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FOREWORD

Radioactive materials are a part of modern technology and life. They
are used, for example, in medicine, industrial manufacturing, research,
defense, electrical power production and in a host of ways that affect
our daily lives.

Like other materials, radioactive materials are transported from
place to place by all modes of transportation. It is estimated that 8 to
10 million packages containing radioactive materials are transported each
year throughout the world. The amount of radioactivity in these packages
varies from virtually negligible amounts used in consumer products, the
small amounts used for medical purposes, to very large amounts such as in
shipments of irradiated nuclear fuels. The vast majority of these
packages are transported safely with no damage to them or release of
their contents.

Very strict standards are applied in the design of transport
packaging for radioactive materials. However, with the continuing and
expanding use of these materials, and the corresponding growth in the
number of shipments it is inevitable that some accidents will occur. The
very small number of these accidents which do result in a release of
radioactive materials, have had and will have negligible consequences, or
consequences which can be controlled or mitigated by proper emergency
planning and preparedness for responding to these accidents.

The kind of emergency planning and preparedness that is needed for
responding to transportation accidents involving radioactive materials is
very similar to that required for responding to accidents involving non-
radioactive hazardous materials such as flammables, explosives, poisonous
gases and toxic chemicals which are in transport daily. Many of these
non-radioactive hazardous materials pose significantly greater threats to
public health and safety than do most radioactive materials. Accidents
involving these hazardous materials occur almost daily around the world
and are a matter of record. Therefore, emergency response organizations
and personnel need to be prepared with emergency response plans and
procedures to respond to all types of hazardous materials accidents and



they must have the basic knowledge, skills and equipment to deal
effectively with any consequences of these accidents.

To determine what practical guidance material should be contained in
a document of this type and to commence work on the document itself, the
Agency convened an Advisory Group in October of 1977. The draft material
produced by the Advisory Group, along with comments received on it from
interested parties, was reviewed by a small group of consultants in
December 1978. During 1979 these consultants made further refinement of
the draft material. In 1981, it was then reviewed and commented upon by
a small number of knowledgeable experts and staff members in the Agency's
Division of Nuclear Safety.

The text is now issued as an Agency Technical Document which may be
of some benefit to Member States. Readers of this document should be
aware that it is neither a collection of rules or a list of approved
steps and actions. Rather, it is a basic discussion of the various
aspects and philosophies of emergency planning and preparedness along
with a consideration of the problems which might be encountered in a
transportation accident involving a release of radioactive materials.
The readers who are responsible for preparing emergency plans and
procedures will have to decide on how best to apply this guidance to
their own organizational structures and will also have to decide on an
emergency planning and preparedness philosophy suitable to their own
situations.

Comments from interested parties are welcome and should be addressed

The Director (Ref: IAEA TECDOC-262)
Division of Nuclear Safety
International Atomic Energy Agency
P.O. Box 100
A-1400 Vienna, Austria
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EMERGENCY RESPONSE PLANNING FOR TRANSPORT ACCIDENTS
INVOLVING RADIOACTIVE MATERIALS

I. INTRODUCTION

Purpose

1.01 The purpose of this publication is to provide guidance to public
authorities who are responsible for ensuring public health and safety,
and to consignors and carriers of radioactive materials, concerning the
kind of emergency response arrangements which should be established for
dealing effectively with accidents involving transport of radioactive
materials. This guidance should assist in the preparation of emergency
response plans. The additional intent of this document is to provide
information which will assist both those countries where involvement with
radioactive materials is just beginning and those which already have a
developed nuclear industry and attendant emergency plans, but may need to
review and improve those plans. The need for emergency response plans
and the ways in which they are implemented will vary from country to
country.

1.02 The emergency response planning basis and response philosophy
are outlined, including identification of emergency response
organizations and emergency services that can become involved and
required during a transportation accident. The guidance in this
publication is based upon consideration of conditions which could prevail
during an accident involving the transportation of radioactive materials
with or without a release of radioactive materials to the environment.
The guidance acknowledges a spectrum of accidents bounded at the one end
by low-hazard high probability-of-occurrence events, and at the other end
by high-hazard very low-probability-of-occurrence accidents. It is not
possible to describe in detail all of the conditions which may exist for
this wide spectrum of accident scenarios. Emergency planning should be
based primarily on mitigating the consequences of any accidents and



restoring the situation to normal. Because transportation accidents can
occur at almost any place, these plans of necessity must be very flexible,

1.03 It is beyond the scope of this guidance publication to provide
detailed information concerning the nature and hazards of radioactivity
and radioactive materials. This can be found in many standard texts on
the subject and in Agency publications listed in the bibliography.

II. INTENT OF TRANSPORT REGULATIONS

2.01 The carriage of radioactive materials is, in the vast majority
of cases, governed now by transport regulations developed by the
International Atomic Energy Agency (IAEA). These have been incorporated
into the national regulations of many countries and international
regulations such as those of the International Civil Aviation
Organization (ICAO), International Air Transport Association (IATA) and
Inter-governmental Maritime Consultative Organization (IMCO), with the
result that a very high standard of safety has been achieved. The intent
of the regulations is to establish standards of safety for the transport
of radioactive material. These should provide an acceptable level of
control of the radiation hazards to persons, property and the
environment. Transport is defined as any operation incidental to the
whole course of carriage, such as loading, movement, unloading and
storage in transit.

2.02 Radioactive materials are transported in a variety of types of
packages. The basic principle applied in the design and construction of
these packages amd implied in the IAEA Regulations is that the package
shall retain its integrity under conditions of handling and most
foreseeable accidents. Even in severe postulated or actual accidents,
the release of radioactive materials, is by design and construction,
limited in the vast majority of cases to no release or to small quantity
releases. Therefore, integrity is built into the packages used to
contain radioactive materials. Design requirements for these packages
are found in the IAEA Regulations for the Safe Transport of Radioactive
Materials (Safety Series No.6). Consignors (shippers) have the
responsibility for properly packaging the radioactive materials.



2.03 The Regulations are applicable to a wide variety of radioactive
materials that span a large range of radiotoxicity values. For these
reasons the package standards are based on both the quantity to be
contained within the package and its radiotoxicity.

2.04 The Regulations require that emergency provisions, established
by relevant national and/or international organizations, be observed in
order to protect public health and the environment.

III. THE PLANNING BASIS

General

3.01 The development and establishment of emergency response plans
and emergency preparedness procedures require development of what can be
called the planning basis. The planning basis for emergency response
plans and preparedness for transportation accidents involving radioactive
materials is determined by a consideration of:

(1) transportation systems used for transport radioactive materials;
(2) the types of packages used to contain radioactive materials;
(3) basic consequences of an accident involving release of

radioactive materials;
(4) assessment of the accident; and
(5) protective measures which may be required at the scene of an

accident and during cleanup.

Transportation Systems

3.02 Radioactive materials are transported by land, sea, inland
waterways and air. Radioactive material is transported by common
carriers, contract carriers, government vehicles and private vehicles.
It is transported by railway and road, through major cities, small towns
and villages and rural areas. A radiological emergency response plan
with attendant emergency procedures for responding to transportation
accidents involving radioactive material must, thus be very flexible to
cope with a wide variety of situations and locations.

3.03 Not all materials move through all types of areas or by every
mode of transport listed above. For example, spent (used) reactor fuel,



which is highly radioactive, can be normally limited to movement on
certain routes which avoid, if at all possible, populated areas. It is
also transported in heavy shielded containers (casks or flasks) which are
constructed to exacting specifications and moved by special trucks or
special rail cars, sometimes accompanied by trained escorts. Escape of
these materials, because of the stringent requirements imposed on their
containment, is highly unlikely. In developing an emergency plan,
consideration should be given to identifying those areas where an
accident involving these materials is more likely to occur and could
cause great inconvenience and hazard, such as railway yards, shipping
terminals and routes which pass near to heavily populated areas.

3.04 Other radioactive materials, on the other hand, may be moved by
nearly any conveyance and on any road or street. Although these types of
materials are not as hazardous as spent fuel, they could cause
radiological problems in an accident. The majority of these types of
materials are radiopharmaceuticals being transported from manufacturers
to hospitals, and radioactive material used in industry and research.

3.05 The movement of radioactive material by aircraft can be by
commercial passenger flights or by cargo flights which can carry many
types of radioactive material. The nature of aircraft accidents can
cause radioactive materials involved in them to be fairly widely
dispersed under some circumstances. Most accidents with air shipments of
radioactive materials occur at tne airport in handling of the radioactive
materials packages.

The majority of shipments of radioactive material by ocean-going
vessels involve international shipments of reactor fuel cycle materials.
This limits the accident potential for waterborne accidents mainly to
seaport locations. However, there is some transport of radioactive
materials on inland waterways and by coastal vessels, and accidents in
these areas may require response from land-based organizations.

3.06 An emergency response plan should be developed for responding to
any type of transportation accident, that can occur within the
jurisdiction of those organizations who are required to respond to such
an accident. The responsible authorities should conduct an analysis of
the transportation systems used for radioactive materials and generally

10



determine what types of shipments pass through these systems, where they
are going, and place the major emphasis in planning and preparedness in
the more likely areas of accidents. These areas should be identified
based on an analysis of the statistical data concerning accidents which
have occurred in the areas.

Types of Packages
3.07 The types of radioactive materials packages which are
transported are described in general in the following sections. The
technical standards and requirements for these packages are specified in
the IAEA Regulations previously mentioned in Section II.

