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FOREWORD

Recently the Agency redefined its policy for education and training in
radiation safety. The emphasis is now on long-term strategic planning of
general education and training programmes. In line with this general policy
the Agency's Standing Advisory Group for the Safe Transport of Radioactive
Material (SAGSTRAM) in its 7th meeting (April 1989) agreed that increased
training activity should be deployed in the area of transport. SAGSTRAM
specifically recommended the development of a standard training programme on
this subject area, including audio-visual aids, in order to assist Member
States in the implementation of the Agency's Regulations for the Safe
Transport of Radioactive Material. This training programme should be
substantiated by a biennial training course which is thought to be held either
as an Interregional or a Regional Course depending on demand.

This training manual, issued as a first publication in the Training
Course Series, represents the basic text material for future training courses
in transport safety. The topic areas covered by this training manual and most
of the texts have been developed from the course material used for the 1987
Bristol Interregional Course on Transport Safety. The training manual is
intended to give guidance to the lecturers of a course and will be provided to
the participants for retention.

It is well recognized that this training manual is not fully balanced
with respect to the coverage of the various topic areas. This is partly
caused by the need to emphazise areas which have proved to give rise to
misunderstanding on the part of the user of the Transport Regulations. Some
chapters, however, could certainly be improved by more elaborated texts.

It was appreciated that the benefit of an expedient and broad
distribution of this training manual would outweigh any disadvantage
associated with minor deficiencies in the text. It is further envisaged that
the preparation for an update of this training manual will be initiated at
short notice, with the intention to issue the updated version in 1991.

The Agency whishes to express gratitude to Professor B. Dodd of Oregon
State University, USA, who undertook the difficult task to produce this
training manual from the disparate material of the Bristol Interregional
Course.



EDITORIAL NOTE

In preparing this material for the press, staff of the International Atomic Energy Agency have
mounted and paginated the original manuscripts and given some attention to presentation.

The views expressed do not necessarily reflect those of the governments of the Member States
or organizations under whose auspices the manuscripts were produced.

The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of their
authorities and institutions or of the delimitation of their boundaries.

The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.
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1. THE SAFE TRANSPORT OF RADIOACTIVE MATERIAL TRAINING COURSE

1.1. Introduction

The transport of radioactive material embraces the carriage of

radioisotopes for industrial, medical and research uaes, and the movement of

waste, in addition to consignments of nuclear fuel cycle material. It has

been estimated that between eighteen and thirty eight million package

shipments take place each year.

The International Atomic Energy Agency has taken a leading role in

establishing international regulatory standards for the safe transport of

radioactive material since the late 1950s. The Agency first published the

Regulations for the Safe Transport of Radioactive Material in 1961, and these

Regulations have been regularly reviewed and updated since that time.

Meanwhile they have been adopted, world-wide, by Member States and

international regulatory bodies as the basis for relevant national and

international regulations.

As one means of promoting safety in transport, as well as encouraging

harmony in regulatory control, the Agency has from time to time organized

training courses with the cooperation of Member State Governments and

organizations, to inform individuals from developing countries with

appropriate responsibilities on the provisions of the transport regulations

and their implementation. Two such courses have been held in the United

Kingdom, with the cooperation of the United Kingdom Government. The first of

these took place at the Harwell Training Centre of the United Kingdom Atomic

Energy Authority in 1982. The second was held in collaboration with the

Central Electricity Generating Board at the CEGB Nuclear Power Training Centre

near Bristol from 6 to 23 October 1987.

In order to encourage further training, the Agency felt it was

necessary to develop a basic course text on the safe transport of radioactive

material for use at future regional or interregional courses or at other such

courses that individual Member States may wish to sponsc . It was decided

that the lecture notes and other course material from the 1987 Bristol course

should form the basis of this text. Although this material is used

extensively in the current publication, it has been substantially re-ordered

and edited, and further sections have been written to provide a text which has

a logical, sequential progression, with the minimum of repetition and overlap.
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Grateful acknowledgement is given to each of the original authors, who

have all reviewed this material and agreed to the use of their original

lecture notes in this manner. A list of the contributors to this publication

is given in Appendix F.

In this text a capital letter "R" has been used for "Regulations"

whenever this means the IAEA Regulations. This is to distinguish the IAEA

Regulations from other national and international regulations and codes. In

addition/ the term "radioactive material" is always used in the singular in

this text. In past editions of the IAEA Regulations, the plural "materials"

was used in the title. It was decided during the 1985 review, however, to use

the singular for radioactive material both in the title of the Regulations and

throughout the regulatory provisions. Therefore, that practice is continued

here. Finally, in various places through out this material, as appropriate,

the abbreviations SS 6, SS 7, SS 37, and SS 80, have been used to denote

Safety Series No. 6, Safety Series No. 7, Safety Series No. 37 and Safety

Series No. 80 respectively.

1.2. Course Objectives

The purpose of an interregional training course, for which this

material may be used, is to provide guidance to regulators, licensing

personnel, consignors, carriers, forwarding agents and emergency service

personnel on the regulations and practice for the safe transport of

radioactive material.

The participants of such a course would normally be officials of

national authorities or managers and technical staff from organizations

undertaking or involved in the transport of radioactive material. It is most

appopriate if these persons have a suitable background knowledge of the

scientific principles underlying the control of radiation hazards by

engineering and operational means.

The objective of this course text is to provide an adequate grounding

on the philosophy, principles and application of the provisions of the

transport regulations. Some practical reinforcement of this knowledge is

afforded by means of participative exercises given in Appendix E which involve

some hypothetical transport problems. In addition, during any course in which

this material is used, it is strongly recommended that further reinforcement

be made by visits to the premises of suitable consignor and carrier

organizations, as well as package testing facilities if possible.
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1.3. Course Overview

After a review of radiation and radiation protection principles, the

subject matter of the course focusses primarily on the Regulations of the

International Atomic Energy Agency with their supporting guides and technical

documents. Particular attention is accorded to the Explanatory material for

the IAEA Regulations for the Safety Transport of Radioactive Material (19BS

Edition), Safety Series No. 7 and the Advisory Material for these regulations,

Safety Series No. 37, as well as the schedules in Safety Series No. BO. These

represent respectively the basic guidance on 'Why' the individual regulatory

provisions exist, and on 'How' to apply them, to supplement 'What' the

regulations themselves say, which is presented in Safety Series No. 6.

A second main area covered by the course is the implementation of

regulations in the codes of the international regulatory authorities,

especially the International Maritime Organization, the International Civil

Aviation Organization and the bodies which develop regulatory safety standards

for road and rail transport in Europe.

The practical and operational aspects of regulatory compliance are

considered at a third phase of the course. Subject areas covered include

administrative procedures, control of material in transit, special

arrangements, design of packaging, testing for regulatory compliance purposes,

quality and compliance assurance, and emergency planning and response.

Appendices are provided which give detailed examples of competent authority,

regulatory and emergency response planning implementation in some Member

States. A scan of the table of contents will provide a more detailed overview

of the course material.

1.4. Course Implementation

Normally, the subject matter provided in this publication would be

divided up and taught by expert specialists in each topic area. The lecturers

would be drawn from the international regulatory community, national competent

authorities, and from national organizations experienced in international and

national transport. The lecturers would not necessarily teach directly from

this text, but would certainly use it to supplement their presentation.

The exercises provided in Appendix E could be used during the course,

or others, which may be more suitably tailored for the participants, used

instead. In any event, practical exercises should be used as much as possible

15



throughout the course. While guidance should be available on demand to the

course members throughout their work on these exercises, preparation of the

solutions should be left as far a possible to their own individual and

collective efforts. Time should be provided in the course programme for the

solutions to be presented by the groups, for the individual solutions to be

analyzed and assessed by the supervisors, and for a final critique on the

results. This component of the course has proved to be particularly popular

with past participants, who voted it a very useful and worthwhile contributor

to the knowledge they gained during the course.

As discussed earlier, other practical input is gained through visits t(

appropriate consignor and carrier organizations, or other transport-related

facilities. These visits can be structured to include talks by staff as well

as conducted tours of operational areas and practical demonstrations of

methods.

A suggested course schedule is included in Appendix D. Again, while

this need not be followed rigorously, it does provide an example of how the

material can be covered in three weeks. In addition, it gives an indication

of the proportionate amount of time which needs to be allocated to each

section of the course material.
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2. REVIEW OF RADIOACTIVITY AND RADIATION

This chapter is included for completeness and for those persons

entering radioactive material transport from other fields, such as the

transport of other hazardous material. Those with a background in the nuclear

area can skip this chapter and probably the next chapter also.

2.1. Basic Atomic and Nuclear Structure

2.1.1. Atoms and Nuclei

The simplest unit into which matter can be broken down, and still

retain its identity and properties, is the atom. Atoms can be regarded as

having two main parts. The first part is the central core, called the

nucleus, where almost all of the mass of the atom resides. Orbiting the

nucleus, a great distance away (on a nuclear scale) are very small,

light-weight, negatively charged particles called electrons. Due to their

velocity and number, electrons can be thought of as forming a cloud around the

nucleus.

The nucleus of the atom consists of a tightly held together group of

particles, of which there are two types: protons and neutrons. Both these

particles have about the same mass, but are different in that protons have a

positive charge, whereas neutrons have no charge. The simplest possible atom

consists of only one proton in the nucleus, surrounded by one electron. The

proton and electron charges cancel each other and therefore, the atom as a

whole is neutral (see Figure 2.1).

HYDROGEN -1

HELIUM -4

FIG. 2.1. Diagram of an atom.
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2.1.2, Elements

The number of protons in the nucleus determines what element that aton

is. An atom with one proton only is an atom of the element hydrogen. There

are approximately one hundred known elements, and these can all be seen in th

Periodic Table of the Elements (Figure 2.2). A listing of some elements of

interest is given below.
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FIG. 2.2. Periodic table of the elements.
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This list shows the element along with its symbol and atomic number.

The atomic number is nothing more than the number of protons in the nucleus.

This is also the same as the number of electrons in the neutral atom.

Table 2.1

Some Elements of Interest

Atomic Number

(no. of protons)

1

2

6

7

8

11

14

15

26

27

38

47

53

55

79

82

88

92

94

Element

Hydrogen

Helium

Carbon

Nitrogen

Oxygen

Sodium

Silicon

Phosphorus

Iron

Cobolt

Strontium

Silver

Iodine

Cesium

Gold

Lead

Radium

Uranium

Plutonium

H

He

C

N

0

Na

Si

P

Fe

Co

Sr

Ag

I

Cs

Au

Pb

Ra

U

Pu

It is difficult to get a perspective on how small a nucleus is, and how

much of an atom is actually the empty space between the nucleus and the

electrons. Perhaps this illustration can help. If all the electrons were

removed from all of the atoms in a human being so that the nuclei could be

brought together to touch each other, then it would be possible to get the

nuclei of 8.3 million people in the volume of a pinhead! However, because

most of the mass is in the nuclei, this pinhead would weigh about 6 x 10
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2.1.3. Isotopes

If a neutron is added to the nucleus of the simplest hydrogen atom

(originally consisting of one proton and one orbiting electron), a different

atom is formed. It has about twice the mass of the original atom, but is

still hydrogen, as it still has only one proton. This is said to be an

isotope of hydrogen, and happens to be given a special name, deuterium. If

another neutron is added to the nucleus another isotope of hydrogen is formed

which is called tritium.

2.1.4. Notation

A convention which is used to enable easy reference to each isotope is

the following:

where: X is the element symbol;

Z is the number of protons (= atonic number);

A is the sum of the number of protons and neutrons (called the

mass number).

3 12 60 238
Some examples are: H; C; Co; U.

1 6 27 92

Due to the fact that the atomic number and symbol provide the same information

the former is often omitted thus: H; C; Co; U. In addition,

because superscripts can be slow to type these are often typed thus: H-3,

C-12, Co-60, U-238.

2.2. Radioactivity

For any element there is limited range in the number of neutrons which

can be part of the nucleus and still be stable. If there are too few neutrons

or too many neutrons in the nucleus, the atom is unstable. An unstable atom

will try to become more stable by emitting energy in the form of radiation,

and it is said to be radioactive.

Radioactivity can be simply defined as that process in which unstable

atoms "try" to become more stable by emitting radiation.
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Using the previous example of hydrogen, when the nucleus consists of

two neutrons and one proton, (i.e. the isotope tritium), the atom is unstable

and therefore radioactive. The combination of one proton and three neutrons

is so unstable, that for all practical purposes it does not exist.

2.2.1. Chart of the Nuclides

All of the known existing isotopes (stable and unstable) can be shown

on a chart such as that in Figure 2.3. Each square represents one isotope

(i.e. one combination of protons and neutrons). On the left is shown the

number of protons in the isotope and along the bottom the number of neutrons

is shown. A curved line of stable isotopes can be seen by the shaded squares

on the chart. This is called the line of stability. The chart itself is

called the Chart of the Nuclides and is published with useful information

about each isotope in its square.

2.2.2. Radioactive Decay and Half-Life

The further an isotope is away from the line of stability the more

radioactive it is. When an unstable, radioactive atom emits radiation to

become more stable, it is said to disintegrate or decay. Radioactive decay is

an interesting process in that it has regular and predictable aspects as well

as totally random aspects. When any one particular atom is going to decay is

random and cannot be predicted. However, the time in which, on average, half

of a certain (large) number of atoms of a particular isotope will decay is

regular, known and entirely predictable. This is somewhat analogous to the

situation in which a large number of coins are placed in a tray all with the

same side down. It is known that after a thorough shake up and down, on

average, half of the coins will have one side up and half will have the other

side up. However, prior to the shake it could not be predicted which way up

any particular coin would be afterwards.

So it is that each radioactive isotope has a specific known time in

which half of the atoms will decay. This is called the half-life.
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If the number of atoms of a particular radioactive isotope is plotted against

time, a curve such as that shown in Figure 2.4 is obtained.

2 3 4
No. of nair-lwes It m l

FIG. 2.4. Radioactive decay curve.

2.2.3. Units

The unit of radioactivity is the becquerel (Bq). One becquerel is

equivalent to one atom decaying (or disintegrating) each second. The curie is

an older, and much larger, unit which is still in use in some countries. One

curie is equivalent to 3.7 x 10 atoms disintegrating per second. This is

the activity of one gram of the naturally occuring radioisotope Ra.

Due to the fact that some radioisotopes are decaying more rapidly than

others (shorter half-life), equal masses of different radioisotopes can have

vastly different activities. The activity per unit mass is called the

specific activity. Table AIII-1 in IAEA Safety Series No. 37 is a listing of

many radioisotopes (also known as radionuclides) together with their atomic

number, half-life and specific activity.

2.3. Radiation

As mentioned earlier, an unstable nucleus will eventually become more

stable by emitting energy in the form of radiation. The type of radiation

emitted will depend on the type of instability. If a nucleus has too many
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neutrons for the number of protons (i.e. it is below the line of stability) it

will tend to become more stable by essentially converting a neutron to a

proton and emitting an electron. Electrons emitted from the nucleus are

called beta particles. Typically, additional electromagnetic energy will also

be emitted. Electromagnetic energy from the nucleus is called gamma radiation.

If a nucleus has a large number of neutrons and protons it is very

heavy and at the upper right end of the nuclide chart. If it has too many

neutrons and protons it will be unstable, radioactive, and tend to become more

stable by emitting a particle consisting of two neutrons and two protons.

This is called an alpha particle.

There are other ways in which nuclei can be unstable, and other ways to

reach stability, but for our practical purposes alpha, beta and gamma

radiations are the important ones.

2.3.1. Ionization

There are many other types of radiation energy to which humans are

exposed. These include light, heat, radio waves, TV waves, ultra-violet,

infra-red, and micro-wave radiation. The major distinction between these and

the radiations from the nuclei of atoms is that the latter can cause

ionization.

Ionization of an atom occurs when an electron is removed from a neutral

atom thereby producing a pair of ions consisting of the negatively charged

electron and tie now positively charged atom (Figure 2.5). This process of

ionization is both a boon and a curse. It is a boon in that it enables the

radiation to be detected, and it also enables the radiation to be shielded.

However, it is a curse because it is the ionization of atoms in the human body

which causes harmful biological effects.

FIG. 2.5. The ionization process.
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2.3.2. Alpha Radiation

An alpha particle is actually the nucleus of a helium atom because it

has two protons. Due to the fact that it is a heavy particle and that it has

a charge of +2, an alpha particle will give up its energy within a very short

distance mostly by causing ionizat. ions. The implications of this are that

alpha radiation is not very penetrating. This in turn means that it can be

easily shielded. In fact most alpha particles cannot penetrate the dead layer

of cells on the skin surface and therefore do not present any hazard while the

alpha emitting radionuclide is external to the body. However, if the material

gets ingested or inhaled into the body then the alpha particles can ionize

atoms in living cells. The rate of ionization in this case is very high and

significant cell damage can occur. Another implication of the lack of

penetrating power is that it makes alpha radation very difficult to detect.

Instruments with very thin windows are required.

In summary, alpha radiation:

(1) is not very penetrating; and can be shielded even by a sheet of paper;

(2) is a significant internal hazard; and

(3) is not easily detected.

2.3.3. Beta Radiation

Beta particles, because they are electrons, are very much smaller and

lighter than alpha particles. They are subsequently more penetrating but will

travel in zig-zag paths; through materials. Their rate of ionization is much

less than alpha particles. The penetration range of beta particles depends on

their energy and the density of the material they are passing through. An

average energy beta particle will not penetrate a thin sheet of metal, and

will only travel about 10 mm in tissue. Hence, beta emitting radionuclides

are a hazard to skin and eyes as well as a hazard if they are incorporated

into the body. Ease of detection of beta radiation depends on energy;

however, all but the lowest energies can be detected reasonably easily.

