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Abstract

This paper sets out the regulatory framework within which nuclear fuel cycle materials are transported. It
establishes the basic principles of those safety regulations and explains the graded approach to satisfying those re-
quirements depending on the hazard of the radioactive contents. The paper outlines the minimum performance stan-
dards required by the Regulations. It covers the performance standards for Type C packages in a little more detail
because these are new to the 1996 Edition of the IAEA's Regulations for the Safe Transport of Radioactive Material
and are less well reported elsewhere at present. The paper then gives approximate data on the number of shipments of
radioactive materials that service the nuclear fuel cycles in France, Germany and the UK. The quantities are expressed
as average annual quantities per GWe] installed capacity. There is also a short discussion of the general performance
standards required of Type B packages in comparison with tests that have simulated specific accident conditions in-
volving particular packages. There follows a discussion on the probability of packages experiencing accident condi-
tions that are comparable with the tests that Type B packages are required to withstand. Finally there is a summary of
the implementation of the Regulations for sea and air transport and a description of ongoing work that may have a
bearing on the future development of mode related Regulations. Nuclear fuel cycle materials are transported in ac-
cordance with strict and internationally agreed safety regulations which are the result of a permanent and progressive
process based on social concern and on the advancement of knowledge provided by research and development.
Transport operations take place in the public domain and some become high profile events in the management of
these materials, attracting a lot of public, political and media attention. The risks associated with the transport of ra-
dioactive materials are low and it is important that nuclear fuel cycle materials are managed in accordance with their
actual rather than their perceived hazard. Transport is a vital component in the management of nuclear fuel cycle ma-
terials but it should not have an undue influence in the choice of fuel cycle strategies.

1. INTRODUCTION

This paper sets out the regulatory framework within which nuclear fuel cycle materials are
transported. It establishes the basic principles of those safety regulations and explains the graded ap-
proach to satisfying those requirements depending on the hazard of the radioactive contents. The pa-
per outlines the minimum performance standards required by the Regulations. The paper then gives
some data on the kind and quantities of shipments of radioactive materials that are needed to service
the nuclear fuel cycles in France, Germany and the UK. There is also a short discussion of the IAEA
test requirements for Type B packages and on the probability of packages experiencing accident
conditions that are comparable with the tests that packages are required to withstand. This is followed
by a discussion of the performance of some real packages under accident conditions and estimations
of risks associated with shipments of spent fuel. Finally there is a summary of the implementation of
the Regulations for sea and air transport and a description of ongoing work that may have a bearing
on the future development of mode related Regulations.

2. REGULATORY FRAMEWORK

Since 1961, the International Atomic Energy Agency has published Regulations for the Safe
Transport of Radioactive Materials [1]. These Regulations have been adopted by or are used as the
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basis for national regulations by Member States of the Agency, and have been incorporated into
regulatory documents promulgated by a number of international organisations. Compliance with
these Regulations has proved to be effective in minimising the risks associated with transporting ra-
dioactive material. The excellent safety record has not stopped the Regulations being further im-
proved and the Regulations have undergone comprehensive revisions in 1973, in 1985 and most re-
cently in 1996. This approximate ten year cycle of revision has been argued to represent an appropri-
ate balance between the need for regulatory stability and the need to keep abreast of scientific and
technical developments such as those in radiological protection.

3. OTHER RELATED CONVENTIONS AND REGULATIONS

This paper deals with transport safety, but it is important to realise that the Regulations are
part of a framework containing other guidelines and conventions that have a bearing on transport.
Guidelines for protecting nuclear material against sabotage and theft are given in the IAEA report on
Physical protection of nuclear material [2] and in the Convention on the physical protection of nu-
clear material [3]. The Convention concerns specifically the international transport of nuclear mate-
rial. International co-operation is essential when countries are affected by transport accidents. Such
accidents or incidents occurring in international waters or air space will be of interest internationally.
Additionally, events happening within national borders can have implications for neighbouring
countries. In recognition of these concerns the Agency has prepared two Conventions: The Conven-
tion on early notification of a nuclear accident [4] and the Convention on assistance in the case of a
nuclear accident or radiological emergency [5]. In the event of an accident, the question of liability
is covered by two basic international regimes on nuclear third party liability. These are the so-called
Paris [6] and Vienna [7] Conventions which are linked via a Joint Protocol [8].

