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FOREWORD
Radioactive materials are a part o f modern technology and life. They are used
in medicine, industrial manufacturing, in research, for generating electrical power
and in a host o f other ways that assist our daily lives. It is estimated that
18-38 million shipments of packages containing radioactive materials are made each
year throughout the world. The amount o f radioactivity in these packages varies from
negligible amounts used in consumer products to very large amounts in shipments
o f irradiated nuclear fuels.
In order to ensure the safety o f people, property and the environment, national
and international transport regulations and guides have been developed and are used
by appropriate authorities in each country to control the transport o f radioactive
materials.
Until now there have been no reported transport accidents with serious radio
logical consequences. However, in spite of all the measures taken to ensure the safe
transport o f radioactive materials, there is still a possibility that accidents may take
place. An accident resulting in a significant release o f radioactive material or loss
o f shielding could have considerable consequences. These consequences can be
controlled or mitigated by proper emergency response actions.
The type o f emergency planning and preparedness that is needed for
responding to transport accidents involving radioactive materials is, to some extent,
similar to that required for responding to transport accidents involving non
radioactive hazardous materials, such as flammables, explosives, poisonous gases
and toxic chemicals which are in transport every day. Many o f these non-radioactive
hazardous materials pose greater threats to public health and safety than do most
radioactive materials. Responses to an accident can be initiated properly once an
initial decision is made to determine the hazard involved. Therefore, emergency
response organizations and personnel need to be provided with emergency response
plans and procedures to respond to accidents involving various types o f hazardous
materials and they must have the basic knowledge, skills and equipment to deal
effectively with the wide range o f possible consequences o f these accidents.
In order to develop guidance material on emergency planning for transport
accidents involving radioactive materials, the International Atomic Energy Agency
convened an Advisory Group meeting in October 1977. The draft material produced
by the Advisory Group, along with comments received on it from interested parties,
was reviewed in December 1978. From 1979 to 1981 further refinement of the draft
document was carried out and the final text was published in 1982 as IAEATECDOC-262, Emergency Response Planning for Transport Accidents Involving
Radioactive Materials.
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On the basis o f comments on IAEA-TECDOC-262, the guidance material has
been evaluated and rewritten and is published now as an IAEA Safety Series Guide.
It fully reflects the requirements specified in the Agency’s Regulations for the Safe
Transport o f Radioactive Material (1985 Edition) (Safety Series No. 6) and the 1986
Supplement thereto. It is neither a collection o f rules nor a list o f approved steps and
actions. However, it provides guidance on the various aspects and philosophies of
emergency planning and preparedness, along with a consideration o f the problems
which might be encountered in a transport accident involving radioactive materials.
This Guide should be used in countries to prepare local emergency plans and
procedures, taking into account the specific governmental and legislative structures.
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SECTION I

INTRODUCTION
PURPOSE
1.01. The purpose o f this Guide is to provide assistance to public authorities and
others (including consignors and carriers o f radioactive materials) who are
responsible for ensuring safety in establishing and developing emergency response
arrangements for responding effectively to transport accidents involving radioactive
materials. This Guide is concerned mainly with the preparation o f emergency
response plans. It provides information which will assist those countries whose
involvement with radioactive materials is just beginning and those which have
already developed their industries involving radioactive materials and attendant
emergency plans, but may need to review and improve these plans. The need for
emergency response plans and the ways in which they are implemented vary from
country to country. In each country, the responsible authorities must decide how best
to apply this Guide, taking into account the actual shipments and associated hazards.
SCOPE
1.02. In this Guide the emergency response planning and response philosophy are
outlined, including identification o f emergency response organizations and
emergency services that would be required during a transport accident. General
consequences which could prevail during an accident are described taking into
account the IAEA Regulations for the Safe Transport of Radioactive Material, 1985
Edition, Safety Series No. 6 (hereinafter referred to as ‘the Regulations’) [1], the
Explanatory Material for the IAEA Regulations for the Safe Transport o f Radio
active Materials (1985 Edition), Safety Series No. 7 [2] and the Advisory Material
for the IAEA Regulations for the Safe Transport o f Radioactive Materials (1985
Edition), Safety Series No. 37 [3].
1.03. The emergency planning and preparedness needed for responding to transport
accidents involving radioactive materials are, to some extent, similar to those
required for responding to accidents involving other hazardous materials. This Guide
has been developed to deal specifically with radioactive materials, but the informa
tion in it might also apply to other types o f hazardous materials.
1.04. The loss or theft o f radioactive materials is specifically not dealt with in this
Guide. However, it is partly applicable also to cases o f loss or theft, using the
procedures developed for notification by the various organizations involved.
1.05. Detailed information concerning the nature and hazards o f radioactivity and
radioactive materials is not included in this Guide as it can be found in many other
documents, e.g. in the publications listed in the Bibliography.
1
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SECTION n

TRANSPORT REGULATIONS

GENERAL
2.01. The transport o f radioactive materials is governed within Member States by
national regulations. Relevant international and regional agreements, regulations and
recommendations are taken into account in national regulations [4]. The intent o f
these regulations is to ensure the safety o f people, property and the environment
against radiological hazards involved in transport.
2.02. The Regulations [1] and their numerous supporting documents [2-9] have
served for years as the basis, worldwide, for regulating the safe transport o f radio
active materials. The Regulations have been incorporated in international modal
transport regulations and other documents [10-18].
2.03.
(1)
(2)
(3)
(4)

The basic safety requirements in the Regulations are:
Effective containment o f the radioactive materials to be shipped,
Effective control o f radiation emitted from the package in order to limit
exposures,
A subcritical condition for any Fissile material,
Adequate dissipation o f any heat generated by the radioactive contents o f the
package.

2.04. Radioactive materials are transported in a variety o f types o f packages. The
intent o f the Regulations is that the packages be designed, manufactured and main
tained in such a way that even in the event o f accidents the radiological impact would
be acceptably small considering both loss o f shielding and loss o f containment [2]
and, if appropriate, the prevention o f accidental criticality. Effective quality and
compliance assurance programmes are required to ensure that the Regulations are
applied correctly in practice.
2.05. The Regulations are applicable to a wide variety o f radioactive materials that
span a large range o f radiotoxicity values. The package requirements take into
account the quantity o f the radioactive material to be contained within the package
as well as its radiotoxicity [2], Radioactive materials and packages o f radioactive
materials may also be transported in freight containers, overpacks and tanks, for all
o f which the Regulations provide many specific requirements.
2.06. Radiation protection principles are embodied in the Regulations for the
limitation o f the exposure o f transport workers and o f the members o f the
3
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public [1, 2]. The system of dose limitation is based upon the Basic Safety Standards
for Radiation Protection [19]. This system is summarized as follows:
(a)
(b)
(c)

No practice shall be adopted unless its introduction produces a positive net
benefit;
All exposures shall be kept as low as reasonably achievable, economic and
social factors being taken into account;
The dose to individuals shall not exceed the limits for the appropriate
circumstances.

2.07. The Regulations require that emergency provisions, established by relevant
national and/or international organizations, shall be observed in order to protect
human health and minimize danger to life and property. The Regulations also require
that other dangerous properties that may relate to radioactive materials be taken into
account.

TYPES OF PACKAGES
2.08. The types o f radioactive material packages are described in the following
sections. The technical standards and requirements for these packages are specified
in the Regulations.
2.09. The Regulations specify the normal and accident conditions during
transport as a series o f tests and acceptance criteria. The fulfilment o f the require
ments for the design o f any package should be verified by tests or other methods
described in the Regulations. In many cases, both analytical assessments and
package-prototype or scale model tests are used to demonstrate compliance with the
regulatory requirements.

Excepted packages
2.10. Excepted packages are permitted to contain small quantities o f radioactive
materials and are excepted from various specific packaging and labelling require
ments, provided they meet the general requirements specified in the Regulations with
respect to radiation and contamination levels and to packaging. Examples o f such
packages are those used to transport devices which contain very minute quantities
o f radioactive material, such as some timepieces, certain types o f smoke detectors,
some radiopharmaceuticals and very low level radioactive sources used for testing
instruments. Typically, excepted packages are o f cardboard construction, although
some empty (but contaminated) packages may also qualify and be transported as
excepted packages.
4
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Industrial packages
2.11. Low specific activity (LSA) materials and surface contaminated objects
(SCO) are often carried in large quantities in industrial packages. Although the
specific activity o f these radioactive materials is very low, the total activity in a
consignment could be significant. (The total activity is limited by the maximum dose
rate at 5 m from the unshielded material.) These materials include radioactive ores
and low level waste materials. Industrial packages may often be containers, such as
boxes, steel drums and tanks.
2.12. Three types o f industrial packages, industrial package Type 1 (IP-1), Type 2
(IP-2) and Type 3 (IP-3), are defined in the Regulations. The type o f industrial
package which is permitted to be used depends on the radioactive material to be
transported. Industrial packages are required to meet general package requirements.
Type 2 and Type 3 industrial packages are additionally required to withstand normal
conditions o f transport without loss or dispersal o f their contents or loss o f adequate
radiation shielding integrity.

Type A packages
2.13. The total activity o f radioactive material in a Type A package is limited. The
activity limits are determined on the basis o f the maximum acceptable radiological
consequences following failure o f the package as a result o f an assumed accident.
These limits for ‘special form’ (non-dispersible) and other than special form radio
active materials are known as the Ai and A2 values, respectively [1, 2].
2.14. Type A packages are required to withstand the normal conditions o f transport
without loss or dispersal o f their contents or loss o f adequate shielding integrity.
Experience has demonstrated that, despite severe external damage and distortion,
only a small fraction o f packages shipped have suffered loss o f contents or a change
in external radiation levels when they have been improperly handled or have been
involved in transport accidents.
2.15. Type A packages range from wood fibreboard or cardboard construction,
with glass, plastic or metal inner containers, to metal drums or lead-filled steel
packages. An increasing number o f these packages are being used and multiple
numbers o f them are often shipped in consignments, i.e. several packages together
on a single conveyance or in an overpack or freight container.

Type B packages
2.16. Radioactive materials in quantities greater than those allowed in Type A
packages are shipped in Type B packages. Type B packages must be designed to
5
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withstand both normal and accident conditions o f transport. Type B packages may
range in size from those with a gross weight o f a few kilograms to large packages
containing irradiated nuclear fuel (spent fuel from nuclear power plants) having a
gross weight up to about 100 metric tonnes. Typically, Type B packages are o f steel
construction and incorporate substantial shielding. Experience to date has confirmed
the suitability o f this package design concept and has shown that the probability o f
loss o f shielding or containment in the case o f such packages is very low.
2.17. Type B package designs are subject to the approval o f the relevant competent
authority or authorities. With respect to approval o f design, Type B packages are
divided into two basic categories. Type B(U) packages (U means unilateral) meet the
most stringent requirements; it is considered that safety is entirely built into these
packages. Type B(M) packages (M means multilateral) do not meet all o f the require
ments applicable to Type B(U) packages. However, they must incorporate alternate
design features and operational controls must be instituted so as to achieve the same
level o f safety as for Type B(U) packages.
2.18. The design o f the Type B(U) package is subject to approval by the competent
authority o f the country o f origin only. The country o f origin is the country where
the package is designed.
2.19. The design and shipment o f a Type B(M) package is subject to multilateral
approval, i.e. to the approval by the competent authority o f the country o f origin and
also by the competent authorities o f all o f the countries through, or into, which the
package is to be transported. The application for approval is specifically required to
include information on any proposed supplementary operational controls which are
necessary to ensure safety or to compensate for any deficiencies o f the package.

Packages containing fissile materials
2.20. In addition to the requirements for the packages mentioned above the
Regulations include specific provisions for packages containing fissile materials.
Fissile materials are capable o f initiating a self-sustaining neutron chain reaction. In
the fission process an atomic nucleus splits into fission products, resulting in the
release o f radiation and heat. Uranium-233, -235, plutonium-238, -239, -241 and
any combination o f these radionuclides are fissile materials.
2.21. Criticality safety in the transport o f fissile material is ensured by limiting the
quantity and geometric configuration o f the fissile material, by package design
features and by controlling the number o f packages allowed to be carried on a single
conveyance or to be stowed together in transit.
2.22. Packages containing fissile materials, which may be industrial packages,
Type A or Type B packages, are subject to multilateral approval.

6
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2.23. The Regulations provide some exception from the requirements for packages
containing fissile material, e.g. if the 235U concentration is less than 1% or if the
package contains only limited quantities o f fissile material. These are known as
‘fissile excepted’ packages. However, as for regular fissile packages, the other
relevant requirements related to the radioactive nature o f the contents are applicable.

PACKAGE RADIATION LEVELS
2.24. Radiation levels under normal transport conditions are limited so that the
maximum radiation level at the package surface should not be greater than 2 mSv/h
(200 mrem/h) and the maximum radiation level at 1 m from the surface should not
be greater than 0.1 mSv/h (10 mrem/h). However, under exclusive use by rail or
by road, or under exclusive use and special arrangement by vessel or by air, the
radiation level at the surface o f the package may exceed 2 mSv/h (200 mrem/h), but
is limited to 10 mSv/h (1000 mrem/h). For Type B packages, after subjection to the
prescribed tests for demonstrating the ability to withstand accident conditions in
transport, the radiation level is limited to 10 mSv/h (1000 mrem/h) at 1 m from the
package surface.

APPROVAL OF SHIPMENTS AND SPECIAL ARRANGEMENT
2.25. The shipment o f Type B(M) packages designed to allow controlled inter
mittent venting, or containing radioactive material with an activity exceeding limits
prescribed in the Regulations and certain shipments o f packages containing fissile
material are subject to multilateral approval. Radiation protection programmes for
shipments by special use vessels are also subject to multilateral approval. In addition,
package designs approved under the provisions o f the 1967 Edition o f Safety
Series No. 6 and, after 31 December 1990, package designs approved under the
provisions o f the 1973 Edition and the 1973 Edition (As Amended) o f Safety
Series No. 6 are subject to multilateral approval.
2.26. A consignment which does not satisfy all o f the applicable requirements of
the Regulations may be transported under special arrangement. In such a case,
however, precautions are required to compensate for deviations from requirements
to ensure that the overall safety in transport and in-transit storage is at least
equivalent to that which would be provided if all o f the applicable requirements o f
the Regulations had been met. Under certain circumstances, part o f the special
arrangement may be the requirement that special escort personnel who are able to
maintain the consignment within certain limits at all times be provided for these ship
ments. Each international consignment shipped under special arrangement is subject
to multilateral approval by the competent authorities o f the countries involved.
7
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MARKING, LABELLING AND PLACARDING
2.27. Each package which conforms to a Type A package design is required to be
marked on the outside surface with the term “ TYPE A ” .
2.28. Each package which conforms to a design approved by a competent authority
is required to be marked on the outside surface with the competent authority
identification mark and serial number and, in the case o f a Type B(U) or Type B(M)
package design, with “ TYPE B(U)” or “ TYPE B(M)” . In addition, each package
which conforms to a Type B(U) or Type B(M) design should be marked, in a manner
resistant to the effects o f fire and water, with a trefoil symbol.
2.29. Packages containing radioactive materials (other than excepted packages)
are required to bear labels indicating the category (I-WHITE, II-YELLOW,
HI-YELLOW), as well as the contents and activity o f the package. For categories
II-YELLOW and III-YELLOW, the labels should indicate the transport index (TI).
Freight containers and rail or road vehicles, carrying packages other than excepted
packages, and tanks are required to bear placards indicating the presence of
radioactive materials.
2.30. Each consignment is required to have, in the transport documents,
information concerning the package and its radioactive contents.
2.31. Appendix I describes the labels, placards and shipping documents, with the
relevant paragraphs o f the Regulations given as reference.
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SECTION III

EMERGENCY RESPONSE PLANNING

GENERAL
3.01. Radioactive materials are transported by land, sea, inland waterways and air.
They are transported by railway and road, through major cities, small towns and
villages and rural areas. The Regulations described briefly in Section II are applied
to these shipments all over the world, either directly by national regulations or via
regulations and other documents o f relevant international organizations.
3.02. In certain cases restrictions may be imposed as regards transport routing. For
example, packages subject to operational controls during transport and packages
containing liquid pyrophoric materials cannot be transported by air. In the case of
consignments o f highly radioactive materials, e.g. irradiated nuclear fuel, some
countries require that highly populated areas be avoided, if possible.
3.03. Most radioactive materials which are shipped are potentially not as hazardous
as irradiated nuclear fuel. The majority o f these types o f materials are radio
pharmaceuticals being transported from manufacturers to hospitals and radioactive
materials used in industry and research. Most o f the shipments are made by road or
rail, at least during part o f the journey.
3.04. The movement o f radioactive materials by aircraft can be by commercial
passenger flights or by cargo flights which can carry many types of radioactive
materials. In the circumstances o f a major aircraft accident, the radioactive materials
involved may be widely dispersed. However, most accidents with air shipments of
radioactive materials have occurred at the airport in the handling o f the packages.
3.05. The majority o f shipments o f radioactive material by ocean-going vessels
involve international shipments o f nuclear fuel cycle materials. In addition, there is
some transport o f radioactive materials on inland waterways and by coastal vessels.