Beta radiation:

(1) is more penetrating, but can be shielded by a. sheet of metal;

(2) is an external hazard to the skin and eyes;

(3) is an internal hazard; and

(4) detection ability depends on the energy of the radiation.
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2.3.4. Gamma Radiation

Gamma radiation is electromagnetic radiation, the same as radar, radio,

TV, microwave, light, ultra-violet, and infra-red radiation. However, gamma

radiation has higher energy, higher frequency and shorter wavelength than all

of these. It also causes ionization indirectly whereas the others listed

above do not ionize at all. As an aside, x-rays can be generally regarded as

lower energy gamma rays which are machine produced instead of coming from a

radioactive atom.

Gamma radiation is very penetrating and cannot be completely stopped;

however, it can be reduced to levels which are insignificant. High density

material or a lot of material is required to shield gamma radiation.

Consequently, it is relatively easy for gamma radiation to completely

penetrate through the body.

Gamma radiation:

(1) is very penetrating; and can be shielded by dense materials such as

lead and steel;

(2) is an external and an internal hazard; and

(3) is easily detected at very low levels.

2.3.5. Neutron Radiation

In addition to existing in the nucleus, it is possible to have free

neutrons as a form of radiation. Neutrons are unique among the types of

radiation considered here, in that they are the only type that can make the

material through which they pass radioactive. They do this by being absorbed

by nuclei and making them unstable. This process is called neutron

activation. Neutrons are very penetrating and the ease with which they can be

shielded and detected depends very strongly on their energy. They can cause

significant cell damage by indirect ionization and other processes as they

pass through the body.

2.4. Fission

235
When neutrons are absorbed by certain heavy isotopes such as U or

239
Pu, they can make the nucleus so unstable, that rather than emit energy

just by radiation the nucleus splits into two parts as well as emitting
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neutrons and gamma radiation. This process is called fission. If some of the

neutrons emitted can be used to cause further fissions then a chain reaction

is initiated (Figure 2.6). This is the reaction used in nuclear reactors,

where the energy from the fissions in the chain reaction is used to heat a

coolant (often water) which in turn is used to make steam, turn a turbine and

generate electricity.

Fission Products

Neuiton

Fission

Heoc
U-235

Fission

U-205

O
FIG. 2.6. The fission reaction.

2.4.1. Criticality

When the chain reaction is self-sustaining at a constant level the

reactor is said to be critical. This requires greater than a certain mass of

fuel material called the critical mass. Unintentional criticality, especially

outside of reactors is to be avoided. For this reason strict controls are

established to ensure that reactor fuel elements are not brought together in a

way which could allow them to go critical.
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3. REVIEW OF RADIATION PROTECTION PRINCIPLES

This chapter is included for completeness. Those persons with a

nucleari or radiological health background can skip this section.

3.1. Quantities and Units

3.1.1. Absorbed Dose

When radiation is incident on a material it will deposit energy in that

material through a variety of interactions. Therefore/ a useful measure of

the amount of radiation that a material has received is the quantity called

absorbed dose.

Absorbed dose, D, is defined as the mean energy imparted by ionizing

radiation to the matter in & volume element, divided by the mass of the matter

in that element.

The unit of absorbed dose is the gray (Gy), which is equal to the

energy deposition of 1 J/kg. However, because energy deposition varies for

different materials, strictly speaking, the material also needs to be

specified, as in: "10 Gy in steel", or "0.1 Gy in tissue". Some countries

still use an old unit called the rad (1 rad = 0.01 Gy).

One difficulty with the use of absorbed dose for radiation protection

purposes is that the biological effect of an absorbed dose of one gray in

tissue is dependent on the type of radiation which imparts the energy. To

overcome this difficulty a quantity called dose equivalent is used.

3.1.2. Dose Equivalent

There appears to be a reasonable correlation between the quantity dose

equivalent, H, and the longer term biological implications of radiation

exposure for humans.

Dose equivalent is defined by:

H = D Q N

where Q is known as the quality factor and N is the product of other modifying

factors, which are currently assigned the value of unity. Since both Q and N
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are dimensionless, the unit of dosn equivalent is the same as that for

absorbed dose, namely J/kg, but to avoid confusion it has been given the

special name sievert (Sv). Some countries still use an old unit called the

rent (1 rent = 0.01 Sv).

The quality factor, Q, is the factor which makes allowance for the

different radiation types and energies, because Q is a function of the rate of

energy transfer per unit path length of the radiation. Mean values of Q have

been assigned to the different types of radiation for use if their exact

characteristics are unknown. Some of these are shown in Table 3.1.

Table 3.1

Mean Q Values for Various Radionuclides

Radiation type Q

Beta, Gamma 1

Alpha 20

Slow neutrons 3-5

Past neutrons 10-20

The quality factor for neutrons is under review and may be increased

significantly.

3.1.3. Effective Dose Equivalent

In those circumstances where the doses to individual organs can be

assessed, (e.g. for the purposes of determining limits on the ingestion or

inhalation of radioactive material), a method is needed to combine the organ

doses to give an overall measure of the dose, or an assessment of the

biological risk. To do this weighting factors have been determined which take

account of the relative radiosensitivity of different tissues (T). These

factors are shown in Table 3.2.

29



Table 3.2

Tissue Weighting Factors

Tissue

Gonads

Breast

Red bone marrow

Lung

Thyroid

Bone surfaces

Remainder tissues (5 at 0.05)

Weiqhtinq Factor

0.25

0.15

0.12

0.12

0.03

0.03

0.30

tissue doses, H , are multiplied by their weighting factor and summed thus:

To obtain the effective dose equivalent, H , each of the individual

, H , are multiplied by their weighting fac

Effective Dose Equivalent = H = / w J L
E Z # T T

T

3.1.4. Dose Equivalent Committment and Effective Dose Equivalent Committment

When radioactive material is deposited inside the body the various

tissues of the body are committed to a certain dose. The magnitude of this

dose is a function of many factors including the radionuclide, the half-life

and the metabolism of that element in the body. For the purpose of

determining annual intake limits, the convention is adopted of assessing the

total dose equivalent to an organ that will accrue in the 50 years following

an intake of a radionuclide. The dose committment assessed in this way is

known as the dose equivalent committment, H .

The summation of the dose equivalent committment in each significant

organ multiplied by its weighting factor gives the effective dose equivalent

committment.

Effective Dose Equivalent Committment / ^ w
T
H c n
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3.1.5. Collective Dose Equivalent and Collective Effective Dose Equivalent

In discussing the effects of radiation to populations of people, a

number of collective quantities are useful. The collective dose equivalent is

the summation of the individual dose equivalents received by a group of people.

The collective effective dose equivalent is similarly defined except

that the effective dose equivalent is used in the summation. The unit of both

of these quantities is person-sievert.

3.1.6. Collective Effective Dose Equivalent Committment

A given source or practice will give use to a collective effective dose

equivalent rate which varies as a function of time. The collective effective

dose equivalent committment is the integral of this over time.

3.2. Background Radiation Levels

In order to have some perspective on the significance of certain

radiation doses and dose rates a scale of reference is needed. It is proposed

to provide this scale by giving the lower and upper ends of the dose rate

range of interest, as well as the significant values from a regulatory

viewpoint. The lower end of the range is best communicated with reference to

background radiation levels.

3.2.1. Natural Background Radiation

Everyone is exposed to low levels of radiation all the time. The main

contributors to the natural component of this background radiation are;

external radiation from both cosmic sources and terrestrial sources, and

internal radiation from sources such as radon and potassium-40. Table 3.3

shows a summary of the average, annual, effective dose equivalent from these

contributors.

The cosmic radiation dose rate is a function of altitude. In a high

city such as Denver, the dose rate is several times that at sea level, as

shown. The external dose contribution from terrestrial sources is also very

dependant on the geology. For example, there are parts of India and Brazil

where people are living in very much higher than average dose rates.
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Table 3.3

Average Annual Natural Background Radiation

Effective Dose Equivalent (mSv/y)

External

Cosmic 0.36 (1.2 mSv/y, Denver, USA)

Rocks, soil 0.41 (20 mSv/y, India, Brazil)

Internal

Potassium-40 0.18

Radon 1.42

Total (rounded) 2.4

Potassium-40 is a naturally occuring radioisotope which becomes incorporated

into our food, and hence into our bodies, exposing us continually. Radon is

gas which is a radioactive decay product of naturally occuring uranium-238.

It has recently been recognized that the dose from radon and its daughter

products which build up indoors is a major contributor to population dose. In

countries with climates that allow open houses the dose will be significantly

smaller.

3.2.2. Man-Made Background Radiation

In addition to the natural background, people are exposed to various

man-made radiation sources, or natural sources which are enhanced by

technology. By far the largest man-made contributor is the medical use of

radiation in diagnosis. Table 3.4 lists the world-wide estimated average of

about 0.4 mSv/y, but in developed, industrialized nations the average value is

much closer to 1.0 mSv/y. The contribution from fallout resulting from the

atmospheric testing of nuclear weapons in the 1950s and 1960s is slowly

decreasing.

It is difficult to give a world average for other dose contributors

because although they can be significant, they are only applicable to specific

populations. Included in this category would be doses from air travel, radium

luminized watches, radiotherapy/ natural gas, specific building materials and

occupational-related exposures. Nuclear power is estimated to contribute an
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Table 3.4

Average Annual Man-Made Background Radiation

Effective Dose Equivalent (mSv/y)

Medical 0.4 (1.0 Industrial Nations)

Pall-out 0.01

Total 0.41

average effective dose equivalent of 0.0002 mSv/y to the population and 5

mSv/y to radiation workers.

3.3. Biological Effects

The upper end of the dose and dose rate range of interest can best be

illustrated by reference to those levels required to cause short term

biological effects.

3.3.1. Short Term Biological Effects

Biological effects of radiation vary greatly depending on such factors

as: amount of exposure, rate of exposure, area of body irradiated, type of

radiation and individual biological variability.

Relatively large doses of radiation are required to produce short term

biological effects. Because of this, it is found that the effects are better

correlated to the dose measured in gray rather than in sievert.

Generally, cells are most sensitive to radiation when they are

dividing, so that the most radiosensitive tissues are the blood, the

intestinal wall, the skin and the fetus. Conversely, the most radioresistant

tissues are muscle, nerves and the adult brain, where cell reproduction is

minimal.

If enough individual cells are damaged by ionizing radiation, then

specific clinical symptoms will be evident. Most of these symptoms and

effects can be classified as non-stochastic. A non-stochastic effect is one

in which the severity of the effect is a function of the dose, and there is a

threshold below which there is no observed effect. Figure 3.1 illustrates
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FIG. 3.1. Non-stochastic effect dose response curve.

this relationship. This curve shows that up to a certain dose the effect is

not seen. As the dose is increased the effect gets worse, often until the

point where there is some maximum effect.

Radiation sickness is a group of symptoms which includes diarrhea and

vomiting, nausea, lassitude, hemmorhaging, emaciation, infection and

ultimately death. The onset and severity of these symptoms is mainly a

function of dose.

Table 3.5 below shows the dose levels for certain short term effects

after whole body irradiation over a short period of time.

Table 3.5

Doses for Acute Biological Effects

No discernable effect

Blood changes, no illness

Radiation sickness, no deaths

Death to 50% of irradiated people

Death to 100% of irradiated people

Sy

0.25

1.0

2.0

4.5

10.0
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3.3.2. Long Term Biological Effects

The major long term biological effects from large/ short term doses, or

from smaller doses received over a longer period of time, are an increased

risk of cancer and hereditary effects.

Cancer

Cancer induction is a stochastic effect, in that the probability of the

effect is a function of dose, perhaps with no threshold. This is illustrated

in Figure 3.2. The shape of the function is uncertain; however, is probably

sigmoid in shape, as shown, but is conservatively assumed to be linear through

the origin.

Probability
of
Effect

Dose

FIG. 3.2. Stochastic effect dose response curve.

Some organs are more sensitive to cancer induction than others. The

most sensitive tissues for tumors are the female breast, the lungs, bone,

thyroid and skin in that order. All radiation induced cancers have a long

latent period before they are detected. The shortest latent period is about

10 years for leukemia, and about 20-30 years for solid tumors.

The current best estimate of the fatality risk from radiation induced

cancer is 2 per 100 person-sievert. This means that if say, 10,000 people

were each given 1.0 mSv, two of them may die 20-30 years later due to a cancer

induced by that dose. In that population of 10,000 people however, about

1,600 of them would die from other "normal" cancers.
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Genetic Effects

The risk of genetic effects of radiation are now thought to be a lot

less than originally estimated. There are only 2 probable mutations found

among the more than 27,000 children born of parents exposed to relatively high

doses from the atomic weapons explosions and none at all among a similar

number of offspring of people who received lower exposures.

Considering the whole population, the current best estimate of the risk

of quantifiable/ severe/ hereditary disease for the first two generations is

0-0.5 per 100 person-sievert (effective dose equivalent). For all generations

the risk is 0-2 per 100 person-sievert. If only the reproductive population

is considered, the equivalent risks are 0-1.2 and 0-5 per person-sievert

respectively.

3.4. Standards for Protection from Radiation

The International Commission on Radiation Protection (ICRP) is the main

body which makes recommendations with respect to radiation protection matters

in general, and dose limits in particular. The IAEA has embodied the ICRP

recommendations in its Safety Series No. 9 entitled "Basic Safety Standards

for Radiation Protection".

3.4.1. Principles

The ICRP has summarized its recommended basic system of dose limitation

in terms of three components which are necessarily interrelated.

(1) No practice shall be adopted unless its introduction produces a

positive net benefit.

(2) All exposures shall be kept as low as reasonably achievable, economic

and social factors being taken into account.

(3) The dose equivalent to individuals shall not exceed the limits

recommended for the appropriate circumstances.

These three components are identified by the ICRP by the abbreviated

terms:

(1) The justification of the practice.

(2) The optimization of radiation protection.

(3) The dose limits for individuals.
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3.4.2. Justification

In the very few cases where decisions on justification are called for,

the principle should be regarded in a rather general way as a sensible

statement that all the merits and all the harm associated with the practice

under consideration, and the possible alternatives should be taken into

account in reaching the decision.

3.4.3. Optimization

ICRP state that "optimization of protection", "keeping all exposures as

low as reasonably achievable" and "ALARA" are identical concepts within the

ICRP system.

A wide range of techniques is available to optimize radiation

protection. Some of these techniques are drawn from operational research,

some from economics and some from engineering. The techniques available

include procedures based on cost-benefit analysis, which have been discussed

in detail in the ICRP report on optimization of protection. It is important

to recognize that other techniques, some quantitative, some more qualitative,

may also be used in the optimization of radiation protection. IAEA-TECDOC-374

consists of a discussion of, and guidance on the optimization of radiation

protection in the transport of radioactive material. Clearly, in practice,

and particularly in day to day operations, there will be little opportunity to

undertake complex quantitative calculations to determine what is optimal, and

professional judgements may need to be made on a qualitative and, sometimes,

intuitive basis.

There are nevertheless a number of situations where the formal

techniques of cost-benefit analysis can provide a valuable aid to decision

making in radiological protection. Their application is most likely in

circumstances where the decisions are complex and the expenditure potentially

large. They enable the costs, (including harm), and benefits associated with

particular decisions to be set out in clear and quantitative terms, and

therefore, provide a useful framework within which decisions can be taken.

However, they can never provide more than an input into the decision-making

process. This point is often overlooked and has led to much misplaced

criticism of cost-benefit analysis as an aid to decision making.
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The use of cost-benefit analysis in radiation protection requires that

the harm from radiation be expressed in monetary terms so that the costs of

protection can be directly compared with the costs of radiation exposure. One

of the difficulties that emerges from placing a cost on radiation exposure is

the implicit value then being placed on health impairment or even life

itself. This raises both ethical and moral problems. Such valuations are,

however, implicit in all decisions on health and safety where costs are a

constraint and are not therefore peculiar to radiological protection.

3.4.4. Dose Limits

It is important to recognize that dose limits are the third part of the

Commission's recommendations. They are no longer the maximum permissible dose

that it is safe to go up to; rather, they are the last barrier that should not

be exceeded while constantly trying to keep doses significantly lower.

There are basically two requirements in setting the dose limits. The

first is to keep doses below the threshold level for non-stochastic effects

and the second is to keep the risk of stochastic effects at an acceptable

level.

The first requirement is easily achieved by setting a limit of 0.5 Sv/y

for any one organ (except the lens of the eye which has a limit of 0.15

Sv/y). The second requirement is more difficult because it involves a

subjective assessment of acceptable risk. The ICRP addressed this issue by

evaluating the risks in industries which are generally regarded as

occupationally safe and those which are regarded as unsafe. It found that a

dose limit of 50 mSv/y for radiation workers results in an average dose of 5

mSv/y which has an associated risk comparable to that of safe industries.

Clearly then, this means that any person exposed at the upper limit of

5C mSv for several years is a higher than average-risk worker. The Commission

has therefore concluded, and indeed recommended, that continued exposure of a

considerable proportion of the workers at or near the dose equivalent limit

would only be acceptable if a careful cost-benefit analysis has shown that the

higher resultant risk would be justified.

Principles based on comparative risks similar to those used to derive

limits for occupational exposure, have been applied by the ICRP in the

derivation of limits appropriate for members of the public. This time the
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ICRP considered it reasonable to set the public dose limit based on a risk

level which appears to be regularly accepted by the public in every day life;

i.e. that of public transport. From a review of the available information,

the ICRP considered that a risk in the range 10~ to 10~5 per year would

be likely to be acceptable to any individual member of the public. Such a

risk would imply the restriction of the lifetime dose to an individual to a

value corresponding to about 1 mSv/y per year of lifelong whole body

exposure. The ICRP now states that the principal dose limit is that of the

effective dose equivalent averaged over a lifetime/ (1 mSv/y), while the

subsidiary dose limit is that of the effective dose equivalent in a single

year, (5 mSv/y).