(1) Exempt Packages
3.08 These packages contain the smallest quantities of radioactive
materials and are exempt from various packaging and labelling
requirements provided that they meet the general requirements specified
in the Regulations with respect to radiation and contamination levels and
packaging. Examples of such packages are those that contain devices
which use very minute quantities of radioactive material, such as, some
watches, certain ionizing types of smoke detectors, pharmaceuticals, and
very low-level radioctive sources used for testing instruments.
Typically, exempt packages are of fibreboard construction.

(2) Packages containing:
Low Specific-Activity Materials (LSA)—
Low-Level Solid Radioactive Materials (LLS) —'

3.09 Materials such as radioactive ores, low-level waste materials,
etc., may be carried in containers, such as boxes, sacks, steel drums and

2 /tanks. Usually they are carried as a "Full Load" or "Exclusive Use"—.
The containers and/or the vehicle must have an appropriate marking
indicating the presence of radioactive material.

_L'The terms LSA and LLS are currently in the process of being redefined
fo.r the next revision of the IAEA Transport Regulations expected in 1984.
j£/A "Full Load" or "Exclusive Use" is defined as any load from a single
consignor that has the sole use of a vehicle, of a large freight
container, of an aircraft, or of a hold or compartment of a ship, and all
loading and unloading is carried out in accordance with directions of the
consignor or consignee.
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3.10 Because of its nature, LSA and LLS materials are normally
carried in large quantities and, although the specific activity of the
radioactive materials is very low, the total activity in a consignment
could be significant. An accident might lead to dispersal of this
activity. Unless most of the total consignment is dispersed in an
accident, the amount of activity released will usually be low, as will be
the potential hazard. Procedures for the cleaning up of such accidents,
although not significantly hazardous, are likely to be tedious and
complicated.

(3) Type A Packages

3.11 The quantities of material permitted to be transported in a
Type A package are strictly regulated. The quantity limits are
determined on the basis of the hazard involved as determined by radiation
levels, type of radiation, type of radioactive material and half-life,
together with the physical form of the material, e.g. powder, liquid,
gas, or "special form" (e.g., encapsulated or solid not readily
dispersable)..

3.12 Type A packages are expected to withstand normal transport
handling without loss or dispersal of their contents or change in
external dose rates. Because the quantity of the contents is limited,
any severe damage caused by an accident will not lead to an excessive
exposure to personnel. Although the design of these packages is simple,
experience has demonstrated that, despite severe external damage and
distortion in accidents, only a very small fraction of packages shipped
have suffered loss of contents or change in external dose rates.
Typically, Type A packages are of wood or fibreboard construction.

3.13 An increasing number of these packages are being used and they
are often found in multiple consignments; i.e., several packages held
together in an overpack. In the case of simultaneous destruction of a
number of Type A packages, with attendant release of their radioactive
contents, the consequences would, of course, be greater than for a single
package. Package damage that is followed by dispersal of radioactive
contents would generally be more hazardous in a confined space than in an
open area.
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3.14 The small quantity limits prescribed for Type A packages limit
the immediate hazard in the vicinity of these packages when their
integrity has been destroyed. Even if all the shielding of a Type A
package were to be lost in an accident, the quantity of radionuclides is
so limited that the external exposure rate (dose equivalent rate) from an
unshielded encapsulated radioactive source will not be greater than 10
mSv/hr (1 rem/hr) at 3 meters from the source. However, depending upon
the form of the released radioactive material and its dispersion - which
can only be detected by proper radiological monitoring - there could be a
hazard from inhalation or accidental ingestion of the involved
radioactive material, that would result in internal radiological
exposures.

(4) Type B Packages
3.15 Quantities of radioactive materials, greater than Type A limits,
are shipped in Type B packages. Type B packages are expected to
withstand not only normal transport handling, but also all but the most
severe accidents that can arise during transport, without releasing, in
principle, any more than what Type A packages are normally expected to
release from accidents. Type B packages may range in size from those
weighing a few kilograms to large flasks containing irradiated reactor
fuel (spent fuel) weighing up to about 100 metric tonnes.

3.16 This limit is prescribed by the Regulations and verified by
analytical review and package testing procedures employed by the national
competent authority in its approval of use of designs of such packages.
Typically, Type B packages are of steel construction with shielding
materials. Experience to date has confirmed the suitability of the
package designs and has shown that the probability of exceeding design
basis releases of radioactive material is very low. However, for the
purposes of preparing emergency response plans, in spite of the good
record to date, it is desirable to postulate package failures that could
contaminate the environment and/or create health risks. Such accidents
may arise from:

i) very severe impact which breaches the package containment system;
ii) an intense fire of several hours' duration resulting in loss of

shielding in the package;
iii) failure of the seals of a package when it is dropped in water,

allowing water to seep into the package and leak activity from
its radioactive contents into the surrounding water;
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iv) a defective package which is not strong enough to withstand
stresses.

Classification of Type B Packages

3.17 Type B packages are divided into two basic categories with
respect to approval of design.

I/(a) Type B(M) (M=MultilateraD—'

3.18 The design of these packages must be approved by the country of
origin and validated by all countries through which the package is to be
transported. The safety documentation for the package is required to
contain emergency information (procedures) that is specific to the
package. Since the documentation is examined by the countries concerned,
they should be aware of any special and unique requirements including
emergency arrangements pertaining to these packages in the event of an
accident.

3 /
(b) Type B(U) (U=Unila tera l>—

3.19 The design of these packages is approved by the country of
origin, but does not require validation by each country through which the
package is to be transported. Only general emergency information
(procedures) is provided for these packages.

(5) Fissile Materials Packages (Types AF, B(M)F. B(U)F)

3.20 Fissile materials must be carefully controlled in transport to
assure safety against their accidentally undergoing a sustained nuclear
reaction (criticality). Fission is the process of the splitting of an
atomic nucleus into fission products, and is accompanied by the release
of a large amount of radiation and heat. While this is desirable under
controlled conditions in a nuclear reactor, it is decidedly unwanted in

Ji'Type B(U) packages are the highest quality packages; it is
considered that safety is entirely built into these packages. Type
B(M) packages do not meet all of the requirements applicable to Type
B(U) packages; therefore, operational controls must be taken to
achieve the same level of safety.
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any uncontrolled environment, and certainly unwanted during transport.
Fission reactions only occur with heavy elements such as uranium and
plutonium. Safety in transport is provided by assuring that the contents
of each package of fissile material is properly limited as to quantity
and geometric configuration of the fissile material. This limitation is
dependent on the package design. The number of packages allowed to be
carried on a single vehicle is controlled to assure that the material
will be subcritical under all conditions likely to be encountered in
transport, including accidents and handling errors. Emergency
information (procedures) is required for these packages.

Package Radiation Levels

3«21 The limits on radiation levels under normal transport conditions
and when there is no evident fype A or Ttype B package daaage, are that
the maximum exposure rate (dose equivalent rate) at the package surface
should not "be greater than 2 mSv/hr (200 mrem/hr) and the maximum exposure
rate (dose equivalent rate) at 1 meter from the surface should not be
greater than 0,1 mSv/hr (10 mrem/hr)• For Type B packages involved in
accidents no more severe than those accidents considered in regulatory
standards, the exposure rate (dose equivalent rate) should "be no more
than 10 mSv/hr (l rem/ha) at 1 meter from the package surface.

Special Arrangements

3.22 Consignments of radioactive materials which do not satisfy all
of the applicable requirements of the Regulations may only be made under
"special arrangements". These arrangements include precautions 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 the applicable requirements of the
Regulations had been met. Special escort personnel who are responsible
at all times may be provided for these shipments.

Radioactive Materials Contents of Packages, Labelling and Marking

3.23 The types of radioactive materials contained in packages
prepared for transport are numerous and diverse with respect to specific-
activity and radiotoxicity. They can be alpha-, beta-, gamma- and
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neutron- emitters. For a listing of radioactive materials that can be
found in transport, see the IAEA Regulation for Safe Transport of
Radioactive Materials (Safety Series No. 6). Packages containing
radioactive materials (except exempt packages) are labelled with
distinctive markings indicating the contents of the package. Vehicles
transporting these materials may also be placarded indicating that the
vehicle is carrying radioactive material. (See IAEA Safety Series No. 6
for detailed information).

Basic Consequences of an Accident Involving Release
of Radioactive Material

General

3.24 The nature, characteristics and consequences of transport
accidents involving radioactive materials depend on a number of factors.
These include the type of package, physical form, radiotoxicity and
amount of the contents, the mode of transport and the severity of the
accident as it affects the integrity of the involved package. Other
factors such as the location of the accident and prevailing weather
conditions also determine the consequences.

Accident Characteristics

3.25 Transportation accidents can generally be classified into two
types: 1) low-hazard, with high-probability of occurrence of an
accident; and 2) high-hazard, with low-probability of occurrence of an
accident. These classifications of course bracket a middle range of
probabilities and attendant hazards. For all types of accidents, a
technically competent person should evaluate the accident to determine
whether or not a radiological hazard to members of the public or
emergency workers exists. Basically, the low-hazard, high-probability
accidents would be those involving exempt, LSA/LLS, and Type A packages
containing relatively limited quantities of radioactive materials. The
low-probability, high-hazard accidents would involve Type B packages
containing relatively large quantities of radioactive materials or
fissile materials packages.
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3.26 In the case of Exampt, LSA, LLS and Type A packages, limits on
the amounts of radioactive material which can be put into the package are
based on the relative hazards and toxicities of the materials.
Generally, depending upon the type of radioactive raaterialfType A
packages contain no more than 1000 curies. If there were a breach of the
package, destroying its integrity, the area affected from a radiological
safety standpoint would normally be limited to the general vicinity of
the accident and there would be no necessity, for radiological
reasonst for taking protective actions for the general public beyond this
immediate area.

