Transport of Radioactive Materials
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48G Depleted UFs Storage Cylinder
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After enrichment, depleted uranium hexafluoride is placed in large steel cylinders for storage.
The most common storage cylinders have a 48 inch diameter.
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http://www.world-nuclear.org/info/Nuclear-Fuel-
Cycle/Transport/Transport-of-Radioactive-Materi
als/  (Updated August 2014)
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® About twenty million consignments of all
sizes containing radioactive materials are
routinely transported worldwide annually
on public roads, railways and ships.
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® These use robust and secure containers.
At sea, they are generally carried in
purpose-built ships.
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® Since 1971 there have been more than 20
000 shipments of used fuel and high-level
wastes (over 80 000 tonnes) over many
million kilometres.
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® There have been accidents over the years,
but never one in which a container with
highly radioactive material has been
breached, or has leaked.
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About 20 million consignments of radioactive
material (which may be either a single package or
a number of packages sent from one location to
another at the same time) take place around the
world each year. Radioactive material is not
unique to the nuclear fuel cycle and only about
5% of the consignments are fuel cycle related.
Radioactive materials are used extensively in
medicine, agriculture, research, manufacturing,
non-destructive testing and minerals' exploration.
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International regulations for the transport of
radioactive material have been published by the
International Atomic Energy Agency (IAEA)
since 1961. These regulations have been widely
adopted into national regulations, as well as into
modal regulations, such as the International
Maritime Organisation’s (IMO) Dangerous
Goods Code. Regulatory control of shipments of
radioactive material is independent of the
material's intended application.
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Nuclear fuel cycle facilities are located in various
parts of the world and materials of many kinds
need to be transported between them. Many of
these are similar to materials used in other



industrial activities. However, the nuclear
industry's fuel and waste materials are radioactive,
and it is these 'nuclear materials’ about which
there is most public concern.
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Nuclear materials have been transported since
before the advent of nuclear power over fifty
years ago. The procedures employed are designed
to ensure the protection of the public and the
environment both routinely and when accidents
occur. For the generation of a given quantity of
electricity, the amount of nuclear fuel required is
very much smaller than the amount of any other
fuels. Therefore, the conventional risks and
environmental impacts associated with fuel
transport are greatly reduced with nuclear power.
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In the USA one percent of the 300 million
packages of hazardous material shipped each year
contain radioactive materials. Of this, about
250,000 contain radioactive wastes from US
nuclear power plants, and 25 to 100 packages
contain used fuel. Most of these are in robust
125-tonne Type B casks carried by rail, each
containing 20 tonnes of used fuel.
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Materials being transported
Pod el ¥

Transport is an integral part of the nuclear fuel
cycle. There are some 430 nuclear power reactors
in operation in 32 countries but uranium mining
is viable in only a few areas. Furthermore, in the
course of over forty years of operation by the
nuclear industry, a number of specialised
facilities have been developed in various
locations around the world to provide fuel cycle



services. Hence there is a need to transport
nuclear fuel cycle materials to and from these
facilities. Indeed, most of the material used in
nuclear fuel is transported several times during its
its progress through the fuel cycle. Transport is
frequently international, and often over large
distances. Any substantial quantities of
radioactive materials are generally transported by
specialised transport companies.
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The term 'transport' is used in this document only
to refer to the movement of material between
facilities, i.e. through areas outside such facilities.
Most consignments of nuclear fuel material occur
between different stages of the cycle, but



occasionally material may be transported
between similar facilities. When the stages are
directly linked (such as mining and milling), the
facilities for the different stages are usually on
the same site, and no transport is then required.

FREE 2P T R R
Ao L g FARRIERE S LB
B AR ERARE - b B dogR
Ffete 1 B3 B AR M ELF L G EiE
£ o

With very few exceptions, nuclear fuel cycle
materials are transported in solid form. The
following table shows the principal nuclear
material transport activities:
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NG U0y end &
UF@ + 2H20 — U02F2 + 4HF

(gas) (Excess (solid) (gas)
steam)

UOF, + H, — uo, + 2HF

(solid) (powder) (gas)

Although some waste disposal facilities are
located adjacent to the facilities that they serve,
utilising one disposal site to manage the wastes
from several facilities usually  reduces
environmental impacts. When this is the case,
transport of the wastes from the facilities to the
disposal site will be required.
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Classification of radioactive wastes
i LA
Exempt waste - excluded from regulatory
control because radiological hazards are
negligible.
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Low-level waste (LLW) - contains
enough radioactive material to require
action for the protection of people, but not
so much that it requires shielding in
handling or storage.
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Intermediate-level waste (ILW) - requires
shielding. If it has more than 4000 Bqg/g
of long-lived (over 30 year half-life)
alpha emitters it is categorised as
"long-lived" and requires more
sophisticated handling and disposal.
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. High-level waste (HLW) - sufficiently
radioactive to require both shielding and
cooling, generates >2 kW/m? of heat and
has a high level of long-lived
alpha-emitting isotopes.
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Packaging

The principal assurance of safety in the transport
of nuclear materials is the design of the
packaging, which must allow for foreseeable
accidents. The consignor bears primary
responsibility for this. Many different nuclear
materials are transported and the degree of
potential hazard from these materials varies
considerably. Different packaging standards have
been developed by the IAEA according to the
charactristics and potential hazard posed by the
different types of nuclear material, and regardless
of the mode of transport.
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Ordinary industrial containers are used for
low-activity material such as uranium oxide
concentrate shipped from mines - U308. About
36 standard 200-litre drums fit into a standard
6-metre transport container. They are also used
for low-level wastes within countries.
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‘Type A' packages are designed to withstand
minor accidents and are used for medium-activity
materials such as medical or industrial
radioisotopes.
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Containers for high-level waste (HLW), used fuel
and MOX fuel are robust and very secure casks
known as ‘Type B' packages. They range from
drum-size to truck-size and maintain shielding
from gamma and neutron radiation, even under
extreme accident conditions. Designs are
certified by national authorities. There are over
150 kinds of Type B packages, and the larger
ones cost some US$1.6 million each.
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each year of Type B packages. Thisisin
relation to 15 million shipments classified as
‘dangerous goods', 300,000 of which are
radioactive materials of some kind.
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Smaller amounts of high-activity materials
(including plutonium) transported by aircraft are
be in 'Type C' packages, which give even greater