All of these dose limits are summarized in Table 3.6.

Table 3.6

Summary of Dose Equivalent Limits Currently Recommended by

the International Commission on Radiological Protection

Type of
exposure

Whole body
exposure0

Partial
Body
Exposure0

Organ or quantity to
which dose limit is
applied

Whole body

Effective dose equivalent

Skin, hands, forearms,
feet, ankles, and any
other single organ or
tissue other than the
lens of the eye

Lens of the eye

Planned special exposure'3

Annual dose equivalent limit
for individualsa>b (mSv)

Workers

50

50

500

150

2 x relevant
limit given
above in any
single event0

Members of the
public

if

l r

508

50

-

Notes:

a) Additional to dose equivalents received from medical or
natural radiation.

b) The dose equivalent to be compared with the limits is ihe
sum of the dose equivalent arising from external irradiation
during 1 year and the committed dose equivalent from thr
intake of radionuclides into the body in that year.

c) For pregnant women and women of reproductive capacity, the
exposure should be confined to an approximately regular rate.
Pregnant women should also be restricted to -working

conditions where the annual exposure would be most unlikely
to exceed 0,3 x annual dose equivalent limit.

d) Not permitted for women of reproductive capacity or persons
who have received abnormal exposure in excess of
5 x relevant limit.

e) Subject to lifetime restriction of 5 i relevant limit.

f) The subsidiary dose limit is 5 mSv in a single year.

g) Unnecessary for most organs but needed for skin.
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3.5. Control of the Radiation Hazard

One of the key principles of radiation protection is the minimization

of personnel dose. Now the dose received is the product of the dose rate and

the time exposed.

Dose = Dose Race x Time

Therefore, dose from external radiation can be reduced by either

reducing the dose rate, by shielding or by moving a greater distance from the

source, or by reducing the time spent near the source.

3.5.1. Time

Reducing the time spent near the source of radiation will reduce the

total dose a person receives. This principle is applied in many situations in

the transport of radioactive material.

3.5.2. Distance

Increasing distance from a source is a very good way of reducing the

radiation dose rate and hence the total dose. For small sources/ the inverse

square law applies; so that doubling the distance will reduce the dose rate to

one quarter. Spacers in many packaging designs have the function of

increasing distance to reduce the package surface dose rate.

3.5.3. Shielding

Placing shielding material between a source and the person will also

reduce the dose rate. For gamma radiation, dense materials such as lead and

steel are the most effective and therefore, these materials are frequently

used in packaging designs.

3.fi. Control of the Contamination Hazard

It is important to have a clear concept of the distinction between

radiation and contamination. Radiation is the particle or energy emitted from

radioactive material (or generating devices such as X-ray machines).

Contamination is loose radioactive material where it is not wanted.

Contamination can be in many forms including powder, liquid or gas.
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3.6.1. Containment

Normally, radioactive material is placed or kept in some sort of

containment. This may be anything from a glass vial, to the cladding on a

fuel pin, to a special stainless-steel capsule. Contamination generally

occurs when for some reason the containment is damaged or broken. Once

contamination is outside of a controlled or contained environment it can be

spread very quickly and easily. Therefore* the basic method of control is by

taking great care to keep the radioactive material in a known place.

3.6.2. External and Internal Personal Contamination

Once contamination is in an uncontrolled environment it may

inadvertantly come in contact with people. All the time it is external to the

body, it is generally more of a nuisance than a hazard, but it still requires

finding and clean up. However, once contamination gets inside the body then

the hazard is much greater.

Once inside, even alpha emitters become a hazard, and the methods of

time, distance and shielding cannot be applied to reduce the dose. Generally,

the body is committed to a certain dose until the material decays

radioactively or until it is excreted. Therefore, it becomes very important

to prevent radioactive material becoming incorporated into the body. Ways it

could get inside include: inhalation of dusts, gases or smoke; ingestion via

the mouth from smoking, eating or drinking with contaminated hands; or

injection, through wounds, grazes or punctures.

3.6.3. Protective Clothing

The general purpose of protective clothing is to prevent a person becoming

contaminated either externally or internally. The level of protection

required will vary according to the level of the contamination hazard.

Protective clothing can vary from a labcoat and gloves, to several layers of

coveralls, with a complete body suit and self-contained breathing apparatus.

3.6.4. Fixed and Removable Contamination

A distinction is often made between fixed and removable contamination

without taking care to carefully define the terms. In the area of radioactive

material transport, removable or non-fixed contamination is contamination
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which can be removed from a surface during normal handling. Many times, once

contamination gets on a surface, part or all of it can be very difficult to

remove, and it is then called fixed contamination. In this case it really no

longer presents a contamination hazard, but rather a radiation hazard.

For this reason, limits for fixed contamination are oiven in terms of a

dose rate (mSv/h), whereas limits for non-fixed contamination are expressed in

activity per unit area (Bq/ctn ).

3.7. Restricted Areas

Restricting access to a particular area provides a basic method of

implementing control over both radiation and contamination. This method is

particularly useful in accident situations. For radiation, a restricted area

keeps people away from the source and hence controls the hazard by distance

and time. For contamination, it keeps people away from the loose radioactive

material. In addition, if there is only one entry or exit point where

personnel are surveyed on exit, then the radioactive material is not allowed

to spread outside of the area and hence is contained, Personnel can also be

controlled on entry to the restricted are to ensure that they have the

necessary protective clothing.
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4. RADIOACTIVE MATERIAL TRANSPORT TERMINOLOGY

The purpose of this chapter is to logically and sequentially explain

the terms necessary to provide a general understanding of the radioactive

material transport regulations. Complete and accurate definitions of these

and other terms will be found in SS 6, paras 110 - 152.

4.1. Special Form

Special form radioactive material is either an indispersible solid

radioactive material or a sealed capsule containing radioactive material.

This means that the material has a very high degree of physical integrity so

that if the material were released from the package in an accident, while

there might be a radiation hazard, it is highly unlikely that there would be

any contamination hazard. Therefore, larger quantities can typically be

shipped in any given package. The qualification test criteria for special

form are very stringent, and are defined in SS 6, paras 502-504. Material

which has not been demonstrated to meet the special form requirements is in

some countries called normal form.

4.2. A and A

A and A are quantities of radioactivity which are used in the

Regulations to determine such things as the type of packaging necessary for a

particular radioactive material shipment. A applies to special form and

A applies to other than special form radioactive material. For example,

A is the maximum activity of special form material which is permitted in a

Type A package (see 4.9.3.}, and A is the maximum activity of other than

special form radioactive material which is permitted in a Type A package.

A and A values have been determined for most common radionuclides and

are tabulated in SS 6, Table I. Fractions and multiples of A and A are

used in specific criteria throughout the Regulations.

4.3. Excepted Material

Excepted materials are very small quantities of radioactive material

which would present insignificant hazards in the event that they were

released. Excepted materials are not actually defined in the regulations, but

conditions are placed upon the material and the packaging to allow the package
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to be transported as an excepted package (see 4.9.1.). The basic limit for

solid radioactive material contents of an excepted package is 10 A or

A . Table IV of SS 6 shows the detailed activity contents limits for

excepted packages.

4.4. Low Specific Activity Material

Low specific activity (LSA) material is radioactive material which by

its nature has a low activity per unit mass (specific activity). LSA material

is divided into three groups.

4.4.1. LSA-I

This material is intrinsically radiologically safe in that the

radioactive concentration is such, that a person cannot physically breath in

enough of the material to give rise to significant doses. LSA-I comprises

unirradiated natural or depleted uranium and thorium compounds and ores, and

other radionuclides with unlimited A values.

4.4.2. LSA-II

LSA-II includes material for which the estimated specific activity does
-4 -5

not exceed 10 A_/g for solids and gases and 10 A /g for liquids.

The activity must be distributed throughout the material. For tritium the

concentration limit is 0.8 TBq/L.

4.4.3. LSA-III

LSA-III comprises solids in which radioactive material is distributed

throughout or is essentially uniformly distributed in a solid binding agent

such as concrete or bitumen. It must be relatively insoluble with a leach

rate of 0.1 A , or less, per week and a specific activity not exceeding 2 x

10"3 A2/g.

4.5. Surface Contaminated Objects

A surface contaminated object (SCO) is a solid object which is not

itself radioactive but which has radioactive material distributed on its

surfaces. SCO is divided into two categories SCO I and SCO II which are
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differentiated by the levels of fixed and non-fixed contamination (see SS 6,

para. 144). SCO II has the higher allowed levels of contamination.

4.6. Fissile Material

Fissile material is material that has the capability of undergoing

nuclear fission, and thus requires additional controls to assure nuclear

criticality safety during transport. In the Regulations fissile material is

defined as U, U, Pu, Pu, Pu or any combination of

these radionuclides. Natural or depleted uranium which is unirradiated or has

only been irradiated in thermal reactors is not regarded as fissile material.

4.7. Consignment, Consignor, Consignee, Carrier, and Conveyance

The consignment is the package(s) or load of radioactive material which

is presented for transport. The consignor is the individual, organization or

government which presents a consignment for transport, and the consignee is

the corresponding agent which receives the consigment.

A carrier is an individual, organization or government which undertakes

the carriage of radioactive material by any means of transport. Those who do

this for hire or reward are known as common or contract carriers in some

countries, while the rest are called private carriers. A conveyance is the

means by which the package is transported, such as a vehicle, vessel or

aircraft.

4.8. Exclusive Use

When the consignor has more direct control of a shipment, then the

Regulations can generally be less restrictive. Hence the use of exclusive use

shipments. Exclusive use means that a single consignor has sole use of the

conveyance (or large freight container), such that all loading and unloading

is carried out in accordance with the directions of the consignor or consignee.

4.9. Packaging and Containment

Packaging is the assembly of components necessary to enclose the

radioactive material contents, and can include such things as absorbent

materials, spacing structures, shielding material, service equipment, shock

absorbing devices, handling and tie-down capability, and insulation.
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Together, the packaging and radioactive contents make up the package. A

containment system is defined as that part of the packaging intended to retain

the radioactive material during transport. More detail on packages is given

in later sections of this course material.

4.9.1. Excepted Packages

Excepted packages may only contain quantities of radioactive material

which are so small that the potential radiological hazards which might pertain

during transport are insignificant. There are no test requirements for

excepted packages and therefore it must be assumed that in any form of

accident that the package may fail completely and the contents may be

dispersed. The radiation level at any point on the surface of an excepted

package cannot exceed 5 uSv/h to ensure that any radiation dose to members of

the public would be insignificant and that any sensitive photographic material

in close proximity would not be damaged.

4.9.2. Industrial Packages

Industrial packages are used to transport LSA and SCO materials. There

are three types of industrial packages (IP-1, IP-2, IP-3), which are used for

LSA and SCO shipments according to the schedule in Table V of SS 6. The

requirements which packages have to meet to be classed as IP-1, IP-2, or IP-3

are given in SS 6, para. 134 (b); but these are not demanding. Many normal

packages used in industry, such as steel drums or bins, could meet the

requirements.

4.9.3. Type A Packages

Type A packages are intended to provide a safe and economical means of

transporting relatively small, but significant, quantities of radioactive

material. A total quantity of up to A special form radioactive material,

or up to A if not special form, may be transported in a Type A container.

They are required to maintain their integrity under the kind of abuse or

mishandling which may be encountered in normal transport, for example:

falling from vehicles, being dropped during manual handling, being exposed to

the weather, being struck by a sharp object, or having other packages or cargo

stacked on top. The specific tests required for Type A packages simulate such

events and are detailed in SS 6, paras 524-540 and discussed in later sections

of this course material.
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4.9.4. Type B Packages

The concept of a Type B package is that it should be capable of

withstanding most accident conditions, without breach of its containment or an

increase in radiation to a level which would endanger the general public and

those involved in rescue or clean up operations. In other words the package

could be safely recovered, but would not necessarily be capable of being

reused. While a Type B package is never required to withstand more than one

accident, the design criteria imposed by the Regulations subjects the package

to a series of mechanical and thermal tests with accumulative effects, each of

which must cause the maximum damage.

In theory, a Type B container may contain any quantity of any type of

radioactive material provided that it has been designed to comply with all of

the applicable requirements of the Regulations. The requirements of the

Regulations impose additional necessary design constraints over and above

those imposed on containers which meet normal conditions of transport, and the

outcome of these constraints is to dictate greater structural integrity, more

careful consideration of containment features and the ability to protect from

elevated temperatures.

Type B packages may either be unilaterally approved (B(U)), or

multilaterally approved (B(M)). Unilateral approval means that they are

approved by the competent authority of the country of origin of the design

only, while mulilateral approval means that they are also approved by the

competent authorities of the countries through, or into which, the consignment

is to be transported.

4.10. Transport Index

The transport index is a number which is assigned to a package, (or

overpack, tank, or freight container, or consignment) which is used to provide

control over groups of packages for the purposes of minimizing nuclear

criticality and radiation exposure risks. For many packages it is numerically

equal to 100 times the dose rate in mSv/h (or equal to the dose rate in

mrem/h) at a distance of one metre. For fissile material the transport index

may be determined by criticality considerations.
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4.11. Competent Authority

A competent authority is a national or international authority, which

is designated or recognized as such. Practically, for most nations it is the

government agency which regulates the transport of radioactive material.

4.12. Special Arrangement

Special arrangements are those provisions which allow for the transport

of consignments which do not satisfy all of the applicable regulations. These

special arrangemnts must be approved by the affected competent authorities.
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5. TYPICAL RADIOACTIVE MATERIAF. IN WORLD-WIDE USE

The purpose of this chapter is to provide an overview of the types of

radioactive material which are being transported/ why they are being

transported, and how. The whole range of transported radioactive material has

been divided into six catagories, each requiring a different type of

packaging. In Chapter 4, the different types of packages which are used for

transport were introduced. These individual package types will be dealt with

in greater detail later; however, at this stage it is important to realise

that the design of the package is related to the potential hazard associated

with its radioactive contents. The categories of radioactive material

presented below are given in order of generally increasing relative hazard;

however, there can be considerable overlap.

The six categories are:

(1) excepted material;

(2) uranium ores and concentrates, new reactor fuel and uranium

hexafluoride;

(3) low-level radioactive wastes;

(4) radioisotopes, including technetium generators;

(5) industrial sources; and

(6) spent reactor fuel.

Among those commonly-transported materials with a very low radiological

hazard rating are those in the first two categories.

5.1. Excepted Material

The excepted category provides a means of shipping small quantities of

radioactive material at relatively low cost but with a comparable, or even

higher standard of safety to that provided by the Type A package. Typical

excepted shipments may consist of radiopharmaceuticals, immunoassay kits,

small sealed check sources or activated samples from research reactors.

The maximum quantity of material allowed in an excepted package for

solid or gaseous contents is 10 of that permitted in a Type A package.

This is to provide a comparable level of safety. For liquids the maximum
—4

quantity is reduced to 10 of that allowed in a Type A package.
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When the radionuclide container forms a component of a manufactured

article, such as a gauge, watch or similar device, allowance is made for the
_2

additional strength given by the structure and the limit is raised to 10

of the Type A package limit.

All these provisions are subject to one or two over-riding

constraints: the radiation level must be no greater than 0.1 mSv/h at any

point 100 mm above the surface of the unpacked device, nor greater than 5

uSv/h on the surface of the package. If either of these limits is exceeded

then a Type A package must be used (see Figure 5.1).

S FIBERBOARD INSERT

T FIBERBOARD BOX

U TIN CAN

V ABSORBENT PAPER WADDING

W SCOTCH TAPE SEAL

X TOP SECTION LEAD CONTAINER

Y BOTTOM SECTION LEAD CONTAINER

FIG. 5.1. A typical Type A package, also used as excepted package.

5.2. Uranium Ores and Concentrates, Uranium Hexafluoride and New Reactor Fuel

Ores containing naturally occurring radionuclides, (for example,

uranium and thorium), and concentrates of such ores (for example "yellow cake"

or sodium di-uranate) contain very low levels of radioactivity and accordingly

they are classified in the Regulations as low specific activity (LSA)

material. Ores and concentrates form part of the least hazardous class, LSA-I.
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Under certain conditions prescribed in the Regulations, ores and

concentrates may be transported unpackaged; alternatively they may be

transported in the most basic class of industrial packaging which needs to

meet only the general requirements for all packagings and packages. No

performance standards are prescribed.

An important intermediate product in the manufacture of new reactor

fuel from ore concentrates is uranium hexafluoride, which forms a very

important part of international trade and transport. Uranium is converted

into uranium hexafluoride (UF ) to enable subsequent enrichment. (The cargo
b

ship "Mont Louis" was carrying natural UP from France to the Soviet Union
6

for enrichment at the time of its accident.)

Because of its low activity, UF enriched to less than 1% can be
b

carried in industrial packages. However, the packages must fulfill the tests

for demonstrating ability to withstand normal conditions of transport. For

example, packages of less than 5000 kg must be capable of withstanding a drop

of 1.2 metres onto a concrete surface without being damaged to the point of

losing their leak-tightness.

Moreover, UF is loaded under a pressure of 4 bar and at a
o

temperature of about 100 C, and under these conditions UF is a liquid.
D

The packages, therefore, also must comply with the regulations covering

pressurized equipment and are, therefore, designed to resist a service

pressure of 14 bar. The combination of these two sets of regulations impose

stringent requirements. In particular, the packages must be tested every five

years to verify their resistance to a hydrostatic pressure of twice the

service pressure.