3.27 Type B packages can contain material having an activity ranging
from a few curies to several millions of curies in the case of a spent
fuel container. As with Type A packages, any radiological impact would
be limited, in most cases, to the general vicinity of the accident site.
Large quantities of radioactive material which are shipped in Type B
packages or containers may contain hundreds of thousands of curies. A
breach to one of these containers might cause serious health and safety
impacts over areas near the accident site. If the package were damaged
and its integrity somehow significantly destroyed, a rapid response might
be required. Although this is a highly unlikely event because of the
stringent requirements of package design, this possibility cannot be
entirely excluded. Therefore, response plans should be developed for
responding to such an accident, even if only to verify that there would
be no hazard from such an accident if it were to occur.

3.28 Radioactive materials are shipped either in dispersable form
(powder, liquids, gases) (e.g., radiophamaceutical materials for use in
medical diagnosis or treatment, uranium concentrates) or in
non-dispersable form (i.e., "special form" such as solids or
encapsulated) (e.g., large medical teletherapy radioactive sources,
industrial radiographic sources, etc.).

3.29 If a transportation accident involving a dispersable material
were to occur, the conditions encountered by emergency response personnel
could possibly include radiation fields, injured persons, contaminated
persons, vehicles, wreckage, road and earth surfaces, actual or potential
fire and the other hazards normally encountered in transportation
accidents. Because the material could also become airborne in the form
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of particulate material or aerosols, there might also be an inhalation
hazard and contamination to varying degrees, surrounding the accident
site and particularly downwind of it.

3.30 If the materials were non-dispersable, there would probably not
be any contamination or signficant contamination, but there might be
localized areas with radiation fields which could be hazardous. This
might be caused by loss of, or rearrangement of the shielding materials
within the package.

3.31 Direct exposure to radiation by being within a radiation field,
can occur in accidents involving both dispersable and non-dispersable
forms of radioactive materials.

3.32 The loss of 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 the radioactive source has lost its shielding or if it is
removed from its shielding by curious unknowledgeable persons who may
find the source, they could be exposed to the high radiation field which
exists within a few meters of such unshielded sources and receive a
radiation dose with serious consequences. Therefore, accountability for
radioactive materials in transport, by the consignor and particularly by
the carrier is necessary. If a hazardous radioactive source or other
radioactive materials are lost, every effort should be expended to
quickly locate the material. The use of the public news media can be of
assistance in both locating the material and warning people of its
potential hazard.

3.33 Emergency response personnel should be prepared to deal first
with the typical characteristics of any serious accident (rescue and
medical aid for the injured, fires, and traffic control.

3.34 Fires and the air currents they create, and the use of water or
chemicals to suppress fire, can easily spread radioactive materials about
the accident site. Personnel working at an emergency scene where
radioactive material may have contaminated the area, could track
contamination around in their emergency efforts. However, the spread of
contamination or solid materials is of secondary consequence compared to
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saving lives and fighting fires, which should always receive first
priority in any accident.

3.35 Radioactive contamination can not only be a hazard to those
persons in the vicinity of an accident, but could be a potential hazard
to persons hundreds or thousands of kilometers away if undetected
radioactive material contaminates a vehicle such as a train, truck or
aircraft, and the vehicle continues in service under such circumstances.

3.36 Dispersable radioactive materials can contaminate local
agricultural products and drinking water supplies, which in turn can
cause a hazard via ingestion of 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).

Accident Assessment

3.37 Initial radiological assessment of a transportation accident
involving radioactive materials involves evaluation of the situation at
the accident site from the standpoint of making three basic observations
or determinations. They are: (l) confirmation of the presence of
radioactive materials; (2) ascertaining whether or not the integrity of
shipping containers or packages has been breached; and (3) ascertaining
whether or not a radiation hazard exists, by monitoring with appropriate
instrumentation operated by qualified personnel.

Confirmation of the Presence of Radioactive Materials

3.38 The initial problem will probably be one of 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 they do not advertise their presence by
distinctive smoke, fumes or flames. Any vehicle markings (placards),
shipping papers or package labels may be destroyed or obliterated by the
accident. Involved vehicle operators (truck driver, train crew, aircraft
crew) may be incapacitated. Fire can change the chemical and physical
composition of the radioactive materials.
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3.39 If package labelling is intact and visible, it can also confirm
the presence of radioactive materials. If the shipping papers can be
located, they should confirm the quantity and type of radioactive
materials (or other hazardous materials) that are being transported in
the vehicle. These papers are normally carried in the cab of trucks, the
caboose or locomotive of a freight train, the cockpit of an aircraft and
on the bridge of a ship.

3.40 In the absence of markings, distinctive containers such as metal
casks or flasks, drums, or heavy shielded containers, should be suspect
as containers of either radioactive or other hazardous materials. Some
radioactive materials are also shipped in wooden, fibreboard, or
cardboard cartons.

3.41 If radiation monitoring equipment of a suitable type is
available to the emergency personnel responding to the accident, its use
might confirm the presence or absence of radioactive materials. Some
types of radiation are difficult to detect without proper instrumentation.

Integrity of Shipping Containers or Packages

3.42 Depending upon the nature of the accident, the integrity of the
shipping containers or packages may be relatively easy to ascertain or on
the other hand quite difficult. The presence of fire, smoke and fumes
could preclude an initial determination in this regard. The presence of
other toxic materials which have been released as a result of the
accident will also hamper this part of the assessment. Saving lives,
suppressing of fire and dealing with any other toxic materials will
generally take priority before any assessment of package integrity can or
should be made.

3.43 External damage to a container or package of radioactive
materials does not necessarily mean that interior packaging materials
containing the radioactive material have been breached, but external
damage is an indication that the package should be thoroughly examined by
personnel properly equipped with instruments. If leaking liquids, gases
or powders are visible, this is of course, a positive indicator that
package integrity has been destroyed and all released material should be
considered hazardous. Package integrity can also have failed with no
visible indication, (such as a cap coming off an inner container) and
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this can only be determined by radiological monitoring of the package
with appropriate instruments.

Determining if There is a Radiation Hazard

3.44 A thorough evaluation of radiological conditions at an accident
site requires considerable knowledge and experience with radioactive
materials and the specialized instruments used to detect them. It can be
a time-consuming process especially in cases involving contamination of
persons, objects and the environment. It is likely that in the vast
majority of accidents there will be no radiation or contamination
hazards; and even if they exist, they are unlikely to pose an immediate
threat to emergency rescue personnel. If the accident is a very severe
one in terms of damage to vehicles and injuries, this should be taken as
a general guide to emergency personnel that 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.

3.45 Radiation monitoring is best left to the qualified expert. If,
however, radiation monitoring equipment is available to first-on-the-
scene personnel such as police, fire and rescue and emergency medical
services, information concerning intensity of radiation fields, loss of
radioactive material shielding, and the release of radioactive material
from a container or package may be obtained. If such instruments are
made available to these personnel, they must be specifically trained in
the operation of such equipment. These personnel should also be trained
with respect to the limits on radiation levels for packages under normal
transport conditions. Such early on-scene information would be useful in
determining that there is no hazard or in preventing unnecessary
radiological exposure to emergency workers or the general public. Early
information would also be of use to medical personnel caring for any
injured persons who might be contaminated.

Radiation Monitoring Instruments

3.46 The availability of appropriate radiation monitoring instruments
and qualified personnel to operate them is the key to determining if
radiological hazards exist. Notwithstanding the usefulness of
observation of such things as labels, package damage and leaking of
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contents from packages, no real assessment of a radiological hazard can

be made without ins t ruments .

3.47 Radiation monitoring instruments suitable for first-at-the-

scene emergency personnel should be l ightweight, easy to read and

operate, and of rugged construction. Generally, these instruments will

be of the civil defence variety or simple instruments equivalent to them

with scales in Roentgens or milli-Roentgens per hour (R/hr or m R / h r ) .
Other instruments with uni ts such as "rad/hr" or "rem/hr" may also be in

use today. Some newer instruments or instruments where the scales have

been converted to the International System of Units (Si) e.g., Sieverts

per hour (Sv/hr), millisieverts per hour (mSv/hr) , may also be in use.

Useful general purpose instruments are: (1) a battery-powered low-range

Geiger Muller (GM) tube survey meter, with headphones, and range scales

of about 0-.5 mR/hr , 0-5 mR/hr and 0-50 mR/hr . The instrument should

have a closable shield on the probe to permit discrimination between beta

and gamma radiation; (2) a battery-powered, high-range ionization

chamber survey meter for measuring gamma-ray exposure rates. The

instrument should have scales of about 0-500 mR/hr , 0-5 R /hr , 0-50 R/hr

and 0-500 R/hr; and (3) pocket ionization Chamber dosimeters (direct

reading) of two ranges, 0-200 mR and 0-200 R. A battery-powered

dosimeter charger must also be available to "zero" (charge) these

dosimeters.

These types of instruments, although somewhat limited in accuracy,

provide some response for most radioactive materials l ikely to be

encountered in transportation. There are a few radioactive materials

whose radiation will not be detectable by these instruments and the

instrument's response is dependant upon many factors such as the quant i ty

and physical form of the radioactive mater ia l , and its distance from the

instrument. These instruments although they may underestimate the hazard

in some situations, are nevertheless usefu l since they can detect , if not

precisely quantify, most hazardous radioactivity.