protection in all respects than Type B packages in
accident scenarios. They can survive being
dropped from an aircraft at cruising altitude.
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An example of a Type B shipping package is
Holtec’s HI-STAR 80 cask (STAR = storage,
transport and repository), a multi-layered steel
cylinder which holds 12 PWR or 32 BWR
high-burnup used fuel assemblies (above 45
GWad/t) which have had cooling times as short as
18 months. The HI-STAR 60 can transport 12
PWR used fuel assemblies, and two aluminium
impact limiters. The HI-STAR 180 was the first
one licensed to transport high-burnup fuel, and
holds 32 or 37 PWR used fuel assemblies. The
HI-STAR 190 cask has the world’s highest heat
load capacity, at 38 kW, and is to be used
domestically in Ukraine for PWR fuel. The
HI-STAR 100 is based on a sealed multi-purpose



canister containing the fuel which can be
transferred to HI-STORM storage systems,
exchanging one overpack for another.
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- SECONDARY LID (WELDED OR BOLTED)
~ PRIMARY LID (WELDED OR BOLTED)

HI-STAR TOP FORGING
BARE FUEL BASKET (FUEL - SPECIFIC)

DRAIN LINE
LIFTING TRUNNIONS

MONOLITHIC SHIELDING

ROTATION TRUNNIONS
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The 3-Step Fuel Fabrication Process

Incoming UFg Conversion of UFg
Cylinders into UO, Powder

Uranium Recovery

Powder Processing and
Pellet Manufacturing

Off-gas and
waste-water treatment

The three-step fuel fabrication pros
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Pellets into Fuel Rods
and Fuel Assemblies

Qutgoing Fuel
Assemblies for
Reactors
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Radiation protection
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When radioactive materials, including nuclear
materials, are transported, it is important to
ensure that radiation exposure of both those
involved in the transport of such materials and
the general public along transport routes is
limited. Packaging for radioactive materials
includes, where appropriate, shielding to reduce
potential radiation exposures. In the case of some
materials, such as fresh uranium fuel assemblies,
the radiation levels are negligible and no
shielding is required. Other materials, such as
used fuel and high-level waste, are highly



radioactive and purpose-designed containers with
integral shielding are used. To limit the risk in
handling of highly radioactive materials,
dual-purpose containers (casks), which are
appropriate for both storage and transport of used
nuclear fuel, are often used.
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As with other hazardous materials being
transported, packages of radioactive materials are
labelled in accordance with the requirements of
national and international regulations. These
labels not only indicate that the material is
radioactive, by including a radiation symbol, but
also give an indication of the radiation field in the
vicinity of the package. Personnel directly



involved in the transport of radioactive materials
are trained to take appropriate precautions and to
respond in case of an emergency.
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Environmental protection
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Packages used for the transport of radioactive
materials are designed to retain their integrity
during the various conditions that may be
encountered while they are being transported thus
ensuring that an accident will not have any major
consequences. Conditions which packages are
tested to withstand include: fire, impact, wetting,
pressure, heat and cold. Packages of radioactive
material are checked prior to shipping and, when
it is found to be necessary, cleaned to remove
contamination. Although not required by



transport regulations, the nuclear industry
chooses to undertake some shipments of nuclear
material using dedicated, purpose-built transport
vehicles or vessels.
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Regulation of transport
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Since 1961 the International Atomic Energy
Agency (IAEA) has published advisory
regulations for the safe transport of radioactive
material. These regulations have come to be
recognised throughout the world as the uniform
basis for both national and international transport
safety requirements in this area. Requirements



based on the IAEA regulations have been
adopted in about 60 countries, as well as by the
International Civil Aviation Organisation (ICAQ),
the International Maritime Organisation (IMO),
and regional transport organisations.
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The IAEA has regularly issued revisions to the
transport regulations in order to keep them up to
date. The latest set of regulations is published as
TS-R-1, Regulations for the Safe Transport of
Radioactive Material, 2009 Edition.
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The objective of the regulations is to protect
people and the environment from the effects of



radiation during the transport of radioactive
material.
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Protection is achieved by:
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e containment of radioactive contents;
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« control of external radiation levels;
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o  prevention of criticality; and
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e  prevention of damage caused by heat.
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The fundamental principle applied to the
transport of radioactive material is that the
protection comes from the design of the package,
regardless of how the material is transported.
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Transport of uranium oxide from mines and
uranium hexafluoride
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Uranium oxide concentrate, sometimes called
yellowcake, is transported from the mines to
conversion plants in 200-litre drums packed into
normal shipping containers. No radiation
protection is required beyond having the steel
drums clean and within the shipping container.
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In Australia, over more than three decades to
2014, 11,000 shipping containers with drums of
U30g were moved from mines to ports with no
incident affecting public health.
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To and from enrichment plants, the uranium is in
the form of uranium hexafluoride (UF6), which
again is barely radioactive but has significant
chemical toxicity. It is in special containers,
which also function for storage.
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Transport of uranium fuel assemblies
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Uranium fuel assemblies are manufactured at fuel
fabrication plants. The fuel assemblies are made
up of ceramic pellets formed from pressed
uranium oxide that has been sintered at a high
temperature (over 1400°C). The pellets are
aligned within long, hollow, metal rods, which in
turn are arranged in the fuel assemblies, ready for
introduction into the reactor.
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Different types of reactors require different types
of fuel assembly, so when the fuel assemblies are
transported from the fuel fabrication facility to
the nuclear power reactor, the contents of the
shipment will vary with the type of reactor
receiving it.
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In Western Europe, Asia and the US, the most
common means of transporting uranium fuel
assemblies is by truck. A typical truckload
supplying a light water reactor contains 6 tonnes
of fuel. In the countries of the former Soviet
Union, rail transport is most often used.
Intercontinental transports are mostly by sea,
though occasionally transport is by air.