4. BASIC PRINCIPLES OF PACKAGE DESIGN

The objective of the Regulations for the Safe Transport of Radioactive Material is to protect
persons, property and the environment. This protection is achieved by requiring:

1. Containment of the radioactive contents;

2. Control of external radiation levels;

3. Prevention of criticality;

4. Prevention of damage caused by heat.

Concept of the package

A cornerstone of the Regulations is that safety is built-in to the design of the package. The
package is a system that comprises the sum of two parts; namely the packaging and the contents. To
attain equivalent safety, if less reliance is placed on one part of the system then more reliance must
be placed on the other. It stands to reason that when significant quantities of radioactive material is
transported as either a liquid, gas or as a powder very stringent demands will be placed on the con-
tainment system of the packaging. If such radioactive material is transported as a metal or as a ce-
ramic or other solid, part of the containment can be argued to be the material itself backed-up by the
containment features of the packaging.
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5. GRADED APPROACH

The requirements are satisfied firstly by applying a graded approach to content limits for
packages and conveyances and to performance standards that are applied to package designs de-
pending on the hazard of the radioactive contents.

The 1996 Edition of the Regulations which is planned to be effective from 2001 provides for
five primary types of package. These are:

1.

2.

3.

4.

5.

excepted packages

industrial packages

Type A packages

Type B packages

Type C packages

Excepted packages

Excepted packages are those containing quantities of material that are so small that they are
excepted from most design and use requirements. However, they must meet certain requirements to
ensure that they can be readily identified and safety transported.

Industrial packages

Industrial packages are used to transport materials known as low specific activity (LSA) ma-
terials and surface contaminated objects (SCO). LSA materials have small levels of radioactivity per
unit mass and some non-radioactive objects having low levels of surface contamination may meet
criteria to qualify as SCO's. Both of these categories of radioactive material have intrinsically low
levels of risk. Therefore, because of their low hazard, they do not require packaging that is able to
withstand accident conditions of transport.

Type A packages

Type A packages are intended to provide a safe, economical means for transporting relatively
small quantities of radioactive material. Such packages are expected to retain their integrity when
subjected to normal conditions of transport such as being dropped during handling, being struck by a
sharp object, having heavy cargo stacked on top or being exposed to rain. The Regulations specify
the maximum amount of radionuclides that can be loaded into such packages. These limits ensure
that in the event of a release in an accident the risks from both external radiation and contamination
are low.

Type B packages

Type B packages are used to transport large amounts of radioactive material. To maintain a
low level of risk, these packages are required to withstand accidents. Each design must be approved
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by the competent authority of the country in which the package was designed. Type B packages must
be shown to withstand tests that simulate severe accident conditions such as impact, crush, penetra-
tion , fire and immersion. For surface modes of transport (road, rail, sea and inland waterway) the
content limits are specified in the certificate of approval for the design of the package. In the 1996
Edition of the Regulations a content limit for Type B packages transported in an aircraft has been
imposed. This reflects the outcome of an international consensus on packaging standards for carrying
large quantities of radioactive material by air. Also, the 1996 Edition introduced a stringent specifi-
cation for low dispersible material (LDM) which, if met and approved by the appropriate competent
authorities, will allow those materials to continue to be carried in large quantities by air using a Type
B package. This restriction on the use of some Type B packages travelling by air is expected to come
into force on 1 January 2001, on implementation by the International Civil Aviation Organisation
(ICAO).