EMERGENCY PLANS
3.06. Emergency plans should be developed by responsible authorities for
responding to transport accidents involving packages containing radioactive
material. A main national plan should be developed and all provincial, state and local
plans should be based on the main national emergency plan. Consignors and carriers
should also have their emergency plans and preparedness procedures. The responsi
bilities o f different organizations are dealt with in Section VI.
9
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3.07. The main national plan needs to be flexible to cope with a wide variety of
accidents. However, the plan should at least cover:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

The planning basis;
Responsibilities, capabilities and duties o f the organizations involved;
Procedures for alerting and notifying key organizations and persons;
Methods for warning and advising the public;
Intervention levels for exposure and contamination;
Protective measures;
Procedures for response actions;
Resources and medical and public health support;
Procedures for training, exercises and updating plans;
Public information.

3.08. The planning basis for emergency plans and preparedness should be
determined by a consideration of:
(a)
(b)
(c)

The transportation systems used for transport o f radioactive materials,
The types o f packages used for transport,
The consequences o f transport accidents.

3.09. For determining the planning basis the responsible authorities should conduct
an assessment o f the transport systems used for radioactive materials in their country
and generally determine what types o f shipments pass through these systems and
what main routes are used. Using statistical data concerning traffic accidents,
consideration should be given to identifying those areas where accidents are more
frequent and locations in which the possible accidents might have higher impact. The
planning basis should then be defined taking into account the potential consequences
o f transport accidents.
3.10. The type o f emergency plans needed for response to radioactive material
accidents is to some extent the same in structure as the plans needed for responding
to other dangerous goods transport accidents; many o f the same organizations are
involved. Therefore, it is preferable, wherever possible, to integrate the emergency
plans for radioactive materials with plans for responding to hazardous materials
accidents in general by developing a master plan with national or regional alerting
centres for all types o f transport accidents involving hazardous materials. Such a
system would be activated more frequently than would separate arrangements for
each hazardous material and the experience gained will strengthen the reliability and
effectiveness o f the response system. However, it should be noted that transport
accidents involving radioactive materials have certain features, owing to the acute
and long term effects o f radiation exposure as well as the contamination of the
accident site’s vicinity by radioactive materials, which must be dealt with in
specific ways.
10
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3.11. Emergency plans for dealing with accidents involving radioactive materials
should conform as closely as possible to existing capabilities and procedures for
dealing with other transport accidents. Either the police, fire fighting, or military
organizations will provide the first line o f response action. The carrier’s employees,
or members o f the public who may be directly involved and initially on the scene
of an accident, will most likely contact the police. The carrier’s employees (the crew
o f the vehicle) should be given advance instructions on procedures to be followed
in the case o f an accident and in notifying the police and/or other organizations
defined in the emergency plans.
3.12. Clear step by step procedures should be prepared to implement the
emergency plan in a graded response (e.g. local, state, provincial and national
responses) as required by the severity o f the accident and its consequences. This
response could range from simple confirmation that there is no radiological hazard,
with minimal involvement o f expert responders, to situations where large scale
remedial measures may be required and need to be brought to bear at the accident
site with major involvement o f experts. Pre-established exposure levels should be
defined as intervention levels. When these intervention levels are exceeded certain
protective measures are required. A major consideration is that transport accidents
may occur in any location, including remote areas where access may be difficult and
in populated areas where control o f access by the public may be required. Response
plans may have to be implemented on difficult terrain and under adverse weather
conditions.
3.13. More detailed guidance on emergency planning and preparedness is provided
in the sections that follow.

11
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SECTION IV

CONSEQUENCES OF TRANSPORT ACCIDENTS

GENERAL
4.01. The basis for any emergency plan is the proper understanding o f the effects
o f accidents. The nature, characteristics and consequences o f transport accidents
involving radioactive materials depend on many factors. These include the type of
the package, the physical and chemical form, radiotoxicity and the amount o f the
contents, the mode o f transport and the severity o f the accident as it affects the
integrity o f the involved package. Other factors, such as the location o f the accident
and prevailing weather conditions, also determine the consequences.
4.02. Transport accidents range from low hazard accidents with a high probability
of occurrence to high hazard accidents with a low probability o f occurrence. The low
hazard accidents may involve all types o f packages. The high hazard accidents
basically involve only Type B packages since the other packages contain radioactive
materials in a form or in a quantity which does not pose an immediate major
radiological hazard to people or to the environment.
4.03. Experience to date has confirmed that the risks from the transport o f radio
active material are very low. However, for the purposes o f preparing emergency
response plans, it is necessary to consider possible causes o f package failures that
are beyond the design base o f the package and which could create health hazards
and/or contaminate the environment. Such effects could arise from:
(1)
(2)
(3)

A severe impact which could breach the package containment system,
An intense fire which could cause loss o f shielding and/or containment o f the
package,
A defect in a package which could reduce its ability to withstand stresses to
which it could be subjected in normal accident situations.

Appendix II gives some examples o f accidents involving radioactive materials.

POTENTIAL EFFECTS OF ACCIDENTS INVOLVING DIFFERENT
TYPES OF PACKAGES
4.04. The quantities o f radioactive materials allowed in excepted and Type A
packages are limited by the Regulations. These limits are based on the relative
hazards and radiotoxicities o f the materials [2].
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4.05. Excepted packages are allowed to contain only minor amounts o f radioactive
materials and therefore the consequences o f accidents, if any, involving excepted
packages are minor and there are no radiological reasons for taking special protective
actions.
4.06. The quantities o f LSA material and SCO in a package, which is usually an
industrial package, are limited so that the external radiation level at 3 m from the
unshielded material or object, or collection o f objects, does not exceed 10 mSv/h
(1000 mrem/h). Although this exposure rate is not insignificant, it is of a magnitude
which, when recognized by emergency personnel, can be dealt with in a safe
manner.
4.07. Although the total activity in a consignment o f LSA material or SCO may be
significant, the nature o f the contents is such that should containment be lost in an
accident, the potential radiological hazard would be relatively low. However, in the
vicinity o f an accident site, protective actions would still be required for radiological
reasons. Ground contamination should also be taken into account, especially for
many LSA-I and LSA-II materials.
4.08. The activity limits prescribed for Type A packages limit the immediate
hazard in the vicinity o f these packages in the event o f a release o f radioactive
material or the loss o f shielding. The limits are determined [2] with the intent that
the effective (or committed effective) dose equivalent to a person in the vicinity of
a package following an accident should not exceed the annual dose limit for radiation
workers, namely 50 mSv (5 rem). It is assumed that a person does not remain for
more than 30 min within 1 m o f the damaged package.
4.09. In the case of simultaneous destruction of a number o f Type A packages, with
attendant release o f their radioactive contents, or loss o f their shielding, the conse
quences could, o f course, be greater than for a single package. Package damage that
is followed by dispersal o f radioactive contents would generally be more hazardous
in comparison with the case in which the contents remain in the package.
4.10. Type B packages can contain material with an activity ranging from a few
GBq to several million GBq in the case o f spent fuel. As with Type A packages, any
radiological impact would be limited, in most cases, to the vicinity o f the accident
site. However, since a breach o f a Type B package containing a large quantity o f
radioactive material might have a serious health and safety impact in the areas near
the accident site, a rapid response to assess the problem and bring the situation under
control is required.
4.11. Radioactive materials are shipped both in dispersible form (powders, liquids,
gases), e.g. radiopharmaceutical materials for use in medical diagnosis or treatment,
uranium concentrates, and in non-dispersible form (such as large solid pieces),
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e.g. SCO-I and SCO-II and special form radioactive material, e.g. large medical
teletherapy radioactive sources, etc.
4.12. If the materials were non-dispersible, there would probably not be any
significant contamination, but there might be localized areas with radiation fields
which could be hazardous. This might be caused by loss or rearrangement o f the
shielding materials within the package. The material which is shipped in a nondispersible form may in some cases become dispersible owing to accident conditions,
e.g. in extreme fire conditions.
4.13. If a transport accident involving a dispersible material were to occur, the
conditions encountered by emergency response personnel might include, in addition
to other hazards normally encountered, the following:
(1)
(2)
(3)

Radiation fields;
Contaminated persons, vehicles, wreckage, road and earth surfaces;
Potential subsidiary hazards such as unbumed flammables, caustics and
oxidizers.

4.14. Direct exposure to radiation by being within a radiation field can occur in
accidents involving both dispersible and non-dispersible forms o f radioactive
materials.
4.15. Fires and the air currents they create, and the use o f water or chemicals to
suppress a fire, can easily spread radioactive materials about the accident site. Also,
personnel working at an emergency scene, where the area may be contaminated,
could add to the dispersal o f contamination in their emergency efforts.
4.16. Dispersible radioactive materials can contaminate local agricultural products
and drinking water supplies, which in turn can cause a hazard via ingestion o f these
products and the affected water. Similarly, domestic agricultural animals (such as
dairy cows) eating contaminated forage can pass these contaminants on to humans
via the food chain (e.g. milk).
4.17. Radioactive contamination can spread away from the vicinity if undetected
radioactive material contaminates a vehicle and it continues in service under such
circumstances. The same applies to equipment used by emergency crews.
4.18. The loss or theft o f a radioactive source, such as an industrial radiography
device from a transport vehicle, may pose a very serious hazard to persons even if
the transport vehicle is not involved in an accident. If, for example, in falling from
a loading dock, loading equipment or a transport vehicle, a radioactive source loses
its shielding, or is subsequently removed from its shielding by curious individuals
who may find it and who are unaware o f the nature o f the contents, these persons
could be exposed to high radiation fields which may exist within a few metres of such
15
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unshielded sources and receive radiation doses with serious consequences.1 There
fore, accountability for radioactive materials in transport by the consignor, and
particularly by the carrier, is important. If hazardous radioactive sources or other
radioactive materials are lost, every effort should be expended to quickly locate the
materials.

FISSILE MATERIALS
4.19. The consequences o f accidents involving fissile materials depend on the
radioactivity, the fissile character and amount o f the materials and on the accident
conditions. In this kind o f accident there could also be hazards arising from
criticality.
4.20. The radiological consequences o f accidents involving fissile materials, other
than criticality accidents, may be those already described in paras 4.04-4.18. For
example, the radiological hazards o f unirradiated nuclear fuel are not very signifi
cant, whereas the potential radiological hazards posed by severe accidents involving
the failure o f an irradiated nuclear fuel flask may require immediate emergency
response.
4.21. Criticality accidents are very unlikely to occur in view o f the safety require
ments imposed by the Regulations on the package design, the consignment size and
the stowage procedures. In addition to the radiological consequences described
above, criticality accidents result in a power pulse, or power pulses, and concur
rently an immediate, large pulsed increase o f the radiation levels in the vicinity o f
the package. There is also a residual radiation increase following a criticality event.
Specific hazards and consequences o f criticality accidents depend on the fissile
materials in question, on the packaging used and on the accident conditions. A
criticality accident could also result in actual damage to the package.

OTHER DANGEROUS PROPERTIES OF RADIOACTIVE MATERIALS
4.22. In addition to the radiation and criticality hazards, radioactive materials may
have other dangerous properties. In some cases, such subsidiary hazards may exceed
the radiological hazards. An example o f such a material is uranium hexafluoride
(UF6), which has a high hazard o f chemical toxicity. The recommendations o f the
1 Unauthorized tampering with radioactive sources by curious individuals is known to
have caused at least two serious accidents — one in Mexico in 1984 and one in Brazil in 1987.
Although in these accidents transport was not involved, they serve as good illustrations of such
an occurrence.
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International Commission on Radiological Protection limit the amount o f inhaled
uranium to less than 2.5 mg per day. Hydrogen fluoride (HF), resulting from the
reaction of UF6 with water or humidity, is a very hazardous gas. Concentrations of
13 ppm for longer than 10 minutes are considered to be immediately dangerous to
life or health; concentrations which are one order o f magnitude higher may cause
death. A hypothetical UF6 accident is described in Appendix n . The transport of
UF6 and its subsidiary hazards are discussed more thoroughly in Ref. [20]. Other
materials having significant subsidiary hazards may include thorium and uranium as
metals which are liable, under certain conditions, to spontaneous combustion; radio
active oxidizers, such as uranyl nitrate or thorium nitrate; and corrosive solutions
of radioactive materials, such as uranyl nitrate. Compressed radioactive gases have,
in general, other dangerous properties (‘subsidiary hazards’) that have to be dealt
with.
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SECTION V

RESPONSE TO TRANSPORT ACCIDENTS

GENERAL
5.01. In responding to transport accidents involving radioactive materials, the main
actions to be taken are to:
(1)
(2)
(3)
(4)
(5)
(6)

Rescue and provide emergency medical aid to any victims,
Control fires and other common consequences o f transport accidents,
Control any radiation hazard and prevent the spread o f radioactive
contamination,
Decontaminate and restore the thoroughfare and delineate the borders o f other
contaminated areas,
Decontaminate personnel,
Decontaminate the vicinity and restore it to a safe state.

It should be noted that once the radioactive source is under control, exposures there
from are properly identified and minimized to appropriate levels and traffic is
restored, the emergency is viewed by many as being over. However, recovery of
the package, decontamination and restoration o f adjoining areas are the necessary
next steps following the emergency. Although these steps, described in item 6 above,
are not part o f immediate emergency response planning and preparedness, a brief
discussion o f these activities is provided in this Guide.
5.02. Responsibilities for responding to transport accidents are generally divided
among several parties. The consignor and carrier and the national, provincial, state,
and local government organizations may all have a role in the response. However,
primary responsibility, in principle, rests with the consignor and the carrier to assure
that adequate arrangements are available to effectively deal with accidents involving
radioactive materials. The consignor needs to be able to provide information
concerning the hazards o f the shipment and to send a properly equipped and trained
emergency team to the site o f the accident, if necessary.
5.03. Shipments o f radioactive materials are often international. Therefore interna
tional co-operation may be needed to respond to transport accidents. The Convention
on Early Notification o f a Nuclear Accident [21] and the Convention on Assistance
in the Case o f a Nuclear Accident or Radiological Emergency [22] provide the basis
for such co-operation. Further guidance on international co-operation is given in
IAEA documents INFCIRC/310 [23] and INFCIRC/321 [24], Information on the
availability of radiological and medical assistance can be found in IAEATECDOC-237 [25].

19

This publication is no longer valid
Please see http://www-ns.iaea.org/standards/

PHASES OF RESPONSE FOR ROAD TRANSPORT ACCIDENTS
5.04. The response actions in any accident can be divided into three phases: the
initial phase, the accident control phase aind the post-emergency phase. However, in
any actual accident many o f the response actions described in the section on the
accident control phase may be commenced in the initial phase o f the accident. The
detailed discussion o f the three response phases which follows (paras 5.05-5.51)
deals directly with road transport accidents. Special considerations for other than
road transport accidents are provided in paras 5.52-5.59.

Initial phase
5.05. The carrier and the consignor have the responsibility to take the first
emergency actions needed. They have to notify local and other defined authorities
at the earliest practicable moment. However, as operators of the vehicle and crew
members may be incapacitated in the accident and may not be able to act, others,
who may happen to be on the accident site, should report the accident, most likely
to the civil emergency services.
5.06. Local emergency services need to assume the responsibility and respond
properly to an accident when they arrive in the accident area. Their capability for
handling radiological accidents is often limited because o f their lack o f knowledge
and because assistance from persons with radiological knowledge and specialized
equipment is rarely available during the early period following the accident. Further
more, in some cases sufficient information regarding the nature o f the consignment
may not be immediately available to assess the hazard. For this reason, local govern
ment emergency response planning needs to provide for the proper initial steps to
acquire this information. Generally, local authorities should seek assistance from the
consignor and carrier, and from the provincial, state and national authorities, who
should have access to expert advice and resources. Such an arrangement should be
defined in the emergency plans.
5.07. During the first minutes after an accident occurs, emergency action may be
required for saving lives, attending to the injured, preventing or putting out fires,
identifying the hazards and determining the actions required to prevent further threat
to human life, property or the environment. Saving lives and fighting fires have
much higher priority over anything else.
5.08. Essentially, the only information readily available to those first on the scene
will be visual. Police, firemen or other ‘first-on-the-scene’ personnel should be
trained to assess the situation by means o f standard accident investigation procedures
which will enable proper decisions to be made as to what further action is necessary.
Check-lists o f emergency operations and procedures may be necessary in a response.
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Examples o f such emergency guides are given in Appendix HI. The public should
be kept away from the accident site. Police, firemen or other qualified emergency
personnel should ensure that an appropriate distance around the scene is kept clear
(typically, the street at both ends o f a block in a town or city, the approaches to an
intersection, or the lanes o f a highway or road where an accident has occurred should
be closed). Later assessment may prove that these actions are unnecessary, but until
the situation is properly evaluated, such actions are prudent. Generally, the public
should be excluded from an accident site for distances o f from 100 to 200 metres
unless other hazards or circumstances dictate greater distances. To minimize the
possibility o f spreading contamination, only persons involved in rescue and lifesaving activities should be allowed in this exclusion area. The names and addresses
o f persons who have been involved at the accident scene, or in the immediate
vicinity, should be recorded by the police or other emergency personnel. If contami
nation is later found to exist, and people have left the scene beforehand, they may
need to be recontacted for radiological monitoring.
5.09. The initial investigative procedures performed by emergency personnel
should include enquiries which would answer such questions as:
(1)
(2)
(3)
(4)
(5)
(6)
(7)

Are there any injuries to personnel?
Is there (or was there) a fire near the radioactive material packages?
Are large quantities o f flammable liquids or gases in the immediate vicinity o f
the accident site?
Are there explosives, toxic or corrosive materials in the immediate vicinity of
the accident site?
What kind o f radiological hazards exist?
What are the meteorological conditions (including
wind direction)?
Has relevant information concerning the location o f the population, water
reservoirs, the accessibility o f the site and alternative roads been gathered?