ERRNRIE PR - R N SR ¥ R
fehs A EFE o F P YD L6
PR R R R TR el o B R BRI



&W%:w#fwﬁﬁﬁﬁ’W%@*%é@
A B R Uy gy

o

_F;

The annual operation of a 1000 MWe light water
reactor requires an average fuel load of 27 tonnes
of uranium dioxide, containing 24 tonnes of
enriched uranium, which can be transported in 4
to 5 trucks.
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The precision-made fuel assemblies are
transported in packages specially constructed to
protect them from damage during transport.
Uranium fuel assemblies have a low radioactivity
level and radiation shielding is not necessary.
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Fuel assemblies contain fissile material and
criticality is prevented by the design of the



package, (including the arrangement of the fuel
assemblies within it, and limitations on the
amount of material contained within the package),
and on the number of packages carried in one
shipment.
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Transport of LLW and ILW
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Low-level and intermediate-level wastes (LLW
and ILW) are generated throughout the nuclear
fuel cycle and from the production of
radioisotopes used in medicine, industry and
other areas. The transport of these wastes is
commonplace and they are safely transported to
waste treatment facilities and storage sites.
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Low-level radioactive wastes are a variety of
materials that emit low levels of radiation,
slightly above normal background levels. They
often consist of solid materials, such as clothing,
tools, or contaminated soil. Low-level waste is
transported from its origin to waste treatment
sites, or to an intermediate or final storage
facility.
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A variety of radionuclides give low-level waste
its radioactive character. However, the radiation
levels from these materials are very low and the
packaging used for the transport of low-level
waste does not require special shielding.
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Low-level wastes are transported in drums, often
after being compacted in order to reduce the total
volume of waste. The drums commonly used
contain up to 200 litres of material. Typically, 36
standard, 200 litre drums go into a 6-metre
transport container.  Low-level wastes are
moved by road, rail, and internationally, by sea.
However, most low-level waste is only
transported within the country where it is
produced.

M B B R P 3 - AREON T R
BN A RBEER SRR O - A
chfi oy B 200 XA g 0 i ¥ 36 B
B 200 22 fEF RV EA - B LR
oMbt b L SRS BRI
AGRA I R U A R S ]
BREAS T L ARPNEE -

The composition of intermediate-level wastes is
broad, but they require shielding. Much ILW



comes from nuclear power plants and
reprocessing facilities.
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Intermediate-level wastes are taken from their
source to an interim storage site, a final storage
site (as in Sweden), or a waste treatment facility.
They are transported by road, rail and sea.
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The radioactivity level of intermediate-level
waste is higher than low-level wastes. The
classification of radioactive wastes is decided for
disposal purposes, not on transport grounds. The
transport of intermediate-level wastes take into
account any specific properties of the material,
and requires shielding.
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In the USA there had been 9000 road shipments
of defence-related transuranic wastes for
permanent disposal in the deep geological
repository near Carlsbad, New Mexico, by
October 2010, without any major accident or any
release of radioactivity. Almost half the
shipments were from the Idaho National
Laboratory. The repository, known as the Waste
Isolation Pilot Plant (WIPP), is about 700 m deep
in a Permian salt formation.
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Transport of used nuclear fuel
% P i 3%



When used fuel is unloaded from a nuclear power
reactor, it contains: 96% uranium, 1% plutonium
and 3% of fission products (from the nuclear
reaction) and transuranics).
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Used fuel will emit high levels of both radiation
and heat and so is stored in water pools adjacent
to the reactor to allow the initial heat and
radiation levels to decrease. Typically, used fuel
is stored on site for at least five months before it
can be transported, although it may be stored
there long-term.
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From the reactor site, used fuel is transported by
road, rail or sea to either an interim storage site or
a reprocessing plant where it will be reprocessed.
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Used fuel assemblies are shipped in Type B casks
which are shielded with steel, or a combination of
steel and lead, and can weigh up to 110 tonnes
when empty. A typical transport cask holds up to
6 tonnes of used fuel.
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Since 1971 there have been some 7000 shipments
of used fuel (over 80 000 tonnes) over many
million kilometres with no property damage or
personal injury, no breach of containment, and
very low dose rate to the personnel involved (e.g.
0.33 mSv/yr per operator at La Hague). This
includes 40,000 tonnes of used fuel shipped to



Areva's La Hague reprocessing plant, at least
30,000 tonnes of mostly UK used fuel shipped to
UK's Sellafield reprocessing plant, 7140 t used
fuel in 160 shipments from Japan to Europe by
sea (see below) and 4500 tonnes of used fuel
shipped around the Swedish coast.
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Some 300 sea voyages have been made carrying
used nuclear fuel or separated high-level waste
over a distance of more than 8 million kilometres.
The major company involved has transported
over 4000 casks, each of about 100 tonnes,
carrying 8000 tonnes of used fuel or separated



high-level wastes. A quarter of these have been
through the Panama Canal.
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In Sweden, more than 80 large transport casks are
shipped annually to a central interim waste
storage facility called CLAB. Each 80 tonne cask
has steel walls 30 cm thick and holds 17 BWR or
7 PWR fuel assemblies. The used fuel is shipped
to CLAB after it has been stored for about a year
at the reactor, during which time heat and
radioactivity diminish considerably. Some 4500
tonnes of used fuel had been shipped around the
coast to CLAB by the end of 2007.
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Shipments of used fuel from Japan to Europe for
reprocessing used 94-tonne Type B casks, each
holding a number of fuel assemblies (e.g. 12
PWR assemblies, total 6 tonnes, with each cask
6.1 metres long, 2.5 metres diameter, and with 25
cm thick forged steel walls). More than 160 of
these shipments took place from1969 to the
1990s, involving more than 4000 casks, and
moving several thousand tonnes of highly
radioactive used fuel - 4200t to UK and 2940t to
France. Within Europe, used fuel in casks has
often been carried on normal ferries, e.g. across
the English Channel.
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Transport of plutonium
&7 eiE 1%