Tests performed in the United States have shown that these tanks

withstood a drop from a height of 9 metres on to an unyielding surface, which

is equivalent to a collision with a concrete wall at 90 kilometres per hour.

Similarly, it is estimated that the casks can withstand an external pressure

of some 20 bar, equivalent to a depth of 200 metres.

After enrichment, the UF is then used in the production of new
o

reactor fuel. The radioactive hazard from new fuel is very low, and

consequently it can be transported in Type A packages, which, while not

requiring competent authority approval of package design, nevertheless have to

satisfy certain performance standards laid down in the Regulations. Packages
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for transporting fuel containing enriched uranium also hav* to satisfy the

requirements for fissile package designs (see Figure 5.2).

DOT SPEC. 7A
UF6 CYLINDER MODEL 48Y

(CFR49 § 178.350)

FIG. 5.2. A typical UF6 package.

5.3. Low-Level Radioactive Waste

Low-level radioactive wastes contain small quantities of

beta/gamma-emmitting radionuclides and consist typically of contaminated items

from laboratories and hospitals/ such as: rubber gloves and other items of

protective clothing, tissues, plastic bags and sheeting, discarded or broken

apparatus. The level of radioactivity in much of this waste is so low that

the Regulations do not prescribe the use of a particular grade of packaging.

In theory, therefore, it may be transported in bulk. However, for the sake of

convenience, and as an extra safety measure, much of it is transported in

fibreboard drums sealed inside outer metal drums. In several countries, most

solid low-level wastes are disposed of by shallow land burial.
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In many countries, low-level liquid wastes are not generally

transported. They are treated at the site of origin to remove the bulk of the

volume( and then solidified. Sometimes, the treated effluent is discharged to

the sea or to an appropriate watercourse (see Figure 5.3).

PROM BOXES

Lubaling And Placarding

PLACARDS PLACARDS

Front 01 Tractor
Or Front Of Trailer

ID

Side Side

12) I?)

" \ LABELS
1 Label For Each

Commodity On Each

Opposite Side Of Drom

FIG. 5.3. A typical low-level radioactive waste package.

5.4. Radioisotopes, including Technetium Generators

The next category is radioisotopes and technetium generators. The

movement of radioisotopes is extensive. Within the UK, for example,

approximately 1000 packaged isotopes are transported daily in quantities

ranging from individual packages to consignments of several hundred packages.

The majority is moved by road, but about 1% goes by rail. Packages for export

are generally dispatched by air from London (Heathrow) Airport and by sea from

Dover. In terms of the radioactivity of these isotopes, the contents can vary

between a few kilobecquerels for diagnostic medical use up to tens of

gigabecquerels and above for cobalt teletherapy units.

Many isotopes are transported in Type A packages. This category

provides a means of shipping intermediate quantities of radioactive material

(as compared to small quantities in excepted packages and large quantities in
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Type B packages) at moderate cost yet with a high degree of safety. Type A

packages are made up of basically light-weight, low-strength components.

Thus, they are likely to be damaged in accidents. This fact was recognised in

the development of the Regulations and is reflected in the limits on the

contents of packages. Later sections will deal with the provisions for Type A

packages and how limits are derived under the current Regulations.

The transport of technetium generators forms an important operation in

its own right. These generators contain molybdenum-99, which undergoes

radioactive decay to produce the short-lived radionuclide technetium-99m.

This is separated from the molybdenum at hospitals, attached to various

chemicals and typically injected into patients to assist in diagnosis of

cancers of the bone/ liver, and brain. The success of this technique has led

to its use on a substantial scale world-wide so that regular supplies of the

generators are required. During normal transport operations, the transport of

technetium generators leads to a significant radiological impact. Typical

dose rates at one metre from these packages are 0.02 - 0.05 mSv/h. Dose rates

from other packages are often insignificant in comparison to those from

generators. The numbers of generators transported and the dose rates outside

the packages are such that some workers involved with them receive the highest

radiation doses from an identified type of transport. Nonetheless, doses for

these workers romain within the prescribed limits.

5.5. Industrial Sources

Industry relies on radioactive material in many ways, hence it

is necessary to consider the transport of industrial sources, including

sources for non-destructive testing, as part of the overall transport scene.

The use of radiation in general industry has shown some decrease in recent

years, nevertheless, industry uses a wide range of radioisotopes for many

applications. The varied nature of industrial applications requires

manufacturers to provide many different radioisotopes in various forms.

Radioactive sources are used for industrial gauging, well logging,

feedstock and tank level control, and for the calibration and operation of

instrumentation. Sources are also used on a substantial scale for industrial

radiography, mainly to test the effectiveness of welding or to detect

imperfections in cast metal components. Some firms specialise in site

radiography, which means that they have to transport their radioactive sources

to a site, remove them from the transport container, use them for inspection
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or testing purposes and then return them to the container for transport back

to their depot.

The transport and use of site radiography sources has led to a

significant radiological impact in accident conditions. For example, there

have been several occasions where a radiographer has been exposed to high

levels of radiation when the source was not properly returned to its

container. Radiography sources are highly radioactive. Iridium-192 is used

in the majority of cases with an average source strength of about 400 GBq.

During 1980 it was estimated that such sources were transported 1.5 million

kilometres by some 900 site radiographers. The problems associated with site

radiographers and transport are discussed in the chapter on compliance

assurance (Chapter 15) (see Figure 5.4).

FIG. 5-4. A typical gamma radiography source.
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5.6. Spent Nuclear Fuel

This category is one of the most important, and certainly the one which

attracts the most attention of the media and concerned groups. The intensely

radioactive nature of spent nuclear fuel requires that it be transported in

m&ssive steel or lead-and-steel flasks (or casks) classified under the

Regulations as Type B(U) or Type B(M). The mass (up to 110 tonnes) is

required to provide radiation shielding; however, a package with a substantial

mass is very robust and is, therefore, capable of being designed to withstand

accidents.

The nuclear fuel will normally be producing a considerable amount of

energy in the form of heat which has to be dissipated by the packaging if

excessive temperatures are to be avoided. Thus some means of heat transfer is

required to transmit the heat being generated to the flask body, and then to

the external atmosphere. This is often enhanced by fins on the outside of the

flask. If a coolant is used, it can be either a liquid or a gas, and the

corresponding flasks are usually referred to as wet and dry flasks

respectively. The coolant in wet flasks is usually water.

Conceptual drawing of a 75-lon rail cask.

Solid Neutron
Shielding Material

Fuel Assembly Support Basket

Steel Cask Body/Shielding Material
(6-8 inches thick)

Spent Fuel Assemblies

External Impact Limiter

FIG. 5.5. A typical spent fuel package.
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The fuel assemblies are located within the flask by means of a basket

or a bottle. A basket, sometimes called a skip, is usually a lattice

structure containing the assemblies which can be inserted into and removed

from the flask. A bottle totally encloses the fuel assemblies and is used

when radioactive material may be leaking from the fuel. The bottle contains

the potential radioactive contamination within a limited volume. The number

of assemblies that can be carried in baskets or bottles is 12 and 32 for PWR

and BWR assemblies respectively. In the UK, where most civil flask transport

movements involve Magnox fuel, the flasks weigh about 50 tonnes (see Figure

5.5).
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6. IAEA RADIOACTIVE MATERIAL TRANSPORT REGULATIONS

6.1. History and Development of the Basic Documents

Since the early 1950s there has been an increasing use of products of

the nuclear industry in the medical and engineering fields, in scientific

research and for the generation of electricity. Such uses require safe and

effective transport arrangements for the varied radioactive and fissile

material involved.

To assure safety during the transport, handling and storage of this

radioactive material, it was recognized early on that a very strict set of

standards, developed and agreed on at an international level, would be

required. The need for international acceptance was recognized as being vital

since transport is usually the only aspect of any controlled radioactive

material-related activity in which the radioactive material itself may

directly cross international borders. Even for transport within one country,

international (out-of-country) carriers or packagings may be involved.

Prior to 1959, the various national and international controls wers, in

the main, based on the United States Interstate Commerce Commission

regulations which were essentially aimed at facilitating the movement of

radioactive ores and concentrates, and packages containing relatively small

amounts of radionuclides for medical and industrial use. The rapid expansion

of the nuclear industry required that these early regulations be further

developed so as to facilitate the safe movement of all kinds and quantities of

radioactive material. Thus, shortly after the formation of the IAEA in 1957,

it was given the task of developing safety rules for the transport of

radioactive material, covering all modes of transport.

In July 1959, the United Nations Economic and Social Council expressed

the desire "that the International Atomic Energy Agency (IAEA) be entrusted

with the drafting of recommendations on the transport of radioactive

substances." As a result, and with the assistance of experts world-wide, the

first edition of the IAEA Regulations for Safe Transport of Radioactive

Material, Safety Series Ho. 6, was published in 1961. In addition to being

applied directly to the Agency's operations and to Agency supported activities
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in Member States, they were (and still are)

"recommended to Member States and to international organizations

concerned as a basis for national and international transport

regulations".

In order to provide explanation and advice on the Regulations, a second

document, Safety Series No. 7, entitled "Notes on Certain Aspects of the

Regulations", was issued in 1961. This contained information developed in

response to a general consensus of the Regulatory development panels that such

a complementary document was needed to provide guidance to users on the

purpose of the Regulations and their implementation in practice. Thus, it

provided both explanation and advice, i.e. it was both a "how" and "why"

document.

While it was expected that the basic principles underlying the

Regulations would remain acceptable for a long period, it was also expected

that a "feedback" of experience in application would be facilitated by

revision after some five years. This was proved true and resulted in three

comprehensive revisions being published in 1965, 1967 and 1973. Following

minor amendments, the 1973 edition of the Regulations was again published in

1979 as the "1973 Revised Edition as Amended".

The recognition of the need for more current information of an advisory

nature led the Agency to publish in 1973 a companion document to the 1973

revised edition of the Regulations, entitled "Advisory Material for the

Application of the IAEA Transport Regulations" (Safety Series No. 37).

The procedure used by the Agency for the preparation of its Regulations

is largely responsible for their extensile national and international

application. At each stage of regulatory development, the Agency's procedure

involved the convening of panels, whose members represented not only an

extensive coverage of Member States and international transport organizations,

but also experience of the various administrative and technical problems

requiring a solution. On the basis of proposals co-ordinated by the IAEA

Secretariat, these panels prepared draft Regulations for comment by all Member

States and all international organizations concerned. Then, following panel

consideration of such comments, final drafts were prepared for approval by the

Agency's Board of Governors.
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The Standing Advisory Group on the Safe Transport of Radioactive

Material (SAGSTRAM) was established by the Agency in 1978 to advise on the

Agency's transport programme and on the development and implementation of the

Regulations. Recommendations concerning procedures and a schedule for a

further comprehensive review of Safety Series No. 6 were made at the first

meeting of SAGSTRAM, in October 1978. The review process was initiated early

in 1979 by the Secretariat, which invited comments and proposals for changes

from Member States and international organizations. The comments and

proposals received were considered in September 1980 by an advisory group

which also took into account recommendations from SAGSTRAM, from an advisory

group on radiation protection and safety principles, and from a technical

committee on package test standards.

Successive revised drafts were sent for comments to Member States and

to international organizations concerned with transport, while specific topics

were examined by consultants and technical committees. During the period

1980-84, approximately 150 experts from 22 Member States and 12 international

organizations attended meetings in connection with the review process. In

February 1984, SAGSTRAM considered the fourth revised draft and, after making

minor changes, endorsed the text for the 1985 edition, which was subsequently

approved by the IAEA Board of Governors in late 1984.

The process which culminated in the 1985 edition of the Regulations

included a comprehensive and detailed review of the 1973 (as amended) edition,

of proposed changes in the requirements, and the justification for these

changes. There were a variety of justifications which were accepted during

the revision, ranging from quantified modelling to more subjective arguments

such as practical past experience in applying the Regulations and the need for

improved clarity of presentation. The latter consideration resulted in the

most obvious changes to the Regulations, which consisted of a complete

revision of the structure and presentation of Safety Series No. 6, In order

to provide a more "user-friendly" document, the Regulations were restructured

to present the most basic information first and to build on this information

to produce the complete set of requirements.

An updated version of the advisory material in Safety Series No. 37 was

published as the second edition in 1982, and a third edition was later issued

to reflect the 1985 edition of Safety Series No 6. The latest edition of

Safety Series No. 37 provides information about technical requirements of the
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Regulations and about methods and technology which may be employed to fulfil

them. It is mainly for the benefit of designers and manufacturers of

packagings, consignors, carriers, competent authorities and others, i.e. it

provides "how" information.

Whereas the earlier versions of Safety Series No. 37 also contained

some explanatory information on the intent and rationale of the regulatory

requirement, i.e. "why" information, to the extent practicable such

information was removed from the third edition of the advisory material. It

is now presented in a 1985 second edition of Safety Series No. 7, which has

been retitled "Explanatory Material for the IAEA Regulations for the Safe

Transport of Radioactive Material".

In order to address minor poblems with the 1985 edition of Safety

Series No. 6, a panel of experts convened by the International Atomic Energy

Agency met in January 1986. This panel considered minor inconsistencies,

omissions or errors that had occured in the course of preparing the 1985

edition of Safety Series No. 6, and recommemded that several changes be made.

These included changes to correct errors in the presentation of the text,

translation errors (in French, Russian and Spanish versions of the 1985

edition), and drafting which failed to express the intent of the panels which

reviewed the previous edition of the Regulation.

In addition, there were three changes of detail, which were made

according to a 90 day ammendment rule. This rule allows changes which receive

no objections within 90 days to be made without further consultation. These

changes, which received unanimous support by Member States, were published as

Safety Series No. 6 - Supplement 1986. SAGSTRAM was convened in March 1986

and endorsed these actions.

The Regulations in Safety Series No. 6 are structured topically in

terms of Definitions, General Principles and Provisions, Packaging Contents

Limits, Requirements and Controls for Shipment, Material and Packaging

Requirements, Test Procedures, and Approval and Administrative Requirements.

As such, a user desiring to transport a specified type of radioactive material

consignment has to study and assimilate requirements from all sections of the

Regulations although much of the information may not apply to that type of

consignment. In response to an expressed need, a set of schedules listing in

abbreviated form, the requirements to be met for the transport of specified
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types of consignments had been appended to the 1973 and 1973 (as amended)

editions of the Regulations. Those schedules were intended to serve only as

an aid to users.

In endorsing the 1985 edition of the transport Regulations, SAGSTRAM

recommended in February 1984 that these schedules not be published as part of

the Safety Standards category of documents, but rather that they be issued as

a separate Safety Series document. Consequently, the "Schedule of

Requirements for the Transport of Specified Types of Radioactive Material

Consignments" was published in 1986 as Safety Series No. 80. These schedules

were prepared as a companion document to the 1985 edition of the transport

Regulations, and reflect the corrections and changes implemented by the 1986

Supplement to the Regulations for the Safe Transport of Radioactive Material.

In order to maintain the Regulations current, SAGSTRAM also recommended

a procedure for periodic review. Afa a result of this, in June 1987, Member

States were requested to submit any problems identified and any proposals for

changes to the Regulations. The submissions were then circulated to all

Member States for comments. The initial submissions and the subsequent

comments on them were assessed by a review panel, which identified possible

changes to the Regulations for immediate implementation, as well as some items

of greater significance which were brought to the attention of SAGSTRAM.

Several of these changes were ultimately approved and published as

Regulations for the Safe Transport of Radioactive Material - 1985 - Supplement

1988. This supplement also included changes to Safety Series Nos. 7, 37 and

80, which were necessary to correct minor errors as well as to provide

complementary information for the changes introduced to the Regulations

themselves. In addition, the 1988 Supplement embodied the contents of the

1986 Supplement, which was, therefore, superseded.

In summary, the IAEA transport Regulatory publications now comprise

four main documents, namely:

(1) Safety Series No. 6 - Regulations for the Safe Transport of Radioactive

Material. The regulatory document, prescribing "what" is to be achieved

(2) Safety Series No. 7 - Explanatory Material for the IAEA Regulations for

the Safe Transport of Radioactive Material. The explanatory document,

giving the basis, i.e. the "why" of certain Regulatory requirements.
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(3) Safety Series No. 37 - Advisory Material for the IAEA Regulations for

the Safe Transport of Radioactive Material. The advisory document/

providing examples of means as to "how" certain Regulatory requirements

can be met.

(4) Safety Secies No. 80 - Schedule of Requirements for the Transport of

Specified Types of Radioactive Material Consignments. The guideline

procedure document listing "what" must be done for specific types of

consignments.

The current versions of these documents are the 1985 (SS 6,7,37) and

1986 (SS 80) editions as modified by the 1988 supplement.

A tabulated summary of this historical data is given below.

1957 IAEA formed.

1958/9 Work began on transport rules.

1961 SS 6 and SS 7 published.

1964/5 SS 6 revision issued.

1967 SS 6 revision issued.

1973 SS 6 revision, and SS 37 published.

1978 SAGSTRAM established, first meeting (SAGSTRAM 1) in

October.

1979 SS 6 revision (1973 revision, as ammended in 1979),

beginning of comprehensive review.

1980 SAGSTRAM 2, April.

1981 SAGSTRAM 3, October.

1982 Second edition SS 37.

1984 SAGSTRAM 4.

1985 SS 6 new edition, second edition SS 7,

third edition SS 37.