The foregoing should also form the basis o f an initial report to emergency response
organizations and persons.
5.10. It is vital that a clear chain o f communication be established from the person
in charge at the scene to the relevant authorities. It is most likely that communication
will be by police radio, but in some cases telephone communication may be avail
able. The person in charge at the scene should ensure that he can be recontacted by
giving the telephone number at his location or the radio communication information
necessary to re-establish contact.
5.11. Initial assessment o f a transport accident involving radioactive materials
involves evaluation o f the situation at the accident site from the standpoint o f making
three basic observations or determinations:
(a)

Confirmation o f the presence o f radioactive materials;
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(b)
(c)

Ascertaining whether or not the integrity o f shipping containers or packages
has been breached;
Assessing, by monitoring with appropriate instrumentation, the radiological
hazards, if they exist.

Confirmation o f the presence o f radioactive materials
%

5.12. The initial problem will probably be one o f recognition. Some radioactive
materials may be shipped in corrosive, toxic and chemically irritating forms, but
many radioactive materials are not in these forms and if they are released their
presence is not readily observable by distinctive smoke, fumes or flames. Informa
tion concerning radioactive material packages is given (except in the case o f excepted
packages) by the label and/or markings on the outside o f the package, by the
transport documents and, for certain shipments, by placards on the vehicle.
5.13. The information described in paras 2.27-2.31 and in Appendix I concerning
transport documents, markings, labelling and placarding should be used to assist in
recognizing the nature o f the consignment.
5.14. In the absence o f markings, labels and placards (which might have been lost
as a result o f the accident), distinctive containers such as metal casks or flasks,
drums, or heavy shielded containers should be suspected as being packages
containing either radioactive or other hazardous materials.
5.15. If radiation monitoring equipment o f a suitable type is available to the
emergency personnel responding to the accident, its use might assist in confirming
the presence or absence o f radioactive materials. As the response o f instruments
depends greatly on the type o f radiation, information gathered at this stage con
cerning the associated hazards should be considered as being qualitative. More
quantitative assessment o f the radiation hazards should be done only by qualified
personnel using appropriate instruments.

Ascertaining the integrity o f shipping containers or packages
5.16. The visual inspection o f the consignment may indicate whether the shipping
containers or packages have been damaged. The presence o f fire, smoke or fumes
could preclude an initial determination in this regard. The presence o f other toxic
materials which have been released as a result o f the accident will also hamper the
assessment. Saving lives, suppressing fires and dealing with flammable, explosive
and toxic materials will generally take priority before any assessment o f package
integrity can or should be made.
5.17. External damage to a container or package o f radioactive materials does not
necessarily mean that interior packaging containing the radioactive material has been
22
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breached, but external damage is an indication that the package should be thoroughly
examined by properly equipped and qualified personnel. Leaking liquids, gases or
powders may indicate that package integrity has been destroyed and all released
material should be considered hazardous unless and until otherwise determined by
competent personnel. Package integrity may also have failed with no visible indica
tion (such as a cap coming o ff an inner container) and this can only be determined
by radiological monitoring o f the package with appropriate instruments.

Assessing the radiological hazards
5.18. A thorough evaluation o f radiological conditions at an accident site requires
considerable knowledge and experience with radioactive materials and specialized
instruments. It may be a time consuming process, especially in cases involving
contamination o f persons, objects and the environment. If the accident is very
severe, containers and packages may have been damaged and necessary emergency
work, such as rescuing the injured, should be performed quickly, followed by a
cautious assessment of- any radiological hazard.
5.19. Qualified personnel are usually needed for radiation monitoring. If, however,
radiation monitoring equipment is available to properly trained first-on-the-scene
personnel such as police, fire, rescue and emergency medical services, some infor
mation concerning radiation levels, loss o f shielding and the release o f radioactive
material from a container or package may be obtained. In such a case, these person
nel need to be specifically trained in the operation o f such equipment, while knowing
its limitations. The personnel should also be trained with respect to the limits on
radiation levels for packages under normal transport conditions and on limits for
personnel safety. Early on-scene information is useful in determining the extent of
the hazard and in preventing unnecessary radiological exposure to emergency
response personnel and to the public. Early information is also useful to medical
personnel caring for any injured persons who might be contaminated.
5.20. When necessary, the carrier should be provided by the consignor with radia
tion monitoring capability, i.e. qualified personnel and appropriate monitoring
instruments for the radioactive materials to be transported. The number and the type
o f the instruments should be decided on the basis o f the potential radiological hazard.
Authorities responding to accidents should have available appropriate radiation
monitoring instruments and qualified personnel to operate them. Otherwise, valid
assessments o f a radiological hazard cannot be made. The purpose o f the monitoring
is to measure radiation or radioactivity in order to assess the hazards involved and
to control exposure to radiation. The appropriate competent authorities should decide
what kind o f instruments and training should be provided to state, provincial and/or
local authorities.
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TABLE I. INSTRUMENTS TO BE USED IN A TRANSPORT ACCIDENT INVOLVING
(most instruments currently available are still calibrated in rdntgen and rem)

RADIOACTIVE
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Accident control phase
5.21. As a part o f the emergency planning process, prior arrangements should be
made to contact properly qualified or experienced and equipped persons or teams
from governmental authorities, nuclear establishments or other organizations where
radiological protection services exist. These persons or teams should be able to
perform the radiation monitoring necessary, assess the real hazard and provide
advice.
5.22. The primary purpose o f radiation monitoring is to provide timely information
on the basis o f which proper decisions can be made to initiate protective and recovery
actions. In order to achieve these goals, three sets o f measurements are required:
(1)
(2)
(3)

Measurements o f radiation and local contamination levels;
Measurements o f airborne radioactivity and ground contamination around the
scene o f the accident;
Assessment o f exposures o f members o f the public, transport workers and
emergency personnel (including, if appropriate, internal contamination).

5.23. The types o f instruments to be used by the team are dependent upon the nature
o f the radioactive materials involved and upon the type o f measurements to be taken.
The pertinent characteristics o f the most common instruments are given in Table I.
5.24. In some cases, a mobile radiological laboratory might be needed. The charac
teristics o f many types o f instruments can be found in standard texts on instruments,
e.g. in IAEA Technical Reports Series No. 152 [26].
5.25. On the basis o f the results o f the measurements, a qualified person, e.g. the
leader o f the team, should evaluate the radiological hazards and provide advice. A
good practice to follow is to use a map or sketch o f the accident area and to document
the measurement results on it.
5.26. Other duties o f the radiation protection team(s) are discussed in
paras 6.12 -6 .1 4 and they may include instructing emergency personnel to provide
for radiologically safe working conditions within the accident area. Specifically, they
may conduct personal monitoring and decontamination and they may assist the
person in charge in his communications with the local population and the media.
5.27. On the basis o f the evaluation o f the accident situation, a decision should be
taken as to what has to be done with the package and what further remedial action
is necessary. If fissile material is involved, special consideration may be needed for
ensuring criticality safety.
5.28. Where a release o f radioactive material in a transport accident necessitates
a decision concerning evacuation o f persons from certain areas, the decision and sub
sequent actions should be made by the responsible local authorities and their decision
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should be based upon expert advice. These same authorities normally also make
similar decisions concerning evacuation after transport accidents involving other
hazardous materials.
5.29. Protective measures which may be necessary in transport accidents where
radiation fields or radioactive contamination might exist as a result o f the loss of
integrity o f packages or containers include:
(a)
(b)
(c)
(d)
(e)
(f)
(g)

Control o f access,
Protective actions within a cordoned o ff area,
Personal protective measures,
Sheltering and evacuation,
Decontamination of persons,
Control o f food and water supplies,
Protection o f the local drainage system.

Some o f these protective measures may have already commenced, as discussed
above, in the initial phase.

Control of access
5.30. Control o f access to the site o f the accident is accomplished using standard
police procedures. In addition to blocking the roads, the accident site should be
cordoned o ff using any available material, such as rigid barricades, ropes and tapes.
The size and shape o f the controlled area is highly dependent on the geographical
terrain and other site conditions and might change during the rescue operations.
Factors affecting the shape and size o f the controlled area are the severity o f the acci
dent as well as weather conditions, direction o f prevailing wind and monitoring
results.
5.31. Access to and egress from the cordoned o ff area should be made only through
an established check-point. This check-point should be located in the upwind direc
tion and should serve as a radiological control station for people and equipment and
materials as well as an assembly point for emergency personnel. A preliminary
personnel decontamination point should be established near the check-point if it is
determined to be needed.
5.32. Traffic should not be allowed to proceed through a contaminated area. This
will prevent contamination o f vehicles and their occupants and diminish further
spread o f the contamination.

Protective actions within a cordoned off area
5.33. Emergency personnel working within the barrier or cordoned off area may
be exposed to a variety o f hazards. These persons and the injured persons may be
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exposed to radiation and may be contaminated with released radioactive material.
Emergency workers should complete their work as quickly as possible in the
cordoned o ff area. Injured persons who need to be taken to a hospital should be
wrapped in blankets, or other available covering, which will help to control the
spread o f contamination. If radiological monitoring instruments are available, it is
possible to confirm whether anyone is contaminated. If necessary for saving o f lives,
injured persons should immediately be transported to medical facilities with the
information that they may be radioactively contaminated. The receiving medical
facility should be advised as far in advance as possible by radio or telephone o f the
impending arrival o f these injured persons. Evacuees who are not critically or
seriously injured should wait to be radiologically monitored at a safe distance upwind
from the accident scene. This monitoring point should be considered as part o f the
cordoned off area.
5.34. Packages or containers o f radioactive materials which have been ejected from
the vehicle as a result o f the accident should also be cordoned off awaiting the arrival
o f qualified personnel to examine them and conduct radiological monitoring.
5.35. Runoff water from any fire fighting efforts or leakage from damaged
containers or packages should be retained within the cordoned off area by erecting
temporary dikes using shovels or other available tools.
5.36. Vehicles (excluding ambulances carrying injured people), material, equip
ment or other items suspected o f being contaminated should not be permitted to be
removed from the area unless released by qualified radiological monitoring
personnel.
5.37. Eating, drinking and smoking should be prohibited in an area suspected of
being contaminated.
5.38. Emergency response personnel should approach, from the upwind direction,
any accident site where radioactive materials may have been released to minimize
inhalation o f any airborne radioactive materials. Plastic sheets or tarpaulins can be
used to cover loose materials to help minimize their dispersion by wind or rain.

Personal protective measures
5.39. Personal protective measures to minimize radiological exposure are essential
in handling transport accidents involving a release, or loss o f shielding, of radio
active materials. Such measures are:
(1)
(2)
(3)
28

Minimizing the time in a radiation field;
Maximizing the distance from the radioactive materials;
Using shielding, where available;
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(4)
(5)

Using respiratory protection equipment to reduce the possibility of inhaling
radioactive materials;
Using protective clothing followed by careful washing to reduce the possibility
o f skin contamination or ingestion.

5.40. Fire fighting and radiological monitoring team personnel are generally well
equipped with the standard protective clothing and respiratory protection equipment
that are used in their everyday work. This equipment provides good protection
against radioactive contamination and inhalation o f airborne radioactive material. It
does not, however, protect them from direct gamma radiation fields.
5.41. Police, emergency medical services personnel and other emergency workers
will generally be less suitably equipped. They may acquire simple respiratory
protection by covering the mouth and nose with an article o f clothing, or even soft
absorbent paper products. All clothing, if it covers most o f the body, provides a
certain degree o f protection against contamination o f the skin. However, if available,
respirators should be used.
5.42. Personal monitoring devices, such as pocket dosimeters or badges (film or
TLD), should be used by emergency personnel as soon as they are available in order
to control personnel exposures.

Sheltering and evacuation
5.43. Sheltering o f individuals may be necessary if dispersible radioactive materials
were being spread by local aerosol plumes or winds. Houses and other buildings with
closed doors and windows give good protection against contamination, with a
moderate to a small degree o f protection against penetrating radiation.
5.44. Evacuation o f an area threatened by the release o f radioactive materials is the
ultimate protective measure, but it would only be necessary in very rare circum
stances. Precautionary evacuation o f a limited area may be ordered while awaiting
the arrival o f radiological monitoring teams who are able to assess any radiological
hazard that might exist.

Decontamination o f persons
5.45. Generally, removal o f the outer clothing and shoes o f persons contaminated
with radioactive material will remove a great deal o f the contamination. Skin decon
tamination requires shower and washing facilities and possibly some medical
assistance, and these are unlikely to be available at the site o f a transport accident.
Persons contaminated or suspected o f being contaminated should be initially decon
taminated at the accident site. Later they should be thoroughly monitored and decon
taminated in an appropriate facility. A change o f clothing should be provided to them
29
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at the accident site, if possible, and the contaminated clothes should be collected for
later washing or disposal. Wrapping in blankets or other covering o f the contami
nated persons will help limit the spread o f contamination while they are being taken
to decontamination facilities.

Control o f food and water supplies
5.46. It is unlikely that this kind of activity is going to be dealt with at this phase.
However, it should not be ignored. This subject is described in more detail in
para. 5.51.
Post-emergency phase

Termination of emergency
5.47. In most cases the emergency may be terminated when points 1-6 in
para. 5.01 are accomplished. Termination should be declared by the local responsi
ble authorities. Before the declaration is made it should be ensured that no further
hazard exists in the accident area and all of the necessary protective measures have
been taken, or are still being taken, in order to protect the public and the environment
from further contamination and to minimize exposures which may result from the
long term consequences o f the accident. The termination o f the emergency should
be made public by the appropriate authority using the news media.

Decontamination and restoration
5.48. Persons qualified in radiological protection are needed in decontamination
and restoration. As a part o f the emergency planning efforts, arrangements should
be made to summon persons with additional expertise and equipment suitable for
dealing with severe accidents.
5.49. Several decontamination and restoration methods may be employed [27],
such as the following:
(1)

(2)

(3)
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Washing or vacuum sweeping o f roads and other objects and surfaces. This can
be done with fire fighting or industrial equipment; the water should be
collected.
‘Fixation’ o f contaminants using paints, liquid-to-solid strippable plastics and
paving materials, such as asphalt. Depending upon the type o f radioactivity
involved, the fixative agent may be removed after it has solidified or the
fixative agent may be left in place.
Washing and cleaning o f hard surfaces and equipment with water and
appropriate detergents or other chemicals, with the liquids to be collected.
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(4)

(5)

Removal o f contaminated surface layers o f roads or earth to a suitable storage
place. The cost o f such operations as resurfacing should be weighed against
other possible alternatives.
Ploughing agricultural land and other earth. This technique does not remove
contamination, but dilutes and, at least temporarily, relocates it to deeper
layers in the soil. The future use o f agricultural land, after ploughing under
these circumstances, is dependent upon a variety o f factors, such as the
radiotoxicity, quantity and radioactive half-life o f the contaminants.

5.50. The relevant local and national authorities should also be involved to ensure
that the decontamination and restoration are completed in a safe and proper manner
and vehicles, buildings, areas and equipment are not occupied or returned to service
until they have been radiologically surveyed and declared safe for use.