Plutonium is separated during the reprocessing of
used fuel. It is normally then made into mixed
oxide (MOX) fuel. Plutonium is transported,
following reprocessing, as an oxide powder since
this is its most stable form. It is insoluble in
water and only harmful to humans if it enters the
lungs.
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Plutonium oxide is transported in several
different types of sealed packages and each can
contain several kilograms of material. Criticality
is prevented by the design of the package,
limitations on the amount of material contained
within the package, and on the number of



packages carried on a transport vessel. Special
physical protection measures apply to plutonium
consignments.
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A typical transport consists of one truck carrying
one protected shipping container. The container
holds a number of packages with a total weight
varying from 80 to 200 kg of plutonium oxide. A
sea shipment may consist of several containers,
each of them holding between 80 to 200 kg of
plutonium in sealed packages.
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Transport of vitrified waste
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The highly radioactive wastes (especially fission
products) created in the nuclear reactor are
segregated and recovered during the reprocessing
operation. These wastes are incorporated in a
glass matrix by a process known as 'vitrification’,
which stabilises the radioactive material.
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The molten glass is then poured into a stainless
steel canister where it cools and solidifies. A lid
is welded into place to seal the canister. The
canisters are then placed inside a Type B cask,
similar to those used for the transport of used
fuel.
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The quantity per shipment depends upon the
capacity of the transport cask. Typically a
vitrified waste transport cask contains up to 28
canisters of glass.
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Return nuclear waste shipments from Europe to
Japan since 1995 are of vitrified high-level
wastes in stainless steel canisters. Up to 28
canisters (total 14 tonnes) are packed in each
94-tonne steel transport cask, the same as used
for irradiated fuel. Over 1995-2007 twelve
shipments were made from France of vitrified
HLW comprising 1310 canisters containing
almost 700 tonnes of glass. Return shipments
from the UK are due to commence, and there will
be about 11 shipments over eight years.
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Purpose-built ships
FRE T Ay

In 1993, the International Maritime Organisation
(IMO) introduced the voluntary Code for the Safe
Carriage of Irradiated Nuclear Fuel, Plutonium
and High-Level Radioactive Wastes in Flasks on
Board Ships (INF Code), complementing the
IAEA Regulations. These complementary
provisions mainly cover ship design, construction
and equipment. The INF Code came into force in
January 2001 and introduced advanced safety
features for ships carrying used fuel, MOX or
vitrified high-level waste.
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There are at least five small purpose-built ships
ranging from 1250 to 2200 tonnes (DWT), and
four purpose-built ships almost of 3800 to 4900
tonnes (DWT), and able to carry class B casks
and other materials. They conform to all relevant
international safety standards, notably INF-3
(Irradiated Nuclear Fuel class 3) set by the IMO.
This allows them to carry highly radioactive
materials such as high-level wastes and used
nuclear fuel, as well as mixed-oxide (MOX) fuel
and plutonium.
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The three largest ships belong to a British-based
company Pacific Nuclear Transport Ltd (PNTL)*,
and the Oceanic Pintail of 3865 tonnes
deadweight and 104 metres long is owned by
PNTL parent company International Nuclear
Services Ltd (INS). They all have double hulls
with impact-resistant structures between the hulls,
together with duplication and separation of all
essential systems to provide high reliability and
also survivability in the event of an accident.
Twin engines operate independently. Each ship
can carry up to 20 or 24 transport casks. The
three  PNTL vessels now in service, Pacific
Heron, Pacific Egret and Pacific Grebe, were
launched in Japan in 2008, 2010 and 2010
respectively. They are 4916 tonnes deadweight
and 104 metres long. Pacific Grebe carries
mainly wastes, the other two mainly MOX fuel.
Oceanic Pintail carries both. Earlier ships in the
PNTL fleet mainly carried Japanese used fuel to
Europe for reprocessing. The PNTL fleet has
successfully completed more than 200 shipments
with more than 2000 casks over some 40 years,
covering about 10 million kilometres, without
any incident resulting in release of radioactivity.


http://www.pntl.co.uk/
http://www.innuserv.com/
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Sweden’s SKB has commissioned a slightly
larger replacement for its 1982 Sigyn, the Sigrid,
launched in Romania in 2012 and designed by
Damen Shipyards in Netherlands. It is used for


http://www.skb.se/default____24417.aspx

moving used fuel from reactors to the interim
waste storage facility. Sigrid is equipped with a
double hull, four engines and redundant systems
for safety and security. It was commissioned in
2013 and carried its first shipment in January
2014. Sigrid is 99.5 metres long and 18.6 metres
wide, 1600 deadweight tonnes (DWT) and
capable of carrying twelve nuclear waste casks.
(Sigyn was 1250 tonnes deadweight and carried
ten casks. It awaits further assignment.)
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Rosatomflot is operating the 1620 deadweight
tonne (DWT) Rossita, built in Italy and
completed in 2011. It is designed for transporting
spent nuclear fuel and materials of


http://www.skb.se/upload/publications/pdf/Fact-sheet_Sigrid.pdf
http://www.rosatomflot.ru/?lang=en

decommissioned nuclear submarines  from
Russian Navy bases in North-West Russia. It will
be used on the Northern Sea Route, between
Gremikha, Andreyeva Bay, Saida Bay,
Severodvinsk and other places hosting facilities
which dismantle nuclear submarines. Spent fuel
IS to be delivered to Murmansk for rail shipment
to Mayak. Rosatomflot has the Serebryanka
(1625 DWT, 102 m long, built 1974) already in
service. The Imandra (2186 DWT, 130 m long,
built 1980) is described as a floating technical
base but is reported to be already in service
transporting used fuel and wastes from the Nerpa
shipyard and Gremikha to
Murmansk. (Andreyeva Bay is the primary
spent nuclear fuel and radioactive waste storage
facility for the Northern Fleet, some 60 km from
the Norwegian border. It has about 21,000 spent
nuclear fuel assemblies and about 12,000 m® of
solid and liquid radioactive wastes.)
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Rossita is an ice-class vessel and is designed to
operate in harsh conditions of the Arctic. The
ship is 84 m long and 14 m wide, with two
engines, and has two isolated cargo holds holding
up to 720 tonnes in total. On board, the radiation
monitoring is carried out by both an automated
multi-channel system and a set of portable
instrumentation. The EUR 70 million vessel was

given to Russia as part of Italy’s commitment to



the G-8 partnership program for cleaning up
naval nuclear wastes, and is designed to cover all
needs in spent nuclear fuel and radioactive waste
shipments in northwest Russia throughout the
entire period of cleaning up these territories
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Accident scenarios
PR