3.48 More sophisticated radiation monitoring instruments are, or

should be, available to professional radiological monitoring teams.

These include low-, medium- and high-range, gamma radiation measuring and

beta radiation sensitive instruments, alpha radiation detectors, neutron
detection and measuring instruments, high volume air samplers,

spectrometers, liquid scintillation counters, etc. It is beyond the
scope of this document to cover the multi tude of instruments available,
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but their characteristics are well known to the professional personnel
specially trained in their use. Characteristics of many of these types
of instruments can be found in standard texts on instruments,
manufacturers' literature accompanying the instruments, and in IAEA
Technical Reports Series No. 152, "Evaluation of Radiation Emergencies
and Accidents - Selected Criteria and Data", Vienna 1974.

Protective Measures

General

3.49 In the event that radioactive material is released, or shielding
is lost from packages or containers during a transportation accident,
some protective measures should be implemented to protect emergency
workers, the transport crew of the involved vehicle and the general
public near the accident scene. Because the nature of the accident, the
type and physical form of the radioactive material and the quantity of it
that might be released are unpredictable variables in any given accident,
the emergency personnel responding to the accident must first ascertain
which protective measures are necessary, if any, and second, to apply
those protective measures considered prudent to avoid or minimize
radiological exposures. The protective measures chosen must be flexible
in order to apply to a wide variety of potential situations. In general,
the protective measures which are applicable to these types of accidents
are also the protective measures employed during accidents involving
other toxic or hazardous materials in transport.

Types of Protective Measures

3.50 The types of protective measures which may be useful in
transportation accidents where radiation fields or radioactive
contamination might exist as a result of the loss of integrity of
packages or containers, include control of access, protective actions
within a cordoned-off area, personal protective measures, evacuation,
decontamination in affected areas and control of food and water supplies.

Control of Access

3.51 Control of access to the site of an accident is the most
effective way to both facilitate the essential work of emergency
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personnel and to control any potential exposure to radiation, radioactive
contamination or other hazards. Temporary barriers using available
vehicles and other materials which lend themselves to cordoning off
affected areas are used by traffic police everywhere in controlling
access to accident sites; this practice is well known and commonly used.
Appropriately enforced barriers put distance between the hazard and
persons who are not needed in the affected area.

3.52 When barriers are put in place around an accident site where
radioactive materials are either exposed or have leaked from their
packages, it is important to establish radiological monitoring control
points at the barrier perimeter as soon as possible, when appropriate
radiological monitoring personnel and their equipment arrive on the
scene. The control points serve as access and egress points,
radiological monitoring stations and assembly points for emergency
workers and their equipment.

3.53 Traffic should not be allowed to proceed through a contaminated
area. Where possible, detours should be arranged.

Protective Actions Within a Cordoned-Off Area

3.54 Emergency personnel working within the barrier or cordoned-off
area may, of course, be exposed to a variety of hazards as they try to
rescue persons, provide critical first aid and fight any fires. These
persons and the injured persons may be exposed to radioactivity or be
contaminated with released radioactive material. Emergency workers
should complete their work as quickly as possible in the cordoned-off
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 of contamination. Rarely, unless first-at-the-scene
emergency workers are equipped with radiological monitoring instruments,
will it be possible to confirm that anyone is contaminated. Where lives
are involved, injured persons should immediately be transported to
medical facilities with instructions to the drivers and attendants of the
emergency medical service vehicles that the injured persons may be
radioactively contaminated and that they should so inform medical
facility personnel who are to care for them. The receiving medical
facility should be advised as far in advance as possible by radio or

24



telephone of the impending arrival of these injured persons. Emergency
workers and other persons involved in the accident who are not critically
or seriously injured should wait to be radiologically monitored at a safe
distance upwind from the accident scene. Where possible, they should
remain within the established perimeter barrier, typically within
roadblocks set up at 100-200 meters or so from the centre of the accident
site, unless other hazards dictate otherwise.

3.55 Packages or containers of radioactive material which have been
ejected from the vehicle as a result of the accident should also be
cordoned off awaiting the arrival of trained personnel to examine them
and conduct radiological monitoring.

3.56 Run-off water from any fire-fighting efforts, or leakage from
damaged containers or packages, should be diked within the cordoned off
area, using shovels or available tools, if possible.

3.57 Vehicles, material, equipment or other items suspected of being
contaminated should not be permitted to be removed from the area unless
released by qualified radiological monitoring personnel.

3.58 Eating, drinking and smoking should be prohibited in an area
suspected of being contaminated.
3.59 Emergency response personnel should approach from the upwind
direction, any accident site where radioactive materials may have been
released, to minimize inhaling any airborne radioactive material.
Plastic sheets or tarpaulins can be used to cover loose materials to help
minimize their dispersion by wind or rain.

Personal Protective Measures

3.60 Personal protective measures are essential in transportation
accidents involving a release of, or loss of shielding of, radioactive
materials. These measures can involve using relatively simple techniques
such as: limiting time in a radiation field, to minimize the radiological
exposure dose; keeping a distance from radioactive materials, to minimize
the radiological exposure dose; using shielding, where available, to
minimize the radiological exposure dose. More sophisticated techniques
involve the use of respiratory protection equipment and protective
clothing.
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3.61 Fire-fighting personnel and radiological monitoring team
personnel are generally well equipped with the standard protective
clothing and respiratory protection equipment used in their everyday
work. This equipment provides good protection against radioactive
contamination and inhalation of airborne radioactive material. It does
not, however, protect them from direct gamma radiation fields.

3.62 Police, emergency medical services personnel and other emergency
workers are generally apt to be less suitably equipped, and they may have
to employ simple respiratory protection as by covering the mouth and nose
with an article of clothing or even soft absorbent paper products.
Nearly all clothing, if it covers most of the body, provides a certain
degree of protection against contamination of the skin.

Evacuation

3.63 Evacuation of an area is the ultimate protective measure that
can be implemented, but only in very rare circumstances would this be
necessary for transportation accidents involving radioactive materials.

3.64 A surface-level transportation accident with release of
dispersable radioactive material under high wind conditions, or an
aircraft accident involving the dispersion of radioactive material, might
require the evacuation of any populated areas threatened by the release.
Such accidents are possible, but unlikely. Precautionary evacuation of a
limited area could be ordered while awaiting the arrival of trained
radiological monitoring teams who would then be able to assess any hazard
that might exist.

Decontamination of Persons
3.65 Generally, the removal of outer clothing and shoes of persons
contaminated with radioactive material will remove a great deal of the
hazard. Contamination of the skin will require shower and washing
facilities and possibly some medical assistance, and these are unlikely
to be available at the site of a transportation accident. Persons
contaminated or suspected of being contaminated should be taken to an
appropriate facility to be monitored and decontaminated. If a change of
clothing can be provided to them at the accident site, their contaminated
clothes should be collected in suitable containers for later washing or
disposal. If no change of clothing is available, wrapping in blankets or
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other covering will help limit the spread of contamination while they are
being taken to decontamination facilities.

4/Decontamination in Affected Areas—
3.66 Decontamination of areas, equipment, vehicles, buildings, roads,
land, etc., is a protective measure that applies to the "clean-up phase"
of the accident, discussed in Section IV. This protective measure
involves mainly the removal of the radioactive contamination from
surfaces to another controlled location using suitable containment and
transport.

3.67 Several decontamination methods may be employed, such as:
Washing (with collection of waste water) or vacuum sweeping of
roads and other objects and surfaces; this can be done with
fire-fighting or industrial equipment.

Fixation of contaminants using paints, liquid-to-solid
strippable plastics, and paving materials such as asphalt.
Depending upon the type of radioactivity involved, this
technique may involve subsequent removal of the fixative agent
after it has solidified, or the fixative agent may be left in
place.

Washing (with collection of waste water) and cleaning of hard
surfaces and equipment with water and appropriate detergents or
other chemicals, accompanied by collection of as much of the
waste water as possible.

Removal of surface layers of roads or earth to a suitable
storage place.

Ploughing agricultural lands and other earth. This technique
does not get rid of contamination, but relocates it to deeper
layers in the soil. The future use of agricultural land, after
ploughing under these circumstances, is dependent upon a variety
of factors such as the radiotoxicity, quantity and radioactive
half-life of the contaminants.

4/-—Tor a relatively detailed treatise on decontamination methods, see the
U.S. Reactor Safety Study (NUREG-75/014, formerly WASH-1400,
Appendix K of Appendix VI (October.1975).
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Control of Food and Water Supplies

3.68 It is unlikely that protective measures involving the control
and distribution of agricultural products or potable water would have to
be implemented because of contamination from a transportation accident
involving radioactive materials. Although it is possible that an
accident could affect these products, any contamination is likely to be
localized to a specific area. Under such circumstances, the agricultural
products would undoubtedly have to be confiscated and destroyed. If a
potable drinking water supply is contaminated by dispersed radioactive
materials, it should be tested for the contaminants, and control of the
supply at its sources may have to be invoked.