Control o f food and water supplies
5.51. It is unlikely that major protective measures involving the control and distri
bution o f agricultural products or potable water would have to be implemented
because o f contamination from a transport accident involving radioactive materials.
Although it is possible that an accident could affect these products, any contamina
tion is likely to be localized to a specific area. Under such circumstances, the agricul
tural products would undoubtedly have to be confiscated and disposed of under
controlled conditions. If a potable water supply is contaminated by dispersed radio
active materials, it should be tested for the contaminants and control o f the supply
at its sources may then be necessary. In case the accident takes place near a water
way or on a bridge the control o f water might be o f prime importance.
SPECIAL CONSIDERATIONS RELATING TO TRANSPORT OTHER THAN
BY ROAD

Water transport
5.52. Emergency response planning and preparedness arrangements for road trans
port o f radioactive materials may be generally applicable to inland waterway
transport. It should, however, be noticed that the spread of contamination in a water
way might be much greater than that involved in a road accident. The finding and
collection o f radioactive debris might pose difficulties.
5.53. Similar consideration should be given to an accident involving radioactive
materials which occurs within a seaport. Emergency teams may in most cases be an
integral part o f the harbour personnel. These teams are usually trained to cope with
emergencies in a timely manner and should be able to cope more rapidly with a
radiological emergency as well.
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5.54. Accidents involving radioactive materials which occur on the sea pose some
specific problems. An accident may occur in a remote place where the only available
personnel to deal with the emergency is the crew of the ship. The only assistance
that the ship’s crew may receive in a timely manner may be advice given by radio
and based upon information gathered on board.
5.55. Emergency planning to deal with accidents aboard a ship should comply with
relevant regulations o f the ship’s flag-state, as well as the regulations o f countries
which might be involved. General preliminary guidelines to deal with accidents at
sea are published by the International Maritime Organization (IMO) (Appendix HI).
5.56. In order to deal with a serious accident at sea, the crew should be provided
with a detailed emergency plan specific to the consignment. If considered necessary,
the crew should be provided with appropriate radiation monitoring instruments and
should be properly trained in their use. In some cases, having a person qualified in
the field o f radiation protection on board might be considered.
5.57. Accidents at sea may not be covered in detail in the national emergency plan,
but should be a part o f the emergency plans covering cargo carrying ships. The ship’s
master should be in possession o f information regarding which authorities to contact
in the event o f an emergency in those ports at which he is likely to call. Maritime
authorities with whom he may be in contact during a voyage should also know who
to contact in an emergency so that, should the ship need to go into a port, the
emergency services will have been alerted in advance. While at sea, emergency
advice can be given to the ship by radio.

Rail transport
5.58. Emergency response planning and preparedness arrangements for road trans
port are generally applicable to rail transport. Railways, which are often the carriers
o f spent fuel shipments and many other radioactive materials, have their own internal
network o f communication encompassing train crew, railway control points and
consigning organizations. A railway emergency response system, properly
integrated with governmental emergency response systems, would be very useful.
Any such system should include provisions to inform local authorities in the area o f
an accident as to what emergency services may be required o f them. In some
countries the railways own their own rights o f way and will be directly involved in
the accident response and cleanup operations.

Air transport
5.59. Emergency response planning and preparedness arrangements for road trans
port are generally not applicable to air transport, except in the case where the
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accident occurs at an airport. An accident which occurs as a result o f the crash o f
an aircraft may require a response in remote or not easily accessible areas, or may
pose problems in locating and collecting the radioactive material over a fairly wide
area. In the latter case, a very flexible response is necessary, tailored to suit the
circumstances at the time. However, even in this case, the general philosophy o f
responding to transport accidents can be applied. In the majority o f cases, air
transport o f radioactive materials involves radiopharmaceuticals o f limited hazard.
An example o f the response to an aircraft accident involving radiopharmaceuticals
is provided in Appendix n .
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SECTION VI

RESPONSIBILITIES FOR EMERGENCY PLANNING
AND PREPAREDNESS

GENERAL
6.01. The responsibilities for dealing with a transport accident are generally
divided among several involved organizations and persons. The severity o f the
accident in terms o f its consequences generally determines the level o f governmental
response and involvement. The governmental responsibilities and responses are
dependent on the legal framework o f a country and therefore may vary between
different countries. However, for developing and co-ordinating governmental
response plans for transport accidents involving radioactive materials, designation
within a country o f a ‘Lead Agency’ to provide a focal point is useful.
6.02. A primary responsibility, in principle, rests with the consignor, who needs
to ensure that before undertaking the transport o f radioactive materials, carriers are
fully aware o f the procedures to be followed in the event o f an accident. When an
accident occurs, several public organizations and their personnel have the general
responsibility to act to mitigate the consequences o f the accident. In most transport
accident situations, this response consists o f life-saving medical aid, fire suppression
and control and the normal police work associated with any accident. Also,
specialized organizations trained to deal with radioactive materials may have to be
called in to assess the accident and implement protective measures used to contain,
control or eliminate any radiological hazard. The degree o f involvement o f the
various organizations may vary during the progress o f the operation.

RESPONSIBILITIES OF CONSIGNORS AND CARRIERS
6.03. Although the prime responsibility for safe shipments is with the consignor,
the carrier also has responsibilities both for safety during transport and for proper
reaction in the event o f an accident. In general, both the carrier and the consignor
should be prepared to respond to an accident.
6.04. It is the responsibility o f each consignor to know and comply with all
applicable international, national, provincial, state and local regulations pertaining
to the shipment o f radioactive materials. In addition, the consignor should make
available to the carrier the appropriate emergency instructions and schedules. The
consignor should be prepared to assist in an emergency response to an accident
involving any o f his radioactive consignments by providing information about his
35
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shipment and he should know how to deal with such an accident. The consignor
should be prepared to send his emergency crews to an accident site, if necessary.
6.05. The carrier also has the responsibility to know and comply with all applicable
regulations pertaining to the carriage o f the radioactive materials in question. This
may include:
(1)
(2)
(3)

Being informed o f the different response procedures in all areas along his
route;
Ensuring that if an accident occurs, it is properly and rapidly identified by
people responding to it as one involving radioactive materials;
Ensuring that proper emergency instructions are carried on board the vehicle.

6.06. Carrier personnel should be instructed that, if they are able to do so, they
should, immediately after an accident, inform the police (or another emergency
agency), the consignor and other appropriate authorities and act according to the
emergency procedures. All efforts should be made by the carrier to ensure that
relevant emergency information is available to first-on-the-scene individuals in the
case o f the crew being incapacitated.

GOVERNMENTAL RESPONSIBILITIES
6.07. For developing governmental response plans and procedures for transport
accidents involving radioactive materials, it is necessary to:
(1) Define areas o f responsibility and the functions o f the various national
authorities having expertise in this field.
(2) Define the responsibilities o f national, provincial, state and local governments.
(3) Establish necessary radiation protection services.
(4) Identify authorities to be notified when a transport accident involving radio
active materials occurs and establish a communications and notification
system.
(5) Determine and periodically review and test the adequacy o f the plans, as well
as o f the trained personnel and equipment available.
(6) Provide for the periodic revision o f the plans.
(7) Establish, where appropriate, the necessary liaison with authorities in relevant
countries for notification about accidents whose consequences may extend
beyond national boundaries.
(8) Define the responsibility for public information and education concerning
transportation o f radioactive materials.
(9) Establish applicable training programmes.
(10) Provide the necessary resources to implement the plans when required.
36
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6.08. In accomplishing the above, assigning Lead Agency responsibility may be
useful for co-ordinating the development o f national, provincial, state, and local
emergency response plans. At each o f these governmental levels, several organiza
tions and agencies which have responsibilities concerning transport accidents may
exist. One agency should be assigned the Lead Agency responsibility, with the others
being assigned supportive roles. Assigning Lead Agency responsibility provides a
focal point for developing the emergency response plans. The concept o f a Lead
Agency is also applicable in cases where only a single national plan is envisioned.
6.09. The Lead Agency should consult with other organizations and agencies to
ascertain their functions, roles and responsibilities in responding to an emergency.
It should also, as part o f the planning process, determine what resources these
organizations and agencies should have that may be useful in responding to a
transport accident involving radioactive materials.
6.10. The Lead Agency concept, if applied, should also be extended to the assign
ment o f co-ordination and control responsibility at the accident site during an
emergency. The agency assigned this operational responsibility may or may not
(depending upon the governmental framework) be the same agency assigned the
responsibility to co-ordinate the development of plans. The Lead Agency selected for
this operational response function should have the authority to direct and control the
activities o f supporting agencies and organizations during the actual emergency once
its representatives arrive on the accident scene.
6.11. Provincial, state and local governments should develop their own emergency
response plans which would cover the operation o f their own organizations and
deployment o f their own resources. Co-ordination in the development o f these plans
is necessary among local, provincial, state and national levels. The local, provincial
and state response plans should be checked by the Lead Agency to be in full
compliance with the national emergency plan.

RADIOLOGICAL MONITORING TEAMS
Team response and functions
6.12. To support the emergency response organizations who generally respond to
all transport accidents, specially trained and equipped teams are needed to properly
assess any consequences o f an accident involving the release of radioactive materials.
Radiological monitoring and assessment teams can be established at whatever level
or levels considered appropriate depending upon the governmental organization and
the available resources. The teams should be formed as a part o f the emergency plan.
Team members should be experienced persons with professional or technical training
in the radiological safety field.
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6.13. Communications capabilities need to exist on a 24 hour basis so that the team
members can be expeditiously and reliably notified when their assistance is required
at an accident scene. Rapid means o f transport for the team and its equipment need
to be available from their locations to the site o f an accident.
6.14.
(1)
(2)
(3)
(4)
(5)
(6)

The team should be authorized, prepared and equipped to:
Travel to the site, with necessary equipment, in an expeditious manner;
Evaluate the radiological hazard;
Minimize personnel exposure to radiation and/or radioactive materials;
Minimize the spread o f radioactive contamination;
Provide technical information and advice to appropriate authorities that would
help in the treatment o f affected people in the radiological environment;
Carry out other general emergency measures as required.

Instruments and equipment
6.15. The team members should be provided with a basic instrument kit, well
maintained and properly calibrated for radiological monitoring. Initial work accom
plished at the accident site will be done with this kit which should contain equipment
as defined by the appropriate competent authority (for an example of instrument kit
composition, see Appendix III). Portable two-way radios for communications should
also be provided.
6.16. If large area monitoring and assessment are required, additional personnel to
augment the accident site team may be required. Equipment for collecting and radiologically assessing environmental samples, lead bricks for shielding radioactivity
measurement instruments, field generators for power supply, additional protective
clothing and equipment, air equipment supplied, repair and replacement supplies,
contamination control and decontamination equipment all may be needed. A mobile
or field radiological laboratory with gamma spectrometer and alpha and beta
counting equipment may have to be dispatched in the event o f severe accident
circumstances.
COMMUNICATIONS AND NOTIFICATION
6.17. An important requirement with respect to communications and notification is
that access to an emergency response organization must be available at all times. The
communications system needed is similar to that required for the handling o f other
transport incidents involving other hazardous materials and it should include a radio
link between people inside and outside the cordoned off area. Therefore, it may be
desirable to set up a general communications system to provide broad co-ordination
o f the response to all transport incidents involving hazardous materials.
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6.18. Establishment o f regional alerting centres for any kind o f accident which are
manned 24 hours per day by trained staff is recommended . They could provide a
liaison centre to alert the appropriate agencies as to the actions required. The centres
should have information on the areas o f jurisdiction o f all the agencies that might
become involved and should have on hand updated lists o f names and phone numbers
o f agencies to be notified and teams o f experts who can be dispatched to the accident
scene. Ideally, the staff at the centre should also have the capability to give advice
on how to handle accidents involving a broad spectrum o f hazardous materials. Such
centres could prove particularly advantageous in case o f an accident where a large
number o f agencies may become involved.
6.19. A simple notification scheme, which can be implemented upon the recogni
tion that an accident involving the transport o f radioactive materials has occurred,
should be developed. The specific procedures concerning the scheme should be
available to consignors, carriers and governmental emergency response authorities.
6.20. The notification scheme should be geared to both the severity o f the accident
and the resources required to mitigate the consequences that either have developed
or may develop. Depending upon the type o f response required, this can be accom
plished by notifying the appropriate parts o f the overall emergency response
organization as to what resources are needed.
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SECTION v n

TRAINING, EXERCISES AND UPDATING

TRAINING
7.01. A training programme should be established by the authorities for agencies
which may be called upon to respond to transport accidents involving radioactive
materials. Training may be given to police, fire brigades, emergency medical
services, radiological monitoring teams and various other experts within response
organizations. It would be useful to have common training for response to all kinds
of transport accidents involving hazardous materials.
7.02. Provisions should be made for periodic brief refresher training in order to
maintain the proficiency o f all personnel in the emergency response organization and
to review accident experience and practical problems.
7.03. The consignors and carriers involved in the transport of radioactive materials
should provide training related to their emergency instructions and the potential
hazards o f the types o f materials involved. This training should be given not only
to their own personnel, but should be offered to the appropriate personnel o f
governmental agencies and other concerned personnel as well.
7.04. Training programmes should be geared to the roles that personnel must play
in responding to an accident. Training should be provided at two basic levels:
(1)
(2)

For first-on-the-scene personnel
For technical experts.

First-on-the-scene personnel
7.05. The purpose o f the first level o f training is to provide basic information to
those who will be the first to reach the scene o f a transport accident. For these
personnel, such as police and fire brigades, the training should cover in brief the
subjects clearly applicable to such accidents. The information should include the
fundamentals o f first aid, radiological hazards, protective measures, transport
regulations (especially those aspects concerning transport documents, markings,
labels and placards (see Appendix I)), fire control, crowd control and press relations
(see Section V m ). Basic principles to protect people from radiation exposure and
radioactive contamination and to control the spread o f contamination should be
included in the training. The preparation o f standard training material is recom
mended to facilitate the success o f such a training project.
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Technical experts
7.06. A more extensive training programme is necessary to maintain the skills of
personnel with radiation protection or nuclear technology backgrounds who would
be called upon for technical support and response. Training for these persons should
include, in addition to the subjects described in para. 7.05, accident assessment
techniques using radiological monitoring instruments, implementation o f protective
measures, use o f protective clothing and equipment, basic meteorology and further
detailed intructions on the transport regulations and on the packaging o f radioactive
materials.
EXERCISES
7.07. Exercise scenarios should be developed and used to test the response capabili
ties and skills o f the overall emergency response organization. Exercises should be
based upon realistic accident exercise scenarios designed to test all major aspects of
the plans.
7.08. Exercises, which should not be too complicated, should aim at testing the
effectiveness o f communication links, o f mobilization o f emergency forces and
specialized teams and o f the co-operation between agencies and services involved.
One objective o f the exercises is also to strengthen the confidence o f the personnel
that they can adequately handle an accident. Equipment and instruments specified in
the emergency plans should be used in exercises. Exercises should be clearly
identified as such in communications or messages related thereto.
7.09. Drills, which are more limited in scope than exercises, are designed to
develop, test and maintain special skills o f individuals. For example, a communica
tions and notification drill might test the proficiency o f personnel in giving notifica
tion o f an accident, alerting various organizations and in operating communications
equipment. A fire fighting drill could be limited to the operation o f fire fighting
equipment. Thus, drills can be considered as subsets o f exercises, i.e. many drills
conducted at the same time, in a co-ordinated fashion, constitute an exercise.
7.10. Provision should be made for the critique o f drills and exercises by qualified
observers. The results o f drills and exercises should be used as a basis for improving
the emergency plans, as appropriate. Recording o f communications and videotaping
the exercises are valuable aids for learning by the participants. Reports and critiques
o f actual emergencies should also be used as training aids.
7.11. Provision should be made for testing radiological instruments, communica
tions and other equipment. The condition o f equipment should be checked periodi
cally, in conjunction with drills or exercises, and at other times as warranted. Any
faults or deficiencies should be corrected immediately.
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UPDATING O F EM ERGENCY PLANS
7.12. For each plan a person should be appointed to be responsible for the main
tenance and updating o f the plan. The person should ensure that the plan is modified
where necessary to take account o f the results from exercises and actual accidents.
In addition, the person should update the information on names and telephone
numbers whenever personnel and organizational changes require it, but, in any
event, at least once every six months. It is suggested that names and communication
numbers be kept separate from the plan in order to simplify their frequent updating.
The person responsible for maintaining a plan should participate as an observer in
the exercises in order to be able to feed back the experience into improvements in
the plan.
7.13. Provision should be made, at the minimum, for an annual comprehensive
review and updating of emergency plans.
7.14. An indication o f the specific distribution o f emergency plans should be
provided in each emergency plan. All organizations involved in the overall em er
gency response organization should receive copies o f the plans and changes to them.
A mechanism should be established for those on the distribution list to receive and
acknowledge changes to the plan.
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SECTION v m

PUBLIC INFORMATION

8.01. There is considerable public sensitivity surrounding the transport o f radio
active materials. Therefore, any emergency organizational arrangements should not
only be capable o f operating efficiently, but should also be able to satisfy the public’s
perception o f an appropriate response.
8.02. In transport accidents, inconvenience and potential risk may be created in the
public domain. In fact, any accident involving radioactive materials, no matter how
small, tends to create a sense o f alarm which is usually not appropriate to the actual
hazards. The public needs to be adequately informed about the real risks involved
in the transport o f radioactive materials and about the existence o f plans. There is
also a need to accurately inform the public following an accident as to what
happened, what the real hazards are and what is being done.
8.03. In general, the public will receive its information via the news media. Conse
quently, this emphasizes the importance that should be attached to the presentation
o f information to the media. The public accepts risks in everyday life because the
benefits o f taking such risks are obvious or acceptable; the general acceptance o f the
medical uses o f radioactivity is a case in point. In the broader sense, however, radio
activity makes greater psychological demands on people because it is not sensed and
has possible latent effects. The use o f informational films and other means of
acquainting the public with the methods used for packaging and transporting radio
active materials and the existence o f emergency plans could alleviate some o f these
fears.
8.04. To minimize the risk o f conflicting statements being given to the news media,
it is desirable to assign the responsibility o f communicating with news media
representatives. If practicable, all communications with the media should be carried
out by professional public information personnel in the emergency response
organization.
8.05. The news media may be used to give information to the public concerning
the measures being taken to control the accident and to restore the situation to
normal.
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Appendix I

MARKINGS, LABELS, PLACARDS AND DOCUMENTS

This Appendix describes the various markings, labels, placards and documents
required by the Regulations to be used in the transport o f radioactive materials.
Following the description o f each m arking, label and placard the instances when they
can be used are given. The relevant paragraph and table numbers in Safety Series
No. 6, 1985 Edition, are given in parentheses. The shipping document requirements
are also given, together with an example o f a Shipper’s Declaration for Dangerous
Goods form.