There has never been any accident in which a
Type B transport cask containing radioactive
materials has been breached or has leaked. For
the radioactive material in a large Type B
package in sea transit to become exposed, the
ship's hold (inside double hulls) would need to



rupture, the 25 cm thick steel cask would need to
rupture, and the stainless steel flask or the fuel
rods would need to be broken open. Either
borosilicate glass (for reprocessed wastes) or
ceramic fuel material would then be exposed, but
in either case these materials are very insoluble.
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The transport ships are designed to withstand a
side-on collision with a large oil tanker. If the
ship did sink, the casks will remain sound for
many years and would be relatively easy to
recover since instrumentation including location
beacons would activate and monitor the casks.
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Safe Transportation of Spent Nuclear Fuel
#®F EPE et 2

Recently Congress approved the Yucca Mountain
site in Nevada for the disposal of High Level
Nuclear Waste (HLW), which includes spent
nuclear fuel. The U.S. Department of Energy is
now authorized to seek licensing of the
repository.
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Because spent nuclear fuel is highly radioactive
and therefore dangerous, it is a common
misconception that its transportation from the
nuclear reactor where it originates to the disposal



site in Nevada will pose a great hazard and grave
risk to the general public.
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However, many materials are dangerous under
some circumstances, but by simple control
measures, the risks can be eliminated or reduced
to acceptable levels.
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Ammonium nitrate, for example, is used safely
by the ton as a fertilizer. On the other hand, it can
be a terrible explosive.
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Just so with spent nuclear fuel. If no provision is
made to control the radiation, it is truly "deadly"



and exposure at close range for relatively short
periods of time can be lethal.
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Fortunately, control of the radiation is done
rather simply, by storing or manipulating the
spent fuel under water or behind thick layers of
iron, lead, or concrete. These “shielding"
materials absorb the radiation and eliminate the
risk inherent in the unshielded spent fuel.
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Thick-walled containers to absorb radiation
during transport of spent fuel have been used
from the first such shipment in 1946 to the
present time, during which several thousand
shipments have been made. No container in
normal use or involved in an accident has
released any of its contents, nor has any increase



in emitted radiation above levels allowed by the
design ever been noted.
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Shipping containers (casks) for the transport of
spent nuclear fuel are designed, fabricated, and
operated under regulations prescribed by Title 10,
Part 71, Code of Federal Regulations, "Packaging
and Transportation of Radioactive Material."”
Such casks are strong, massive metallic cylinders
that are designed to retain their contents under
the most unlikely accident conditions. These
casks are inherently safe containers for
transporting large quantities of highly radioactive
materials including spent nuclear fuel. Exposure
of the public to radiation while the cask is
in-transit is inconsequential
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The transportation section of the U.S.
Department of Energy's "Environmental Impact
Statement (EIS) for Yucca Mountain” considers
the frequency that accidents can occur, their
severity and their consequences, * both
radiological and nonradiological. It concludes
that in more than 99.99 percent of rail and truck
accidents no cask contents would be released.
Hypothetical accidents that could cause damage
to a cask are very serious, very improbable, and
expected to occur extremely infrequently. One
such postulated accident could be expected to
occur three times in each trillion truck accidents,
a second such accident, three times in 100 trillion
accidents. Confidence that casks will perform as
designed arises from validated engineering


http://www.sustainablenuclear.org/PADs/pad0211avoiland.html#_ftn3

analyses and from many tests using scale models
and actual casks. That this confidence is not
misplaced is borne out by the performance of
casks in actual use. The record is perfect!
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"The safety record for spent fuel shipments in the
U.S. and other industrialized nations is enviable.
Of the thousands of shipments completed over
the last 30 years, none has resulted in an
identifiable injury through release of radioactive



material."
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A reliable transport system for the movement of
spent nuclear fuel was recognized very early as
an essential part of the process of making
electricity from nuclear energy. Originally, it was
expected that the spent fuel would be moved to a
reprocessing plant for recovery of recyclable
nuclear fuel materials and packaging of the
radioactive waste materials for disposal. For a
variety of reasons, large-scale commercial
reprocessing of the spent fuel did not materialize
in the United States. Instead a decision was made
to treat the spent fuel as a waste for disposal. The
Nuclear Waste Policy Act of 1982 (as amended)
specifies that the federal government will take
ownership of the spent fuel and assume
responsibility for its disposal.
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Users of nuclear-produced electricity pay for
disposing of spent fuel by a surcharge of a tenth
of a cent per kilowatt-hour, which is included in
their electric bills.
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In July 2002 the Congress approved the site at
Yucca Mountain in Nevada as the U.S. repository
for disposal of high-level nuclear waste (which
includes spent nuclear fuel). The U.S.
Department of Energy is applying for site license
from the U.S. Nuclear Regulatory Commission.
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One concern is that adopting a central location in
the western part of the country for spent fuel
disposal will require shipping highly radioactive
material across the country. According to some,
the possible release of spent fuel in a
transportation accident is an unacceptable risk.
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This report provides information about the safety
of the spent-fuel transportation system that has
been in use for the past 40 years and under which
several thousand spent-fuel shipments have been
made with no release of any of the transported
materials.
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Design Considerations.
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The chief factor that influences the design of the
transport system is the need to protect the general

public from exposure to the radiation emitted by

the radioactive materials contained in the spent
fuel. Thus, the shipping containers for spent fuel
have to: Ensure that the spent fuel remains
contained even under severe accident conditions.
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Ensure that radiation levels at the surface of the
container are well below allowed limits during
normal transport and under accident conditions.
Ensure that the transported spent fuel cannot
accidentally undergo a nuclear fission reaction.