IV. PHILOSOPHY CONCERNING RESPONDING TO TRANSPORTATION ACCIDENTS

General

4.01 The type of emergency plan needed for response to radioactive
material accidents is basically the same in structure to the plans needed
for responding to other hazardous materials transport accidents; many of
the same organizations are involved. Therefore it is preferable,
wherever possible, to integrate the emergency plan for radioactive
materials with plans for responding to hazardous materials accidents, and
to develop a master plan with national or regional communication centres
for all types of 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 of the response system.
Plans made should be flexible to provide response both for accidents
which will have minor consequences, e.g., those involving exempt
packages, LLS consignments, LSA consignments and Type A packages; and in
addition, the less likely, but potentially more severe accidents
involving Type B packages. Responsibility is, in most situations with
the consignor and carrier to ensure that they have adequate emergency
plans and preparedness arrangements, in addition to governmental
arrangements. In developing the plans, consideration should be given to
the likely areas of consideration of transport of radioactive materials,
the quantities and types of material being transported and the potential
for accidents in these areas.
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4.02 In transport accidents, a major consideration is that they can
take place either in remote areas where access may be difficult or in
populated areas where control of access by the public has to be
instituted. Response plans may have to be implemented on difficult
terrain and under adverse weather conditions. It is essential that clear
step by step procedures should be prepared, to implement the emergency
plan in a graded response (e.g., local, State, Provincial, National
response) as required by the severity of the accident and its
consequences. This could range from simple confirmation that there is no
radiological hazard (which is most frequently the case) to situations
where large-scale remedial measures may be required and must be brought
to bear at the accident site (which is the more unlikely case).

4.03 It is possible that persons arriving first on the scene will be
members of the public, or local emergency services such as police, fire
brigade or emergency medical services personnel. Response plans for
dealing with accidents involving radioactivity conform as closely as
possible to existing general arrangements for dealing with other
transport accidents. Either the police or fire organizations will provide
the first line of action. The members of the public who may be directly
involved and initially on the scene of an accident will most likely
contact the police. The carriers's employees (the crew of the vehicle)
should be given advance instructions by their organizations to notify the
police or whatever organizations would be most apt to take initial
action. In the case of movements by sea this stage of response is not
likely to involve members of the public except in coastal areas, seaports
or on inland waterways.

4.04 Information concerning radioactive materials packages is
given (except in the case of "Exempt Packages") by the label or marking
on the package, the shipping papers and for certain shipments by placards
on the vehicle. Assuming that these markings and papers will be seen and
understood, this information should be available to the persons arriving
initially at the scene of an accident. The placard indicates the nature
of the hazardous material being carried by standard words, such as
"Radioactive", "Corrosive", "Flammable", with a picture symbol, etc. The
package label for radioactive material indicates, by colour marking and
written information, the nature and quantity of the package contents, the
maximum radiation dose rate at 1 meter from any accessible surface of the
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package (which is called the transport index). Other marking on the
package identifies the type of package design, e.g., LLA, LSA, Type A,
Type B and whether Fissile. The shipping papers should identify all the
hazardous materials in cne shipment along with pertinent information for
radioactive materials, such as the transport index, type of material,
radioactivity of the package contents, quantity of the contents, and
physical state or whether "special form", etc. A visual check of the
package should determine if it has sustained any damage and it should
also be observed for possible leakage on package surfaces, possible
penetration, tearing or melting of shielding, or other damage.
If the package is in a fire, it is unlikely that its integrity can be
ascertained until the fire is put out.

4.05 In general, efforts should be made to immediately inform the
consignor and the carrier. The responsibility rests, in principle, with
the consignor and the carrier to assure that adequate arrangements are
available to effectively deal with accidents to these shipments. In
practice, the carrier may contract with the consignor to provide such
emergency services, and tne consignor must be able to provide hazards
information concerning the shipment.

Response Philosophy

4.06 In*«res pond ing to transportation accidents, the actions to be
taken are:

a) rescue and provide emergency medical aid to any victims;
b) control fires and other common consequences of transportation

accidents;
c) control any radiation hazard and prevent the spread of

radioactive contamination;
d) clean up the accident site.

4.07 As previously mentioned, responsibilities for responding to
transportation accidents are generally divided among several parties.
The consignor, carrier, national, provincial, state and local government
organizations may all have a role in the response. To provide guidance
for developing an emergency response plan(s), the -response can be divided
into three phases: the initial phase, the evaluation phase, the cleanup
phase.
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Initial Phase

4.08 During the f i rs t minutes af ter the accident occurs, emergency

action may be required for saving lives, at tending to the in ju red ,

preventing or put t ing out fires, identifying the hazards if any, and

determining the action required to prevent fu r ther threat to l i fe or

property. Local public safety of f ic ia l s invariably are the persons

who exercise this responsibility and they are generally, f i rs t on the

scene of an accident. Their capabilities for handling radiological

accidents are often strained because of their lack of knowledge and

because assistance from persons having specialized radiological knowledge

is rarely available during this early period following the accident. The

vehicle crew has a responsibility to no t i fy the proper government

authorit ies, the consignor and the carrier management at the earliest

practicable moment. However, the crew members are of ten in jured in the

accident and may not be able to act. Others who may happen on the

accident site may report the accident most l ikely to local government

authorities. Furthermore, in some cases su f f i c i en t information about the

nature of the cargo may not be immediately available to assess the

hazard. For this reason, local government emergency response planning

must provide for the proper initial steps to acquire this informat ion .

Generally, local governments should seek assistance from the consignor

(if possible) , carrier, provincial, state or national authorit ies which
should have access to expert advice and resources. If the shipment is

accompanied by the required shipping papers and if packages are properly

marked, then these documents and markings can be used to guide the

initial response and will also be of help to experts as to what steps

should be taken. This assumes that these documents are found and the

markings are recognized.

4.09 Essentially the only information readily available to those

f i r s t on the scene will be visual. It is important that they should not

over-react, but it is equally important that they should not

under-react. Police, firemen or first-on-the-scene personnel should be

trained to assess the situation by means of standard accident

investigative procedures which will enable sui table decisions to be made

as to what further action is necessary. 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
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kept clear ( typica l ly , close the street at bothXnds of a block in a town

or city, close the approaches to an intersection; oS close the lanes of a

highway or road where an accident has occurred. Generally, distances

from an accident site to a roadblock range from 100-200 meters unless

other hazards or circumstances dictate otherwise). To minimize the

possibility of spreading contamination, only persons involved in rescue

and life-saving activities should be in this area. The names and

addresses of persons who have been involved at the accident scene, or in

the immediate vicinity, should be obtained by the police or other

emergency personnel. If contamination is later found to exist, and

people have left the scene beforehand, they may have to be re-contacted

for radiological monitoring.

The initial investigative procedures should include inquiries which

would ascertain such things as:

a) Are there any injuries to personnel?

b) Is there visible damage to the radioactive material packages?

c) Is there evidence of leakage from the radioactive material
packages?

d) Is there a fire near the radioactive material packages?

e) Are large quantities of flammable liquids or gases in the

immediate vicinity of the accident site?

f) are there explosives or toxic materials in the immediate

vicinity of the accident site?

g) Is contamination present, or are radiation f ie lds detected?

(if this can be done by first-at-the-scene personnel)

h) Is there precipitation or high winds?

i) Where is the location, and what is the access to the accident?

j) What is the radioactive material involved, and have papers or

labels on the packages been found?

(The foregoing should also form the basis of an ini t ial report to

expert persons at a central control and communications station).

4.10 A clear chain of communication should be establ ished from the

"person in charge on the scene" to the relevant authorities. It is

most likely that communication will be by police radio, but in some cases

JVNote: The "person in charge on the scene" may be designated in
variety of ways in the emergency plan, and will vary
considerably from country to country.
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telephone communication may be available. The person in-charge on the

scene should ensure that he can be recontacted by giving the telephone

number at his location, or the radio communication information necessary

to reestablish contact.

Evaluation Phase

4.11 As a part of the emergency planning process, prior arrangements
to contact properly qualified or experienced persons or teams from a
nuclear establishment, the military, or from an institution, hospital or
university where radiological protection services exist, should be made.
These persons or teams who are qualified or experienced in radiation
protection techniques should be able to give specific advice if they are
provided with the answers to the basic inquiries. They can then explain
what further action or protective measures should be taken. Initial
advice can be given over communications links until arrival of expert
assistance at the scene. Assistance at the scene should include
assessment based on measurement of radiation levels, of personnel
contamination and of environmental contamination. The experts should be
aware of the type of radiation materials involved in the accident and the
problems involved in making appropriate recommendations. They should be
trained and knowledgeable about the transport of radioactive materials.
Generally, expert advice will be needed at the scene if there is a
release of radioactive materials or damage to the container.

4.12 At this stage it has to be decided what needs to be done with
the package and what further remedial action is necessary.

4.13 Safety precautions and later cleanup actions will be very
dependent on the contents of the package or container, the type of
release and the severity of the accident, the terrain, and the weather
conditions. Actions which may be required in this phase may range from
the provision of simple barriers adjacent to the affected vehicle to
evacuation of the population from areas around the scene of the accident.

4.14 Where a release of radioactive material in a transportation
accident necessitates a decision concerning evacuation of persons from
certain areas, the decision and subsequent actions should be made by the
responsible local public safety officials based upon expert advice.
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These same officials also make similar decisions concerning evacuation
after transportation accidents involving other hazardous materials.

Cleanup Phase

4.15 This phase includes the removal of damaged packages, any
radioactive material contamination, or other residue of the accident and
restoration of the area to its original state. Generally, and in
principle, the carrier has the basic responsibility to assure that
cleanup is completed and that vehicles, building, areas, or equipment
which have been contaminated by radioactive materials are not occupied or
returned to service until they have been decontaminated and
radiologically surveyed.

