these estimates indicate that 1 to 50 accidents involving casks are
conceivable in the process of moving all current spent fuel to a permanent repository.

Looking at these conceivable accidents, the chance that even one would be serious enough to
lead to even a small release is about 1 in 1,000. The chance of a large release is estimated to
be less than one in 1,000,000.

Step 2. Engineers use complex computer programs to estimate how the parts of a shipping container might be damaged
by coflisions or fires.

* They gather data on how much spent fuel each container wilf carry.

+ They analyze how the fuel might respond in a given type of accident.

+ They calculate the remperature of the container and the spent fuel itself during a long-term fire.

This information provides estimales on the size of any potential leak and how much nuclear material might escape.

Step 3. Researchers match accident scenarios from Step 1 with the assessments from Step 2 to determine the chance of
severe damage to the container or its contents.

Step 4. Researchers compute a risk estimate with a special computer program. The program takes accident probability
estimates, expected numbers of shipments, route data (like population densities}), weather data (to estimate how any
release might be spread by wind), and radiclogical dose data to produce a risk estimate.

The Acckient-Free Scenario

in an accident-free journey, nothing goes wrong and no nuclear material is released from the
container. In this scenario, the total of all radiclogical exposures, or doses, that could be
received by all people along the transportation route, is calculated. Because spent fuel, even
fully contained, still emits low levels of radiation through the container walls, researchers use
route and population information to estimate the number of people who could be exposed and
the tota! radiation dose that they might receive.

The risk to the public from an accident-free journey results from the low-level radiation field that
surrocunds the spent fuel container. If the container is moving pasi a person, perhaps someone
standing along the highway or railroad track, the exposure is brief and well below regulatory
limits. Exposure will vary depending upon the speed of the train or tractor-trailer rig and the
distance the person is standing from the highway or track. The very low dose to each person
along the route is added to obtain the total population dose.



As a basis for comparison, a passenger traveling round-tnp by air from New York to Los
Angeles receives a background radiation dose that is 25 times greater than the dose to persons
closest to a typical spent fuel shipment.

The Bottom Line

The NRC believes that shipments of spent fuel in the U.S. are safe. This belief is based on the
NRC's confidence in the shipping containers that it certifies and its ongoing research in
transportation safety.

* The NRC ensures that shipping containers are robust by:

— Regulating the design and construction of shipping containers.

- Reviewing designs and independently checking a container's ability to meet accident
conditions.

— Ensuring that containers are built, maintained, and used properly.

« The NRC also follows an aggressive program to investigate and assess the risks involved in
spent fuel shipments:

— Analyzing spent fuel transportation records to understand safety issues better.

- Evaluating new transportation issues, such as increased shipment levels, denser populations
along some routes, and other factors.

— Using new technology to estimate current and future levels of potential risk to the public.

Although there will always be a slight chance that an accident will cause a release of nuclear
material, the NRC has found that the likelihood of such an event and the associated risk to the
public are extremely low. Even so, the NRC wilt continue to be vigilant about public safety as an
essential part of its mission.

Spent Fuel Transpert Security

The NRC also regulates the physical protection of spent nuclear fuel in fransit against sabotage
or other malicious acts. The NRC’s current physical protection reguiations for spent fuel
transportation include:

* Pre-shipment coordination with law enforcement agencies

» Pre-shipment notice of States and NRC

* In-transit shipment call-in to communications center

+ Shipment monitoring

« Armed escorts (in populated areas)

» Immobilization devices

Since September 11, 2001, the NRC has taken additional steps to protect the public. These
steps involve a heightening of the security posture, including new measures taken to protect
nuclear faciiities and regulated activities, such as spent fuel transportation, and orders that NRC
has issued to licensees.

For Additional Information Centact:
Office of Public Affairs

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001
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The highly radicactive Spent-spent fuel is-highlyradhoastive-and-must be shielded and
contained 1o be transported safely. _Safe shipment requires a large. robust spent fuel container:
o+ called g “cask.”

The NRC reguiates reviews and approves the design and construction of these casks to ensure
the public 15 protected from the associated hazards. Containers used to move spent fuel by rail
or highway are designed to withstand severe accidents. In the U.S. and internationally, these
containers must pass a series of tests that mimic accident forces._ The NRC reviews spent fuel
containers very carefully to ensure they meet the design standards and test conditions in the
regulations.