1986 SAGSTRAM 5, SS 6 supplement issued, SS 80 published.

1987 SAGSTRAM 6.

1988 Supplement to SS 6, 7, 37, 80 published.

1989 SAGSTRAM 7, review panel meeting.

6.2. Philosophy and Objectives of the Regulations

The IAEA regulations are based on the philosophy that radioactive

material being transported should be adequately packaged to provide protection

against the hazards of the material under all conditions of transport,
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including foreseeable accidents. The duty of providing adequate packaging is

placed on the consignor of the material. Dependence for safety on actions by

the carrier is, as far as possible, minimized. Because of the importance of

the packaging in transport safety/ the term is carefully defined in IAEA

Regulations, (see SS 6 paragraphs 134 and 135). The packaging and package

requirements of the Regulations are related to the potential degree of hazard

presented by the radioactive contents.

The objective of the Regulations is to protect the public, transport

workers, property and the environment, from the direct and indirect effects of

radiation during the transport of radioactive material. Protection is

achieved, when the Regulations are properly applied, by limiting the nature

and activity of the radioactive material which may be transported in a package

of a given design, by specifying design criteria for each type of package, and

by applying simple rules of handling and stowage of the packages during

transport and in-transit storage.

The Regulations are structured with the objectives of guarding against:

(1) the dispersion of radioactive material and its possible uptake by

people nearby during normal transport, and also in the event of an

accident;

(2) the hazard due to radiation emitted from the package;

(3) the possibility that a chain reaction (i.e., criticality) may be

initiated in the material contained in the package; and

(4) the hazards of high temperature accessible package surfaces and of the

degradation of package components due to excessive heat.

These objectives are achieved by the following methods.

(1) Ensuring that the containment of the radioactive material in a

packaging is adequate to prevent its dispersion and uptake. The design

and strength of the packaging and the activity and nature of its

contents are all considered in satisfying this objective.

(2) Controlling the external radiation level by incorporating shielding

into the packaging and by providing warning of the level of radiation

64



which exists external to a loaded packaging. The maximum radiation

level external to the packager its labelling and marking, and

requirements for stowage are all considered in satisfying this objective.

(3) Controlling configurations of packages and their contents such that, if

the contents are fissile, criticality control is provided. The

packaging and its contents are treated in a very conservative fashion,

and control is provided through design and through the use of the

transport index.

(4) Preventing excessive surface temperatures or damage to the packaging as

a result of heat (both internally and externally generated). The

maximum temperatures of contents and packaging are controlled through

proper design and through instructions on stowage to provide for safe

dissipation of heat.

Within the Regulations, the philosphy is that, as far as possible:

(1) packages of radioactive material should be dealt with in the same way

as other hazardous goods;

(2) safety depends upon the package not on operational controls; and

(3) the consignor should be responsible for ensuring safety during

transport.

This philosophy was developed so that, relative to safety, emphasis

would be placed upon the proper preparation of consignments rather than

placing the burden for safety on carriers of consignments. Thus, consignments

of radioactive material can be transported with minimal special handling.

Transport industry workers are expected to treat radioactive material

consignments with care, but with no more care than that accorded to other

dangerous goods.

The Regulations, although applying to the Agency's own operations, are,

for administrative purposes, "model regulations" recommended to Member States

and appropriate international organizations. This means that to facilitate

their conversion into the format and "language" used by the various modes of

transport, the Regulations must be practical concerning what the various

parties involved, especially consignors and carriers, are required to do.
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In additiont the Regulations must be clear and concise, stating "what"

has to be achieved, i.e. performance, rather than "how", to achieve the

desired degree of protection in terms of detailed design specifications, or

"why" it should be achieved. These latter considerations are treated in the

companion documents to the Regulations, namely IAEA Safety Series No. 37, No.

80 and No. 7.

6.3. Structure and Contents of the 1985 Edition of the Regulations

The text of the IAEA Regulations is complex both as regards the

technical requirements and the way in which these requirements and the

administrative provisions are drafted. This is unavoidable given the nature

of the subject matter. Nevertheless, much effort and thought have been

invested by those concerned with their development, in order to make the text

as clear and as easy to use as possible.

One difficulty for individual users is that the Regulations have to be

addressed to a variety of potential users. For example, they have to cater to

package designers and manufacturers; to management, administrators and quality

assurance staff in consigning organizations; to those concerned with

regulatory drafting, with assessment, licensing, with enforcement and

inspection, with emergency response and with import and customs controls in

the national authorities; and to those responsible for correctly loading ships

and aircraft in carrier organizations. Any one user is unlikely to be equally

concerned with all of the Regulatory provisions; indeed some users may need

little awareness at all of some very specific requirements. It was partly to

help such users, that the Agency published the "Schedule of Requirements for

the Transport of Specified Types of Radioactive Material Consigments", Safety

Series No. 80.

The 1985 edition of the Regulations is structured into seven sections.

Each section is identified by a Roman numeral, and each paragraph in a section

is identified by an Arabic number where the first digit corresponds to the

Roman numeral of that section. For example, paragraph 105 is the fifth

paragraph in Section I. Also, for brevity, throughout the Regulations

cross-referencing between paragraphs is denoted by the use of "para" or

"paras". An outline of the structure of the Regulation is given below.
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Section I. Introduction

This section contains j>2 paragraphs dealing with the purpose and scope

of the Regulations and definitions.

Section II. General Principles and Provisions

This section contains 11 paragraphs dealing with radiation protection,

accident provisions, quality assurance, compliance assurance and special

arrangements.

Section III. Activity and Fissile Material Limits

This section contains 15 paragraphs and provides the specification on

the limits of activities (A and A values) which control package

contents, types of packages, and release rates from packages. The activity

limits are contained in a detailed table. The section also summarizes methods

for determining A., and A values for specific isotopes and mixtures

thereof, and also summarises the contents limits for different types of

packages.

Section IV. Preparation, Requirements and Controls for Shipment and for

Storage in Transit

This section contains 84 paragraphs dealing with many requirements

imposed on the transport, and storage in transit, of radioactive material

packages. Included in this section are all of the marking, labelling and

placarding requirements. The requirements in this section deal with the use

of packages after they have been designed and fabricated and include

requirements for inspection prior to use.

Section V. Requirements for Radioactive Material and for Packagings

and Packages

This section contains 68 paragraphs dealing with all of the design

requirements for specific types of packages.
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Section VI. Vest Procedures

This section contains 33 paragraphs dealing with the tests required of

each specific type of package. This section is closely coupled to Section V

in terms of satisfying package design requirements.

Section VII. Approval and Administrative Requirements

This section contains 30 paragraphs specifying competent authority

approval requirements and contents of approval certificates.

In addition, the Regulations contain a listing of UN Numbers which

apply to radioactive material consignments, a set of conversion factors and a

detailed topical index.

The Regulations can only be completely understood through detailed

study and use of them. Indeed, that is the main objective of this course.

Therefore, the various aspects of the Regulations will be addressed in detail

in later chapters of this training manual. For now, a few key features of the

Regulations will be summarized.

6.3.1. Purpose and Scope

The purpose and scope of application of the Regulations are carefully

specified at the very beginning of Section I of Safety Series No. 6 in paras

101 to 109. This specification is especially important for the purposes of

implementation of the Regulations and is thus likely to be of particular

interest to those concerned with drafting national and international

regulations which implement the IAEA Regulations. It is also, however, an

essential prerequisite to a full understanding of the Regulations to be aware

to their scope. Therefore, this is a part of the Regulations to which all

users may occasionally have to refer in practice in order to avoid

misinterpreting some of the requirements.

The purpose of the Regulations, as given in paragraph 101, is to

establish standards of safety which provide an acceptable level of control of

the radiation hazards to persons, property, and the environment that are

associated with the transport of radioactive material. This paragraph also

points out that measures taken for other reasons should not detract from

safety.
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All modes of transport are covered by the Regulations as well as

transport incidental to the use of the material (paragraph 102). The

Regulations do not, however, apply to radioactive material which is an

integral part of the means of transport. For example, a nuclear reactor used

for marine propulsion would not be covered by the Regulations.

The term "transport" includes those operations which are involved in

the movement of radioactive material including the design, fabrication and

maintenance of packaging, and the preparation, consigning, handling, carriage,

storage in transit and receipt at final destination. This list includes some

actions which occur inside the establishments where packages are prepared for

transport. Others take place in plants where packagings are actually

constructed, for example in factories concerned with general engineering

activities. Nevertheless, it is necessary to include them because the

essential requirements for quality assurance, for example, could not otherwise

be applied. In addition, transport includes both normal and accident

conditions.

Paragraph 104, however, points out the Regulations are not intended to

apply inside establishments, other than those where radioactive material is

stored in the course of transport, nor do they apply to radioisotopes carried

for medical reasons inside human beings. This article of the Regulations

ensures that, whereas the actions necessary for transport safety which take

place within sites can be appropriately controlled, the Regulations do not

otherwise have any effect inside establishments.

When radioactive material has other dangerous properties or is with

other hazardous material, then the relevant dangerous goods regulations are

applicable in addition to the SS 6 Regulations (paragraph 105).

The Regulations are so framed that routing restrictions are not

normally considered necessary. However, where routing is imposed, all risks,

including non-radioactive ones, should be taken into account.

While the Regulations prescribe certain actions, they do not assign the

responsibility for carrying out such actions. It is determined to be the

prerogative of each government to assign this responsibility. If member

states issue complementary national regulations, then they should not conflict

with SS 6 regulations.
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6.3.2. Definitions

It is appropriate at this point to say a word about the definitions

used in the IAEA Regulations. The need for clear definitions of certain terms

used in the Regulations was recognized by those who drafted the very first

edition. The importance of having clear and specific definitions of the

special terms used in the Regulations has become even more evident since. It

is for example, essential to have defined terms to avoid descrepancies

between the four official language versions oC the Regulations. Much emphasis

is placed on definitions in this manual. The list of defined terms in Section

I of Safety Series No. 6 may need to be referred to from time to time in order

to provide a reminder of the precise terms of given definitions. Regular

users of the Regulations must often refer to these definitions in order to

have confidence that they are correctly interpreting regulatory requirements.

To facilitate this process, and to remind users that some terms are given a

special sense, defined terms are printed in bold type wherever they are used

throughout the Regulations.

6.3.3. Packages

As discussed earlier, part of the basic philosophy of the Regulations

is that safety should depend primarily upon the package and not on operational

controls. For this reason, requirements relating to packages permeate the

Regulations and appear in a number of sections. For example, Sections III and

IV provide the activity limits for each package type, Section IV, in addition,

gives the marking and labelling requirements as well as requirements imposed

on packages during transit. Section V details the performance design

requirements for packages; and Section VI gives the necessary test

procedures. The information given below combines together information from

these different sections and gives a summary of the key points pertaining to

packages. Further detail is provided in later chapters.

The Regulations provide for four primary types of packages related to

the activity and physical form of their radioactive contents. These primary

types are:

(1) excepted packages;

(2) industrial packages;
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(3) Type A packages; and

(4) Type B packages.

Excepted Packages

Excepted packages are those in which the contents are sufficiently low

in potential hazard that a minimum of packaging and labelling requirements

need apply. Limits on the contents depend on whether the radioactive material

is in unspecified or in special form, is incorporated in manufactured articles

or instruments, or consists of natural or depleted uranium or thorium metal.

Where the contents comply with the requirements for special form,

significantly larger quantities are permitted because of the lower likelihood

of dispersion of radioactive contamination as the result of an accident.

Although excepted packages can only contain quantities of radioactive

material which are sufficiently small to allow their exception from most

design and use requirements, such packages must, however, still meet certain

other requirements. The packages must ensure their contents will be be

identified when opened, and that they will be safely handled and transported.

To this end design requirements are included to ensure the proper and safe

handling and stowage of the package, and to exclude adverse effects of shock,

vibration, collection and/or retention of water, and chemical or radiolytic

degradation of the packaging material.

Because of the extremely low hazard posed by the contents of excepted

packages, they are transported without the accompanying descriptive

information required for other radioactive material packages. Local postal

regulations may permit certain packages of this type to be shipped through the

mails.

Empty packages, which have contained radioactive material, are also,

subject to certain conditions, allowed to be treated as excepted from most of

the regulatory requirements.

Industrial Packages

Industrial packages exist in three sub-divisions designated as IP-1,

IP-2 and IP-3. These packages differ as regards the degree to which they are

required to be capable of withstanding accidental damage. IP-1 packages must
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meet certain temperature and pressure requirements beyond those imposed upon

excepted packages, IP-2 packages must also meet free drop and stacking tests,

and IP-3 packages must in addition satisfy water spray and penetration test

requirements.

Whereas industrial packages must possess specified resistance to the

sort of accidental damage which could occur in normal transort, including

minor mishaps, they are not in principle required to be able to retain their

contents under conditions of severe accidental damage. Industrial Packages

must also meet additional requirements relating to external labelling and

shipment documentation.

Industrial packages are used to transport material known as either low

specific activity (LSA) or surface contaminated objects (SCO). Material of

low specific activity - that is, material having little activity per unit mass

- and certain nonradioactive objects having low levels of surface

contamination are inherently safe, either because the contained activity is

very low, or because the material is in a form which is not easily dispersed

and which presents only a low internal radiation hazard.

Because the materials so specified are of relatively low intrinsic

hazard there are no mass limits for packages and the mass restrictions for

consignments are relatively relaxed. There are no mass limits in the case of

solid LSA—I, and non-combustible LSA-II and III solids other than when carried

by inland waterway.

Naturally radioactive ores and concentrates, in-process material such

as uranium hexafluoride and some radioactive wastes are among the substances

which can satisfy the appropriate specifications of LSA and SCO. Some

materials of low specific activity, such as radioactive ores, can sometimes be

transported in bulk. Otherwise, these materials are transported in industrial

packages.

The packaging component of industrial packages can comprise such items

as commercially-available steel drums. Specifically-designed packages are

also frequently used for some material; for example uranium hexafluoride.
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Type A Packages

Type A packages are required to be capable of resisting normal and

routine conditions of transport without loss of their contents or without

allowing more than a specified increase in external surface radiation level.

The total activity of their contents is appropriately limited, for the

radionuclide or nuclides present/ depending on whether they are in unspecified

form, or comply with the requirements of special form. In the latter case,

higher activities are permitted because of the inherently lower dispersibility

of the material.

The required resistance to minor damage is ensured by requiring the

resistance of the package to damage to be based on a combination of physical

tests which are intended to simulate conditions which could arise in normal

transport, such as: falling from vehicles or being dropped from similar

heights, being exposed to rain, being struck by a sharp object which may

penetrate their surface, or having other cargo stacked on top. Type A

packages must be designed to satisfy all of the requirements imposed on an

IP-3 package, and must also meet additional test requirements if the

radioactive content is in liquid or gaseous form. They must also satisfy

stringent additional dimensional, ambient environment, internal pressure and

containment specifications which are not imposed on industrial packages.

It is assumed that Type A packages may be damaged in a severe accident

and that a fraction of their contents may be released. The Regulations,

therefore, prescribe limits on the maximum amount of radionuclides that can be

transported in such packages. These limits ensure that in the event of a

release the risks from external radiation or contamination are low. A list of

the limits for the individual radionuclides is given in Table I of Safety

Series No. 6.

Type B Packages

For activities of radionuclides exceeding the Type A limits it is

necessary to specify additional resistance to release of radiation or

radioactive material under accidental damage. In Safety Series No. 6 the

concept of a Type B package is that it should be designed to appropriately

restrict release of its contents and increases in external radiation, taking

into account the effects of an appropriate specified combination of tests.
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These include tests for resistance to impact, penetration, fire and water

immersion. The tests are not intended to reproduce the effects of any

specific transport accident or accident scenario. They do; however, ensure

that Type B packages possess sufficient resistance to accidental damage and

are capable of adequately withstanding a wide range of possible severe

accidents by any of the transport modes.

In addition to the tests, each design must be approved by the competent

authority of the country in which the package was designed, and, under some

conditions, by the competent authority of each country through or into which

it is shipped. Type B Packages are used for carrying radioisotopes,

irradiated nuclear fuel, nuclear wastes, and similar highly radioactive

material.

Packages Containing Fissile Material

In addition to the Type A or Type B classification, a package may also

be designated a Fissile Package if it carries fissile material capable of

sustaining a nuclear chain reaction. Special assessments and controls are

required for such packages, and each design must be approved by the competent

authority of each country from, through, or into which it is shipped.

6.3.4. Shipping Documents, Labelling and Marking of Packages, Placards and

Notifications

Awareness of the presence of radioactive material in a shipment is of

interest to carriers, consignees and other persons for many reasons during

normal transport operations. When accidents occur, information identifying

the presence and describing the radioactive material is of vital importance to

emergency services personnel.

The descriptive information required by the Regulations depends on the

types and quantities of radioactive material present and the packaging

utilized for transport. This information is mostly in the form of shipping

documents, labels, package marking, placards for conveyances, and special

notifications.
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Shipping Documents

Shipping documents, which must accompany a shipment, contain the

greatest amount of information. The information required includes the:

(1) shipping name, which describes the material in a general way;

(2) hazard class number, 7 being the number assigned by the UN to

radioactive material;

(3) hazard class name, that is, "radioactive material" if those words are

not part of the shipping name;

(4) identification number. This is a four-digit number preceded by the

letters UN which is recognized internationally in all languages. This

relates to the material and its hazard, and may be used in quiding

emergency response action;

(5) identity of the radionuclides contained in the package;

(6) total activity of the radioactive content;

(7) category of label on the package;

(8) physical and chemical form of the radioactive content or a statement

that the content is special form material;

(9) type A or Type B category of the package, as appropriate; and

(10) other pertinent information especially for Type B and fissile packages.