4.16 Since, in many cases, the carrier will have neither the
technical expertise, nor the experience and equipment to handle
radioactive or hazardous materials, the carrier may find it necessary to
contract with others to perform certain cleanup functions. In many
cases, the consignor may be able to provide such expertise and equipment;
however, the basic burden of assuring that such provisions are made
remains with the carrier. Since in most releases of radioactive
material, handling of unshielded, uncontained radioactive material
(repackaging, disposal, or removal) is necessary, some responsible
persons who are experienced and equipped to handle the radioactive
material must be present. In carrying out its responsibility for cleanup
and decontamination, the carrier may also have to use the technical
services of government radiological protection personnel, technicians
from nearby hospitals, universities, industrial or military
installations, or other radiological safety personnel.

4.17 As a part of the emergency planning efforts, formal arrangements
should be made to summon persons with additional expertise and equipment
suitable for dealing with the more severe accidents. These persons may
be drawn from nuclear facilities, or from government agencies, such as
national laboratories, public health organizations, civil defence
organizations, emergency services, etc. The arrangements should be made
on a national or other appropriate governmental level basis.
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Special Considerations Relating to Modes of Transport Other Than
Highway Transport

Water Transport

4.18 Emergency response planning and preparedness arrangements for
highway transport of radioactive materials may be generally applicable to
inland waterway transport, but not to sea transport. If ships are
chartered for the exclusive large-scale shipment of irradiated fuel
containers or flasks, an accident at sea might necessitate long range
communication and emergency action. It is unlikely that such shipments
can be covered in detailed national level emergency response plans.
Such shippers have a responsibility for their own operations, and thus
for their own emergency arrangements, which could require international
assistance. It is difficult, but feasible, to devise general emergency
response plans for getting any needed technical assistance to a vessel at
sea. Bilateral agreements between countries involved in shipping this
material from one country to another, concerning provision of technical
assistance at sea, are also feasible.

4.19 As a part of the emergency plans covering cargo-carrying ships,
the ship's master should be in possession of information concerning the
authorities to contact in the event of 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 whom to contact in an emergency
so that, should the ship need to go into port, the emergency services
will have been alerted in advance. While at sea, emergency advice can be
given to the ship by radio if necessary. In the event that a ship's
master needs to take his ship into a port which has little or no
resources to assist him in an emergency involving radioactive materials,
he could request assistance by radio from the Inter-Governmental Maritime
Consultative Organization (IMCO) and the International Atomic Energy
Agency (IAEA). These organizations could give technical advice by radio
and also arrange to have technical assistance sent to the port that the
ship has entered.

Rail Transport

4.20 Emergency response planning and preparedness arrangements for
highway transport are generally applicable to rail transport. Railroads,
which are likely to be the main carriers of irradiated fuel shipments,
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usually have their own internal network of 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 governmental authorities in the area
of an accident as to what emergency services may be required of them.

Air Transport
4.21 Emergency response planning and preparedness arrangements for
highway transport are generally not applicable to air transport except in
the case where the accident occurs at an airport as a result of cargo
handling operations. An accident which occurs as a result of the crash
of an aircraft may require responding in remote or not easily accessible
areas or may pose problems with 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 governing responding
to transportation accidents can be applied. In the majority of cases air
transport of radioactive material involves radiopharmaceuticals of
limited hazard.

Radiological Monitoring Teams
General
4.21 To support the emergency response organizations who generally
respond to all transportation accidents, specially trained and equipped
teams are needed to properly assess any consequences of an accident
involving the release of radioactive materials. Depending upon
governmental organization and resources, radiological monitoring and
assessment teams can be established at any or all levels of government.
The teams should be formed as a part of the emergency planning process,
and qualified team members can be drawn from governmental organizations,
the nuclear industry, universities, industries using radioactive
materials, consignors, some carriers and medical facilities. Team
members should be experienced persons with professional or technical
training in the radiological safety field or nuclear field.

Team Response
4.23 Communications capability must exist on a 24-hour basis, in
order to notify the team members that their assistance is required at
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the accident scene. After notification, the team and its equipment must
be provided with rapid means of transport from their locations to the
site of the accident.

Team functions
4.24 The team should be prepared and equipped to:

(i) Evaluate the radiological hazard
(ii) Minimize personnel exposure to radiation and/or

radioactive materials
(iii) Minimize the spread of radioactive contamination
(iv) Provide technical information to appropriate authorities

and advice that would help in the treatment of injuries
complicated by exposure to radioactive contamination

(v) Carry out other general emergency measures as required.

Instruments and Equipment

4.25 The team members should be provided with a basic instrument kit,
well maintained and properly calibrated for radiological monitoring.
Initial work accomplished at the accident site will be done with this kit
which should contain equipment for measuring radiation fields and
contamination levels such as low- and high-range beta and gamma
monitoring instruments, alpha monitoring equipment, pocket dosimeters of
various ranges, a dosimeter charger, badges containing film and other
detectors, alpha and beta instrument calibration sources, instruction
manuals for instruments, lighting, tape, pencils, tags, paper, protective
clothing and respiratory protection equipment. Portable two-way radios
for communications should also be provided.

4.26 If large area monitoring and assessment are required, additional
teams or personnel to augment the accident site team may be required.
Equipment for collecting and radiologically assessing environmental
samples, field generators for power supply, additional protective
clothing and equipment, supplied air equipment, repair and replacement
supplies, contamination control and decontamination equipment 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 of severe accident circumstances.
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Communications and Notification

4.27 The communication system needed is similar to that required for
the handling of most transport incidents involving other hazardous
materials, and the agencies involved may be the same. Therefore, it may
be desirable to set up a general communication plan to provide broad
co-ordination of the response to all transport incidents involving
hazardous materials. Such a system would be activated more frequently
than separate arrangements for each type of hazardous material, and the
experience gained would strengthen the reliability of the response system.

4.29 A national or regional communication centre for hazardous
materials that could be manned 24 hours per day by staff trained for the
task should be considered and if warranted, established. This would
provide a liaison centre to alert the appropriate agencies (except those
that provide basic local emergency services who will usually already know
about any accident) as to the actions required. Trie centre should have
information on the areas of jurisdiction of all the agencies that might
become involved, and should have on hand updated lists of names and phone
numbers of agencies to be notified and teams of 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 of hazardous materials. Such centres could
prove particularly advantageous in case of an accident where a large
number of agencies may become involved. If the centre is used solely for
accidents involving radioactive materials, and it is not given the
responsibility for coordinating activities concerning all hazardous
materials accidents, the cost of establishing it would probably be
prohibitive. Whether or not such a centre is desirable from a
cost-benefit standpoint will depend upon the numbers of shipments of
hazardous materials and the safety record of the transport systems. The
functions of such a centre could be incorporated into an existing
facility where appropriate expertise is available.

4.29 An important requirement with respect to communications and
notification is that access to an emergency response organization must
be available at all times, 24 hours a day, every day of the year.

4.30 A simple notification scheme, which can be implemented upon the
recognition that an accident involving the transport of radioactive
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materials has occurred, should be developed. The specific procedures
concerning the scheme should be available to consignors, carriers and
governmental emergency response organizations.

4.31 The notification scheme should be geared to both the severity of
the accident and the resources required to mitigate the consequences that
either have developed or may develop. Depending upon the type of
response required, this can be accomplished by notifying the appropriate
components of the overall emergency response organization as to what
resources are needed.

4.32 A listing of appropriately trained and equipped experts and
organizations throughout a region or a country should be prepared and
distributed to consignors, carriers and emergency services
organizations. This listing should be periodically updated, at least
every 6 months. The listing should contain the telephone numbers or
other relevant communications information so that these experts and
organizations can be contacted along the routes being used for the
transportation of hazardous materials.

V. RESPONSIBILITIES FOR EMERGENCY PLANNING AND PREPAREDNESS

General

5.01 As previously pointed out in this document, the responsibilities
for dealing with a transportation accident are generally divided among
several involved organizations and persons. The severity of the accident
in terms of consequences generally determines the level of governmental
response and involvement.

5.02 A primary responsibility, in principle, rests with the consignor
who must ensure that, before undertaking the transport of radioactive
materials, carriers are fully aware of the procedures to be followed in
the event of an accident. When an accident occurs, public health and
safety organizations and personnel have the responsibility to respond to
mitigate the consequences of the accident. In most situations
surrounding transport accidents, this response consists of life-saving,
medical aid, fire suppression and control and the normal police work
associated with any accidents. If radioactive materials have escaped or
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are likely to escape from their containers, 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 radioactive hazard.

Carrier and Consignor Arrangements/Responsibilities

5.03 Although the prime responsibility for properly packaging
shipments is with the consignor, the carrier also has safety
responsibilities, namely to ensure that the shipment arrives safely at
its destination. In principle, the carrier may contract with the
consignor to provide supporting emergency services.

Carrier Responsibility

5.04 It is the responsibility of each carrier to know and comply with
all applicable international, national, provincial, state, or local
regulations, pertaining to the carriage of radioactive materials. In
principle, this includes: a) ensuring that a prompt and proper response
is initiated in the event of an accident;
b) providing or obtaining appropriate resources for resoponse to the
incident, when needed; and c) maintaining working contact with the
responsible governmental authority until the latter has declared the
incident to be satisfactorily resolved and closed.

5.05 Carrier personnel should be instructed that, if they are able to
do so, they should immediately inform the local police and the consignor
office when an accident has occurred. Carrier personnel should know the
types and quantities of the hazardous material they are carrying and
should have emergency procedures with them which outline the basic steps
which must be taken in the event of an accident.