These containers must be able desgned to survive 2 sequence of four tests_ including a 30-foot
drop lest ento an unylelding surface a puncture test. 3 fully enguffing fire 3t 1475 dearees
Fahrenbeit for 30 minutes. and immersion under invelving #mpact punciure- ire and submerson
in water. During and after the tests, the casks must contain the nuclear material contents, limit
radiation doses to acceptable levels. and prevent a nuclear criticality reaction.

To protect workers and the public, a cask has walls of steel and shielding materials five to 15
inches thick and a massive iid._ Truck containers weigh about 25 tons when lcaded with one to
two tons of spent fuel._ Rail containers can weigh as much as 150 tons and can carry up to 20
tons of spent fuel. The ends of these transportation containers are encased in struciures called
impact imiters. Impact imiters contain crushable foam and. or wood 1hat act to absorb the
impact energy in a test or real-fe acodent in an accident, these impact imiters would crush
ang absorh the —sbsarbing impact forces and, thereby protecting the container and its earge
content,

Spent fuel containers are engineered to be fightly sealed, very robust, and include ans prewde
heavy shielding_ matena! to lower the associated radation levels.  But While it is not possible to
shield all the radiation_ -Fhe the containers must prewde include encugh shielding to protect
anyone who might be near the cask during transport

Cask designers may use several technigues to demonstrate their containers are safe. They can
use computer analyses, comparisons with other designs, component testing, physical testing of
a scale-model testing, or a combination of these techniques. Maost often, they use a
combination of computer anaiyses and physical testing. _They meet with technical review staff
from the NRC and explain their design and provide supporiing documents in an application.

The NRC evaluates each design. examines the information in depth, and then performs its own
calculations. NRC reviewers are experts in different areas of science and engineering. They
include structural, and materials_thermai_and ¢criticality engineers and safety speacialists with
ardvanred denresg and many veare nf Axnerienre




transportation, certain recuirements of the NRC and DOT must also be met prior to offering 2
package for shipmen! But just-having a-serdificate doesnot means-cask-canbe used Both
NRC and DOT regulations also require a number of safety determinations before each spent
fuel shipment. These include checks for leaks and tesisassessments to ensure radiation levels
are within the specified safe limits. These actions are designed to ensure that a!l aspects of
every spent fuel shipment meet all the safety siandards.

A Brief History of Spent Fuel Shinments and Studies

e 1diEsl ish 3IUUY . PUUisieEug n Jaiiudgly LU 4, 1Nuoersy e 1duidiin uuses Deopie ll]lg[lL
receive from spent fuel shipments. _The study confirmed that NRC regulations for spent fuel
transport are adequate to ensure safety of the public and the environment._ It examined how
three NRC-certified packages would behave during both normal shipments and acgidents. The
studylt modeted a variety of transport routes using population data from the 2000 census, as
updated in 2008, and—{ used actual highway and rail accident statistics. Using state-of-the-ant
computer modeis, the study# considered doses from normal shipments to pecple living along
transportation routes, occupants of vehicles sharing the route, vehicle crews and other workers.
and anyone present at a stop. _Asd-tused state-of the-at-compute—medeis—The risk
assessment found:



=  Doses from routine transport would be less than 1/1000 the amount of radiation people
receive from background sources each vear

= There is less than a 1 in 1 billian chance that radioactive materiai would be released in
an accident

*  If an accident did release radicactive material. the dose to the most affected individual
would not cause immediate harm

Cn the basis of these studies. gperational experience, and its own reviews. the NRC concluded
that the shipment of spent fuel will be safe, even ifs hundreds of shipments are made each year.
The NRC is continuing to track spent fuel shipping. including more analyses and testing of spent
fuel casks, to ensure that the nsks remain low

Understanding the Risks

Risk is generally understocd to be the chance of mury. damage of some kind of loss._ The
spent fuel shipment record in the U §. has been cutstanding te date. Many more shipments
have been succassfully completed internationally under the same basic transportation safety
standards

While shipping spent fuel does involve risk. NRC studies show this nisk is low As a part of its
safety affort, the NRC aims to manage the hazards to minimize the risk To evaluate the nsks.
the NRC asks the foliowing threée questions and then converts the answers into aumbers

+ What ¢an go wrong curing transponation?
« How likely is it to occur?