Type C packages

The requirements for Type C packages were introduced to the 1996 Edition of the Regula-
tions for the air transport of large quantities of radioactive material. The need for Type C packages
was driven largely by the recognition that air accidents, although rare, can be more severe than acci-
dents occurring in surface mode transport, especially with respect to impacts. The tests for Type C
packages are considerably more onerous than those applying to Type B packages. Again, each design
of package must be approved by the competent authority of the country in which the package was
designed.

6. PACKAGE PERFORMANCE TESTS

The following paragraphs summarise the test requirements. For brevity, some aspects are not
reported in this section. The performance tests introduced into the 1996 Edition of the Regulations
for Type C packages are described in more detail as these are new and less well reported elsewhere at
present.

Tests to withstand normal conditions of transport

Packages that are designed to withstand minor accidents and incidents that may occur during
transport must pass the following tests without a loss of contents or significant increase in external
radiation hazard:

1. the water spray test

2. the free drop test (from a height of up to 1.2 m)

3. the compression test and

4. the penetration test

Tests to withstand accident conditions of transport

Surface modes

Packages that are designed to withstand accidents must undergo the following tests, after
which they must be shown to retain their radioactive contents and shielding properties within defined
limits:
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1. Dropped from 9 metres onto an effectively unyielding target so as to suffer maximum dam-
age (the impact speed is 13.3 metre/second);

2. Dropped from 1 metre onto a metal steel bar, 15 cm in diameter;

3. Subjected to an engulfing 800°C thermal test for 30 minutes; and

4. Immersion in water to a depth of at least 15 metres (200 metres for irradiated fuel flasks).

Air mode

Packages that are designed to withstand aircraft accidents are required to undergo the fol-
lowing cumulative test sequences, after which they must be shown to retain their radioactive contents
and shielding properties within defined limits.

Sequence 1 (to be carried out in the given order on the same specimen) in which the speci-
men is:

1. Dropped from 9 metres onto an effectively unyielding target so as to suffer maximum dam-
age (the impact speed is 13.3 metre/second);

2. Subjected to dynamic crush by placing it on the same unyielding target, in the worst orienta-
tion, and dropping a 500 kg plate onto it from a height of 9 metres;

3. Subjected to a puncture/tearing test by dropping it from 3 metres onto a conical probe; and

4. Subjected to an engulfing 800°C thermal test for a period of one hour.

This test sequence recognises that it is possible for a long duration (1 hour) fire to occur fol-
lowing a low speed impact with subsequent crushing and puncture/tearing.

Sequence 2 (this may be carried out on a separate specimen from sequence 1) in which the
specimen is:

1. subjected to an impact at a speed of 90 metre/second onto an essentially unyielding target
so as to suffer maximum damage

A separate specimen may be used for this test because exposure to long duration fires in the
aftermath of a high speed impact is highly unlikely. The fuel on board the aircraft will be dispersed in
the crash and will not form pools to supply long lasting fires. The impact speed of 90 metres per sec-
ond was derived from data on jet aircraft crashes collected for analysis by the Lawrence Livermore
National Laboratory in the USA .

Additionally, these packages must be shown to meet the same containment and shielding
criteria as those above when subjected to burial and must be shown not to rupture when immersed in
200 metre deep water. The requirement to demonstrate the ability to withstand burial is done by as-
sessment assuming the package to be undamaged, buried in dry soil at 38 °C in a steady state condi-
tion. The burial test was introduced because packages involved in high speed crashes may be covered
by debris or buried in soil. If packages whose contents generate heat become buried, an increase in
package temperature and internal pressure may result.
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7. QUANTITIES AND CHARACTERISTICS OF SHIPMENTS

A salient feature of electric energy production by nuclear power is the high energy concen-
tration in the fuel compared to all other energy sources. This fact has a large influence on the
amounts of radioactive materials requiring transportation within a fuel cycle. The volume of ship-
ments in relation to the produced electric energy is therefore low. Typical average annual quantities
of radioactive materials expressed in tons or m^ to be shipped per 1 GWej installed electric power
are summarised in Table 1 for light water reactors:

TABLE I: TYPICAL AVERAGE ANNUAL QUANTITIES OF RADIOACTIVE
MATERIALS PER 1 GW^ INSTALLED ELECTRIC POWER

Material

Uranium ore

Uranium concentrate

Uranium hexafluoride UFg

Uranium hexafluoride UFg

enriched

Fresh fuel assemblies
(UO2, MOX)

Spent fuel assemblies

A-containing
waste

Shipped quantity
per year and 1 GW e |

800001

200 t (HM)

200 t (HM)

25 t (HM)

25 t (HM)

25t(HM)

Operational low to medium 200
level waste

Reprocessing

Plutonium oxide 0.2 t

Low level reprocessing waste 80 m

reprocessing 60 m3

Vitrified high-level waste 3 m3

Approximate number
of transport units

2700 vehicle loads

17 containers

25 cylinders

17 cylinders

4 vehicle loads

5 spent fuel casks

50 containers

8 packages

20 containers

15 containers

1 HAW flask

The numbers given in Table 1 are to be understood as approximate values. For several rea-
sons the quantities to be transported have experienced reductions in the past and are still being re-
duced. Reasons are for instance higher burn-up and associated higher enrichment of UO2 and MOX
fuel elements, improvements leading to reduced quantities of operational wastes in nuclear facilities,
waste volume reduction by improved waste conditioning techniques. Direct disposal of spent fuel
without reprocessing would in addition lead to about 25 m3 of low-to medium level waste from con-
ditioning of the spent fuel elements. Concerning the transportation of the various radioactive materi-
als of Table 1 a few remarks are made:
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• Due to the low U content of uranium ore the quantities to be shipped are comparatively large. The
material is shipped as Low Specific Activity material (LSA-I) with few regulatory requirements
which reflect the low radiological hazard potential.

• The hazard of UF$ transports is largely dominated by the chemical compared with the radiologi-
cal hazard. Two types of transport containers are widely used, the 30 B and the 48Y containers
carrying about 2.3 and 12 tons of UF6 respectively. The last revision process of the IAEA Trans-
port Regulations has resulted in increased requirements for such packages, especially concerning
the thermal insulation of the contents to prevent dangerous pressure build-up in case of severe
fires. A Co-ordinated Research Programme (CRP) has been undertaken by the IAEA to develop
accurate, validated analytical codes for calculating the thermal response of standard shipping cyl-
inders containing UFg. In this respect the results of the French-Japanese Tenerife program which
is being carried out in France with partial support by the European Union and which combines
large scale experiments and analytical modelling are of special importance.

• The transport of fresh enriched fuel assemblies of UO2 requires Type AF packages being essen-
tially Type A packages with additional requirements which take into account that the material is
fissile. In the case of fresh MOX fuel elements Type B packages are required. The annual supply
of a large nuclear power plant of approximately 25 tons can e.g. be shipped by four truck loads.
Enhanced requirements concerning air transport of unirradiated MOX fuel will have to be applied
as soon as the 1996 Edition of the IAEA Transport Regulations has been implemented for the air
mode.

• On average per GWei installed power annually about 20 tons [heavy metal (HM)] of spent fuel
have to be shipped. Due to the high contents of fission products, the presence of larger amounts of
actinides, the high thermal power and radiation field the transport packages have to fulfill very
high safety requirements. Modern casks have payloads of several tons up to around 10 tons of
HM. Therefore the annual number of transport casks with spent fuel associated with 1 GWe[ in-
stalled power is limited to some units.