Consignor Responsibility

5.06 It is the responsibility of each consignor to know and comply
with all applicable international, national, provincial, state or local
regulations pertaining to the shipment of radioactive materials. He
should be prepared to assist in an emergency response to an accident
involving any of his radioactive consignments by providing information

40



about his shipment and he should know how to deal with the accident. He
should designate on, or append to, the shipping document a list of
24-hour telephone numbers of persons knowledgeable of the shipment and
its characteristics.

Provincial, State and Local Responsibilities

5.07 Provincial, state and local governments should develop their own
emergency response plans which would govern the operation of their own
organizations and deployment of their own resources. Coordination in the
development of these plans is necessary among local, provincial, state
and national levels.

National Responsibilities

5.08 In developing a national emergency response plan and procedures
for accidents involving the transport of radioactive materials, it is
first necessary for the government of a country to assign
responsibilities and to designate and define the functions of the various
national public authorities having expertise in that field.

It will be necessary to:

1) Establish a national emergency response plan;
2) Prescribe standards or guidelines on radiological protection

matters; establish a Radiation Protection Service or Agency;
3) Define areas of responsibility and authority among agencies;
4) Identify authorities to be notified when a transport accident

involving radioactive materials occurs;
:>) Assign, to a national agency, as "Lead Agency", the

responsibility for coordinating the development and operation of
the national emergency response plan;

6) Determine and periodically review and test the adequacy of the
plan, as well as the trained personnel and equipment available;

7) Provide for the periodic revision of the plans;
8) Establish, where appropriate, the necessary liaison with

authorities in neighbouring countries for notification about
accidents whose consequences may extend beyond national
boundaries;
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9) Define the responsibility for public information and education
concerning transportation of radioactive materials;

10) Establish applicable training programmes;
11) Provide the necessary resources to implement the plan when

required.

Lead Agency Concept

5.09 The concept of assigning "Lead Agency" responsibility for
coordinating the development of national, provincial, state and local
emergency response plans can be useful. At each of these governmental
levels, several organizations and agencies which have responsibilities
concerning transport accidents may exist and one of them should be
assigned the Lead Agency responsibility, with the others being assigned
supportive roles. Assigning a Lead Agency should provide a focal point
for developing the emergency response plans. The concept of Lead Agency
is also applicable in cases where only a single national plan is
envisioned.

5.10 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, in advance and as part of
the planning process, determine what resources these organizations and
agencies have that may be useful in responding to a transportation
accident involving radioactive material.

5.11 The Lead Agency concept can also be extended to the assignment
of coordination and control responsibility at the accident site during an
emergency. The agency assigned this operational responsibility may or
may not (depending upon governmental organization) be the same one
assigned the responsibility to coordinate the development of plans. The
Lead Agency selected for this operational response function should have
the authority to direct and control the activities of supporting agencies
and organizations during the actual emergency once its representatives
arrive on the accident scene. Until the Lead Agency representatives
arrive, an arrangement should be pre-established in the emergency plans
to designate one organization to control and coordinate actions by
first-at-the-scene emergency response personnel. Generally, this
responsibility will fall to the local police organization.
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VI. PUBLIC INFORMATION. TRAINING, EXERCISES AND UPDATING THE EMERGENCY
PLANS

Public Information

6.01 There is, in some countries, considerable public sensitivity
surrounding the transport of radioactive materials and any emergency
organizational arrangements must not only be capable of operating
efficiently, but able to satisfy the public's perception of an
appropriate response.

6.02 In transport accidents, inconvenience and potential risk may be
created in the public domain. In fact, any damage to a radioactive
material container, no matter how small, tends to create a sense of alarm
in some members of the public and might lead to difficulties that far
outweigh the actual risks of any accident. This can considerably
complicate implementation of emergency response plans if the public has
not been adequately informed about the existence of plans or is not
adequately informed during an accident as to what is being done.

6.03 In general the public will receive its information via the news
media. Consequently, this emphasizes the importance that should be
attached to the presentation of information to the media. The public
accepts risks in everyday life because the benefits of taking such risks
are obvious or acceptable; the general acceptance of the medical uses of
radioactivity is a case in point. In the broader sense, however,
radioactivity makes greater psychological demands on people because of
its unseen and possible latent effects. In order to alleviate some of
these fears, consideration should be given to the use of informational
films and other means of acquainting the public with the existence of
emergency plans.

6.04 Inquiries by the news media may be addressed to the co-ordinator
of the emergency response operations, the radiation expert at the scene,
or the carrier or consignor. To minimize the risk of conflicting
statements being given to the news media, it is desirable to assign the
responsibility to communicate with the news media representatives. If
practicable, all communications to the news media should be performed by
professional public information personnel in the emergency response
organization.
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6.05 News media may be used to give instruction to the public
concerning the measures being taken to control the accident and to
restore the situation to normal.

Training
6.06 A suitable comprehensive training programme should be
established for agencies which may be called upon to respond to
transportation accidents involving radioactive materials. How, and to
whom, this training should be given is a matter for national, provincial,
state and local authorities and industry to decide. In general, training
should be provided to police, fire brigades, emergency medical services,
civil defence or emergency services, radiological monitoring teams, and
experts within response organizations.

6.07 Industry (consignors and carriers) involved in the handling and
transportation of radioactive materials, should provide training related
to its operations and the potential hazards of the types of materials
involved. This training should be given not only to its own personnel,
but should be offered to appropriate personnel of governmental agencies
and other appropriate personnel as well.

6.08 Training programmes should be geared to the roles that personnel
must play in responding to an accident. Two basic levels of training can
be identified.

"First-at-the-Scene" Personnel
6.09 The purpose of this training programme is to provide very basic
information to those personnel who, in all likelihood, will be the first
to reach the scene of a transportation accident involving radioactive
material. For "first-at-the-scene" personnel such as police, and fire
brigades, the training programme should teach the rudimentary subjects
clearly applicable to such accidents. The basic curriculum should
include fundamentals of first aid, radiological hazards, protective
measures, transportaton regulations (especially those concerning shipping
papers, package labels and vehicle placards), fire control, crowd control
and press relations. Basic techniques to protect people from radiation
exposure and radioactive contamination and to control the spread of
contamination should be included in the programme.
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Technical Experts

6.10 A more extensive training programme is necessary to maintain
skills of personnel with radiation protection or nuclear technology
backgrounds who would be called upon for technical support and response.
Section IV describes the phases of the response for which expert advice
is needed. Training for these persons should include accident assessment
techniques using radiological monitoring instruments, implementation of
protective measures, use of protective clothing and equipment, basic
meteorology, transportation regulations and packaging of radioactive
materials.

6.11 Provisions should be made for periodic brief refresher training
on at least an annual basis, in order to maintain the proficiency of all
personnel in the emergency response organization and to review accident
experience and practical problems.

Exercises

6.12 Exercise-scenarios should be developed and used to test the
response, capabilities and skills of the overall emergency response
organization.

6.13 Exercises serve to test an emergency response plan and also the
coordination of the emergency response organization and its activities.
Exercises designed to test an emergency response plan for transportation
accidents involving radioactive materials should be based upon realistic
accident exercise-scenarios designed to test all major aspects of the
plan.

Drills

6.14 Drills, which are more limited in scope than exercises, are
designed to develop, test or maintain special skills of individuals. For
example, a communications and notification drill might test the
proficiency of personnel in giving notification of an accident, alerting
various organizations, and operating communications equipment. A
fire-fighting drill could be limited to the operation of fire-fighting
equipment. Thus, drills can be considered as sub-sets of exercises;
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i.e., many drills conducted at the same time, in a co-ordinated fashion,
constitute an exercise.

6.15 To achieve the greatest learning experience, exercises should be
carried out as full dress rehearsals using the equipment and instruments
specified in the plan as much as possible. This should include, for
example, emergency control centres, communications, transportation,
radiological monitoring and protective equipment.

6.16 Exercises should aim at testing the effectiveness of
communication links, of mobilization of emergency forces and specialized
teams and of the co-operation between agencies and services involved.
One objective of exercises is also to strengthen the confidence of the
personnel that they can adequately handle an accident. Thus care should
be taken not to include in the exercise-scenario plan any decision-making
in new or overly complicated situations that have not previously been the
subject of training. Exercises should be clearly identified as such in
any communications or messages.

6.17 Provision should be made for the critique of drills and
exercises by qualified observers. A mechanism should be established for
using the results of drills and exercises as a basis for improving the
emergency plans, as appropriate. Recording of communications and video
taping the exercises provides a valuable aid for learning by the
participants. Reports and critiques of actual emergencies should also be
used as training aids.

6.18 Provision should be made for testing radiological instruments,
communications equipment, and other equipment during drills or
exercises. The condition of equipment should be checked routinely, in
conjunction with drills or exercises, and at other times as warranted.
Any faults or deficiencies should be corrected immediately.

Updating the Emergency Plans

6.19 For each plan a person should be appointed to be responsible for
its maintenance and updating. Valuable experience is gained from
exercises in testing the plan, and from dealing with actual accidents,
whether or not they are "false alarms" (i.e., no radioactive involvement
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or release). The person responsible for maintaining the plan should
ensure that the plan is modified where necessary to take account of this
experience. In addition, he/she should update the information on names
and telephone numbers, whenever personnel and organizational changes
require it, but in any event at least once every 6 months. It is
suggested that names and communication numbers be kept separate from
check-lists and other parts of the plan, in order to simplify their
frequent updating. Whenever an exercise is held to test the
effectiveness of the emergency response, the person responsible for
maintaining the plan should participate as an observer in order to be
able to feed back the experience gained from the exercise into
improvements in the plan.