The averwheiming majority of spent fuel shipments are accident-free _To calculate the radiation
risks o the public, researchers use two scenarios  Cne invoives a trip on which an accident
occurs, the other covers the vast majority of journeys that do not nvelve an acaident

Researchiers vae 4 four-step proceas to sfudy acludl and potential sccidents end heir effects,

Stmp 1. Experts e witat might happ

« They gather hislonc recorgs.

» Thay also pul togeher data on how many spent fuel shipments are likely sech year.

+ They jook at the rate of acciden(s for rad and highway shipments.

= They iook ¢ a jsrge namber of accidents that afe credible

= They aiso icok af crask impact forces. firex or punciures. Thay prek forces that are more severs than (hose covend by

Commentad [MEC18): This 1anguage comes out of the blag
post John Coox and | put together on [Fe ~5k assessmenl
hip #pubhs Pog A Qateway gov 011G 1 Wiransporiing
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hazardous materials. Part of this step is to determine what kinds of accidents could happen and
look at what their effects might be

According to the DOE Final Environmental Impact Statement for the Yucca Mountain Project,
about 11,000 rail or 53,000 truck shipments might be expected during the 24 years of operation
of the repesitory. The chances that any acckdent wouid occur during a spent fuel shipment are
abaut 1in 10,000 for rail shipments and 1 in 1,000 for highway transport. Put another way.
these estimates indicate that approximately 1 to 50 accidents invoiving casks are conceivable in
the process of moving spent fuel tc a repasitory.

| Ankina Atk thearn rancainsabla ssascidantes tha shansas that accss Ana aasold ha sanaoe anmonhkh s




The NRC beleves that shipments of spent fuel in the U.S. are safe. This belief is based on the
NRC's confidence in the shipping containers that it certifies and its ongoing research in
transportation safety.

* The NRC ensures that shipping containers are robust by

— RegulakrgReviewng and cerfying ther design and conducting inspections durnng
construction

- Reviewing designs and independently checking a container’s ability 1o meet accigent
conditions
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The U.S. Nuciear Regulatory Commission (NRC) is an independent agency established by the U.S,
Congress_{ts missicn is to hicense and requiate the Natign s civilian use of radigactive matenals

pubiic health. safety. and the environmont in the use of nuclear materials. The NRC regulates
commorcial nuciear power reactors, non-power research, test, and training reactors; and nugiear
fuel cycle facilities; and . The NRC also requiates medical, academic, and industrial uses of
nuclear materials_The NRC also reguiates, as-well as packaging for the transport, storage, and

manufacture, use. snd mainienance of contaners for high-tevel radioactive shipments. ficensas
the export and import of radioactive materals.

The LS. Department of Transporiation (DOT) coordinaies, i coordination with the NRC 1o, sets
works with (he NRC and affected states to regilates their transpori-af-ruclear materals. The DOT
ai50 requiates carriers of nuclear malerials, sets standards for transportation routes, and is
responsible for international agreements on the transport of all hazardous materiais.

The U.S. Department of Energy (DOE) ts responsible by law for . amang other things. oversees the
devidopment of disposal systems for of spent nuclear fuel from the nation's nuclear power plants.
This activily is enfirely funded by fees collected from nuclear power plant companies and
tilnatoly from rale payors.,

The Internationsl Atomic Energy Agency (AEA) is aserves as the world's principal
itergoversmental furum for scientific and technical cooperation in the nuclear field. An agoncy
Part of the United Nations, the IAEA seis giobal published regulations for transporting nuclear
matorials_transpart. These regulations serve as & model lor the United States and other nations.

The NRT has threa pomnpl inain funchions:

f 1o se! standards and devalop reguiahons;
. ta issue hoensea (o7 nuclear facilitios and nuciesr materials users, end
3 1o nspect facilives to enaure at NRL reguiatans are being mat.