MARKINGS
The following should be marked on the outside of packages:

T Y PE A
This is a marking given to each package which conforms to a Type A design (437).

T Y PE B(U)
(together with ID m ark and serial number). This is a marking given to each package
which conforms to a Type B(U) design (438).

T Y PE B(M)
(together with ID m ark and serial number). This is a marking given to each package
which conforms to a Type B(M) design (438).

The basic trefoil symbol (Fig. A I.l) has proportions based on a central circle
o f radius X. The minimum allowable size o f X shall be 4 mm. The basic trefoil
symbol is required to be embossed or stamped on the outermost receptacle of a
Type B(U) or Type B(M) package (439).
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60 °

FIG. A l.l . Basic trefoil symbol.

LABELS
For the Category I-W HITE label (Fig. AI.2) the background colour o f the
label shall be white, the colour o f the trefoil and the printing shall be black and the
colour o f the category bar shall be red. The I-W HITE label is to be affixed to:
— Two opposite sides o f a package (441) having a transport index (TI) o f 0 and
maximum radiation level at any point on the external surface which is not more
than 0.005 mSv/h (0.5 m rem/h) (Table IX), or
— Four sides o f a freight container or a tank (441) having the same limitation
(Table IX), or
— Two opposite sides o f an overpack (441) having a TI o f 0 (Table X).
Additional information which is supplied on the I-W HITE label includes:
— Description o f the contents, including the name o f the radionuclide (or
nuclides), together with its classification as LSA-II, L SA -m , SCO-I, or
SCO-II, as appropriate. LSA-I classification does not include the name o f the
radionuclide. In the case o f consignments which are neither LSA nor SCO,
only the name o f the radionuclide is listed (subpara. 442(a)).
— The maximum activity o f the radioactive contents is listed in units of
becquerels (Bq) (or curies (Ci)). In the case o f fissile material, the activity
might be replaced by the weight (subpara. 442(b)).
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FIG. AI.2. Category I-WHITE label (440).

For the Category II-YELLOW label (Fig. AI.3) the background colour of the
upper half of the label shall be yellow and of the lower half white, the colour of the
trefoil and the printing shall be black and the colour of the category bars shall be
red. The II-YELLOW label is to be affixed to:
— Two opposite sides of a package (441) having a transport index greater than
0 , but not exceeding 1 , and a maximum radiation level at any point on the
external surface which is not more than 0.5 mSv/h (50 mrem/h) (Table IX); or
— Four sides of a freight container or a tank (441) having the same limitation
(Table IX); or
— Two opposite sides o f an overpack (441) having a transport index greater than
0, but not exceeding 1 (Table X).
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FIG AI.3.

Category II-YELLOW label (440).

Additional information which is supplied on the II-YELLOW label includes:
— A description of the contents, including the name of the radionuclide (or
nuclides), together with its classification as LSA-II, LSA-III, SCO-I, or
SCO-II, as appropriate. LSA-I does not include the name of the radionuclide.
In the case o f consignments which are neither LSA nor SCO, only the name
o f the radionuclide is listed (subpara. 442(a)).
— The maximum activity of the radioactive contents is listed in units of
becquerels (Bq) (or curies (Ci)). In the case of fissile material the activity might
be replaced by the weight (subpara. 442(b)).
— The transport index for this category, given on the label (subpara. 442(d)).
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FIG. A1.4.

Category III-YELLOW label (440).

For the Category III-YELLOW label (Fig. AI.4) the background colour o f the
upper half of the label shall be yellow and o f the lower half white, the colour of the
trefoil and the printing shall be black and the colour of the category bars shall be
red. The III-YELLOW label is to be affixed to:
— Two opposite sides of a package (441) having a transport index greater than
1 , but not exceeding 10 , and a maximum radiation level at any point on the
external surface which is not more than 2 mSv/h (200 mrem/h), or, if under
exclusive use, having a transport index higher than 10 and maximum radiation
level at any point on the external surface which is not greater than 10 mSv/h
(1000 mrem/h) (Table IX);
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FIG. AI.5. Placard.
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— Four sides of a freight container or a tank having the same limitation; or
— Two opposite sides o f an overpack (441) having a transport index of greater
than 1 (Table X).
Additional information which is supplied on the III-YELLOW label includes:
— A description o f the contents, including the name o f the radionuclide (or
nuclides), together with its classification as LSA-II, LSA-III, SCO-I, or
SCO-II, as appropriate. LSA-I does not include the name o f the radionuclide.
In the case o f consignments which are neither LSA nor SCO, only the name
o f the radionuclide is listed (subpara. 442(a)).
— The maximum activity o f the radioactive contents, listed in units o f becquerels
(Bq) (or curies (Ci)). In the case o f fissile material the activity might be
replaced by the weight (subpara. 442(b)).
— The transport index for this category, given on the label (subpara. 442(d)).

PLACARDS
The minimum dimensions for placards are given in Fig. A I.5; when larger
dimensions are used the relative proportions must be maintained. The figure “ 7 ”
shall not be less than 25 mm high. The background colour of the upper half of the
placard shall be yellow and of the lower half white, the colour o f the trefoil and the
printing shall be black. The use o f the word “ RADIOACTIVE” in the bottom half
is optional to allow the alternative use of this placard to display the appropriate
United Nations Number for the consignment.
A placard shall be affixed to the four sides o f large freight containers carrying
packages other than excepted packages and tanks (443).
In some cases the United Nations Number is also displayed either on the lower
half o f the placard or using a subsidiary placard shown in Fig. A I .6 (444). The
background colour o f the placard shall be orange and the border and United Nations
Number shall be black. The symbol “ ****” denotes the space in which the
appropriate United Nations Number for radioactive material shall be displayed.

TRANSPORT DOCUM ENT
The following information, as applicable, is included in the transport
document (447):
(a)
(b)
(c)

The proper shipping name, as specified in Appendix I of the Regulations;
The United Nations Class Number “ 7 ” ;
The words “ RADIOACTIVE M ATERIAL” unless these words are contained
in the proper shipping name;
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Shipper’s Declaration for Dangerous Goods
Shipper

Air Waybill No.
Page

of

At

Pages

Shipper’s Reference Number
(optional)

Consignee

■

Member of Imeriuitorul
Air Transport Association

Two completed and signed copies of this Declaration
must be handed to the operator

WARNING
Failure to comply in all respects with the applicable
Dangerous Goods Regulations may be in breach of the
applicable law, subject to legal penalties. This Declara
tion must not, in any circumstances, be completed
and/or signed by a consolidator, a forwarder or an IA1A
cargo agent

TRANSPORT DETAILS
This shipment is within the
limitations prescribed for

Airport of Departure

idclcic miiKippl'i'iiMc)
PA S SE N G E R
AND CARGO
A IR C R A F T

CARGO
A IR C R A F T
O N LY

Shipment type «jcict«non-uitpiicubiei

Airport of Destination

IN O N - R A D IO A C T I V E I R A D 1 0 A C T I V E I

NATURE AND QUANTITY OF DANGEROUS GOODS (see sub-Section 8.1 of IATA Dangerous Goods Regulations)
D a n g e ro u s G o o d s id e n tific a tio n

P ro p e r S h ip p in g N a m e

! D ivi- i
: sio n j
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N o.

S u b s i
d ia ry
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Q u a n tity a n d
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I
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.5
IMS
M A N SIO N S
U .O i X
PAC KA GE NO
ATT ACH EO
S P E C I A L fORN C E R U f l C A T t Nl/NBtR
R A D I O A C T I V E M A T E R IA L N . O . S . C L A S S
1 T Y P E A PACK
Y90
SOLUTION
6 .5
D IM E N S IO N S
6.S
tPE
P32

PJ2

UN 29 82
925 M6GABQ
E
INS
.1

A PAC KA 6 E

9 .25
9 .25
9.25
9.25
37

so lu t io n

SO L U T I O N
SO L U T I O N
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SO L U T I O N
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SO L U T I O N
P3?
A LL IN
D IM E N S IO N S
12 .S

9 . 2 5 MEGA0Q

YP£ A P
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SE
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II

P AC KA 6 C NO

P18136
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WHITE
TI
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/ /
N4STO1

tt
packag

Y ELLOW T t
0.1
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Additional Handling Information

I hereby declare that (He contents or tffis consignment are fully and
accurately described above by proper shipping name and are classified,
packed, marked and labelled, and are in all respects in the proper condition
for transport by air according to the applicable International and National
Government Regulations.

Name/Title of Signatory
Place and Date
Signature

A
FIG. Al. 7. Example o f a transport document.

This publication is no longer valid
Please see http://www-ns.iaea.org/standards/

(d)
(e)

The United Nations Number assigned to the material;
For LSA material, the group notation “ LSA-I” , “ LSA-II” , or “ LSA-III” , as
appropriate;
(f) For SCO, the group notation “ SCO-I” or “ SCO-II” , as appropriate;
(g) The name or symbol o f each radionuclide;
(h) A description o f the physical and chemical form o f the material, or a notation
that the material is special form radioactive material. A generic chemical
description is acceptable for chemical form;
(i)
The maximum activity of the radioactive contents during transport expressed
in units o f becquerels (Bq) (or curies (Ci)) with an appropriate SI prefix. For
fissile material, the mass o f fissile material in units o f grams (g), or appropriate
multiples thereof, may be used in place o f activity.
(j) The category o f the package, i.e. I-W HITE, H-YELLOW, ffl-YELLOW ;
(k) The transport index (categories II-YELLOW
and III-YELLOW only);
(1) All items and materials transported under the provisions for excepted packages
shall be described in the transport document as “ RADIOACTIVE
M ATERIAL, EXCEPTED PACKAGE” , and shall include the proper
shipping name o f the substance or article being transported from the list of
United Nations Numbers;
(m) For a consignment of fissile material, where all o f the packages in the consign
ment are excepted, the words “ FISSILE EX CEPTED ” ;
(n) The identification m ark for each competent authority approval certificate
(special form radioactive material, special arrangement, package design, or
shipment) applicable to the consignment; and
(o) For consignments o f packages in an overpack or freight container, a detailed
statement o f the contents o f each package within the overpack or freight
container and, where appropriate, o f each overpack or freight container in the
consignment. If packages are to be removed from the overpack or freight
container at a point o f intermediate unloading, appropriate transport
documentation shall be made available.
An example o f a properly filled transport document, with the section on nature
and quantity o f dangerous goods filled out, is given in Fig. AI.7 [28].
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Appendix II

EXAMPLES OF RESPONSE TO TRANSPORT ACCIDENTS

This Appendix provides four brief discussions concerning transport accidents
involving consignments o f radioactive materials and outlines typical emergency
response actions. The first three deal with accidents which actually occurred. None
o f these caused a severe radiological hazard, but are mentioned to illustrate how
response plans are applied.
The fourth accident deals with a hypothetical situation involving a radioactive
material having other dangerous properties. It would probably not cause a severe
radiological hazard. It is included to illustrate how response plans could be applied.

EM ERGENCY RESPONSE TO A ROAD TRANSPORT ACCIDENT
INVOLVING INDUSTRIAL PACKAGES CONTAINING LSA-I NATURAL
URANIUM CONCENTRATES

Background
Natural uranium concentrate (yellowcake) is classified as LSA-I. It is usually
transported in industrial packages, the most common being 200 L drums. These
packages are not required to be designed to withstand accident conditions, require
ments which are imposed on Type B packages. A typical yellowcake consignment
may consist o f a tractor-trailer lorry loaded with 50 drums o f concentrates. The
amount o f uranium involved is some 20 000 kg. The following summarizes the
procedures followed in one accident involving yellowcake. The summary is based
on Ref. [29].
In 1977 a tractor-trailer lorry loaded with yellowcake overturned on a road
located in a populated area in south-eastern Colorado, USA. The concentrate had
been packaged, loaded and shipped in full compliance with all relevant regulations.
As a result o f the lorry’s overturning, 32 o f the 50 drums were thrown through
the top o f the trailer and came to rest on the shoulder of the road. Drum lids, which
were secured to the drums by bolted steel ring closures, came off 17 of the 32 drums
thrown from the trailer, as well as o ff 12 o f the 18 which remained in the trailer.
About 6000 kg of concentrate spilled from the open drums, 2500 kg were
contained in the overturned trailer and 3500 kg were scattered over an area of
250-300 m 2. The driver and his assistant were injured and trapped in the cab.
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E m ergency response
Phase 1 — The initial phase
Police, being the first on the scene of the accident, removed the injured crew
from the wreckage and sent them to the nearest hospital, where they were decontami
nated and treated for cuts and fractures. Both drivers were examined in the hospital
for internal contamination and none was found.
The bill of lading in the truck was accompanied by written detailed emergency
instructions (see Appendix III), which had been prepared by the consignor of the
yellowcake. These instructions directed the individuals who arrived first on the
scene, in this case the police officers, to notify the shipper’s office and to cover the
spilled material with tarpaulins or heavy plastic sheeting to prevent airborne disper
sion. The police, after evacuating the crew, followed the shipper’s instructions and
also notified the Colorado Department of Health (the local competent authority).
They also directed traffic around the scene of the accident.
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Phase 2 — The accident control phase
A radiological monitoring team arrived at the scene some 12 hours after the
accident and made a survey o f the area (Fig. A II.l). The consignor sent a team by
air with some equipment, arriving at the scene after 14 hours, followed by a lorry
with additional and heavier equipment.
It was learned by the consignor’s team that the spill was more extensive than
was understood from the initial report and the amount o f material and manpower then
available on the site was, therefore, inadequate. However, because the risk o f the
material spreading into the environment was low, sufficient time was available and
was taken to plan the cleanup.
The Colorado Department of Health established the requirements for the
cleanup operations, including the requirement that operations were to be continued
until the natural background levels were achieved.

Phase 3 — The post-emergency phase
The yellowcake was initially hand shovelled into new drums within a portable
shelter covering about 10 m 2 o f the spill area. The portable shelter was constructed
of lumber and plastic sheeting. The spill area outside the housing was to remain
covered. Contamination surveys and continual air monitoring were performed to
prevent the spread o f the yellowcake and a dike and wind break were constructed
around the spill. W ork progressed slowly. Five days after the accident five drums
had been filled with dirt and yellowcake and eleven drums of the 50 in the shipment
had been recovered. Vacuum cleaning and ventilation equipment was then brought
to the site to speed the cleanup. A snow fence lined with plastic sheeting was set up
to reduce wind velocity in the work area and the vacuum cleaning and ventilation
equipment was installed. Two days later it was realized that calm weather and light
mist would allow work to proceed outside the portable shelter. All 32 drums outside
the trailer were recovered nine days after the accident and all 50 drums on the tenth
day. Three m ore days were used to complete the final decontamination of the lorry,
the spill area and the equipment used for the operation. Final surveys indicated
several hot spots, which were subsequently decontaminated further by additional soil
removal. Topsoil replacement and grass reseeding were completed by the Colorado
Department o f Highways. After all operations, the average exposure in the area was
within the limits set by the competent authority, which then released the entire area
for unrestricted use — 13 days after the accident. All equipment was decontaminated
to standards set by the national competent authority for further unrestricted use.
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Radiological safety
A radiological safety team provided by the consignor conducted the safety
programmes during the cleanup operations. It set up a restricted or controlled area
which included all of the area in which yellowcake could be detected by surveys.
This controlled area was marked off using rope and appropriate signs indicating
potential dispersion o f the concentrate. Three types o f air samples were collected:
( 1 ) enclosed area samples; (2 ) open area samples taken in the work area; and
(3) perimeter samples taken close to the boundary of the controlled area. The first
two types o f samples were used to evaluate personnel exposures, while the perimeter
samples were used to evaluate dispersion beyond the controlled area. Samples used
to evaluate personnel exposures were taken with the air sampler at breathing eleva
tion. Air sample data were used to evaluate exposures; conservative protection
factors were assumed for the respirators. A factor o f 10 was used for the half-face
mask, while a factor of 50 was used for the full-face mask. In addition to environ
mental air sampling, soil and vegetation samples were taken in the spill area.
The decontamination programme involved radiation surveys of the ground, of
personnel and all equipment or supplies that could have been contaminated. Each
person leaving the controlled area was surveyed. This included counting o f nasal
smears, facial areas and the inside o f the face mask. Showers were necessary at the
site to ensure decontamination of personnel. All personnel were surveyed to ensure
that they were carrying no detectable quantities of uranium off the site. All
equipment used in the operation was surveyed and decontaminated to meet the
standards set out by the national competent authority before shipment or release for
unrestricted use. All automobiles and motel rooms used by the cleanup personnel
were also surveyed and found to be free from detectable contamination. External
radiation doses to personnel involved in the cleanup were measured using
TLD badges.
Urine specimens were taken from 29 people known to be involved in the
accident or to have been near the site at the early stages. Those people were the lorry
crew, law enforcement and rescue personnel and some members o f the public.
Additionally, samples were obtained from 17 o f the shipper’s personnel who were
involved in the cleanup job.