From the beginning, it was believed that it was
well within technical capabilities to design and
fabricate a transport system that meets these
performance requirements. It was also believed
necessary to provide a regulatory framework to
assure that the resulting system would
consistently meet performance requirements.
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Regulations Affecting Transportation
Systems.
# 353 %Jm FoernE A

The basic criteria for packages for shipping
high-level nuclear materials and spent fuel
originated in 1946 and were based on
recommendations of the National Academy of
Sciences. These recommendations served as



guidance for manufacture of the early shipping
casks for spent fuel and have been adopted by the
International Atomic Energy Agency and by 53
nations.
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Regulations were formalized based on the above
criteria and in 1974 the United States Nuclear
Regulatory Commission issued Title 10, Part 71,
of the Code of Federal Regulations (10CFR71).
This directive on the Packaging and
Transportation of Radioactive Material is a
detailed and comprehensive listing  of
requirements that must be met for safely shipping
radioactive materials.
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A few of the 75 subjects addressed in 10CFR71
that pertain to spent fuel transport include (i)
application procedure for package approval, (ii)
the approval standards that a shipping package
must meet for irradiated nuclear fuel transport,
(iii) the tests that the package must meet, (iv)
quality control procedures that apply, and (V)
operational procedures to be followed in use of
the shipping containers.
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In conformance with this regulatory document, a
typical spent-fuel container -- generally referred
to as a cask -- is a 20- t0ol00- ton cylinder
consisting of concentric layers of steel alloy (for
strength), a dense metal such as lead or uranium



between the steel layers (for absorption of
gamma radiation), a neutron shield wrapped
around the cask, and a grid-work within the cask
to hold the spent fuel. One end of the cask is
fitted with a closure and seals capable of
maintaining cask integrity under severe impact.
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For example, casks for shipping spent fuel to
Yucca Mountain are about 20 feet long and about
six feet in diameter, depending on design.
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Performance Under Accident Conditions.
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A cask built in conformance with 10CFR71 has
proven to be invulnerable to damage from the
most serious accidents experienced on the
nation's highways or railroads. -
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In December 1977 the Nuclear Regulatory
Commission released its environmental statement
on the transportation of radioactive material,
NUREG-0170, which concluded that the risks
associated with shipment in casks licensed to the
standards of 10CFR71 are small.
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In February 1987 another comprehensive study
was completed. © This study relied on historical
highway and railroad accident information to
define realistic accident scenarios. By applying
engineering analyses to casks hypothetically
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involved in such accidents, realistic assessments
of damage were made. The conclusions were that
radiological risks are "...less than risks previously
estimated in the NUREG-0170 document.”
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In the mid-1970s Sandia National Laboratory
conducted impact tests of shipping casks.” These
tests  simulated actual accidents. A
highway-transported cask was mounted on its
trailer and the trailer was attached to its tractor in
the usual fashion. Similarly, a rail-transported
cask was mounted on its special rail car and the
car attached to a locomotive. These casks
containing unirradiated nuclear fuel were
subjected to a variety of tests including (i) being
impelled by rocket motors at speeds of more than
60 miles per hour into a massive 688-ton
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concrete barrier backed by 1700 tons of dirt, and
(ii) being struck broadside (truck transported cask)
by a locomotive. These tests showed that the
casks could be expected to retain their radioactive
contents "... in extremely severe transportation
accidents".
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Such accidents are very improbable. The 60-mile
per hour highway impact was judged to occur
with a probability of once every 70 vyears
assuming seven million transport miles per year
for spent fuel. Accidents corresponding to the



other test scenarios are considered much less
probable with average number of years between
accidents ranging from 1,000 to 18,000 years.
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Even more important than the demonstration that
these cask systems could perform as designed
was the confirmation that scale models could be
reliably used to predict full-scale performance
and that the engineering analytical methods used
were valid.
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The impregnability of spent-fuel shipping casks
is well accepted. For example in a Smithsonian
article, the author states "Gasoline...is far and



away the most dangerous cargo on the nation's
highways. It would be possible to build gasoline
trucks that are as well protected as those that haul
nuclear fuel, but doing so, the carriers say, would
mean paying much more for gas at the pump."
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Response to a Fire.
k<G Y

Full-scale fire tests under extreme conditions
disclosed that a cask could be exposed to twice
the heat and three times the duration specified by
the current regulations before cask degradation
occurred. The response of the cask was well
predicted analytically. In one test, the lead melted
completely and some lead escaped, but no fuel
was released. The probability of a railroad cask



fire of this magnitude is estimated at once every
700 years.

FAER NIRRT S - E&RY 0 BT
FAPRR R - ARG 0 T AR
PO o et i < SR F Bl

CHEIPRFORPEET0 8T L - %o

Response to a Sabotage Attack.
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A test to determine the amount of spent fuel that
would be pulverized and become breathable if a
cask were subjected to explosive penetration was
undertaken in late 1981. The results of this
experiment in which a 26-ton cask containing a
single unirradiated fuel assembly was penetrated
by a shaped charge explosive device, disclosed
that very little of the fuel was converted to
particles of a size breathable by humans.
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Using the information garnered in this
experiment, an analysis was made of the
radiological consequences of a hypothetical
accident in which a truck mounted cask
containing spent fuel is assumed to undergo such
an explosive attack in Manhattan, New York City.
The results from nuclear causes were no early
deaths (within weeks after exposure), no early
fatality (deaths within a year after exposure), and
possibly one cancer fatality later. (The study did
not speculate on the number of deaths that might
result from the explosion.) Certainly the nuclear
effects were inconsequential as compared to
homicides or vehicular accidents occurring in the
same period in New York City.
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Conclusion

A combination of good regulatory standards,
good engineering design, quality controlled
fabrication and inspection processes, validated
performance of scale-model and full scale casks
under a variety of test conditions provide a high
degree of confidence that containers used for the
shipment of spent nuclear fuel will do their job
safely, both in normal use and in the event of
very serious accidents.
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Dedicated Transport Contamer

(UF6 Container)