The Nuclear Regulatery Commission

beginming to end. The cychelt beging with the mining of uranium. #-The cycle continues through
the manufacture of fuel its use in reactors, any tlemporary storage and rullamately) with
permanent geologic disposal

The NRC works 15 gedcated to mantainag pubiic health and safety. protectng the
environment. and ensuretrqg our nationzl security  ways-ihat increase pubhe conhdence 1p-the

inyolved in the use, handling. transport, and disposal of nuclear materials

[he NK{ pelieves that pProper handiing of nuclear matenals will help to ensure the safety of
the public and plant workers. That 1s why owa+d that end the NRC works with other agencies in
the US_and inlernationally to ensure these matenals are handied and transported safely  such

as the b5 Bepanment-eiTaansponationtBET the LS Department of Energy{BOE ), and
the Intarnabional Alorc Enaigy Agency JAEA:




This booklel relates explainsie the NRC's role inensuring the-safe transeoitation ofspent
nuclear fuel from commercial nuglear power plants is transported -Speshically thesafely The
NRC oversees the design, manufacture, use, and maintenance of containers for these
radioactive shipments,

Sciantists_say qiront estnate that nearly 90 of all radisti comaes from natural sourtu radon gas. the

present, hut its devels cm wary yruﬂy Peop.lo liviag in areas with g fot ygmman: Ml ofgram'! !oranmpn FeCaTee
mare earth-based radiation from Ihe sarth. Those living or working st high aitifudes recive More cosmic radutbon. Most
naturat expoRUre IS from radon, & gas that seeps fromt e srth’s CruUst info the #ir we bresthe. The remawming 12 parcent of
all radiation BxpOIUTE EOMES UM mAn-Made SOurcas, MBIy Prmarky Medic #f x-ays. Naturai and arificial radiaton are
similar in hind and effect.

Nucilear reactors praduce make electrnicity and. as a waste product. spent fuel Uranmum fuel car
power a reactor powers reactors-for a number of years unbl it needs to be repiaced unid s
potential bo produce electical power s exhausted The used wianum fuel 1 then referred
leknown as "spent fuel.” |t must be stored safely Muclear power plante-gtore spenl fuelin
BRGHISEE COGkRG PO and 1A SOME CALES 1 OIy 6106396 casks unlil i can be shipped to awat
shupimenl offsite o-a temporary Slorage of peimanent dispesal (acidy.

The Nuclear Waste Policy Acl [NWPA)_ enacled by Congress w1997 calls for spest fual to be
moved to a tomporary storage taakiv-of to 3 parmanent DOE repostory

The BMWPRA sets a nanerakpolicy for safe, permanent disposal of spent suskesr fuel and other
radipactive wastes Congress in 1967 picked Yucca Mountamn in Newvada as the site for v an
underground repository The achon by (‘ongress and the President m July 2002 approving

the repository lhere__ But DOE withdrew its aggh :_a_non In 2010 The NRC's role 15 1 w_assess
whether the proposed faciity meets NRC regulatory regurerments Other policy cons:derations
are up to DOE and Congress uhdes the-NWRA is {0 use S HgependemJoogiment as an experl
techmaal-agency [0 decde-whathes (o grant DOE 3 hoense 16 consliuct 4 fgh-level waste
18pOGAGH-al Yuota Mauntam - Unly alisr sxtencive oview of-2-DOE apphcatenwll the NRC be
able-{oudge whethar DOE has satishad-the demands of thoragulations The-NWPA gwas NRC
u-4a four yeare L0 dasida-whathel 16 graptihe hoence

It wilk be some time before Bacause a repostory 15 wan i B8 available for some ma some All
nuclear power plants move thed ae spent fuel first into pools for storage on site As the armount
of spent fuel arows_many reactors are also using dry slofage casks wmHementing prans for
temporacy storage on site. Othet planlsplan to stove-speatfuel away-from-the reactor at a
temporasy-sde-until a permarent repository -budt The NRC reviews and approves designs for
these systems.

Once a central Ipcation for storage or disposal is approved spent fuel will need to be
transported there safely from sdes around the countty Given the widespread locatiuns of power
reactors-if & dsposal stedis Hnally approved-licenseas wilbneead 16 ransportspent fuel te that
sile safely. These shipments would likely be made on railroads and on public highways.




that-shighl the publehom.axgosure Tthis raises the following Seguently askeg-guestions +
canfechon with-sueh Shipmants;

« How does the NRC protect the public from radioactive waste that is being transported?

« What 15 the likelihood of these shipments being involved in an accident?

* How well can the transportation containers withstand an accident and preven! the release of
nyclear materials?