6.20 Provision should be made, at the minimum, for an annual
comprehensive review and updating of emergency plans.

6.21 An indication of the specific distribution of emergency plans
should be provided in the emergency plan itself. All organizations
involved in the overall emergency response organization should receive
copies of the plans and changes to them. A mechanism should be
established for plan users on the distribution list to receive and
acknowledge changes to the plan.
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GLOSSARY

activity

alpha (particle or radiation)

beta (particle or radiation)

carrier

consignor

consignment

contamination

See radioactivity

[Symbol(X] A positively charged
particle emitted by certain
radioactive materials. It is made
up of two neutrons and two protons
bound together, hence is identical
with the nucleaus of helium atom.
It is the least penetrating of the
three common types of radiation
(alpha, beta, gamma) emitted by
radioactive materials, being
stopped by a sheet of paper. It is
not dangerous to plants, animals or
man unless the alpha-emitting
substance has entered the body.

[Symbol u] An elementary particle
emitted rrom a nucleus during
radioactive decay, with a single
electrical charge and a mass equal
to 1/1837 that of a proton. A
negatively charged beta particle is
identical to an electron. A
positively charged beta particle is
called a positroji. Beta radiation
may cause skin burns, and beta-
emitters are harmful if they enter
the body. Beta particles are
easily stopped by a thin sheet of
metal, however.
Any organization or private indivi-
dual undertaking the conveyance of
radioactive materials by any means
of transport. The term includes
both carriers for hire or reward
(known as common or contract
carriers in some countries) and
carriers on own account (known as
private carriers in some countries).

Any person who presents a
consignment of radioactive
materials for transport, and who is
named as consignor in the transport
documents. The term "person"
includes individuals, organizations
and governments. Also known as a
"Shipper".

Any package or packages or load of
radioactive materials presented by
a consignor for transport.

See radioactive contamination.
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crit icality

curie

dose (absorbed)

emitters

Exempt Packages

exposure (radiological)

exposure rate (dose
equivalent rate)

The state of sustaining a chain
reaction, i .e . , releasing nuclear
energy by the spl i t t ing of atoms
within the fuel .

[Symbol Ci] The basic uni t to
describe the intensity of radio-
activity in a sample of material .
The curie is equal to 37 billion
disintegrations per second, which
is approximately the rate of decay
of 1 gram of radium. A curie is
also a quanti ty of any nuclide
having 1 curie of radioactivity.
Named for Marie and Pierre Curie,
who discovered radium in 1898.
Another term "becquerel" [Symbol
Bq] is also the base unit of
measurement of radioactivity; one
(1) nuclear disintegration per
second. (1 Curie = 3.7xl010

becquerel) .

When IONIZING RADIATION passes
through MATTER, some of its energy
is imparted to ttie mat te r . The
amount absorbed per un i t mass in a
volume of irradiated material is
called the absorbed dose, and is
measured in "grays" (Gy) 1 Gy = 1
Joule/kilogram = 100 rads.

Radioactive forms of elements that
emit radiation.

Packages which contain only a minor
amount of raioactive material.
Since the hazard involved is
extremely small (almost zero) such
packages are exempted from certain
requirements, e .g. , they do not
have to be labelled on the
outside. These packages are of ten
shipped by post.

Subjected to the e f f ec t s of
radiation (see dose) .

The increment of exposure (dose)
delivered per unit time and
measured, for example, the unit for
dose equivalent rate is Sieverts
(Sv) per hour (Sv/hr) or in rems
per hour (rem/hr or mil l i rem/hr
(mr/nr) .
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f ie ld (radiation)

fue l , (reactor fue l )

gamma (rays/radiation)

hal f - l i fe

Low-Level Solid
radioactive material

Low Specific Activity
radioactive material

package

packaging

Space in which radiation exists.

Fissionable material used or usable
to produce energy in a reactor.
Also applied to a mix ture , such as
natural uranium, in which only part
of the atoms are readily fission-
able, if the mixture can be made to
sustain a chain reaction.

[Symbol 0 ] High-energy, short-
wavelength electromagnetic
radiation. Gamma radiation
frequently accompanies alpha and
beta emissions and always
accompanies f ission. Gamma rays
are very penetrating and are best
stopped or shielded against by
dense materials, such as lead or
depleted uranium. Gamma rays are
essential ly similar to X rays, but
are usual ly more energetic, and are
nuclear in origin.

The time is which ha l f the atoms of
a particular radioactive substance
disintegrate to another nuclear
form. Measured half- l ives vary
from mi l l ionths of a second to
billions of years.

Abbreviation: LLS -
Essentially indispersible material
which contains a moderate concen-
tration of radioactive mater ia l ,
e.g., radioactive waste embedded in
concentrate.

Abbreviation: LSA -
Material which contains a low con-
centrat ion of radoactive mater ia l ,
e.g., uranium ore, or concentrate
("yellowcake"), certain radioactive
wastes. Such material presents a
low to negligible hazard.

The packaging together wi th its
radioactive contents as presented
for transport. (See also Exempt
Package and Type A, Type B ( U ) and
Type B ( M ) package).

The container for the radioactive
material plus any ancillary
components required or included to
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plutonium

rad

radiation

radioactive, radioactivity

radioactive contaminat ion

radioactive source

radiation level

radiography, radiographic

provide protection, such as radia-
tion shielding; absorbent mate r ia l ;
spacing or s t ructural elements;
shock absorbing mater ial and
thermal insulation.

[Symbol Pu] A heavy, radioactive,
man-made, metal l ic element with
atomic number 94. Its most
important isotope is f i ss ionable
plutonium-239, produced by neutron
irradiation or uranium-238. It is
used for reactor fue l and in
weapons.

the special unit of absorbed dose
which is being superceded by the
"gray" (Gy) (see "dose absorbed").

The emission and propagation of
energy through mat ter or space by
means of electromagnetic distur-
bances which display both wave-
like and particle-like behaviour;
in this context the "particles" are
known as photons. Also, the energy
so propagated. The term has been
extended to include streams of fast-
moving particles (alpha and beta
particles, free neutrons, cosmic
radiat ion, e tc . ) . Nuclear radia-
tion is that e m i t t e d from atomic
nuclei in various nuclear
reactions, including alpha, beta
and gamma radiat ion and neutrons.

The property of an element or
substance which emits radiation.

Undesirable radioactive material
that is deposited on surfaces, or
is present in solids, liquids or
ga se s.

An apparatus or radioactive
substance in a suitable support
that const i tu tes the origin of
ionizing radiation.

The intensity of radiation measured
in Sieverts (Sv/hr or mil l i-
Sieverts (mSv/hr or in rem/hr or
tnil l irem/hr (mrem/hr) .

The use of ionizing radiation for
the production of shadow images of
an object on a photographic
emulsion. Some of the rays (gamma
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radiotoxicity

rem

roentgen

Sievert

special form

specific activity

spent fuel

sub-critical

teletherapy

Transport Index

rays or X rays) pass through the
subject , whi le others are par t ia l ly
or completely absorbed by the more
opaque parts of the subject and
thus cast a shadow on the
photographic f i l m .

The ab i l i ty of a radioactive
mater ia l to produce in jury , by
virtue of emitted radiations, when
incorporated in a living thing.

A uni t of dose equivalent for any
ionizing radiation used for
radiation protection purposes only.

[Symbol R] A unit for measuring
gamma or "X-ray" radiation. R,
mi l l i -R(mR).

[Symbol SvJ The special name of
International System of Uni ts (Si)
unit of dose equivalent Sv,
milli-Sv (mSv).

A non-dispersable solid radioactive
material or a sealed capsule
containing radioactive mater ia l .

The activity per uni t weight of any
sample of radioactive material .

Nuclear reactor fuel that has been
irradiated (used) to the extent
that it can no longer sustain a
chain reaction. Contains in
addition to unchanged uranium,
radioactive f iss ion products .

Not capable of sustaining a chain
reaction, ( c r i t i ca l i ty ) .

Radiation treatment administered by
using a radioactive source that is
at a distance from the body,
usual ly employing gamma-ray beams
from the source.

Abbreviation: T.I. -
A measure of the radiation
intensity (radiation level) at 1 m
from the surface of a package whose
contents are not f i ss i le ma te r i a l
(mrem/hr). In the case of f iss i le

material packages T.I. means either
the radiation level at 1 m from the
surface or a value related to the
maximum number of packages which
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Type A package

Type B package

uranium

may be transported or stored
together as a group. (This latter
meaning pertains to the prevention
of accidental criticality.
A package which contains a moderate
amount of radioactive material.
Since the hazard involved is small,
it is only required that such
packages be able to withstand the
normal conditions of transport;
they are not expected to survive a
serious accident intact.
A package which contains a quantity
of radioactive material greater
than is permitted in a Type A
package. Since the hazard involved
may be large, even very large, such
packages must be able to withstand
the effects of severe accidents,
including fires.
Two classes of Type B package exist:
(1) Type B(U) - for which no special
operational controls are required.
(2) Type B(M) - for which some
operational controls are required,
to achieve the desired level of
safety.
[Symbol U] A radioctive element
with the atomic number 92 and, as
found in natural ores, an average
atomic weight of approximately
238. The two principal natural
isotopes are uranium-235 (0.7% of
natural uranium), which is
fissionable, and uranium-238 (99.3%
of natural uranium) which is
fertile. Natural uranium also
includes a minute amount of
uranium-234. Uranium is the basic
raw material of nuclear energy.
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