• The quoted volume of 200 m3 of operational radioactive waste which is predominantly of low
level encompasses operational wastes arising in fuel fabrication and nuclear power plants. Im-
provements in operational procedures and in waste management have lead to reductions of waste
volumes in recent years. In many nuclear power plants, typical annual conditioned waste volumes
are in the range of 60 m3 per 1 GWei-

• Reprocessing leads to recovery of Pu and U from the spent fuel. About 0.2 tons of Pu per 1 GWei
, in most cases in the form of oxide powder have to be shipped from the reprocessing plant to a
MOX fuel fabrication plant. In France the FS-47 package is used having a capacity of 17 kg of
fissile Plutonium and an overall weight of 1.5 tons. One shipment comprises in general 10 FS-47
packagings licensed as Type B(U)F in France, Germany, Belgium and Japan. They are generally
loaded inside an internal rack which accommodates the packagings inside a special container
which is mounted on a purpose built truck. The package has to fulfill the requirements of Type B
fissile packages but have been demonstrated to withstand accidents environments far beyond the
IAEA test conditions. Few transports are annually needed per 1 GWei installed power for the
shipment of PuO2 powder from reprocessing of spent fuel.

• Operational waste arising from reprocessing has been and is still being reduced due to process
improvements. The larger fraction is low level waste with low a-content, a smaller part contains
appreciable quantities of a-emitting radionuclides and represents medium level waste. Transport
containers used for the shipment of such waste being predominantly LSA material have payload
volumes of up to 10 m^. Assuming an average waste volume of 4 m^ per container would lead to
an annual number of about 35 containers of such waste to be shipped to interim storage or final
disposal per 1 GWei installed power.
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The high level vitrified waste from reprocessing is contained in primary steel canisters of 175 I
inner volume which are transported in casks similar to spent fuel casks which hold up to 28 such
canisters. Therefore the shipment of one such cask is enough to transport this kind of waste from
one year reactor operation at 1 GWej installed power.

8. DISCUSSION OF TEST REQUIREMENTS FOR TYPE B PACKAGES

The drop of a package from a height of 9 m onto the required unyielding target is equivalent
to an impact velocity of 48 km/h. It is immediately evident that accidents in road and rail traffic can
happen at much higher impact speeds. This fact has raised concern in the public about the adequacy
of this test condition. The important point is that the required unyielding target of the drop test repre-
sents severe impact conditions. Unyielding target means that practically all of the available kinetic
energy is acting onto the package and is not dissipated to some extent by deformation or destruction
of the target. The interaction between the package and the target is determined by the package prop-
erties in relation to the target properties. Especially for the very heavy and strong packages like spent
fuel casks, a very large fraction of the energy will be absorbed in and dissipated by the impacted sur-
face and other structures such as those of the conveyance. This has been illustrated in many spec-
tacular tests performed to simulate improbable accidents that might appear to exceed the IAEA test
conditions for Type B packages.

A similar discrepancy exists between perceived and factual severity of the fire test which is
to be performed with the identical Type B package following the mechanical tests: The package has
to be subjected to a fully engulfing fire of 30 minutes duration and a temperature of at least 800°C.
The crucial quantity is the thermal energy input to the package and therefore the combination of all
three fire test requirements is important. Especially in the case of large packages as used for the
transport of spent fuel elements or high level vitrified waste considerable experimental effort is
needed to reach all three required test conditions. Real fires involving large containers are predomi-
nantly not fully engulfing and result even in the case of temporary higher flame temperatures or
longer fire duration in much lower heat input to the package.

The relationship of the mentioned test conditions for Type B packages to realistic or con-
ceivable transport accidents is unfortunately not immediately evident. For that reason research proj-
ects and studies are being performed to quantify more clearly the safety margins generated by the
regulatory test.

Various studies have compared mechanical and thermal loads to packages according to the
Type B test conditions with real accident situations. A study performed in the USA for the Nuclear
Regulatory Commission 10 years ago [9] concluded on the basis of detailed analyses incorporating
various conservative elements that 99.4 % of all truck accidents and 98.7 % of all rail accidents in-
volving spent fuel casks would have both mechanical and thermal loading conditions less than those
implied by the Type B test conditions. These results are in support of the intention of the IAEA test
requirements which aim to cover a high percentage of real life mechanical and fire accident impacts.
In addition, it should be mentioned that accident loads which exceed the test conditions would in
general not result in a significant reduction of containment capability of the packaging or a signifi-
cant release of radioactive matter due to the built-in safety reserves beyond the test loads.