The NRC addresses these and other questions as a part of its ongeing efforts to ensure safe
transport As new technologies and information become avarable, the NRC continually
evaluates its existing safety requirements It s rmportant te kngw that spent fugl has been
shiaped satety within the U S and aprgad for mere than 30 years

The Key to Ensuring Safety: the Spent Fuel Shipping Container

Spent fuel 1s highly radicactive and must be heavily shielded and tightly contained to be
transporied safely An assentalcomponent oe-any sSafe shipment requires w a robust spent
fuel container, or "cask ~

The NRC estabhshes regulatesions and standards fo+ the design and construction of these
robiiel casks to ensure the pubuc is a5 Lhe piimasy way to protected the pubke dusng Liansport.
Contamers used to move spent fuel by rail or highway are designed to withstand severe
accidents. Inthe U'S and internationally, <egelabons iequse that these containers must pass a
senes of tests that mmi¢ accident damageforces The NRC conducls ngorous reviews (o cerify
that spent fuel contaners very carefully to ensure they meet the design standards and test
conditions i the reguiations.

Thesa containers must be shown- by test of analyss able {0 survive a sequence of four
tesissrnulaied acedent condibons Involving impact, puncture, fire. and submersion 10 water
Cunng and after the tests. the contaness-casks must contain nuclear material, imit doses to
acceptable levels. and prevent 2 nuclear reaction

To protect workers and the public, a cask ceptahes hasve walls of stegl and shielding
materials five to 15 inches thick. made of steel and shielding matenals and a massive hd Trugk
containers weigh about 25 tons when Ioaded with 1 one to Jtwe tons of spent fuel. Rail
containers can weigh as much as 150 tons and can carry up to 20 tons of spent fuel. The ends
of these transportabion containers are encased in structures called impact limiters |n the event
of an accident, these limiters would crush, absorbing impact forces and protecting the container
and its cargo.

Spent fuel containers are tightly sealed and provide heavy shigkding $o¢ mos) radiatan
Howewar But it is not possible to ebmunate shigld all the radiation with shielding. The
Cuontainers must provide encugh shielding {0 protlect anyone redude external radiabon Lo low
levels that meet BOT and NRG radiabon staadands for the radation dose 1o mawduals who
might be near the cask dunng transport

Gontainer Cask designers may use severa: techriques to demaonstrate thewr containers are safe

They canuse computer analyses, Comparisons with other designs, componant testing. scaie-
model testing, or a cambination of these technigues to demenshiate-that conlamers-ae cafe
Maosttechmigues Moest often. they use a combination of computer analyses and physical tesling.




They explain_their design and provige supporting documents in an appiication The NRC
evaluates each appkeaten fora-coriaines design, examines the information in depth, and then
performs its own calculations. NRC reviewers are experts in different areas of science and
cngineering, They include structural and materials engineers and safety specialists with
advanced degrees and many years of experience

QOnce the NRC ss satished that a design meels the requirements it issues a Certificate of
Compliance Then for a spenl fuel contomer desiga fabncatoss make the contatners can be
manufactured and used. Manulacturers and shippers have special must adhere to a programs

to that ensures the containers centiruously meet design specifications thrgughout fabrncation
ane transpartaban

Another study, released-in March 2000- esed smprovediechnology to analyzed how well the
abvbty of containers would hold up in 1o withstaad-an accident. Using imgroved technology _tFhis
siudy found concluded-that-the risk would be even smaller than onqunally estimated in 1577
eyen if from the increased number of spent fuel shipments increased great!y that cauld ocourn

the-first half-of s century would be even-smalias than oipinaliyestimated- w1577

The latest risk study_pudished in January 2614. medeled the radaton deses people might
receive from spent fuel shipments. The study confirmed that NRC reguiations for spent fuet
fransport are adequate to ensure safety of the public and the environment [t examined how
three NRC-centified packages would behave during both normai shipments and accigents it




2008 It used actuat highway and rail acoident statistics It considered doses frorm normal
shpments to people living along transporalion routes. occupants of vehicles sharing the route,

computer medels. The risk assessment foynd.

. Doses from routine transport would be less than 1£1000 the amount of radiation pegple - Formatted: Font: fDefauli} Futura Condensed, Forl color-
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On the basis of these studies. operalional experience, ang its own tachna reviews, the NRC
concluded that the shipment of spent fuel \s will be safe_cven s hundreds of shipments are
made each year al projecied stupiiant Jovels The NRC s continuing to iouow devalopmenis
ntrack spent fuel shipping, including the perfarmance of addibonal more analyses and testing of
spent fuel casks, to ensure that the nsks remain low.