Discussion
The consignment in this case is identified by United Nations Number 2912 and
the emergency responder should refer to Guide 62 for the USA or Guide 30 for
Canada (see Appendix III). These guides are, however, very general as they do not
deal with the specific material. In this case the shipper supplied a detailed set of
instructions to be followed in the event o f an accident. The local police, acting
according to the instructions and by covering the spill area, avoided the spread of
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TA B LE A II.l. CONTENTS OF PACKAGES INVOLVED IN TH E AC CID EN T
Types of
No. of
packages packages

Radio
isotope

Activity
(Bq)

TI

Physical
form

Remarks

2

Excepted

3H

1.8 x 107

2

A

32f

3.7 x 108

0.2

Liquid

10

A

67Ga

2.3 x 10'°

6.9

Liquid

28

A

"M o

1.9 x 10'2 82.6

Solid

Tc generators

5

A

"M o

3.7 x 109

Solid

Depleted Tc
generators

1

Excepted

,25I

2.2 x 106

Liquid

17

A and excepted

131I

1.8 x 1010

6.5

Liquid and
solid

12

A and excepted

133Xe

1

0.8

Gas

Excepted

,37Cs

1.1 x 106

A and excepted

201j i

1.4 x 109

1
4

82

2

x 10"

Liquid

Liquid

0.1

Liquid and
solid

x 1012 97 a

a The total transport index exceeds the maximal value of 50 cited in the Regulations.
However, the carrier had an exemption which permitted exclusion of the "Tc generators
from the TI computation.
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the contamination and eased the cleanup job. The prompt reaction of the local police
force may be attributed, to some extent, to the fact that some o f the officers had
undergone a training course in dealing with emergencies involving radioactive
materials.
EMERGENCY RESPONSE TO A ROAD TRANSPORT ACCIDENT
INVOLVING EXCEPTED AND TYPE A PACKAGES OF
RADIOPHARMACEUTICALS

Background
On 3 December 1983, an accident occurred in Mississippi, USA, involving a
caravan trailer towed by a lorry-based station-wagon (estate-type vehicle) carrying
a consignment o f radiopharmaceuticals. The following summarizes the response to
this accident. The summary is based on Ref. [30].
The vehicle involved in the accident was carrying 82 Type A and excepted
packages originating from five different shippers to be delivered to many medical
institutions. A list o f the packages is given in Table A II.l.
At the time o f the accident the vehicle was travelling on a divided four lane
road at a speed o f 80-90 km /h when the trailer was hit on the rear left-hand side by
an overtaking passenger car. As a result of the impact, the trailer was torn away from
the towing vehicle and lay demolished beneath the passenger car some 70 m behind
the towing vehicle. All of the cargo was ejected and was dispersed on both sides of
the road over a distance o f some 200 m. A drawing o f the accident scene is given
in Fig. AII.2.
Thirty packages were damaged to the extent that their outer packaging was
destroyed. Two out o f these 30 packages, one containing 67Ga and the other 131I,
having activities o f 200 MBq and 40 MBq, respectively, had their radioactive
material vials ejected from their shielding and subsequently broken.

Emergency response
Phase 1 — The initial phase
Shortly after the accident, the relief driver, acting according to his emergency
procedures, contacted the local police and the Mississippi Emergency Management
Agency. W ithin 15 minutes, several police units were on the scene o f the accident
followed by the local fire department. Fire fighters donned protective clothing and
breathing apparatus. A representative o f the local civil defence department arrived
at the scene o f the accident equipped with a radiation monitor. He made a superficial
survey, which confirmed the presence o f radiation at the scene. The police cordoned
o ff the area and waited for professional assistance.
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Phase 2

—

The accident control phase

According to pre-established procedures, the Emergency Management Agency
duly notified the Missisippi Division of Radiological Health (DRH) that an accident
involving radioactive materials had occurred. The Division recruited four profes
sionals who left their headquarters in a mobile unit within 45 minutes, arriving at
the scene two hours after the occurrence o f the accident.
By the time the staff o f the DRH arrived, the area had already been cordoned
off by the State Highway Patrol. The DRH staff looked over the accident scene,
prepared an inventory of the sources involved in the accident from the consignors’
bills o f lading and conducted an extensive survey o f the area with a suitable instru
ment. Also surveyed were the emergency vehicles at the scene, the Civil Defense
and Highway Patrol officers, the trailer remnants and the damaged automobile. No
activity was found on any o f the above and the area survey indicated no public health
hazard. A decision was then made by the team leader that the cleanup would be
accomplished by personnel provided by the carrier and consignor.
Phase 3 — The post-accident phase
Representatives of the carrier and the original consignors arrived at the scene
of the accident some 8-10 hours after it had happened. W orking under the guidance
o f the DRH team, they went about the task of cleaning up the debris. Small debris
and packing materials were placed in plastic bags and then into cardboard boxes and
placed at the side o f the road. Damaged and undamaged packages were also put into
cardboard boxes and placed at the side of the road. In the area where the 131I source
was found broken, approximately 0.08 m 3 o f topsoil was removed and placed in
three to four boxes and placed at the side of the road. Following the collection of
the debris, a local contractor removed the remnants of the trailer and the damaged
car from the site. A lorry was loaded with the accident debris and contaminated
topsoil. A thorough and systematic survey o f the area was then made. Background
radiation levels o f 8-12 ^R /h were measured. After a thorough wash the highway
was reopened for public use — 16 hours after the accident had occurred.
Discussion
The response to this accident can be used as a model for the proper handling
of such incidents. Each group involved in the response action reacted promptly and
knew its part well. The carrier gave proper instructions to its employees who, in
turn, reacted accordingly. The police, the fire brigade and the Emergency Manage
ment Agency performed their roles as planned. The DRH was ready with all o f the
manpower and equipment necessary and arrived without delay. This Division also
served as a Lead Agency throughout the handling o f the accident.
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A problem which may be encountered in an accident o f this type is the possible
lack o f information concerning the exact composition o f the consignment. It is typical
for a carrier to make several deliveries and pickups during a particular assignment.
The original integrated bill o f lading does not, therefore, represent the contents
exactly after the first delivery has been made. The responder, therefore, may need
to reconstruct the inventory list, as was done in this case by the DRH.
EMERGENCY RESPONSE TO AN AIRCRAFT ACCIDENT INVOLVING
EXCEPTED AND TYPE A PACKAGES OF RADIOACTIVE MATERIALS

Background
Millions o f packages containing radioactive materials are shipped by air each
year. Most o f the consignments are excepted and Type A packages and they may
contain a variety of items, from smoke detectors to radiopharmaceuticals, and have
an activity range o f several orders o f magnitude. Aircraft accidents are characterized
by large accelerations and, most frequently, they are followed by fires. An aircraft
accident involving some radioactive materials is described, together with the
response actions. The description is based on Ref. [31].
In 1979, a D C -8 passenger aircraft failed to stop at the end o f the runway
during its landing at Athens airport and crashed onto a public road passing parallel
to the airport fence at a level which is 5 m below the runway. As a result o f the crash
the aircraft caught fire. As part o f its cargo the aircraft carried 40 packages
containing radioactive materials. A list o f the packages and their contents is given
in Table AII.2.

Emergency response

Phase 1 — The initial phase
Airport emergency teams were the first on the scene o f the accident and were
engaged in saving lives and fighting the fire. The airport authorities were unaware,
for a period o f five hours, o f the fact that radioactive materials were part o f the
flight’s cargo. When this fact was brought to their attention they notified the local
nuclear research centre — in accordance with the emergency preparedness plan.
The radiological emergency group arrived at the scene of the accident one hour
later. At this stage the fire was not completely extinguished and the team could only
make an external area survey. The members o f the group located the area where the
packages o f radioisotopes had been stowed, but no external contamination was
detected. W hile waiting for the fire to be completely extinguished, they performed
a personal contamination check on each member o f the rescue team (police, fire
fighters and medical crew) using portable instruments.
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No detailed information concerning the radioisotopes on board was available
to the emergency team for at least 12 hours after the accident. Thus, initially, infor
mation on the potential hazards was gathered only on the basis o f measurements
taken on the site.

Phase 2 — The accident control phase
As soon as access to the aircraft was permitted the radiological team, properly
dressed, entered the cargo compartment and started to survey it in order to locate
and collect the packages o f radioactive materials. The cargo was found to be mostly
burnt. Most o f the cans had burst open to some extent and most o f the glass vials
were found to be broken or without their rubber stoppers. Most o f the lead shielding
had melted and was trapped within the metal cans. After collecting some 5 m 3 of
contaminated debris into metallic drums, a detailed radiation survey was carried out
inside and outside the aircraft. Exposure rates within the cargo compartment were
less than 1 mR/h and proved to be due to 22Na contamination. No detectable
contamination was found outside the storage compartment. As a result o f the
measurements the radiological team authorized the removal of the aircraft wreckage.

Phase 3 — The post-accident phase
The drums containing the radioactive debris were sent to the nuclear research
centre for analysis and burial. In the laboratory, effort was made to locate the one
hundred 238Pu sources within the debris. After a long search, 92 were found and
eight were missing. Tests carried out on the plutonium sources revealed that a large
number had undergone extensive damage and in some o f them small quantities of
alpha transferable contamination was detected.

Discussion
There are several features which characterize an aircraft accident. In compari
son with a lorry or rail accident, the probability o f fire is higher and the accelerations
involved are much greater. The number o f people involved in such an accident,
especially if a passenger aircraft crashes, might be significant. Fire fighting and
rescue operations, which take priority over any other action, may strain all o f the
resources available for a long period. In addition, it should be realized that informa
tion concerning the nature o f the cargo may not be available in the early stages of
the response operation. International Civil Aviation Organization (ICAO) regula
tions require that the pilot in command is provided with a document containing
detailed information concerning any dangerous cargo that is carried. This document
contains, in addition to the information given in the transport documents, the exact
loading locations. Unfortunately, this document is not always available following an

66

This publication is no longer valid
Please see http://www-ns.iaea.org/standards/

accident. In the incident described, it took airport authorities five hours to realize
that radioactive materials were involved in the accident and it took another day to
obtain the exact list o f the packages.
Considering the above mentioned limitations, the existence o f a response plan,
prepared beforehand, is very important. Only a well equipped and trained group o f
people can deal with a situation where everything may initially be unknown. There
are two other points to be considered. In the Athens accident, the impact was at low
velocity. In many aircraft accidents, where the impact velocities are usually much
higher, the areas to be monitored could be much larger. The response plan should
consider such a possibility in allocating manpower and equipment. Another point
which should be borne in mind is that, owing to the large forces and temperatures
involved in an aircraft accident, some o f the items may have characteristics which
are different from the ones they had before the accident. A very important example
is a sealed source losing its integrity. It should be remembered that a sealed source,
which meets all o f the tests described in ISO Standard 2919, may not withstand
serious fire and explosion conditions.

EMERGENCY RESPONSE TO A HYPOTHETICAL ACCIDENT INVOLVING
INDUSTRIAL PACKAGES CONTAINING LSA-I OR LSA-H URANIUM
HEXAFLUORIDE (UF6)

Background
In preparing emergency response plans, it can be useful to consider entirely
hypothetical accidents which would have a very low probability o f occurrence and,
therefore, would not come within the scope o f the package design basis. This section
briefly outlines the emergency response which might be considered in such a
hypothetical accident which involves rupture o f a large UF 6 container as a result of
a transport accident involving a fire o f long duration.
Uranium hexafluoride enriched no m ore than 1% is classified as LSA-I (or
LSA-II) and is transported in solid state, usually in industrial packages. The most
common package used for this purpose is US48Y (known in France as DV08), which
is capable o f carrying up to 12 500 kg o f UF6. These containers are not required to
be designed to withstand the accident conditions (including a thermal test) which are
imposed on Type B packages. However, because o f the characteristics o f UF 6 and
the manner in which it is loaded in the packaging, the integrity o f this package is
generally significantly above that required for a normal industrial package (it is a
pressure vessel).
In the event that a package o f UF6, such as the 48Y, were to be involved in
a fire o f long duration and high intensity, there are several mechanisms through
which the container can be ruptured and its contents released to the atmosphere. For
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purposes o f demonstration the scenario leading to the worst consequences is
described and a response to it is suggested.

Hypothetical accident scenario
An assumption is made that a 48Y container loaded with 12 500 kg o f natural
UF 6 is involved in a large fire for a period o f 30 minutes and breaches.
The temperature o f the UF 6 is assumed to have reached 120°C, at which
temperature it is already liquefied, having a vapour pressure o f 0.675 MPa
(6.75 kgf/cm 2). Once the package is ruptured, UF 6 can be expected to escape in
gaseous form. Under this set o f conditions, approximately 65% o f the contents
(8000 kg) will be released within a time period o f approximately one hour. These
release phenomena have been confirmed by several authors [32-37].
The escaping gases are going to have, according to this scenario, a relatively
low effective release height. If the release were to occur concurrently with the fire,
the release height would be greater — followed by larger dispersion and dilution.
The escaping UF 6 reacts with humidity in the atmosphere, producing U 0 2F 2
and HF. The amount o f water necessary to hydrolyse 8000 kg o f UF 6 is 800 kg
(this amount o f water represents the contents o f some 50 000 m 3 o f air at 25 °C and
50% relative humidity). It is obvious, therefore, that as the plume o f UF 6 expands
and travels downwind this reaction is going to occur until all o f the UF 6 is
consumed. Both U 0 2F 2 and HF are poisonous. The risk o f breathing unhydrolysed
UF 6 is slightly higher than the risk o f breathing U 0 2F 2 and HF combined.
Also, from the standpoint o f contamination, it should be noted that gaseous HF
does not deposit on the ground; surface contamination can only be caused by the
particulate U 0 2F2. Hydrated H F, which tends to settle slowly, might have some
corrosive effects, but does not present a significant health hazard. Unhydrolysed
UF 6 may settle down, especially near the source, and react with moisture.
Thus, the principal hazards are from breathing and contamination, and are
generally governed by chemical rather than radiological risks. The release of
8000 kg o f UF 6 at the end o f a fire, in stable weather conditions and with a mild
wind (of about 2 m /s), might cause severe poisoning (mostly by HF) at a downwind
distance o f 1-2 km for people remaining within the plume during its passage. It is,
however, very unlikely that people irritated by the smell o f HF would voluntarily
remain in the plume for sufficient time to cause poisoning. Therefore, the people at
risk are those who are near the point o f the release, where the concentrations are very
high, or those who are forced to stay in the plume area without protective breathing
devices because they are somehow incapacitated.
As the plume moves with the wind the solid U 0 2F 2 will begin to settle and
deposit on the ground, resulting in its contamination [38, 39]. Ground contamination
is not an immediate issue to be dealt with during the course o f the accident. Its
impacts are long term exposure to low level radiation and possible resuspension and
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consequent inhalation o f the radioactive material if proper measures to control the
spread o f contamination are not taken. The areas which could require decontamina
tion might extend to several kilometres. W hile the decontamination o f flat solid
surfaces is quite easy, the cleaning o f soils contaminated with soluble uranium
compound poses a serious problem. The use o f water to avoid resuspension is not
recommended as the solutions so formed could penetrate into the ground, which
might then necessitate the removal o f much higher quantities o f soil. If possible, lime
solution should be used to ‘fix’ the contamination.