Backup Information
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Hypothetical Accident Conditions from
10CFR71.73
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A cask for shipment of spent fuel must be able to
survive the following tests:
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A drop through 30 feet onto an unyielding
surface. ("Unyielding™ is the main point here, as
this ensures that the kinetic energy of the drop is
all applied to the cask. We all know that a light
bulb will usually survive a fall onto a carpet, but
will not live through impact with a concrete floor.)
In practice, in addition to the collapsible
structural components of the cask system,
engineered collapsible "impact limiters" are
attached to the casks to provide a "yielding"
surface in the event of accident.
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Impact by an 1,100-pound mass falling through
30 feet.
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Fall of the cask from a height of 40 inches onto a
steel post 6 inches in diameter and 8 inches long.
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Exposure to an engulfing fire at 1,475 degrees
Fahrenheit for 30 minutes.
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Immersion under three feet of water. (An
undamaged specimen of the cask must not leak
when immersed to a depth of 50 feet -- or a
pressure equivalent of 21.7 pounds per square
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Orientation of the cask in each test is to be such
as to assure maximum damage. The impact tests
are to be applied successively, followed by the
fire and water tests. Thus the cask must maintain
its integrity through all of these tests.
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Test Conditions for Containers
Water Spray Test Stacking Test
Free Drop Test Penetration Test
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Spent Nuclear Fuel
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Spent nuclear fuel looks just like it did when it
was loaded into the reactor. Within the fuel rods
there is a change in the atomic species due to
fission of uranium and plutonium in the reactor
and radioactive decay after removal from the
reactor. There is a minuscule loss of weight
because in the fission process some mass is
converted into energy (heat).
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Typically, nuclear fuel consists of 1/2 -inch
diameter by 1/2 -inch long ceramic uranium
dioxide pellets stacked in 13-foot long tubes of a
zirconium alloy. From 63 to 264 of these fuel
rods, depending on the particular fuel design, are
mounted in metal fixtures. These fuel-rod
aggregations are called fuel assemblies.
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A large number of fuel assemblies -- containing a
total of 120 to 140 tons of uranium -- are grouped
in the "core" of the reactor. When the reactor is
operating, fission and radioactive decay produce
heat mostly within the fuel rods. This heat is
transferred to water pumped through the fuel
assemblies and the water is directly or indirectly
converted to steam. The steam powers
turbine-generators that produce electricity.
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This is the same way that electricity is usually
generated except that the heat is provided by a



nuclear reaction rather than by a chemical
combustion process such as the burning of coal,
gas, oil, or other fuel. A significant difference is
that in the nuclear powered system there are
almost no gases -- greenhouse or otherwise --
emitted.
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The fuel rods remain in the reactor typically for
three or four years, in 600-plus degree Fahrenheit
water and at a pressure exceeding 1,000 pounds
per square inch. In some instances, reactors have
run continuously for over a year at essentially full
power -- a quite remarkable technical feat. The
fuel rods survive this harsh environment very
well.
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About every 18 to 24 months, one-fourth to
one-third of the fuel rods are no longer suitable
for continued use in the reactor. They become
"used" or "spent" fuel and are removed and
replaced by fresh fuel.
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Upon removal from the reactor, the spent fuel is
stored under water in a basin to allow the
short-lived radionuclides to decay to more-stable
isotopes and to reduce the heat emitted by
radioactive decay.
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When a nuclear power plant is shut down, the
rate of heat production immediately drops by a
factor of 16 to about 6% of what it was when the
fission process was ongoing. An hour later, it is
down by a factor of 100 to about 1%. After a
month, the power reduction factor is about 1,000
(0.1%). After a year it is about 5,000 (0.02%) and
after 5 years about 30,000 (0.003%).
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Freshly discharged spent fuel is stored in deep
pools at the reactor covered by at least nine feet
of water. The water provides both shielding from
the radiation and removal of heat from the
radioactive decay.
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After about five years of water storage the heat
output of the spent fuel is reduced to the extent
that it can be stored in massive concrete
containers that are air cooled by convection.
According to federal regulation, the spent fuel is
considered to be High Level Nuclear Waste. -
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Member of the Center for Reactor Information
(CFRI). The author has had personal managerial
experience with the safe transportation of spent
nuclear fuel in over 500 truck shipments and over
100 railcar-shipments of spent fuel with no
accidents and no consequences to the public. He
believes that the existing procedure for shipping
spent fuel is a well established and safe
procedure that has proven more than adequate
over the test of time.
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Nuclear fuel is the wuranium material that
undergoes a nuclear reaction in a nuclear reactor
to produce heat and steam for the production of
electricity. Spent nuclear fuel is, for a variety of
reasons, no longer useful to sustain the nuclear
heat-generating reaction. The spent fuel can be
thought of as the ashes of the nuclear reaction.
Spent fuel is exceedingly radioactive, is
inherently dangerous, and must be handled with
great caution.
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Spent Fuel Shipping to Yucca Mountain
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Because of the incredible efficiency of the atom
as a power source, very little spent fuel is
produced each year. A typical modern nuclear
reactor that operates at a 1,000 megawatt
electrical power level WiII use 20 to 30 metric
tons of uranium per year ** and, therefore produce,
at the most, 30 tons of spent fuel. This 30 tons of
fuel  will  make about  8,000,000,000
kilowatt-hours (kwh) of electricity.
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An annual production of spent fuel would require
less than three rail shipments to Yucca Mountain
per year, each shipment consisting of a special
train of three rail cars, each car containing one
cask.
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For perspective, to generate this same amount of
electricity from coal requires burning about
3,000,000 tons. Transporting this much coal, each
year, takes over 300 train loads, each train
consisting of over 100 rail cars, each car
containing 100 tons of coal -- in all 30,000 car
loads.
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In 1999 there were about 40,000 tons of spent
fuel stored at reactors and in away-from-reactor
storage around the country and another 20,000
tons would be produced before Yucca Mountain
is ready to receive any spent fuel.
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How quickly the spent fuel needs to be removed
from the reactors and transported to Yucca
Mountain will determine the rate at which the
spent fuel will need to be shipped and will
require answering a number of questions. The
logistics of the spent fuel shipping system,
including availability of casks, turn-around time,
etc., will determine the most efficient method of
operation.
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Answering these questions is simply a typical
business problem -- one that requires good
interfacing between the Yucca Mountain disposal
site, the shippers, the railroad, and regulators.
Though the transportation process is not simple,
it is a routine commercial activity, and many



experts will pay close attention in the planning
and execution.
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Effects of Sabotage Explosive Assault
FLRGTBABEFALE