9. TESTS WITH VERY SEVERE ACCIDENT IMPACTS

Especially with packages designed for the carriage of spent fuel, vitrified high level waste
and plutonium, e.g. in the form of PuO2 powder or fresh MOX fuel elements various experiments
have been performed to simulate severe accident environments. A few tests to study the package be-
haviour under conceivable but highly unlikely accident conditions will be shortly mentioned:
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In 1984 a severe accident situation involving a flask for Magnox spent fuel was experimen-
tally investigated in UK [10]. The postulated situation was as follows: as consequence of a preceding
accident a railcar loaded with a flask for spent fuel derailed, turned over and came to rest in an unfa-
vourable orientation on the adjacent tracks. An approaching train runs with high speed into the flask.
In this experiment a 140 tons diesel engine followed by three passenger cars collided at a speed of
160 km/h with the flask in such a way that the mechanical impact and the strain to the lid-flask body
junction was maximised. Detailed analyses preceded this experiment, e.g. to predict the mechanical
loads to the flask and to the train. The event sequence was filmed with many high-speed cameras and
the flask was equipped with various measuring devices in order to compare observed and predicted
impact loads.

The transport flask retained its full integrity even if it experienced minor localised deforma-
tion of a few external cooling fins. The engine, on the other hand, with its much lower rigidity in
comparison to the flask was heavily deformed and damaged. For this low probability accident pre-
dicted and observed results of the test compared well and showed the forces acting onto the flask
during the impact were only about half of those experienced in the 9 m drop test onto an unyielding
target.

Similar tests to simulate very severe accident environments have been performed in the USA
at Sandia National Laboratories. For instance, a truck loaded with a cask for spent fuel ran into a
massive concrete wall at a speed of 130 km/h [11]. This test resulted in severe destruction of the
truck but no reduction of containment function of the cask.

In Germany a postulated crash of a fast flying military jet into a CASTOR type spent fuel
cask was investigated [12]. A cylindrical body of 1 ton weight simulating the turbine of the jet was
shot with a special gun at a speed of 1080 km/h onto the side and the lid of the cask. Damage to the
cask wall resulted in localised deformation of some cooling fins, impact onto the lid led to some de-
formation and associated reduced but nevertheless acceptable leak tightness.

In France and UK packages and prototype packages for the transport of PuC>2 were tested
beyond the regulatory requirements and showed safety reserves. To confirm all these favourable re-
sults it is important to develop and promote R and D projects to evaluate in a more systematic man-
ner the margins of safety.

10. TRANSPORT ACCIDENT RISK

Over the past 40 years transport operations with radioactive materials have had an excellent
safety record but incidents and accidents which may lead to a release of significant quantities of ra-
dioactive materials cannot be totally excluded. The risk from such events is determined by the prob-
ability or frequency of accidents which lead to a release of radioactive material into the environment
and the resulting radiological consequences such as radiation exposure of persons or contamination
of the environment. Of special concern in this respect are transports of spent fuel, of vitrified high
level waste and of large amounts of Plutonium in various forms. The reasons are that shipments of
spent fuel and vitrified waste contain very large quantities of radioactive material, whereas in the
case of Plutonium shipments it is more the high radiotoxicity of Plutonium if it becomes airborne as
particulate matter and is in a respirable particle size range (< 10 mm aerodynamic diameter). The
statistical nature of such accident events can be best analysed using the technique of probabilistic risk
assessment. Risks can be quantified per distance travelled, or on an annual basis. Such assessments
call for a lot of information:

• Probability or frequency of accidents of a given severity;

• Behaviour of the packaging and radioactive contents to determine release fractions;
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• Determination of physical and chemical form of released material;

• Dispersion modelling;

• Radiation exposure and consequence modelling.

The results are generally presented as frequency distributions which correlate the radiologi-
cal consequences and the expected probabilities of occurrence.