Emergency response

Phase 1 — The initial phase
Immediate emergency actions concerning release of UF 6 are provided in
guides, such as those which are reproduced in part in Appendix III. In this case, the
material transported is identified by United Nations Number 2978 and the em er
gency responder will refer to, for example, Guide 66 for the USA [40] and Guide 32
for Canada [41].
It is worth while to discuss some o f the points in these instructions in more
detail.
(1)

(2)

(3)
(4)

W ater should not be allowed to come into contact with UF6. The reaction of
UF 6 with water is exothermic and therefore enhances the release. A water
fog, or water curtain, is very effective if used, at some distance downwind,
to reduce the concentration o f HF and U 0 2F 2 in the plume and to minimize
the area which might eventually require decontamination.
Positive pressure breathing apparatus should be used by all emergency teams
near the site o f the accident. Regular respirators do not provide any protection
from UF 6 and provide very little protection from HF. They do, however,
provide adequate protection from U 0 2F 2 and can, therefore, be used during
the decontamination process.
People in the downwind sector should be warned and if the release is o f signifi
cant magnitude their evacuation should be considered.
All rescue personnel involved in the accident should be monitored for external
and internal contamination after the emergency is over. Equipment and safety
gear should be cleaned before return to unlimited use.

Phase 2 — The accident control phase
At this stage a monitoring team is on the scene. The team should be equipped
with suitable instruments for the measurement o f uranium contamination. The
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recommended instruments are either alpha monitors (usually based on gas propor
tional counters) or scintillation counters capable o f measuring the weak gamma
radiation of uranium. A ir sampling devices should be placed in proper places to
measure airborne uranium aerosols.
Using these instruments, the monitoring team should be able to make a contour
map o f contaminated areas and recommend what locations should be evacuated, if
any, and where decontamination actions are most urgent.
In most cases, the monitoring team should be responsible for monitoring all
individuals involved in the operation.

Phase 3 — The post-accident phase
This is the cleanup stage. Compared with the two previous stages, it cannot
be done quickly. Before proceeding with this stage, thorough preparation and
planning are essential. The factors to be considered are:
— What is the degree o f contamination?
— W hat is the relative importance o f the contaminated areas?
— Is there a possibility of further dispersion o f the contaminants?
— To what level should the decontamination job be done?
It is very important to have one individual or one agency responsible for the
operation. Monitoring team(s) should also be present during this phase in order to
provide feedback information and to monitor personnel. Air sampling should be
perform ed at all times during the campaign.
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Appendix III

EXAMPLES OF SOME EMERGENCY RESPONSE
GUIDES AND PROCEDURES
EMERGENCY GUIDES
Some national and international guides dealing with the handling o f transporta
tion accidents have been published. As an example, the paragraphs dealing with
handling accidents involving radioactive materials in two national guides, as well as
those in the International M aritime Organization’s guide [42] are given in the pages
that follow (Figs ADI. 1-AIII.3). ta b le AIII. 1 presents excerpts from a list of United
Nations Numbers, together with the subsidiary risks, as reflected in various
appropriate guides.

SHIPPER’S EMERGENCY INSTRUCTIONS
An example of the instructions to be followed in the event of an accident is
reproduced below [29]. These instructions for emergency action were included by
the shipper in the lorry shipment o f industrial packages containing LSA-I natural
uranium concentrates that was involved in a road accident in Colorado in 1977 and
which was described in Appendix II.

YOUR CARGO IS

Uranium Concentrate

THIS MATERIAL:
1.
2.
3.
4.

Is not explosive.
Will not burn.
Is a naturally occurring radioactive material o f low specific activity. It should
not be inhaled, eaten, or allowed to get into an open wound.
Can be approached without danger o f injury from external radiation.

IN THE EVENT OF ACCIDENT, AS SOON AS POSSIBLE:
1.
2.

Take preliminary precautions below. Display these instructions as necessary
to local authorities on the scene to obtain their help (see 2 below).
Call (or have local authority call for you) the Manager, — , Telephone — .
If possible have local law or civil authority participate in call.
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PRELIM INARY PRECAUTIONS
CONTAINERS ARE NOT LEAKING, AND ARE NOT SERIOUSLY
DAMAGED. Container may or may not be thrown from vehicle. Vehicle may or
may not be damaged.
1.
2.

3.
4.

Caution people not to tamper with the containers. Use civil authorities to help
you if necessary.
It is not necessary to have a specific distance between the humans and the
containers or lorry, but for ease o f controlling the situation, ask people to stay
back 10-15 feet [approximately 3 -5 m].
If closed containers are lying on the road, obtain assistance from whatever civil
authority is available to move containers to the side o f the road.
Assure local authorities that there is no danger in handling closed containers.

CONTAINERS ARE LEAKING OR DAMAGED TOO SERIOUSLY TO BE
M OVED. Lorry or railroad car may or may not be damaged.
1.

2.
3.
4.

5.

6.

Caution humans to stay away from the material. Keep them at a distance of
at least 25 feet [approximately 8 m]. Extreme distance is not necessary. Use
civil authorities to help if necessary.
Assure local authorities that there is no danger from radiation but that people
should avoid breathing any dust from the material.
Avoid trackage o f material by humans or vehicle. Obtain help from local civil
authorities if necessary to reroute traffic around the spill area.
Keep material from running into streets, gutters, sewers, etc., if possible, A
simple method for doing this might be to dig a trench around the material or
throw up an earthen dike several inches high.
Prevent the material from being scattered by the wind by carefully covering
it with canvas or dirt.
Avoid breathing dust from the material. W hen covering the material, obtain
a simple respirator if possible. If none is available, work the material in such
manner as not to stir up excessive dust.

FIRE INVOLVING VEHICLE OR IN TH E IM M EDIATE VICINITY OF
VEHICLE
1.
2.
3.
4.
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Isolate the vehicle from other humans and property if possible. Use civil
authorities for help.
Obtain fire fighting help from local group.
The material you are hauling will not bum .
Keep fire away from uranium containers if possible.
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5.

6.

Use respirator if necessary to avoid breathing smoke from any fire involving
your cargo because o f possibility o f airborne particles, if the drums are
ruptured.
Do not spray water into open or leaking containers. There is no reaction with
water but a heavy stream o f water will spread the material and make cleanup
m ore difficult.

EQUIPM ENT NEEDED BY TH E RADIOLOGICAL RESPONSE TEAM
In this section a list is given of the equipment needed by the radiological
response team as specified by the United States W estern Interstate Nuclear
Board [43], This list should be considered as an example. W hile preparing an actual
list, local factors should be considered.

Instrumentation and equipment (basic equipment)
(1)

(2)
(3)

(4)

(5)

Gamma measuring beta sensitive
G eiger-M iiller counters with headphones (2): (0-0.1 rem /h (0-1
mSv/h));
Medium range ion chamber instruments (‘cutie pie’) (2): (0-5 rem/h
(0-50 mSv/h));
High range ion chamber instrument (1): (0-500 R/h).
Alpha detectors (preferably scintillation type). Count rate meter with two
probes with ruggedized windows.
Neutron measurement:
Neutron count rate meter with thermal neutron probe and fast neutron
moderator.
Support equipment:
1000 W gasoline powered electric generator; high volume air samplers;
fibreglass filters.
Light system with extension cords: 30 m No. 14 extension cords.
Personnel dosimeters for Incident Response Team.
N ote: Team members to be ‘badged’. All members o f the State Incident
Response Team are issued a beta-gam m a-neutron badge dosimeter (film or
TLD) and pocket dosimeters reading at 0-200 mrem and 0-1 rem, and an
appropriate handbook on radiation monitoring.
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Emergency supply container contents — Incident Response Team
Item
Large clear plastic bags
Plastic storage bags (4 L capacity)
Small (20 cm x 20 cm) plastic bags
Polyethylene boots
Polyethylene gloves (throwaway)
Plastic coveralls
Plastic shoe covers
Radiation warning signs and labels
Radiation warning rope
Rubber gloves
Sponge mop
Liquid cleansing detergent
Remote handling tongs (1-1.5 m)
Remote handling tongs (0.5 m)
Remote handling tongs (0.25 m)
Half-face respirators with filter cartridges
10-15 cm forceps
Stiff bristle brush
Plastic bucket
Rubber bands
3-cm-wide masking tape
Coloured pencils
Portable wind velocity and direction recording system
Leaded apron and gloves
Pad o f paper
Cam era, film, flash
Paper towels
W ater, other ‘decon’ solutions
Incident reporting forms
Tape recorder with spare tapes and accessories
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Quantity

6
50
150

1 package
72

2
2 pairs
1 package
2 15-m rolls
2 pairs

1
1L

1
1
1
8
1 pair
1
1
1 box
1 roll
1 box
1
1
1
1
1 roll
8L
1 package
1
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Guide 61
POTENTIAL HAZARDS

HEALTH HAZARDS
Fire may produce irritating or poisonous gases.
Radioactive material; little radiation hazard.

FIRE OR EXPLOSION
Some of these m aterials may burn but none of them ignite readily.

EMERGENCY ACTION
Keep unnecessary people away.
Isolate hazard area and deny entry.
Wear self-contained (positive pressure if available) breathing apparatus and
full protective clothing.
Delay cleanup until arrival or instruction of qualified Radiation Authority.
FO R E M E R G E N C Y A S S IS T A N C E C A L L C H E M T R E C (800) 424-9300.

FIRE
Move container from fire area if you can do it without risk.
Sm all Fires:
Dry chem ical, C 0 2, water spray or foam.
Large Fires:
Water spray or fog (flooding amounts).

SPILL OR LEAK
Do not touch damaged containers or spilled material.
Sm all Liquid Spills: Take up with sand, earth or other noncombustible
absorbent material.

FIRST AID
Use first aid treatment according to the nature of the injury.
Advise medical care personnel that injured persons may be contaminated with
radioactive material.

FIG. AIII. 1. Sections 61 to 66 o f the United States Department o f Transportation’s Emergency
Response Guidebook [40].
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Guide 62
POTENTIAL HAZARDS

HEALTH HAZARDS
Fire may produce irritating or poisonous gases.
Radioactive material; degree of hazard will vary from little to moderate, de
pending on type and quantity of radioactive material.
Runoff from fire control or dilution water may cau se pollution.

FIRE OR EXPLOSION
Som e of these m aterials may burn but none of them ignite readily.

EMERGENCY ACTION
Keep unnecessary people at least 150 feet upwind of spill.
Isolate hazard area and deny entry.
Limit entry to shortest possible time.
Wear self-contained (positive pressure if available) breathing apparatus and
full protective clothing.
Delay cleanup until arrival or instruction of qualified Radiation Authority.
FO R EM E R G E N C Y A S S IS T A N C E C A L L C H E M T R E C (800)424-9300.

FIRE
Do not move dam aged containers;' move undamaged containers out of fire
zone.
Sm all Fires:
Dry chem ical, C 0 2, water spray or foam.
Large Fires:
Water spray, fog or foam.

SPILL OR LEAK
Do not touch dam aged containers or spilled material.
Large Spills:
Dike far ahead of spill for later disposal.
Cover powder spill with plastic sheet or tarp to minimize spreading.

FIRST AID
Use first aid treatment according to the nature of the injury.
If not affecting injury, remove and isolate contaminated clothing and shoes;
wrap victim in blanket before transporting.
If not injured, remove and isolate contaminated clothing and shoes; shower
victim with soap and water.
Advise m edical care personnel that injured persons may be contaminated with
radioactive material.
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Guide 63
POTENTIAL HAZARDS

HEALTH HAZARDS
External radiation from unshielded radioactive material.
Internal radiation from inhalation, ingestion or skin absorption.
Radioactive material; degree of hazard will vary greatly, depending on type and
quantity of radioactive material.
Runoff from fire control or dilution water may cau se pollution.

FIRE OR EXPLOSION
Som e of these m aterials may burn but none of them ignite readily.

EMERGENCY ACTION
Keep unnecessary people at least 150 feet upwind; greater distances may be
necessary if advised by qualified Radiation Authority.
Isolate hazard area and deny entry.
Enter spill area only to save life; limit entry to shortest possible time.
Wear positive pressure breathing apparatus and full protective clothing.
Detain uninjured persons and equipment exposed to radioactive material until
arrival or instruction of qualified Radiation Authority.
Delay cleanup until arrival or instruction of qualified Radiation Authority.
FO R EM E R G E N C Y A S S IS T A N C E C A L L C H E M T R E C (800)424-9300.
If water pollution occurs, notify appropriate authorities.

FIRE
Do not move damaged containers; move undamaged containers out of fire
zone.
Sm all Fires:
Dry chem ical, C 0 2, water spray or foam.
Large Fires:
Water spray, or fog (flooding amounts).
For m assive fire in cargo area, use unmanned hose holder or monitor
nozzles.
Fight fire from maximum distance.

SPILL OR LEAK
Do not touch dam aged containers or spilled material.
Damage to outer container may not affect primary inner container.
Sm all Liquid Spills: Take up with sand, earth or other noncombustible absor
bent material.
Large Spills:
Dike far ahead of spill for later disposal.

FIRST AID
C all em ergency medical care.
If not affecting injury, remove and isolate contaminated clothing and shoes;
wrap victim in blanket before transporting.
If not injured, remove and isolate contaminated clothing and shoes; shower
victim with soap and water.
Except for the injured, detain persons and equipment exposed to radioactive
material until arrival or instruction of Radiation Authority.
Advise medical care personnel that injured persons may be contaminated with
radioactive material.
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Guide 64
POTENTIAL HAZARDS

HEALTH HAZARDS
Radioactive material; little radiation hazard.
C ontact may cau se burns to skin and eyes.
If inhaled, may be harmful.
Fire may produce irritating or poisonous gases.
Runoff from fire control or dilution water may cau se pollution.

FIRE OR EXPLOSION
Som e of these m aterials may ignite com bustibles (wood, paper, oil, etc.).

Keep unnecessary people away; isolate hazard area and deny entry.
Wear self-contained (positive pressure if available) breathing apparatus and
full protective clothing.
Delay cleanup until arrival of instruction of qualified Radiation Authority.
FO R EM E R G E N C Y A S S IS T A N C E C A L L C H E M T R E C (800) 424-9300.
If water pollution occurs, notify appropriate authorities.

FIRE
Move container from fire area if you can do it without risk.
Sm all Fires:
Dry chem ical, C 0 2, water spray or foam.
Large Fires:
Water spray, or fog (flooding amounts).

SPILL OR LEAK
Stop leak if you can do it without risk.
Move undamaged packages from spill area.
Do not touch damaged containers or spilled material.
Dam age to outer container may not affect primary inner container.
Sm all Liquid Spills: Take up with sand, earth or other noncombustible ab
sorbent material.
Large Spills:
Dike far ahead of spill for later disposal.

FIRST AID
Move victim to fresh air; call emergency m edical care.
In case of contact with material, immediately flush skin or eyes with running
water for at least 15 minutes.
If not affecting injury, remove and isolate contaminated clothing and shoes;
wrap victim in blanket before transporting.
If not injured, remove and isolate contaminated clothing and shoes; shower
victim with soap and water.
Advise m edical personnel that victim may be contaminated with radioactive
material and may have chem ical burns.
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Guide 65
POTENTIAL HAZARDS

FIRE OR EXPLOSION
May ignite itself if exposed to air.
May bum rapidly with flare-burning effect.
May re-ignite after fire is extinguished.

HEALTH HAZARDS
Radioactive material; little radiation hazard.
Runoff from fire control or dilution water may cau se pollution.

EMERGENCY ACTION
Keep unnecessary people away,
isolate hazard area and deny entry.
Stay upwind; keep out of low areas.
W ear self-contained (positive pressure if available) breathing apparatus and
full protective clothing.
Delay cleanup until arrival or Instruction of qualified Radiation Authority.
FO R EM E R G E N C Y A S S IS T A N C E C A L L C H E M T R E C (800)424-9300.

FIRE
Move container from fire area if you can do it without risk.
Sm all Fires:
Dry chem ical, soda ash or lime.
Large Fires:
Flood fire area with water.
Cool containers that are exposed to flam es with water from the side until well
after fire is out.

SPILL OR LEAK
Do not touch dam aged containers or spilled material.
Move undamaged packages from spill area.
Sm all Spills:
Sweep into metal containers and keep under water or mineral
oil.
Large Spills:
Wet down with water and dike for later disposal.

FIRST AID
Move victim to fresh air; call em ergency medical care.
Remove and isolate contam inated clothing and shoes; shower victim with
soap and water.
Advise m edical care personnel that injured persons may be contaminated with
radioactive material.
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Guide 66
POTENTIAL HAZARDS

HEALTH HAZARDS
Radioactive material; little radiation hazard.
If inhaled, may be fatal.
Vapors or white dust cloud may be extremely irritating.
Contact c a u se s burns to skin and eyes.
Runoff from fire control or dilution water may cau se pollution.

FIRE OR EXPLOSION
May ignite other com bustible m aterials (wood, paper, oil, etc.).
Container may explode in heat of fire.