Labelling

Labels identify most of the packages in transport that contain

radioactive material. Carriers use the label category to guide their handling

and storage practices, and to control radiation exposures. In the event of an

accident in which a package is damaged, the radioactive content and activity

information marked on the label is useful to emergency response personnel.
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Other than excepted packages, which are not labelled externally,

packages are classified into three categories, defined in terms of the

radiation levels which may be encountered at the surface of the package, and

in terms of the transport index. There is a different label for each category

of package to simplify recognition and facilitate control by workers when

handling packages. Yellow labels generally indicate that limitations are

placed upon how these packages can be stowed or stored, to ensure radiation

safety and guard against criticality.

The categories and labels are as follows:

(1) Category I - White, in which the maximum radiation level at the surface

is not more than 0.005 mSv/h (0.5 mrem/h) and the transport index does

not exceed 0.

(2) Category II - Yellow, in which the radiation level at the surface does

not exceed 0.5 mSv/h (50 mrem/h) and the transport index does not

exceed 1.

(3) Category III - Yellow, is usually for packages with a surface radiation

level not more that 2 mSv/h (200 mrem/h) and a transport index of not

more than 10. For packages transported under exclusive use controls,

the surface radiation level can be as high as 10 mSv/h (1000 mrem/h)

and the transport index is not limited.

Harking

Markings on packages include the:

(1) gross weight (if more than 50 kg);

(2) package design type (Type A or Type B);

(3) identification markings assigned to the package design by the competent

authority, and in some cases;

(4) serial number for the specific package of that design.

Type B packages must have a durable fire and water-resistant marking,

including the characteristic trefoil, on the outermost fire-resistant surface

of the package.
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Placards

Placards on vehicles, rail cars, freight containers, and portable tanks

indicate the presence of radioactive material. Requirements may vary for

different modes of transport, and for different types of consignment; but in

all cases the placard indicates that radioactive material is present.

Additional placards are required for other hazards, such as corrosive or

poison, if appropriate.

Notifications

Notifications prior to shipment must be provided to the competent

authority of the country to, or through which, a shipment is scheduled to pass

in only a few circumstances. These include shipments of packages approved

under special arrangement, shipments of Type B packages containing quantities

larger than certain amounts, and shipments of Type B packages with

multilateral rather than unilateral approval.

6.3.5. Package Requirements and Tests

The IAEA Regulations prescribe tests to prove that each package meets

the relevant requirements. It must be shown that the package design is

capable of withstanding these tests without prescribed loss of contents or

significant increase in external radiation hazard. Packaging design and

testing requirements, summarized in Table I are graded: the requirements

become more stringent as the hazard posed by the contents increases. Chapter

14 addresses these tests in more detail.

Type A Tests

The first set of tests are intended to simulate the "normal" conditions

which packages may experience during transport: exposure to rain, rough

handling and minor mishaps. They apply not only to Type A but also to Type B

packages. Some of the tests also apply to industrial packages.

(1) Water spray test: The package is subjected to a water spray which is

approximately equivalent to a rainfall rate of 50 mm/h, uniformly

distributed, for a duration of one hour. Packages have to be subjected

to this test before other tests given below are carried out.
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(2) Free drop test: The package is dropped into a hard target so as to

inflict maximum damage to the safety features to be tested. For most

packages, the height of the drop measured from the lowest point of the

package to the upper surface of the target is 1.2 m. Heavier packages

are dropped from a lower height. For packages which are intended to

have liquid or gaseous contents the drop height is 9 m.

(3) Compression test: The package is subjected for a period of 24 hours,

to a compressive load equal to the greater of five times the weight of
2

the actual package, or the equivalent of 1300 kg/m multiplied by the

vertically projected area of the package. The load is applied

uniformly to what is considered the top of the package.

(4) Penetration test: The package is placed on a rigid, flat, horizontal

surface, and a bar of 32 mm diameter with a hemispherical end and

weighing 6 kg is dropped from a height of 1 m (1.7 m in the case of

packages which contain a liquid or a gas), with its longitudal axis

vertical, so that it falls onto the centre of the weakest part of the

package.

Type B Tests

Type B packages are subjected to mechanical, thermal, and water

immersion tests to demonstrate their ability to withstand accident

conditions. Bach package is subjected to the cumulative effects of the

mechanical tests and the thermal test in that order. A separate package is

subjected to the water immersion test.

(1) Mechanical tests: Any given package must undergo two tests. For most

packages an impact and a penetration (or puncture test) are required.

These consist of dropping a package onto two different targets in such

a way that maximum damage results. In one drop test, the package falls

from a height of 9 m onto a flat, horizontal unyielding surface. In the

other drop test, it falls onto a mild steel bar, 150 mm in diameter,

from a height of 1 m. The bar is rigidly mounted, is perpendicular to

the target surface and must project at least 200 mm above the base.

An alternative to the 9 m drop test is required for some light-weight

Type B packages. Such packages must withstand the effects of a crush

test. This consists of placing the package on the unyielding target in
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such an orientation that it will experience maximum damage when a 500

kg steel mass is dropped onto it from a height of 9 m.

(2) Thermal test: The package is required to be fully engulfed in a

thermal environment having a temperature of not less than 800°C for

not less than 30 minutes. Any combustion of components of the package

must be allowed to continue to self-extinction.

(3) Water immersion tests: Host packages containing irradiated nuclear

fuel are required to be immersed in water at a pressure equivalent to a

depth of at least 15 m for not less than B hours. In addition, some

packages containing irradiated nuclear fuel are required to be immersed

in water at a pressure equivalent to a depth of at least 200 m for not

less than one hour.

6.3.6. Changes Appearing in the 1985 Edition of the Regulations

This section is included to assist those who are familiar with the 1973

edition as ammended in 1979, and just wish to concentrate on the changes in

the 1985 edition.

The process of producing the latest edition of the Regulations was

intitiated in 1979 by the IAEA at the request of its special advisory body,

the Standing Advisory Group for the Safe Transport of Radioactive Material

(SAGSTRAM). It was recognized that, despite the excellent safety record of

transporting radioactive material, periodic updating and revison was necessary

to allow the Regulations to stay current with advances in technology, with

changes in carriers' and regulators' needs, and with the evolving

international standards for radiation protection.

This revision was performed over a period of six years with the

extensive cooperation of Member States to the IAEA and relevant international

orgnizations. It involved the convening at the Agency of a significant number

of consultants meetings, technical committee meetings and advisory group

meetings. Approximately 150 experts from 22 Member States and 12

international organizations participated. The final draft of the revised

Regulations was considered and approved by the IAEA's Board of Governors in

September 1984, and the new edition was published in 1985 in English, French,

Russian and Spanish.
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The process which culminated in the 1985 edition of the Regulations

included a comprehensive and detailed review of the 1973 (as amended) edition

of the Regulations and of proposed changes in these requirements, and the

justification for these changes. There were a variety of justifications which

were accepted during the revision, ranging from quantified modelling to more

subjective arguments such as practical past experience in applying the

Regulations and need for improved clarity of presentation. The latter

consideration resulted in the most apparent changes to the Regulations,

recognized by a complete revision of the structure and presentation of Safety

Series No. 6.

In order to provide a more "user-friendly" document, the Regulations

were restructured to present the most basic information first and to build on

this information to present the complete set of requirements. Consequently,

as noted earlier, an expanded set of definitions is presented in Section I,

basic principles are established in Section II, and the activity limiting

A /A values and calculation techniques are presented in Section III. The

detailed requirements in the later sections build on this base of

information. Defined terms are presented in bold faced type for reader

convenience and to help ensure that these terms are only interpreted in

accordance with their definitions as presented in the Regulations. In several

instances long and detailed textual requirements were converted into tabular

presentation with a significant improvement in clarity. Finally a detailed

index was added to aid the user.

Radiation Protection

The Agency's Basic Safety Standards for Radiation Protection, Safety

Series No. 9, 1982 Edition, are incorporated into the transport Regulations.

Some principles, such as keeping radiation exposures as low as reasonably

achievable, are specifically mentioned and action levels are prescribed for

various levels of individual occupational exposure. Additionally, guidance is

given for the derivation of segregation distance requirements, since the

establishment of specific requirements from a radiation protection standpoint

is within the domain of the international transport organizations.

Quality Assurance and Compliance Assurance

Increased emphasis is placed on both quality assurance and compliance

assurance. Quality assurance is now required to cover the design,

manufacture, testing, documentation, use, maintenance, and inspection of all
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packages. Package designs which require competent authority approval now have

their approval made contingent on the adequacy of the applicant's quality

assurance program.

The responsibility for maintaining an adequate compliance assurance

program is now placed squarely on the competent authorities. They must ensure

that the provisions of the Regulations are being met in actual practice. Both

quality assurance and compliance assurance are given visibility ana emphasis

by their prominent location in Section II of the Regulations.

Type B and Fissile Packages

Several significant changes were made to the requirements applicable to

Type B and fissile package design and testing. Some of these changes will

make it easier for designers to demonstrate compliance with the Regulations,

while other changes may require modification or abandonment of some package

designs. The most significant changes are given below.

(1) Dynamic crush test - Type B and fissile packages which are of

lightweight (less than 500 kg) and low density (less than 1000 kg/m )

design for transporting normal form contents with activity exceeding

1000 A must be subjected to a crush test. The crush test consists

of dropping a 500 kg mild steel plate (1 m by 1 m) onto the package

specimen from a height of 9 m. Crush forces have been identified as a

potentially significant accident environment and this requirement will

ensure a measure of survivability to crush forces for susceptible

package designs.

(2) Deep submergence test - Packages designed to transport more than 37 PBq

(10 Ci) of irradiated fuel are required to be able to withstand

submergence in water at a depth of 200 m without rupture of the

containment system. This will help ensure recovery and limit the

environmental consequences of a spent fuel flask being sunk in rivers,

and in lakes or on continental shelf areas of this depth.

(3) Release limits - The allowable activity release limits for Type B(U)

and Type B(M) packages following the test conditions were made the

same. This will make it easier to demonstrate compliance with the

post-accident conditions leak rate while ensuring appropriate control

of the package contents.
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(4) "Grandfathering" of previous approvals - Packages designed and approved

in accordance with the 1967 or 1973 editions of Safety Series No. 6 may

continue to be used subject to certain conditions. Packages approved

to the 1967 Regulations and, (after 1992) packages approved to the 1973

Regulations are subject to multilateral approval.

Radioactive Material Classification

The requirements governing Type A package content limits and the

prescriptions for lower activity material and objects are significantly

revised as follows.

(1) Type A package contents limits - A new modelling system has been

incorporated for determining individual exposures to Type A package

contents following a breach or the packaging. New exposure pathways

were built into the model to account for such phenomena as skin

contamination. Additionally, the latest of the International

Commission on Radiological Protection metabolic data were incorporated

into the model. The changes resulted in some significant modifications

of the A and A values, some of which increased and some of which

decreased. Most significantly decreased are the values for those

radionuclides, which when deposited on the skin, would result in a

significant beta dose to the skin.

(2) Low specific activity (LSA) material - LSA has been redefined into

three groups: LSA-I, LSA-II, and LSA-III. Limited hazard contaminated

objects are classified as surface contaminated objects (SCO). The

previous classification of low-level solid has been removed, with the

material it formerly encompassed being divided into LSA-III and SCO

categories. The most significant change in this area is the

establishment of a radiation level limit on LSA and SCO material. The

quantity of LSA or SCO material in a package must be limited to the

extent that the external radiation level at 3 m from the unshielded

material is less than 10 mSv/h. This change established an upper bound

on the radiation hazard this material can present even if package

shielding is lost.
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Industrial Packaging

The previous packaging category known as "strong industrial packaging"

has been redefined. Specific test conditions are assigned to each of the

three levels within the new industrial package category. The industrial

packaging requirements range from only the general requirements for all

packaging (IP-1), to essentially a Type A package (IP-3). This graded method

of specifying packaging integrity allows a better alignment between the

potential hazards of LSA and SCO and their packaging requirements.

Fissile Material

A significant simplification has been made in the classification of

fissile material packages and the specification of appropriate degrees of

control to be exercised over these packages. The previous catergories of

Fissile Classes I, II and III have been eliminated. Control of the

criticality potential of fissile material is now based on the transport

indexes of the packages containing the material. Certain exceptions are still

maintained for small quantities and other extremely criticality safe

configurations but when control over the loading and storage of packages is

required, this is accomplished by transport index summation.

Packages, which under the old system would be Fissile Class I, are now

handled solely on the basis of their transport index as determined by the

radiation level. Packages which were Fissile Class II and III under the old

system must meet the old Fissile Class II package criticality criteria and are

now generally limited to a total of 50 transport indexes for shipment not

under exclusive use, and to a total of 100 transport indexes for exclusive use

shipments.

Contamination Liaits for Excepted Packages

Packages which contain small amounts of radioactive material and

instruments or articles which meet certain criteria are now known as "excepted

packages." These packages are excepted from many of the detailed requirements

because of their very limited hazard during transport. For example, they are

excepted from package labelling and documentation.

The allowable non-fixed external surface contamination on these

packages has been set at a level 10 times lower than that for other packages.
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Since little control is exercised over these packages during transport/ it was

decided to limit the non-fixed contamination to values which would be

appropriate for the freedom allowed for these packages in the transport system.

Modal Requirements

Generally, the requirements for packages in the Regulations are mode

independent. Because the international air mode authority (the International

Civil Aviation Organization) has requirements which specifically apply to air

carriage, these requirements are included in the 1985 edition of the

Regulations. They relate to maximum accessible package surface temperatures

(50 C surface temperature at an ambient temperature of 38 C); containment

integrity requirements for ambient temperatures ranging from -40 C to

+55°C; and, for packages containing liquid radioactive material, a

containment integrity requirement for a pressure differential of 95 kPa.

SI Units of Measurement

The SI system of measurements has been incorporated into Safety Series

No. 6 as the legal units of measurement. Customary units are still given in

parentheses in order to aid in the transition to the new units. The customary

unit values have been rounded so that any error from using them will be on the

conservative side.

It is anticipated that some period of transition will be needed to

accomplish the changeover to SI. The international transport organizations

will need to work cooperatively to ease this transition while still striving

to meet target dates for the adoption of modal regulations based on the 1985

IAEA transport requirements.

6.3.7. Changes to the 1985 Edition made by Supplements

As discussed in the section on history and development, after the

completion of the review process for the 1985 edition of the Regulations, a

new continuing review and revision process for the Regulations was initiated.

The first efforts resulted in a 1986 supplement to the 1985 edition. Changes

in this supplement were generally of a minor, editorial nature. Continuing

review of the Regulations resulted in a further, 1988, supplement to the 1985

edition. Again, many changes were of a minor, editorial nature; however, some
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changes of more significance are listed below:

(1) Two new radionuclides were added to the quantity limit list. These

were 40K and 148Gd.

(2) The total concentration limit for LSA-II was reduced from 1 TBq/L to

0.8 TBq/L, and the concentration limit was removed altogether from

Table I.

235
(3) A footnote was added to Table I for U, and U (enriched to 5% or

less) to say that the A and A quantities are unlimited for

radiation control purposes only. For nuclear criticality safety, the

material is subject to the control placed on fissile material.

(4) Changes were made in Table III on the limits on non-fixed contamination

on surfaces.

(5) For SCOs, low toxicity alpha emitting contamination was given the same

contamination limits as beta and gamma emitters.

(6) The 50 mL volume distinction for Type A packages containing liquids was

removed.

(7) The requirement for evidence of a quality assurance program was added

at various places through che Regulations.

The 1988 supplement, as published, also includes all of the 1986

changes, as well as conforming changes to SS 7, 37 and 80. The supplement is

prepared with text on only one side of each page, and the pages and paragraph

numbering correspond directly to those in the 1985 edition of the

Regulations. This was done to facilitate pasting on complete replacement

pages should the user of the Regulations choose to do so. Alternatively, the

specific changes on each page have been identified with a vertical side bar,

and the sections of modified text can be cut from the pages and pasted into

the 1985 edition.

6.4. Technical Bases of the Regulations

This section presents the basic criteria and methods used in the

development of the various dose rates and activity limits presented in the

Regulations.
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6.4.1. Normal Transport - Dose Rate Limits

During normal transport, most radiation protection in the Regulations

is based on dose rate limits on packages. The foundation of all radiation

protection in Agency documents is Safety Series No. 9, "Basic Safety Standards

for Radiation Protection". Section IV, para 401 of this standard states that:

"Doses resulting from sources and practices involving exposure to

ionizing radiation or to radioactive substances shall be restricted by

a system of dose limitation which shall include justification of the

practice, optimization of radiation protection and annual dose

equivalent limits".

Paras 411-419 give the actual dose limits to be used; however, for

normal transport of radioactive material, lower limits are used for the

purpose of calculating segregation distances or dose rates in regularly

occupied areas, (para 505, SS 6).

For transport workers, a dose level of 5 mSv (500 rarem) per year is

used as the limiting value. This value, together with hypothetical but

realistic mathematical models and parameters, is used to determine segregation

distances or associated dose rates for transport workers.

For members of the public, in the determination of segregation

distances or dose rates in regularly occupied public areas or in areas where

the public has regular access, a dose level of not more than 1 mSv (100 mrem)

per year to the critical group is used as the limiting value. Again, this is

used together with hypothetical but realistic models and parameters to

determine segregation distances or dose rates for members of the public, with

the objective of providing reasonable assurance that actual doses from

transport of radioactive material will not exceed small fractions of the

appropriate dose limits.

Another criterion is used with respect to the segregation of

radioactive material and undeveloped photographic film. The basis for

determining segregation distances for this purpose is that the radiation

exposure of undeveloped photographic film due to the transport of radioactive

material should be limited to 0.1 mSv (10 mrem) per consignment of such film.