Such kind of studies have been and are being performed by many institutions in a number of
countries. GRS and IPSN, for instance, have made comprehensive studies of the transport risk asso-
ciated with waste transports to operating or planned final waste repositories [13, 14]. In a common
study of both institutions which was partially funded by the European Union the transport risks of
return shipments of high level vitrified waste and of bituminized waste from reprocessing German
spent fuel in France have been quantified [15].

The mentioned and other studies came to the conclusion that the risk of radioactive material
transports is low. These findings are in accordance with the world-wide safety record observed in this
domain over the past 40 years. As an illustration, an estimate is given here concerning the accident
risk of spent fuel transport in the three countries France, Germany and UK: In the context of the Kon-
rad Transport Study [13] conducted by GRS the goods train accident statistics of the German rail-
ways of a ten year period was analysed. This lead to a value of about 1 railcar accident per 10^ km
with damage to the railcar exceeding a lower limit of 3000 DM. According to the cited US NRC
study [9] about one in a 100 railway accidents could result in mechanical and/or thermal impact to a
spent fuel package of severity comparable to the IAEA test conditions.

Originating in the three countries there are annually about 1000 transports of spent fuel:
about 200 in France, 80 in Germany and about 700 in UK (Magnox and AGR spent fuel). Assuming
an average transport distance by rail of 700 km leads to an expected frequency of 7»10~5 per year
(1000 transports per year • 700 km • 10" 10 severe accidents/railcar-km). This value is equivalent to a
statistical average of one accident event in 14000 years with severe impact onto a spent fuel package
if one assumes continuous transport operations at the present level in the three countries. Due to the
safety margins of spent fuel cask above the regulatory requirements even under such accident condi-
tions radiologically significant releases of radioactive material are not to be expected.

11. MODAL ASPECTS

The IAEA's Regulations take the form of recommendations to Member States. However,
they are incorporated by modal international organisations into their regulatory documents. As ex-
amples, the International Civil Aviation Organisation use the Regulations in its Technical Instruc-
tions [16] and the International Maritime Organisation (IMO) adopt them into its International Mari-
time Dangerous Goods (IMDG) Code [17]. Many Member States use these modal documents as the
basis of Regulations governing international shipment of dangerous goods and in due course adopt
those same rules for domestic shipments as well. At present the 1985 Edition of the Regulations (As
Amended 1990) are used as the regulatory basis for shipping radioactive material. There is now un-
derway a concerted effort among the international organisations to implement the 1996 Edition of the
Regulations for international shipment from 1 January 2001.

In November 1993, the Assembly of the IMO adopted a Code for the safe carriage of irradi-
ated nuclear fuel, plutonium and high-level wastes in flasks on board ships (INF code) which was
developed jointly by the IMO, IAEA and the United Nations Environment Programme. It applies in
addition to the IAEA Regulations and the IMDG Code where it is published as a supplement. The
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purpose of the Code is to ensure adequate fire protection of the cargo spaces used for the carriage of
INF material and that adequate damage stability of the ships carrying INF was provided by appropri-
ate IMO regulation, particularly for the case of non-purpose built ships.

In the context of package design requirements used for radioactive materials, and under the
auspices of the IAEA, research is being conducted into accident severity at sea and also in the air
mode. If sound evidence shows that a more severe accident environment exists for these modes of
transport than already encompassed by the IAEA package design requirements and associated tests
then the IAEA will consider strengthening the packaging requirements and tests within its continuous
review of its Regulations.

12. CONCLUSIONS

Nuclear fuel cycle materials are transported in accordance with strict and internationally
agreed safety regulations which are the result of a permanent and progressive process based on social
concern and on the advancement of knowledge provided by research and development. Transport
operations take place in the public domain and some become high profile events in the management
of these materials, attracting a lot of public, political and media attention. The risks associated with
the transport of radioactive materials are low and it is important that nuclear fuel cycle materials are
managed in accordance with their actual rather than their perceived hazard. Transport is a vital com-
ponent in the management of nuclear fuel cycle materials but it should not have an undue influence
in the choice of fuel cycle strategies.
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