EMERGENCY ACTION
Keep unnecessary people away; isolate hazard area and deny entry.
Stay upwind; keep out of low areas.
W ear positive pressure breathing apparatus and special protective clothing.
Delay cleanup until arrival or instruction of qualified Radiation Authority.
FO R E M E R G E N C Y A S S IS T A N C E C A L L C H E M T R E C (800)424-9300.
If water pollution occurs, notify appropriate authorities.

FIRE
Move container from fire area if you can do it without risk.
Sm all Fires:
Dry chem ical or C 0 2.
Large Fires:
Water spray, fog or foam.
Cool containers that are exposed to flames with water from the side until well
after fire is out.
If this is im possible, withdraw from area and let fire burn.
Do not get water inside container.

SPILL OR LEAK
Do not touch spilled material.
Try to freeze leakage by cooling at point of opening with carbon dioxide (dry
ice).
U se water spray to reduce vapor but do not put water on leak or spill area.
Sm all Spills:
Flush area with flooding amounts of water on a sm all part of
the spill at a time.
Large Spills: Dike far ahead of spill for later disposal.

FIRST AID
Move victim to fresh air; call emergency m edical care.
In ca se of contact with material, immediately flush skin or eyes with running
water for at least 15 minutes.
Remove and isolate contaminated clothing and shoes; shower victim with
soap and water.
Keep victim quiet and maintain normal body temperature.
Advise m edical personnel that victim may be contaminated with radioactive
material and may have chem ical burns.
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GUIDE

RADIOACTIVE MATERIALS

30
P o te n tia l H a za rd s
Fire or
Explosion

Some may burn or may ignite combustibles (wood, paper, oil, clothing, etc.)
Some vapours may form explosive mixtures with air.
Containing vessels may explode when heated.
Thorium nitrate and Uranyl nitrate may ignite combustibles and may explode when
mixed with fuels.

Health

Degree of radioactivity will vary with type, quantity and form of material.
Inhalation of gases or airborne particles or contact with radioactive material will result in
contamination.
Prolonged exposure may cause severe injury or death.
Fire may produce irritating, poisonous and/or corrosive gases.
Runoff may pollute waterways.

E m e rg e n c y A c tio n
General: Isolate hazard area.
Keep upwind.
Keep unnecessary people away.
Limit entry to shortest possible time.
Maximize distance between material and personnel.
Maximize use of shielding between material and personnel.
Alternate persons for entry, if possible.

Protective Clothing: Wear SCBA and full protective clothing.
Evacuation: Consider downwind evacuation in a fire situation.
In accidents involving large quantities, consider initial evacuation for
800 m in all directions, or use appropriate shielding.

Fire

Small Fire: Use dry chemical, CO* water spray or foam.
Large Fire: Use water spray, fog or foam.
Do not move damaged containing vessels or packages.
If without risk, move undamaged containing vessels or packages out of fire zone.
Cool containing vessels or packages with flooding quantities of water until well after
fire is out

Spill or Leak

ELIMINATE all ignition sources.
Avoid contact with combustibles (wood, paper, oil, clothing, etc.).
Do not touch damaged containing vessels, packages or spilled material.
Do not attempt recovery actions unless for rescue purposes.
Dike to prevent entry into waterways, sewers, basements or confined areas.
DO NOT CLEAN-UP OR DISPOSE EXCEPT UNDER SUPERVISION OF A SPECIALIST.

First Aid

Remove to fresh air.
Remove contaminated clothing and shoes.
Immediately flush eyes with running water for at least 15 minutes, in case of contact
with material.
Shower and wash with soap and water.
Obtain immediate medical care.
Ensure that attending medical staff are aware of identity of produces) involved.

FOR FURTHER ASSISTANCE CALL
CANUTEC (613) 996-6666 collect

FIG. A III.2. Sections 30 to 32 o f Transport C anada’s Dangerous Goods Guide to Initial
Emergency Response [41].
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Ignite on contact with air.
May burn fiercely.
May explode from heat or shock.
May re-ignite after fire is extinguished.
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Low radiation hazard.
Inhalation of gases or airborne particles or contact with radioactive material will result in
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Fire may produce irritating, poisonous and/or corrosive gases.
Runoff may pollute waterways.
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General: Isolate hazard area.
Keep upwind.
Keep unnecessary people away.
Limit entry to shortest possible time.
Maximize distance between material and personnel.
Maximize use of shielding between material and personnel.
Alternate persons for entry, if possible.

Protective Clothing: Wear SCBA and full protective clothing.
Evacuation: Consider downwind evacuation.
In accidents involving large quantities, consider initial evacuation for
800 m in all directions, or use appropriate shielding.

Fire

DO NOT USE WATER OR FOAM.
Small Fire: Use dry chemical, DRY sand or calcium/magnesium fluoride.
Large Fire: Withdraw from area and let fire burn.

Do not move damaged containing vessels or packages.
If without risk, move undamaged containing vessels or packages out of fire zone.
Cool containing vessels or packages with flooding quantities of water until well after
fire is out

Spitl or Leak
t

.

First Aid

ELIMINATE all ignition sources.
Do not touch damaged containing vessels, packages or spilled material.
% Do not attempt recovery actions unless for rescue purposes.
Dike to prevent entry into waterways, sewers, basements or confined areas.
DO NOT CLEAN-UP OR DISPOSE EXCEPT UNDER SUPERVISION OF A SPECIAUST.
Remove to fresh air.
Remove contaminated clothing and shoes.
Immediately flush eyes with running water for at least 15 minutes, in case of contact
with material.
Shower and wash with soap and water.
Obtain immediate medical care.
Ensure that attending medical staff are aware of identity of produces) involved.

FOR FURTHER ASSISTANCE CALL
CANUTEC (613) 996-6666 collcet
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GUIDE

RADIOACTIVE MATERIAL: URANIUM HEXAFLUORIDE (UF6)

32
Potential Hazards
Fireor

Does not burn.
Reacts violently with, water to produce Hydrogen fluoride gas.
Containing vessels may explode when heated.

Health

Low radiation hazard.
On contact with moist air, produces a white vapour cloud of highly corrosive and poisonous
Hydrogen fluoride gas which may be fatal if inhaled.
Runoff may pollute waterways.

Em ergency A ction
General: Isolate hazard area.
Keep upwind.
Keep unnecessary people away.
Keep out of low areas.

Protective Clothing: Wear SCBA and SPECIAL protective clothing.
Evacuation: Consider downwind evacuation.
Consider initial evacuation for 800 m in all directions.

Fire

DO NOT USE WATER OR FOAM ON MATERIAL ITSELF.
Use extinguishing agent suitable for type of surrounding fire.
If without risk, move containing vessels from fire area.
Cool containing vessels with flooding quantities of water until well after fire is out

Spill or Leak

Do not touch damaged containing vessels, packages or spilled material.
DO NOT GET WATER INSIDE CONTAINING VESSELS.
Use pressurized C02to blanket spilled material.
If possible, use pressurized C02or solid carbon dioxide (dry ice), to freeze leak
at source.
Do not direct water at spill or source of leak, however, water spray may be used to
reduce vapours.
Dike to prevent entry into waterways, sewers, basements or confined areas.
DO NOT CLEAN-UP OR DISPOSE EXCEPT UNDER SUPERVISION OF A SPECIAUST.

First Aid

Remove to fresh air.
Apply artificial respiration if victim is not breathing.
Administer oxygen if breathing is difficult
Remove contaminated clothing and shoes.
Immediately flush eyes with running water for at least 15 minutes, in case of contact
with material.
Shower and wash with soap and water.
Obtain immediate medical care.
Ensure that attending medical staff are aware of identity of produces) involved.

FOR FURTHER ASSISTANCE CALL
CANUTEC (613) 996-6666 collect
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EMERCENCY SCHEDULE 7-01
RADIOACTIVE MATERIAL, FISSILE, N.O.S.,
RADIOACTIVE MATERIAL N.O.S.
RADIOACTIVE MATERIAL, Special form N.O.S. transported in Type A
or Type B packages and packages for fissile material
UN 2918
UN 2982
UN 2974

SPECIAL EMERGENCY EQUIPMENT TO BE CARRIED
Protective clothing (boots, gloves, coveralls, headgear).
Self-contained breathing apparatus.
Inert absorbent material (e.g. diatomaceous earth).
EMERCENCY PROCEDURES
Uear protective clothing and self-contained breathing apparatus when dealing
with SPILLAGE or FIRE.
EMERCENCY ACTION
Type B packages are designed and constructed to withstand severe accidents
including FIRE. Do not touch damaged packages or spilled material. Isolate
area around damaged packages. Limit entry to shortest time possible.
On deck

Under deck

LOSS OF
SHIELDING

An external radiation hazard may exist
if the substance haa been separated
from the shielding or if the shielding
has been damaged. In this case isolate
area and seek expert advice.

Adopt action as
for "On deck".

SPILLAGE

Cover liquid spill with inert absorbent
material. Sheet over packages and
contents to protect and avoid dispersal.
Speedily collect and isolste potentially
contaminated equipment and sheet over.
Seek expert advice.

Adopt action as
for "On deck".

FIRE

Use water jets from as far away as
practicable. Keep adjacent receptacles
cool. Speedily collect and isolste
potentially contaminated equipment
and sheet over. If possible remove
receptacles likely to be involved.
Seek expert advice.

Batten down; use
ship's fixed
fire-fighting
installation.
Otherwise adopt
action as for
"On deck".

First Aid - See IMO Medical First Aid Guide (Mt'AC)

Possible restowage of Fissile Packages
Check transport documents which will indicate which packages arc involved.
packages are restowed the following procedures should be followed:
1.

If labels are legible, restow in groups of up to 50 Transport Indices
with not less than 6 m separation between groups. Other neutral cargo
may be stowed between groups.

2.

If labels are not legible, stow packages singly at not less than
separation. Other neutral cargo may be stowed between packages.

If

6 ra

FIG. AIII.3. Schedules 7-01 to 7-07 o f the IM O ’s Emergency Procedures fo r Ships Carrying
Dangerous Goods [42],
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E M E R G E N C Y S C H E D U L E 7-02

RADIOACTIVE MATERIALS, Low Specific Activity Material (LSA) N.O.S. and
RADIOACTIVE MATERIALS, Surface contaminated object* (SCO)
UN 2912
UN 2913

SPECIAL EMERGENCY EQUIPMENT TO BE CARRIED
Protective clothing (boots, gloves, coveralls, headgear).
Self-contained breathing apparatus.
Spray nozzles*
Inert absorbent material (e.g. diatomaceous earth).
EMERGENCY PROCEDURES
Wear protective clothing and self-contained breathing apparatus when dealing
with SPILLAGE or FIRE.
EMERGENCY ACTION
Do not touch damaged packages or spilled material.
Isolate area around damaged packages.
Limit entry to shortest time possible.
Under deck

On deck
SPILLAGE

Cover liquid spill with inert absorbent
material. Sheet over packages and contents
to protect and avoid dispersal. Collect
and isolate potentially contaminated
equipment and sheet over.
Seek expert advice.

Adopt action as
for "On deck".

FIRE

Use water spray. If possible remove
receptacles likely to be involved or keep
them cool with copious quantities of water.
Collect and isolate potentially contaminated
equipment and sheet over.
Seek expert advice.

Batten down; use
ship's fixed
fire-fighting
installation.
Otherwiae adopt
action as for "On
deck".

First Aid - See IMO Medical First Aid Guide (MFAG)
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E M E R G E N C Y S C H E D U L E 7-03

RADIOACTIVE MATERIALS, Uranium metal or Thorium metal Pyrophoric
UN 2975
UN 2979

SPECIAL EMERGENCY EQUIPMENT TO BE CARRIED
Protective clothing (boots, gloves, coveralls, headgear).
Self-contained breathing apparatus.
Spray nozzles.
Inert absorbent material (e.g. diatomaceous earth).
EMERGENCY PROCEDURES
Wear protective clothing and self-contained breathing apparatus when dealing
with SPILLAGE or FIRE.
EMERGENCY ACTION
Substance may burn fiercely.
On deck

Under deck
Not applicable

SPILLAGE

Smother with inert absorbent material.
Dispose of overboard in a safe manner.
Remove undamaged receptacles to a safe
place.

FIRE

For small fires, use inert material. For
Not applicable.
large fires, use water spray from as
many hoses as possible from as far away
as practicable. Keep adjacent receptacles
cool until well after fire is extinguished.
If possible remove receptacles likely to be
involved. Material may re-ignite after fire
is extinguished. Dispose of remaining substance
overboard in a safe manner.

First Aid - See IMO Medical First Aid Guide (MFAG)
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E M E R G E N C Y S H C E D U L E 7-04

RADIOACTIVE MATERIALS, Uranium Hexafluoride, Fissile and
Uranium Hexafluoride, Fissile excepted or non-fissile
UN 2977
UN 2978

SPECIAL EMERGENCY EQUIPMENT TO BE CARRIED
Protective clothing (boots, gloves, coveralls, headgear).
Self-contained breathing apparatus.
Spray nozzles.
EMERGENCY PROCEDURES
Wear protective clothing and self-contained breathing apparatus when dealing
with SPILLAGE or FIRE.
EMERGENCY ACTION
Spillage will be corrosive
SPILLAGE

FIRE

Under deck

On deck
Wash overboard with copious quantities of
water from as far away as possible. Do
not direct water jets onto leak area. Do
not get water inside receptacles.
■Seek expert advice.
If possible remove receptacles likely to be
involved or keep them cool with copious
quantities of water. Water spray may be
used to reduce vapours.
Seek expert advice.

Collect spillage
. for safe
disposal.

Batten down; use
ship's fixed
fire-fighting
installation.
Otherwise adopt
action as for
"On deck".

First Aid - See IMO Medical First Aid Guide (MFAG)
Possible restowage of Fissile Packages
Check transport documents which will indicate which packages are involved.
packages are restowed the following procedures should be followed;

If

1.

If labels are legible, restow in groups of up to SO Transport Indices
with not less than 6 m separation between groups. Other neutral cargo
may be stowed between groups.

2.

If labels are not legible, stow packages singly at not less than
separation. Other neutral cargo may be stowed between packages.

6

ra
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E M E R G E N C Y S C H E D U L E 7-05

RADIOACTIVE MATERIALS, Thorium Nitrate, Solid and Uranyl Nitrate. Solid
UN 2976
UN 2981

SPECIAL EMERGENCY EQUIPMENT TO BE CARRIED
Protective clothing (boots, gloves, coveralls, headgear).
Self-contained breathing apparatus.
EMERGENCY PROCEDURES
Wear protective clothing and self-contained breathing apparatus when dealing
with SPILLAGE or FIRE.
EMERGENCY ACTION
On deck

88

Under deck

SPILLAGE

Collect spillage for safe disposal. Wash
remainder overboard with copious quantities
of water. Do not use sawdust or other
combustible materials as absorbents.
Contaminated clothing must be removed
and washed carefully with copious
quantities of water.

Collect spillage
for safe disposal.
Do not use sawdust
or other
combustible
materials as
absorbents.
Contaminated
clothing must be
removed and
washed carefully
with copious
quantities of
water.

PIRE

Use copious quantities of water to fight
a fire. If possible remove receptacles
likely to be involved or keep them
cool with copious quantities of water.

Ship's fixed
fire-fighting
installation may
not be
effective. Adopt
action as for
"On deck".

This publication is no longer valid
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E M E R G E N C Y S C H E D U L E 7-06

RADIOACTIVE MATERIALS, Uranyl Nitrate in Hexahydrate solution
UN 2980

SPECIAL EMERGENCY EQUIPMENT TO BE CARRIED
Protective clothing (boots, gloves, coveralls, headgear)
Self-contained breathing apparatus

EMERGENCY PROCEDURES
Wear protective clothing and self-contained breathing apparatus when
dealing with SPILLAGE or FIRE.
EMERGENCY ACTION
Spillage will be corrosive
On deck

Under deck

SPILLAGE

Wash overboard with copious
quantities of water.

Mot applicable

FIRE

If possible remove receptacles
likely to be involved or keep
them cool with water.

Not applicable

First Aid - See IMO Medical First Aid Guide (MFAG)
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E M E R G E N C Y S C H E D U L E 7-07

RADIOACTIVE MATERIALS, Excepted Packages
UN 2910

Special Emergency Equipment to be carried
Protective gloves and boots.
Self-contained breathing apparatus.
Inert absorbent material (e.g. diatomaceous earth).
EMERGENCY PROCEDURES
Wear protective boots, gloves and self-contained breathing apparatus when
dealing with spillage or fire.
EMERGENCY ACTION
On deck
SPILLAGE

FIRE

Under deck

Collect spillage for safe
disposal.

Collect spillage for safe
disposal.

Hash remainder overboard with
copious quantities of water.

For liquid spills collect
with inert absorbent
material. Sheet over
spill area.

Use copious quantities of water
to fight fire.
If possible, remove receptacles
likely to be involved.

Batten down; use ship*s
fixed fire-fighting
installation. Otherwise
adopt action as for
"On deck".

First Aid - See IMO Medical First Aid Guide (MFAG)
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