86



6.4.2. Accident conditions - A. and A. Limits

Background

The radioactivity quantity limits for packages are based on the

relative hazard of the material assuming certain accident conditions,

including release factors. The limits are expressed as the maximum activity

allowed in a Type A package for special form (A ) and other than special

form (A ). The contents limits are set so as to ensure that the

radiological consequences of severe damage to a Type A package are not

unacceptable and design approval by the competent authority is not required,

except with respect to criticality considerations.

Activities in excess of the Type A package limits are covered in the

IAEA Regulations by the requirements for Type B packages, which do require

competent authority approval. The design requirements for Type B packages are

such as to reduce to a very low level the probability of significant activity

release from such packages as a result of a very severe accident.

Originally, radionuclides were classified into seven groups for

transport purposes, each group having its Type A package contents limits for

special form material and for material in all other forms. In the 1973

Regulations the group classification system was developed into the A /A

system, in which each nuclide has a Type A package contents limit, A , when

transported in special form and a limit, A , when in non-special form.

The dosimetric basis of the A,/A
2 system relied upon a number of

somewhat pragmatic assumptions. A whole body dose limit of 30 mSv (3 rem) was

assumed in the derivation of A , although in calculating A values the

exposure was limited to 30 mSv (3 rem) at a distance of 3 metres in a period

of 3 hours. Also, an intake of 10 A., leading to half the maximum

permissible annual intake for a radiation worker, was assumed in the

derivation of A as a result of a "median" accident. The median accident

was defined arbitrarily as one which leads to complete loss of shielding and

to a release of 10 of the package contents in such a manner that 10 of

this released material was subsequently taken in by a bystander.

The activity limits given in the 1985 edition of Safety Series No. 6

are based on the Q system which includes consideration of a broader range of

specific exposure pathways compared with the earlier A /A system. (Note:
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this Q is unrelated to the quality factor.) Many of the assumptions made are

similar to those stated or implied in the 1973 Regulations. However, in

situations involving the intake of radioactive material, use is made of new

data and concepts recently recommended by the International Commission on

Radiological Protection (ICRP). In particular, subjective assumptions are

made regarding the extent of package damage and release of contents, as

discussed later, without reference to a median accident.

The Basis of the Q Systea

Under the 0 system a series of exposure routes are considered, each of

which might lead to radiation exposure, either external or internal, to

persons in the vicinity of a Type A package involved in a severe transport

accident. The dosimetric routes are illustrated schematically in Figure 6.1

and lead to five contents limit values Q , Q , Q , Q , and Q , for
A o C D £

external photon dose, external beta dose, inhalation dose, skin and ingest ion

dose due to contamination transfer, and submersion dose respectively.

QA QB

FIG. 6.1. Schematic representation of exposure pathways employed in the Q system.
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Contents limits for special form alpha and neutron emitters and tritium are

considered separately. In addition, consideration is given to the physical

form of package contents where physical limitations may be more restrictive

than radiological considerations.

Type A package contents limits are determined for individual

radionuclides, as in the 1973 Regulations. The A value for special form

material is the lesser of the two values Q and 0 , while the A. value

for non-special form material is the least of A and the remaining Q values.

Specific assumptions concerning the exposure pathways used in the derivation

of individual Q values are discussed below, but all are based upon the

following fundamental assumptions.

(1) The effective or committed effective dose equivalent to a person

exposed in the vicinity of a transport package following an accident

should not exceed the annual dose limit for radiation workers, namely

50 mSv (5 rem).

(1) The dose or committed dose equivalent received by individual organs,

including the skin, of a person involved in the accident should not

exceed 0.5 Sv (50 rem), or in the special case of the lens of the eye

0.15 Sv (15 rem).

(3) A person is unlikely to remain at 1 m from the damaged package for more

than 30 minutes.

Here the annual dose or intake limits for radiation workers replace the

earlier quarterly limits used in the 1973 Regulations; the latter limits no

longer being included in the recommendations of the ICRP. This approach was

considered by a Special Working Group meeting on the 0 system held in London

in September 1982 as being acceptable on a once in a lifetime basis for

members of the public inadvertently exposed near the scene of a severe

accident involving a Type ft package. Compliance with the assumptions (1) and

(2) above is automatically ensured by the use of the lowest of the stochastic

or non-stochastic annual limit on intake (ALI) or the derived air

concentration (DAC) values recommended by the ICRP, as appropriate.

Further, the exposure period of 30 minutes at a distance of 1 m is a

cautious judgement of the incidental exposure of persons initially present at

the scene of an accident. It is assumed that subsequent recovery operations
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take place under health physics supervision and control. This is considered

to be more realistic than the earlier assumption of exposure for 3 hours at a

distance of 3 m. Coupled with the dose limits cited above, it leads to a

limiting dose rate from the damaged package for whole body photon irradiation

of 0,1 Sv/h at 1 m.

Dosiaetric Models and Assumptions

The justification for adoption of the Q system for the determination of

A /A values in the 1985 revision of the Transport Regulations was

twofold. In part it was based upon its use of improved metabolic data and

concepts recommended in ICRP Publications 26 and 30, and in part on its

consideration of specific exposure pathways, some of which were not identified

in the earlier derivations of A and A values. The Q system is

essentially a development of the A /A. system incorporated in the 1973

IAEA transport Regulations which takes account of the recent recommendations

of the ICRF. In addition, the radiological protection criteria underlying the

derivation of the A and A. Type A package contents limits are clearly

defined. This is considered to be an important consideration at a time when

the nuclear industry is increasingly being called upon to justify its actions

in relation to public safety issues.

As noted above, under the Q system a number of Type A package contents

limit values (Q_, Q_, Q_, Q , Q_, and Q ) are defined with
A o t» U Ct JJ

reference to specific radiation exposure pathways. The A value for special

form material is then determined as the least of the two values Q and Q ,
A B

while the A value for non-special form material is the least of A and

the remaining Q values. A and A values are determined for individual

radionuclides and may be applied to known mixtures of different nuclides or to

the derivation of Type B package leakage, exemption or LSA limits as in the

current Regulations.

The individual 0 values are determined with reference to specific

exposure pathways, which are illustrated schematically in Figure 6.1, as

follows:

Q - External dose due to photons (gamma or X-rays) assuming complete loss
A

of package shielding. The above dose limits and exposure conditions lead to a

radiation dose rate limit from the damaged package essentially the same as
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that in the 1973 Regulations, ie 100 mSv/h (10 rem/h) at 1 m = 10 mSv/h (1

rem/h) at 3 m.

Q - External dose due to beta emitters assuming dose rate variation with

maximum beta energy as shown in Figure 6.2. In addition, shielding factors in

the range 2 to > 100, associated with material such as the source beta window

protector, packaging debris, etc., are included in a manner similar to that in

the 1973 Regulations.
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FIG. 6.2. Variation of external beta dose rate to skin with energy.

Q_ - Internal dose due to inhalation of non-special form or dispersible

material released from a damaged package. Following discussions at the

Special Working Group meeting the net intake via inhalation was revised from 6

x 10 Q to 10 Q , the same value as in the 1973 Regulations.
—6

However, the 10 intake factor is now based on a combination of a range of

respirable aerosol release fractions (10 - 10 of the package contents)
—4 —3

and a range of uptake factors (10 - 10 of the released material).

Q - Skin contamination and ingestion doses resulting from handling a

damaged package containing non-special form material. 1% of the package

contents are assumed to be dispersed over an area of 1 m . The hands are

assumed to become contaminated to 10% of this level, but to be washed within a
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period of five hours. The depth of the sensitive basal layer of the skin is
2

taken as 7 mg/cm , and Q values determined using the beta dose rate

versus maximum beta energy data shown in Figure 6.3. Again, following

discussions at the Special Working Group meeting* an upper limit of 10

mg/cm on the mass of material which might be retained on the skin for any

significant period is imposed for low specific activity material. Finally,
o

assuming all the activity from 10 cm of skin is ingested over a 24-hour

period it can be shown that, where A. is determined by Q , almost without

exception the external dose to skin is more limiting than that due to

ingestion. Also for maximum beta energies =< 5 MeV the dose to skin is more

limiting than that to the lens of the eye.
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FIG. 6.3. Variation of beta dose rate due to skin contamination
with energy.

Q_, - Submersion dose due to gaseous isotopes assuming a 100% release of the

package contents into a storeroom or cargo-handling bay 3 m x 10 m x 10 m with

four air changes per hour. This pathway applies to noble gases which do not

become incorporated into the body, assuming transport in non-special form in a
222

compressed or uncompressed state. Special consideration is given to Rn

and the lung dose associated with inhalation of its short-lived daughter

products using the data recommended in ICRP Publication 32.
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Q_ - Contents limit for special form alpha emitters, defined as 10 Q_.

Within the Q system, there is no dosimetric basis for this arbitrary

definition. The increase in the multiplying factor, from 10 in the 1973

Regulations to 10 , was determined by the Special Working Group meeting.

This change was justified in part by the ten years of good experience in the

transport of special form material, and in part by the reduction by factors of

up to 10 in the Q values for alpha emitters arising from changes in

dosimetric data between ICRP Publications 2 and 30.

Finally, tritium and its compounds are treated as a special case, with

elemental tritium being treated as tritiated water for dosimetric purposes.

As in the 1973 Regulations, an arbitrary upper limit on A and A values

of 40 TBq (1000 Ci) is applied. Calculated Q values based on a range of

accident scenarios lead to results greater than this value for both organic

and inorganic forms of tritium.

Overall, the use of the Q system introduces only minor variations in

the A and A values compared with those in the 1973 Regulations. This is

illustrated in Figure 6.4 for those isotopes listed in Table IV of Safety

Series No. 37 (second edition). Where major variations occur, say by greater

than a factor of 2-3, these are normally associated with reductions in Type A
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FIG. 6.4. Comparison of Type A package contents limits evaluated using the Q system with those
in the 1973 IAEA Transport Regulations.
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package contents limits for beta emitters determined by Q_ and particularly

Q . Isolated relaxations in contents limits occur due to changes in
9Odosimetric data introduced in ICRP Publication 30, as in the case of Sr,

and more generally in the case of special form alpha emitteis due to the

revised definition of Q .

6.5. Companion Documents to the Regulations

6.5.1. Introduction

Over the years, the International Atomic Energy Agency has produced

companion documents to the Regulations for the Safe Transport of Radioactive

Material (Safety Series No. 6). These documents have provided background

explanatory information as to "why" the Regulations have been structured in

the manner they are and advisory information on "how" to apply the Regulations

for individual situations.

This section will discuss the contents of the three Safety Series

documents which provide explanatory and advisory information supporting the

1985 edition of the Regulations. These are:

(1) Safety Series No. 7 (SS 7) - Explanatory Material for the IAEA

Regulations for the Safe Transport of Radioactive Material (1985

Edition).

(2) Safety Series No. 37 (SS 37) - Advisory Material for the IAEA

Regulations for the Safe Transport of Radioactive Material (1985

Edition).

(3) Safety Series No. 80 (SS 80) - Schedule of Requirements for the

Transport of Specified Types of Radioactive Material Consignments.

The history and development of these documents is included in the

chronological discussion in section 6.1.

6.5.2. Purpose

As stated in the introduction to the new edition of SS 7, its purpose

"is to explain the provisions of SS 6, in order to help comprehension of the

Regulatory standards and to promote compliance, public acceptance and further
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development of the Regulations". The intent is to show why certain provisions

of the Regulations exist, why they are so formed (including relevant history),

and the rationale behind these provisions. Not all provisions in the

Regulations are addressed in SS 7, in some cases their purpose was considered

self-evident and, therefore, explanatory text was not required.

The principle purpose of SS 37 is to assist in achieving compliance

with the Regulatory standards. As stated in the introduction to SS 37, its

intent "is to describe methods, techniques and practices (citing any

appropriate national and international standards) which can be considered a

means of satisfying certain requirements".

It must be emphasized here that the guidance provided in SS 37 "should

always be read as offering "a way" or "ways" rather than "the unique way" of

achieving compliance". Furthermore, the information provided is to always be

viewed as being "purely advisory and never mandatory, except where a competent

authority may require use of any part or parts of the text". As with SS 37,

not all provisions of the Regulations are addressed in the advisory document.

The foreword of Safety Series No. 80 states that the document is

provided as an aid to users of the Regulations. It also serves as a generic

model of the schedules which form part of the international modal regulations

(See Chapter 8).

The schedules form of presentation is helpful to users in collecting

together and summarizing all the regulatory provisions relating to specific

consignments. For example, Schedule 1 summarizes all the requirements for

excepted packages with limited quantities of contents. In Safety Series No. 6

these requirements would have to be sought in bhe various sections. In fact

for the relatively simple case of excepted packages, all the main relevant

information would be found in Sections IV and V. It would be an easy matter

for an experienced user of the Regulations to find them, and to be sure that

he had found all the relevant provisions. But a less-practised user, say a

carrier who only occasionally had to deal with a consignment of radioactive

material, would find it much easier to use Safety Series No. 80. On this

basis, he could justifiably be more confident that he was complying with the

Regulations fully and accurately. Furthermore, the format of the individual

schedules, which is the same for all thirteen, is designed to present the

Regulatory requirements in a way which is inherently suitable for those users

such as carriers, who are likely to be more interested in operational matters

rather than design or technical aspects.
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6.5.3. Structure and Contents of Safety Series Nos 7 and 37

A paragraph numbering syste-i, which is coordinated around the paragraph

numbering of Safety Series No. 6, has been used in all supportive documents to

facilitate cross-referencing.

If explanatory material for a given SS 6 paragraph is provided, it is

identified in SS 7 by "E" followed by the corresponding paragraph number from

the Regulations.

If advisory material for a given SS 6 paragraph is provided, it is

identified in SS 37 by "A" followed by the corresponding paragraph number from

the Regulations.

In both cases, if more than one advisory or explanatory paragraph is

provided, these are numbered sequentially with indexes following the

respective paragraph numbers.

For example, consider paragraph 201 in SS 6. In the supporting

documents, four paragraphs of explanatory text are provided and three

paragraphs of advisory text are provided. Thus, the paragraphs which should

be referred to for cross-referencing to obtain a full picture of "what" (SS

6), "why" (SS 7) and "how" (SS 37) are:

The Regulations (SS 6) Explanatory (SS 7) Advisory (SS 37)

Para 201 para E-201.1 para A-201.1

E-201.2 A-201.2

E-201.3 A-201.3

E-201.4

One important feature of this paragraph numbering scheme is that the

exact source of the text can be identified just from the paragaph number, the

source document does not require identification.

Additional assistance in providing more complete guidance is given

through the use of indexes at the end of each document. There, topic

locations within the document are identified not by page number but by

paragraph number in that document. Each of the supportive documents also
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contain significant and valuable detailed information on certain key topics in

the form of appendices.

The appendices in SS 7 are:

Appendix I

Appendix II

The Q System for the Calculation of A and A Values.

Derivation of Allowable Release Rates for Type B Packages.

The appendices in SS 37 are:

Appendix I List of Regulatory Documents of International and Regional

International Organizations.

Appendix II Contamination Control.

Appendix III

Appendix IV

Half-Life and Specific Activity of Radionuclides, and

Specific Activity of Uranium and Thorium.

Quality Assurance in the Safe Transport of Radioactive

Material.

Appendix V

Appendix VI

Guide for Quality Assurance Programme.

Example Calculations for Establishing Minimum Segregation

Distance Requirements.

Appendix VII Acceleration Values and Calculation Methods for Package

Tie-Down Forces.

Appendix VIII Example of a Radiation Protection Programme for Exclusive

Use Vessels.

Appendix IX Influence of Brittle Fracture on Material Integrity.

Appendix X Criticality Safety Assessments.
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6.5.4. Status, Overview and Format of the Safety Series No. 80 Schedules

Status

It is important to remember that, as its foreword makes clear, Safety

Series No. 80 does not have the status of a Regulation in the same way as

Safety Series No. 6. The provisions of Safety Series No. 6 always take

precedence over the schedules of Safety Series No. 80. The latter are in any

case only a summary of the main provisions for each specified type of

consignment. The text of Safety Series No. 80 frequently refers back to

Safety Series No. 6 to supply details which are not given directly in the

schedules. Besides this, the left-hand margin of the text in each schedule

lists the paragraphs and tables of Safety Series No. 6 where the relevant

parent provisions can be found. This is to facilitate checking back to the

original requirements to ensure full understanding and accurate implementation

of the original provision.

The subordinate status of Safety Series No. 80 relative to Safety

Series No. 6 constitutes an important difference from the schedules of the

International Maritime Dangerous Goods (IMDG) code or of the European road and

rail agreements (ADR and RID). In these latter cases the schedules are an

essential part of the respective regulations. Indeed they contain regulatory

provisions which are not given elsewhere in the texts of those regulations.

The schedules of IMDG and of ADR/RID are complemented by additional, more

generally-applicable text giving technical requirements which would not be

easy to put into schedules. Nevertheless the actual requirements of the

schedules are mandatory. Indeed in IMDG and ADR/BID the schedules are the

only means of accessing the technical appendices of these regulations.

Overview of the Schedules

The list of contents of Safety Series No. 80 is reproduced in the

following table.

98



Contents

Schedule 1 Limited quantities of radioactive material in excepted

packages.

Schedule 2 Instruments and articles in excepted packages.

Schedule 3 Articles manufactured from natural uranium, depleted

uranium or natural thorium as excepted packages.

Schedule 4 Empty packagings as excepted packages.

Schedule 5 Low specific activity material (LSA-I).

Schedule 6 Low specific activity material (LSA-II).

Schedule 7 Low specific activity material (LSA-III).

Schedule 8 Surface contaminated objects (SCO-I and SCO-II).

Schedule 9 Material in Type A packages.

Schedule 10 Material in Type B(0") packages.

Schedule 11 Material in Type 3(M) packages.

Schedule 12 Fissile material.

Schedule 13 Material transported under special arrangement.