Risk is generally understood to be the poseduldy chance of injury, damage or seme kind of 10ss.
Gvaa that undersianding-1The spent fuel shipment record inthe U S has been outstanding 10
dale Many more shipments have been successfully completed internationally under the same
hasic safety standards

While shipping spent fuel does involve nisk. NRC studies show indicate that this nisk s low As a
gvaluate the rigks ;Tha“'N'RC 5 nisk assessment asks the following three questions and then
convens the answers into numbers (o arnve at a nsk value

* What can go wrong”?
» How likely 15 it?
' If somelhing goes wrong. what are the consequences?

Alihough tThe overwheiming majority of spent fuel shipments are accident-free_To calculate the
rachaton rses 1o the puble, researchers caloulate radiation Asks 1o the public LWsHING USE two
scenaros One scenand involves a jouwaey tnpduning on which an accdent occurs, the other
covers the vast majority of journeys that do not invalve an accident.

Researchors use & four-step process fo Siudy acludl and polential accidents and thewr ¢MeCIS o 3 COMHNA.
Step 1. Exparts use Mstonl recork 10 determine what might happen.

« They also gathar put tagethor data on how many spent fusl shupmenis are likely each year.

- They loak at the mte of accidents For rail and highway shipments.

+ Rescarchers They look #1 a farge number of accidents that #r# concevabiecredibie.

« They alsa ook a¢ cragh \mpact forces, fires or punciures, They pich forces L3t arg more severe than (hase covered by
NRC standards.




TU SOUN dils UGS SIRTH oAt OF O TAsoTuorT e oSN IDR U1 UIHTIUDUSINY STYTIT auUlUTiile, 1 eoTaluiet>
use a multi-step approach-te calcuate risk. They use That appioach uses acmdent data and
their experience with past trucking and rail accdents involving other hazardous matenals. Part
of this_step 1s 10 deterrmine Thss also irvalves detenning what kinds of accxdents could happen
and locksng at what their potential effects might be.

According to the DOE Final Environmental Impact Statement «+E1S+-for the Yucca Mountain
Project, about 11,000 rail or 53,000 truck shipments might be expected dunng the 24 years of
operation of the repository. shouwld it be-approved The chances that any accident would occur
during a spent fuel shipment are about 1.n 10.000 for rail sShipments and 1.1n 1.000 for highway
transport. Put ancther way, these estimates indicate that 1 to 50 accidents involving casks are
concewvable in the process of moving al current-spent fue! to a pesmanent reposdory.

Looking at these conceivable accidents. the chance that even one would be sernous ensugh to
lead to even a small release is about 1 in 1,000 The chance of a large release is estimated to
be less than one in 1.000.000 00D

Step 2. Enginesrs use complex computer progiams o esiimaie how the pearts of 2 - iner might be ok ped
Dy cofiisans or fires.

+ They gather data on how much spent kol cach container will cairy.

= They anaiyre how the fuel might respond in & given type of sccident.

= They calculate the lemperature of the conteiner and the spent fuel itself dunng a long-wrm fir.

materisi might sscape.

Stop J. Researchers march ac<udent sc#nancos from Siep 1 wilh e Hesebimenis andiyies from Step 7_This quves them e

Feloriina the chirco of severe pe to the c iee O ilS ¢
Step 4. Researchers a0 4 specidl compilor progran: 10 Compute & nsk 1 wolls & &P Joro! . Tne
Program takes accideani probebility estimates, eapected bers of ahi; route dala (like poputation densmies),

wadther data fto estimate how any reioaso might be spread by wind), and radiclogicsi dose dasa 10 produce » nisk estimate

The Acclident-Free Scenaris

For most spert fuel shipments_ in an-assdenl-free journey- nothing will goes wrong and no
nuclear material will be is released #on-the contaded In this scenario. experns calculate the
total of radiation dose all radislegical exposures o+ doses that all peopie along the route could
bereceived y-ab peopie along the ranspontalion roule 5 Caiculated Because spent fuel even
fully contained, still emits low levels of radiation through the contamer cask walls. researchers
eshimate the total radiatior dose to peopie who could be exposed They use infermaticr on
routes and local populations siormatcnto delermine estaie-the number of pecple who mught
be affected who coold be-esposed and the iotairadiaten dose-thal dose they might recewve




ar gther malicious acts. The NRC's current rigies for the physical protection reguiations toial
spent fuel transponation include:

« Coordnatng with Pre-shpment coordination with law enforcement agencies hefore the

* Requinrg advance Preskpment notice 1o of-States and the NRC

* Usarg @ communicatinns certer and other means o morics shipments while i routeln-tiansst
sHipIment-cal-n o commuRisalions center

+ Shipment-mapionng

» Armed escorts (i populaied-areas: and

» immobilization dewices_

Commented [HECJ;]: Mol SLré what this means



Since September 11, 2001 the NRC has taken additional steps to protect the public. These

slapenvoive 3 hewghlemng of the secunly DOStUFe. MGG AEW-MESHFRS lakenie-protest
nuclear-faciities and regulatod activities. such-a6-spertiuel transportation and orderstatNRC
tasissued 10 hoensees:
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Proper handling of nuclear materials wili help to protect the safety of the public and plant
workers. To achieve this aim, the NRC works with the OOT and DOE in the U.S., and
internationally, with the |AEA. Together. these agencies help to make sure nuclear matenals are

packaged and transported safely.

This brochure explains the NRC's role in the safe packaging and transpert of spent nuclear fuel
from commercial nuclear power plants. The NRC oversees the design, manufacture, use and
maintenance of comtatners for these radioactive shipments.



The NRC addresses these and other questions as a part of its ongoing efforts to ensure safe
transport. As new technology and reai-world information become available, the NRC evaluates
its regulations. It is important to know that spent fuel has been shipped safely within the U.S.
and abroad for more than 40 years.

The Koy te Ensuring Salety: the Spent Fuei Skipping Container

Spent fuel is highly radioactive and must be shielded and contained 10 be transported safely.
Safe shipment requires a large, robust spent fuel container called a “cask.”



The NRC ragulates the design and construction of these casks to ensure the public is protected.
Containers used to move spent fuel by raii or highway are designed to withstand severe
accidents. In the U.S. and internationally, these containers must pass a senes of tests that
mimic accident forces. The NRC reviews spent fuel containers very carefully to ensure they
meet the design standards and test conditions in the requlations.

These containers must be abie to survive four tests involving impact, puncture, fire and
submersion in water. During and after the tests, the casks must contain the nuclear material,
limit radiation doses to acceplabie ieveis and prevent a nuclear chain reaction,

To protect workers and the public, a cask hias walls of steef and shielding materiais five to 15



This experience confirms that the safety system is sound. But will this hold true when shipments
increase to maove spent fuel to a future repository or a storage fadiity?

The NRC icoks at the risks associated with spent fuel fransport in a methodical and scientific
way Several NRC-sponsored studies gver the years have focused on the risk related to spent
fuel transport on highways and railroads. The results provide additional confidence in the
requlatians in place t¢ assure the safety of spent fuel transport.

In a 1977 study. the NRC found the risk from transporting spent fuel to be low. The study gave
the NRC confidence that existing regulations are adequate to protect the pubiic.

In =pparate studies in 19R7 and 2000 the NRC inaked mnra rinselv how shionina containers

Howard Street tunnei chemical tire that burned for tive days in Baltimore in 2001, the 1582
Caldecott tunnel fire and the 2007 MacArthur Maze fire, both sparked by gasoline tankers
outside Cakland, Cal; and a 2007 brush fire in the New Hall Pass tunnel outside Los Angeles.

Additional NRC studies identified the conditions in an acckdent that could produce a fire severe
enough to engulf a spent fuel transpeort package.

On the basis of these studies, plus cperaticnal experience and its cwn reviews, the NRC
believes spent fuel can be shipped safely. The evidence shows this will be true even if hundreds
of shipments are made each year. The NRC is continuing te track spent fuel shipping. including
more analyses and testing of spent fuel casks. to ensure that the risks remain low.



Understending the Risks

Risk is generally understood tc be the chance of injury. damage or some kind of loss. The spant
fuel shipment record in the U S. has been outstanding to date. Many more shipments have been
successfully completed internationally under the same basic safety standards.

While shipping spent fuel does involve risk. NRC studies show this risk ¢ low. As a part of its
safety effort, the NRC aims to manage the hazards to minimize the risk. To evaluate the risks.
the NRC asks the: following three questions and then converis the answers into numbers

release 1s about 1 n 4 000 The chance of a large release is less than ane in 1.000.000.000.

]
o

Stop 2. Engi ude comp p prog o how the parts of # shipping might be d. ged

by collisions or fires.