The risks associated with a sabotage assault on a
spent fuel shipment depend on how much
radioactive material will be released from the
cask as a respirable aerosol. In the earliest
regulations there was no empirical information
available, so risks were based on speculative
scientifically based estimates. A Sandia study,
SAND 77-1927 to estimate the radiological
consequence of a sabotage event, assumed that
0.07 percent of the spent fuel in the cask could be
converted to a respirable form. This value was
acknowledged to be very conservative and
fraught with uncertainty.
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Based on the potential risk that this study
suggested, the NRC imposed a number of
temporary rules to reduce the chance that such a
sabotage event could occur.
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Both the NRC and the Department of Energy,
realizing that realistic data were needed as a basis
for realistic regulations, sponsored experimental
programs to pin down the gquestion of how much
spent fuel subject to a violent explosive attack
would be converted to a respirable aerosol.
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Battelle ~ Memorial Institute  conducted

experiments using actual spent fuel. Sandia
National Laboratory conducted a full-scale
program using an obsolete shipping cask and
unirradiated fuel. The results of these programs
complemented each other and it was learned that
the actual formation of respirable fraction was
very much less than had been estimated in the
previous study.
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In Sandia's full-scale test® the amount of material
in the respirable range was found to be only
about 1/10 of an ounce of uranium dioxide from
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220 pounds damaged in the spent fuel.. This is
about 0.0006 percent of the fuel or less than
1/100 of that assumed in the earlier study.
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This full-scale test confirmed that the effect of
the explosive charge was to shatter the material
affected rather than to pulverize it. This
knowledge is also useful in planning for clean-up
after such an event should it occur.
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In applying this new experimental data to a
radiological consequences analysis, it was
learned that if such a sabotage event were to take
place in Manhattan, New York City, it would
result in no early fatality nor morbidity -- apart



from the effects of the explosion -- and no more
than one later cancer fatality.
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Actual Cask Accident Experience
REZIRFLHE®

The safety record for spent fuel shipments in the
U.S. and other industrialized countries is enviable.
Of the thousands of shipments completed over
the last 30 years, none has resulted in an
identifiable injury through release of radioactive
material.
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He goes on to say that in the period from 1979
through 1995, 356 metric tons of spent fuel were
shipped in 1,168 highway shipments and 979
metric tons in 138 rail shipments.
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During 1971 to 1995 eight accidents involving
casks took place, with no release of radioactive
material in any of them. In four of these accidents,
the casks were loaded with HLW.
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« In one accident the truck left the road and
the cask was thrown from the trailer. The
cask was slightly damaged but was
repaired. The driver was Killed.
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e In two incidents the truck/trailers failed.
The casks were undamaged.
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e In the fourth accident a train carrying two
casks of Three-Mile Island core debris
collided with a car. The casks were
undamaged.
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Environmental Impact Statement
BRABEEL T

"The purpose of the environmental impact
statement (EIS) is to provide information on
potential environmental impacts that could result
from a Proposed Action to construct, operate and
monitor, and eventually close, a geologic
repository for the disposal of spent nuclear
fuel...”
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The EIS analysis considered the impact of 10,700
rail shipments over a 24-year period using 21
rail-accident cases that ranged from very
common accidents to those so very unlikely as to
be almost impossible -- "the maximum
reasonably foreseeable accident." Latent cancer
fatalities from the latter improbable event were
estimated to be five for the rail scenario. For this
same kind of accident three traffic fatalities were
calculated. Consequences from various collisions,
fires, and combinations of collision and fire were
examined.
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The consequences of an accidental crash of
a large jet aircraft into a cask were also calculated.
The cask would not be penetrated, but failure of



the cask seals would result in a fraction of one
latent cancer fatality.
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Existing Spent Fuel Shipment Procedure
FiTi ™ @ EFERA
"Internationally, more fuel has already been
shipped and successfully transported than is
scheduled to be shipped to Yucca Mountain.
Following is an abbreviated description of the
various activities that are currently undertaken in
the shipment of spent nuclear fuel. This listing
may not include every item, but should provide a

reasonable understanding of the process.
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For simplicity's sake this description deals only
with rail shipment, since this is the most likely



shipment mode to Yucca Mountain. Currently,
rail shipments are made by special train and it is
assumed that that policy will continue. Advance
arrangements are made to assure a compatible
schedule between the shipper of the spent fuel
(the utility), the receiver of the spent fuel, the
provider of the shipping casks, and the railroad.
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A schedule is made for notification of regulatory
and other organizations as may be required. The
route is established and whether it will require
armed guards and state notification.
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Shipping site activities
FE Y AR

Standard Operating Procedures are prepared and
approved. Site personnel are trained in loading
the cask. Equipment is identified and checked out.
The empty cask is received. Measurements are
made on the empty cask to assure shipping
regulations have been complied with.
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The cask's personnel barrier is removed, the
impact limiter is removed, and the cask moved to
the preparation area. It may require cleaning. The
nuts or bolts that hold the cask head on are
removed. The cask is moved to the transfer area
of the spent fuel storage pool and the head



removed to its temporary storage spot. Spacers, if
needed to adjust for various fuel assembly
lengths, are installed. The spent fuel assemblies
are transferred from their storage positions to the
grid in the shipping cask. All movements of the
spent fuel under water must maintain at least nine
feet of water over the fuel.
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Fuel identification numbers are recorded for
accountability purposes. The cask head is
replaced and the cask removed from the storage
pool.

The cask is drained of residual water. The cask
head is fastened down and the cask leak-tested.



Records that all operations were done according
to the appropriate Standard Operating Procedures
are verified.
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The cask is scrupulously cleaned to assure that
surface contamination is well below regulatory
limits. The loaded cask is returned to its rail car,
the personnel barrier is re-installed and final
measurements made to determine radiation levels
outside the cask. Shipping papers are provided
the carrier. Final confirmation is made that all
transportation safety requirements have been met.
The cask is tendered to the railroad, which
transmits it to its destination.

£ B FRAR 0 RS AR
MATE R E o HE Rl X3 BL AR
IEEHD P ALY FEEREE LT
SRR RN K B R RSAE o TR



A4 e

KL &

o

,m.‘m.rww,,.ar

L S v N
@ B b
n&?v@
-~ #omK
- B o
om0
w sk |
ST G
) e i
;.mmm_l

sl AR
¥ -
o E