* They gather data on how much spent fue! sach container will casry.

+ They analyze how the spent fusl might F=3pond in § Qiven type of accicent.

+ They caiculate the temperature of (he continer and the spent fuel itself guning 3 long-term fire.

This information ailows them lo estimete the size of 2 poleptizl inak and how mych Nuciesr Matenal mght escape.

Smp J. Reseerchers Match accident scenarios from Stap 1 with the anafysses from Stap 2. This gives them e chamce of

severs 19w 10 the ; or s
Step 4. A special comp program comy 2 risk sstimate. The prog wikes accident probabeifly estimates, expacied
numbers of shipments, route data firke pop data {10 how any might be spread

by wind), snd radiological gose gata o prodice 2 fisk ul;mate



The Accldent-Fres Scenarie

For most spent fuel shipments, nothing will go wrong and no nuclear material will be released.
For these shipments, experts calculate the total radiation dose that ali pecple along the route
could receive. They use information on routes and locai populations to determine how many
people may be affected and the dose they could receive.

The risk to the public from an accident-free journey resuits from the very low levels of
radiation that mav come thraouah the cask walls A person standina alona the hiohwav or

pubhc'

Although there will always be a slight chance that an accident will cause a release of nuclear
material. But the NRC has found the likelihood of such an event and the risk tc the public are
extremely low. Even so, the NRC will continue to be vigilant about public safety as an essential
part of its rmission.

Spont Fuel Transpert Security

The NRC also regulates how spent nuclear fuel is protected in transit against sabotage or theft.
The NRC's current ruies for the physical protection of spent fuel transport include:

Commentexd [MEC28]: With NSIR for review



» Coordinating with law enforcement agencies before the shipment

+ Requiring advance nolice to States and the NRC

* Using a communications center and other means to monitor shipments while in route
« Armed escerts, and

* Remaote devices that allow vehicles to be turned off.

Since September 11. 2001 the NRC has taken adddional steps to protect the public.
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| know your executive summary is intended for general public consumption. We could put
that language in our glossy full-color brochure (assuming my supervisor approves). Curious
to know what you think....

Maureen Conley
NRC Office of Public Affairs
301-415-8202



Mark’s edits to the criticality safety post.

Over the next couple weeks | will draft a blog post on Part 72, our reviews, etc. as an intro
to the discipline-specific blog posts. | will also take a look at the current dry cask storage
backgrounder to see what we can/should update.

| think that covers everything, but let me know if | missed something. Just sent an updated
scheduler proposing a new date for our Aug. meeting — hopefully not the week Tony will be
out.

Thanks!

Maureen Conley
NRC Office of Public Affairs
301-415-8202



the NRU s review ot spent tuel cask designs because each sysiem nas inmits on iemperamire and
radioactivity. How hot and radioactive spent fuel is dépends on burnup. as well as the fuel’s initial
makeup and conditions in the core. All these factors must be taken into account in designing dry storage
and transport systems for spent fuel.

It was also once thought that ¢ladding on higher burnup fuel could become more brittle as it cools.
But research now shows that is not a concern. Nuclear fuel is encased in metal cladding. In the reactor.
this cladding reacts with cooling water. The reaction forms oxide on the outside (similar to rust) and
releases hvdrogen. These processes begin slowly. then start to accelerate as the fuel reaches burnup of
45 GWAdMTU. Anvthine above this level is considered high burnup. But in reality there is no sharp line
hetween low and hich burnup. It is a continuum. That means the difference between fuel burned to 45
GWA/MTU and 46 or 47 GWd/MTU can be very small.
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NRC studies show @t the likelihood of a radicactive release is very low. Fewer than 5 in
10,000 accidents involving a spent fuel container may be more severe than the conditions
defined in the design standards. YWe would not expect a radicactive release in 99.99973% of
those 5 accidents. However, if a very unlikely chain of events cccurs, an accident might be
severe enough to cause a release.

To estimate the risk of these severe accidents, researchers use a multi-step approach. They
use data and their experience with past highway and rail accidents involving other hazardous
materials. Part of this step is to determine what kinds of accidents could happen and look at
what their effects might be.

Using this method, the chance that an accident wouid be serious enough to lead to a reiease is
1in 1 billicn. If an accident did release radicactive material, the dose to the most affected
individual would not cause immediate harm.
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