Annex I Other provisions relating to Schedules 1 - 1 3 .

Annex II Summary of approval and prior notification requirements.

Annex III Transport index liaits for freight containers and

conveyances.
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A list of contributors to the development of the text is also included.

Schedules 1 to 13 summarize the main Regulatory requirements. Annex X

lists some general and some more specialized provisions of the Regulations

such as those for customs and for undelivera^ s packages. Appropriate

references to the paragraphs of Safety Series No. 6 are also given. Annex II

summarizes the approval and notification requirements applicable to some

shipments. This is of particular help to consignors. Annex III reproduces

Table XI of Safety Series No. 6 which sets out the transport index limits for

freight containers and vehicles. This is specially useful to carriers.

The schedules are arranged in ascending order of importance of the

radioactive contents of the consignments concerned, up to and as far as

Schedule 11.

Thus Schedule 1 deals with the relatively very small activities of any

radioactive contents of any radionuclides which may be shipped in excepted

packages, free from many of the normally-applicable Regulatory requirements.

Schedule 2 gives the similar provisions for consignments of excepted packages

in which somewhat larger limited activities are shipped as components of

instruments and manufactured articles. Schedule 3 lists the requirements for

excepted packages of which the contents consist only of natural or depleted

uranius, or natural thorium/ in unlimited quantity. Schedule 4 deals with the

last category of excepted packages, empty packagings which have contained

radioactive material.

Schedules 5 to 7 give the requirements for the three classes of low

specific activity material, LSA-I, LSA-II and LSA-III, making clear under what

conditions these substances may be carried unpackaged (in the case of LSA-I

only), or in the packaging of IP-1, IP-2 or IP-3.

Schedule 8 gives the corresponding information for surface contaminated

objects of both SCO-I and SCO-II, carried unpackaged or in IP-1 or IP-2

packaging.

Schedule 9 deals with radioactive material in general up to activities

of A (if in special form) or A (in any form) carried in Type A packages.

Schedules 10 and 11 provides the requirements for material above these

activities carried in Type B(U) or Type B(M) packages respectively.

100



Schedule 12, for fissile material, has the unique status that its

provisions must always be complied with in addition to those of another

applicable schedule from Schedule 6 to Schedule 11 inclusive. This is because

fissile material can exist, depending on the quantity, form and distribution

of its activity, in the form of LSA-II or LSA-III, SCO (although in this case

it would almost certainly be excepted from the requirements of Schedule 12

under paragraph 2(a) of that schedule), and in activities up to Type A package

limits or above those activities in the Type B range. Fissile material may,

therefore, be carried in IP-2, IP-3, Type A or Type B packaging. Fissile

material may never, in any practical sense, be transported unpackaged.

Lastly, Schedule 13 provides the requirements for carriage under

special arrangement.

The For«at of the Schedules

All of the thirteen schedules of Safety Series No. 80 have the same

format and the same paragraph headings. The title always describes the

subject of the schedule by referring to the material carried. Where it is

necessary, for additional clarity, the type of package which must be in use is

added. For example, Schedules 5-7 are entitled LSA-I, II or III material

respectively, whereas Schedule 9 is entitled "Material in Type A packages".

Immediately below the title is displayed the appropriate UN number or

numbers. These correspond to the list in Appendix I of Safety Series No. 6.

The UN numbers are displayed so prominently as a guidance for implementation

in model or national regulatory texts with particular concern for emergency

response in accidents.

The next entry is a brief, explanatory statement about the nature of

the material referred to, whether Schedule 12 may apply and whether, in the

case of Schedules 10, 11 and 13, competent authority approval is required.

Paragraph 1 then defines the material. Paragraph 2 gives the packaging

and package requirements. Paragraphs 3 and 4 deal respectively with maximum

radiation and contamination levels on packages. Paragraph 5 deals with

decontamination of conveyances. Paragraphs 6 and 7 give respectively, any

resrictions on mixed contents of packages and mixed loading on conveyances.

Paragraphs 8 and 9 deal with the important aspects of labelling and marking of

packages and freight containers, and placarding of vehicles, freight
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containers and tanks. Paragraph 10 gives the information required in the from

of transport documents, including specifying what approvals are necessary.

Paragraphs 11 and 12 deal with storage and dispatch of packages and

consignment, and carriage respectively. Lastly paragraph 13, under "Other

Provision", refers to Annex I of the text.

6.6. Relevant IAEA Technical Documents

The Agency routinely publishes technical reports in a series called

Technical Documents or TECDOCs, and there are several TECDOCs which are

relevant to radioactive material transportation. To discuss each of them in

detail is beyond the scope of this manual; however for informational purposes,

the titles are given here along with a brief description. In many cases the

titles are self descriptive and the documents are discussed in later

chapters. Bach of these publications is recommended as a valuable reference

document on particular aspects of transport safety and of the IAEA Regulations.

6.6.1. INTERTRAN: A System for Assessing the Impact from Transporting

Radioactive Material, IAEA-TECDOC-287, IAEA, Vienna (1983)

INTERTRAN is a computer code used to assess the risks from

transportation of radioactive material. The code, which was based on RADTRAN

II, calculates the radiological impact from incident-free transport and

vehicular accidents involving radioactive material. The code also addresses

accidents which may occur during handling operations. INTERTRAN is undergoing

continuing development and is available for use by Member States.

6.6.2. Directory of Transport Packaging Test Facilities,

IAEA-TECDOC-295, IAEA, Vienna (1983)

This is useful for those with an interest in package testing who do not

have their own facilities.

6.6.3. Transport of Radioactive Materials by Post, IAEA-TECDOC-318,

IAEA, Vienna (1984)

As its title implies, this deals with the postal traffic of radioactive

material.
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6.6.4. Discussion of and Guidance on the Optimization of Radiation

Protection in the Transport of Radioactive Material, IAEA-TECDOC-374,

IAEA, Vienna (1986)

The application of the optimization process is a requirement of SS 6

(para 203) and SS 80. This TECDOC represents the first step in providing

guidance for this process. It is planned that after suitable review, use and

revision, this material will be published as one of a set of Safety Series on

radiation protection optimization.

6.6.5. International Studies on Certain Aspects of the Safe Transport of

Radioactive Materials, IAEA-TECDOC-375, IAEA, Vienna (1986)

This document contains final summary reports on the Agency's

Coordinated Research Programme on Safe Transport of Radioactive Material which

started in 1980. It includes a discussion of research on;

(1) the basis of activity limits used in the Regulations;

(2) the structural and thermal response of packages to various environments;

(3) the development of INTERTRAN; and

(4) the risks and exposures resulting from radioactive material transport.

6.6.6. Directory of National Competent Authorities' Approval Certificates for

Packages, Shipments, Special Arrangements and Special Form Radioactive

Material, IAEA-TECDOC-389 (1986), and IAEA-TECDOC-442 (1987), IAEA,

Vienna

IAEA-TECDOC-389 and IAEA-TECDOC-422 report the contents of the Agency's

data base on competent authority approval certificates. (See Chapter 16.)

6.6.7. Assessment of the Radiological Impact of the Transport of Radioactive

Materials, IAEA-TECDOC-398, IAEA, Vienna (1986)

IAEA-TECDOC-398 is of particular importance in presenting the results

of the technical committee which met in October 1985 to examine the evidence

on the radiation exposures of the public and workers due to transport of

radioactive material, including accidents. A very significant statement was
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made in this report (page 27): "As an overall view, from the information

currently available, it can be reasonably asserted that exposures of most

workers and of the public in normal transport are low. Only in a few cases do

workers receive doses which are more than a significant fraction of applicable

limits. It is also believed, and this is confirmed by experience to date,

that the risks to workers and the public due to potential accidents and

incidents in transport are also low."

6.6.8. Assessment of the Application of the IAEA Regulations for the Safe

Transport of Radioactive Material, IAEA-TECDOC-399, IAEA, Vienna

(1986)

The results of an examination of the ways in which Member States

implement the IAEA Regulations are presented in this report. Some of the data

from this report are presented later in Section 6.7.1.

6.6.9. Competent Authority Regulatory Control of the Transport of Radioactive

Material, IAEA-TECDOC-413, IAEA, Vienna (1987)

The purpose of this guide is to assist competent authorities in

regulating the transport of radioactive material and to assist users of

transport regulations in their interactions with competent authorities. T!i.-;

guide would specifically assist those countries which are establishing thei-

regulatory framework. (See also Chapter 7.)

6.6.10. Recommendations for Providing Protection during the Transport of

Uranium Hexafluoride, IAEA-TECDOC-423, IAEA, Vienna (1987)

IAEA-TECDOC-423 gives the recommendations of a technical committee

which met in November of 1986 to study the need for special provisions for the

safe transport of uranium hexafluoride. These recommendations are currently

under consideration by the Agency, SAGSTRAM and Member States.

6.6.11. National Competent Authorities Responsible for Approvals and

Authorisations in Respect of the Transport of Radioactive Material,

IAEA-NCAL, IAEA, Vienna

This is a list of national competent authorities which is maintained

and issued annually by the IAEA. It enables the various competent authorities

to easily communicate with each other.
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6.7. Current Status of the Regulations

This section of the course material will need to be routinely updated.

However, the status of the Regulations as of mid-1989 is presented here for

completeness.

6.7.1. Adoption and Application

The latest information available on the adoption and application of the

IAEA Regulations comes from a survey of Member States which was performed in

1984 and 1985. Information was requested on how Member States regulate the

transport of radioactive material and what their plans were for the adoption

of the 1985 edition of Safety Series No. 6. Data were officially obtained

from 53 Member States, and were published in IAEA-TECDOC-399 (1986) entitled

"Assessment of the Application of the IAEA Regulations for Safe Transport of

Radioactive Material".

The survey showed that:

For domestic transport:

(1) 11.3% of the Member States involved regulate based only on the IAEA

Regulations;

(2) 20.8% of the Member States involved regulate based only on the

international documents other than the IAEA Regulations; and

(3) 67.9% of the Member States involved regulate based on both the IAEA

Regulations and other international documents.

The relevant international transport documents and the areas of their

application are listed in Table 6.1. (For details on the various non-IAEA

regulations and agreements, see Chapter 8.) The table indicates the

percentages of Member States involved which use the document or documents in

question as the basis for their domestic regulations of transport.
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Table 6.1

Adoption of the International Documents by 53 Member States

Domestic and International Transport

International
organisation and
form of documen

IAEA, Safety
Scrit* No. 6 *

UN/ECOSOC,
Recommendation*

Universal Poital
Union, Acts

ICAO, Technical
Instruction*

IATA,
Regulation*

IMO,
IMDG Code

ECE Agreement
(ADR)

OCTI,
Rcgulations(RID)

ECE,
Agreement(ADN)

CCNft, Atreement
(ADNR)

CMEA,
Regulation*

OSZhD,
Agreemcnt(SMGS)

Area of
application

Worldwide/All Mode*

Worldwide/All Mode*

Worldwide/All Mode*

Worldwide/Air Mode*

Worldwide/Air Mode

Worldwide/Sea Mode

itegional/Road Mode

Regional/Rail Mode

Regional/Inland Waterway
Mode

Regional/Rhine River

Regional/Rail Mode

Regional/Rail Mode

Percentage of
Member State*
which regulate
domcatic transport
u*ing this document

79.2%

15.1%

39.6%

56.6*6

60.4%

66.0%

SJ. l*

41.5%

7.5%

5,7%

3.8%

3.8%

Percentage of
Member State*
which regulate
international
transport using
this document

7S.S%

ir.o%

41.5%

58.4%

60.4%

67.0*

4E.3%

45.3%

7.5%

0.4%

7.5%

5.7%

a) Regulations for the IAEA and its support activities,
recommendations for all other activities.

b) 83.0% of countries surveyed use either ICAO
Technical Instructions, IATA Regulations or both in
regulating the air carriage of radioactive materials.
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For international transport:

(1) 11.3% of the Member States involved regulate based only on the IAEA

Regulations;

(2) 22.6% of the Member States involved regulate based only on the

international documents other than IAEA Regulations;

(3) 64.2% of the Member States involved regulate based on both the IAEA

Regulations and other international documents; and

(4) 1.9* of the Member States (one country) indicated it does not use

either the IAEA Regulations or other international documents.

Table 6.1 also shows the percentages of the Member States involved

which use the listed international document or documents as the basis for

their international regulation of transport.

Since the 1985 edition of the Regulations was finalized, the IAEA has

worked closely with various international organizations to encourage accurate,

complete and timely implementation of the Regulations into their regulatory

documents.

Changes reflecting the 1985 edition of the Regulations have already

been implemented in the fourth revised edition of the United Nations

Recommendations on the Transport of Dangerous Goods.

Drafts of the International Civil Air Organization, International

Maritime Organization , ADR and RID regulatory documents, reflecting the 1985

edition of the Regulations have been produced. Currently it appears that

these four organizations will put the 1985 edition into force in the early

1990s by issuing revised regulatory documents.

Information on plans to adopt the 1985 edition of the Regulations was

received from 43 Member States. Table 6.2 summarizes these plans, where it

can be seen that more than 85 percent of the Member States plan to adopt the

1985 edition by 1989.
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Table 6.2

The Planned Year of Adoption

of the 198S Edition of the Regulations

42 Member States

Year

1986
1987
1988
1989
1990 or later

Percentages of 42
States involved

27.9%
25.6%
18.6%
9.3%

18.6%

6.7.2. The Continuous Regulatory Review Procedure

It was a key recommendation of the fifth meeting of SAGSTRAM that the

Agency should adopt procedures to ensure that future regulatory revisions

proceed on a more continuous and structured basis.

The experience of the development of the 1985 edition of the

Regulations for the Safe Transport of Radioactive Material, Safety Series No.

6, showed that to delay further review of the Regulations for a protracted

period (the previous edition of Safety Series No. 6 was published in 1973 and

reprinted, with minor amendments, in 1979) could result in a very onerous task

for participants at review meetings as well as for the Agency Secretariat.

Furthermore, the ensuring process of implementation would also ba extremely

burdensome for Member State authorities and for the international regulatory

bodies.

Recognizing these facts, SAGSTRAM recommended a new procedure for

continuous review, based on a Review Panel which could meet every two years to

consider current proposals for minor changes and changes of detail to the

Regulations. The first meeting of this Review Panel took place in June 1987,

with further meetings in July 1987, July 1989 and scheduled for every two

years thereafter.

SAGSTRAM itself would meet in the intervening years and also on a

two-year cycle to monitor the review process and to recommend actions

necessary to resolve any major problems which might arise in connection with
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the Regulations. The solutions to such problems, when developed, would be

held over for incorporation in the Regulations when it was eventually judged

necessary to carry out a full revision of the Regulations.

SAGSTRAM further recommended that any changes of detail to the

Regulations, which the Review Panel approved, should be published in the form

of supplements to Safety Series No. 6 and its supporting documents, after

Member State acceptance of them had been established through formal

consultation during a period of 90 days. Minor changes agreed by the Review

Panel could be included in the supplements without further consultation. Two

such supplements have already been published.

6.7.3. Identified Problems

In the preparation for meetings of the Regulatory Review Panel, the

Agency requested Member States not only to propose specific amendments to the

Regulations, for immediate effect, but also to identify problems concerning

them. It is recognized that in the latter case it might not be possible to

propose any solution in the short term. As a result of these requests,

several problems have been identified which are of special current importance,

but which also appear likely to be of long-term significance in relation to

the development of the Regulations.

As examples, two issues are worth mentioning.

Uraniua Hexafluoride

In 1984 the cargo ship Mont Louis, which was carrying a consignment of

uranium hexafluoride (UF,), sank in the North Sea after collision with a
o

passenger ferry. This was one episode which has helped focus attention on the

transport safety provisions for OF,. This material is one of the few
D

radioactive substances which have a significant chemical hazard, in the

transport context, while (at least for low enrichment or depleted uranium

compounds) having a low radiological hazard. Discussions about UF. had
D

already taken place during the course of the 1985 revision process and have

continued through various meetings since. It is probable that more work will

still have to be done under the Agency's guidance to reach a satisfactory

conclusion.
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Mode Related Aspects

The 1987 Technical Review Committee recommended to SAGSTRAM that the

issue of plutonium (and similar) air shipments be carefully examined.

SAGSTRAM subsequently considered the "transport of potentially high-hazard

radioactive material by air" as the most important major regulatory issue

currently identified which needed to be addressed. The current status of this

issue is that a December 1988 Technical Committee has presented a series of

specific recommendations for consideration. Again, this is a topic which will

require significant effort to resolve.

6.7.4. The Future

There now exists a comprehensive literature about the Agency's

transport regulatory standards. The continuous review procedure which is in

place should ensure that this documentation is kept up to date. Moreover, the

fact that the Regulations have been developed, and have operated so well, over

a period of more than twenty five years, gives good assurance that radical

changes to the existing provisions are unlikely. Additions to the provisions

are probable, but these should be merely to extend the usefulness of the

Regulations rather than to alter them fundamentally.

On this basis it is felt that the trend in transport safety from now

onwards could be summed up in the words stability and consolidation. The IAEA

Regulations have achieved a stable and highly-satisfactory condition. What is

needed now is to continue to ensure their full and effective implementation in

national and international regulations. This is the basis of the Agency's

future programme on transport safety.
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7. NATIONAL COMPETENT AUTHORITY

IAEA-TECDOC-413 entitled "Competent Authority Regulatory Control of the

Transport of Radioactive Material" provides a complete guide on the roles and

responsibilities of a competent authority and could be used as a text for this

subject in addition to, or instead of, the material given here.

7.1. Introduction

The IAEA Regulations set out to provide safety in the transport of

radioactive material by laying down detailed requirements which are

appropriate to the degree of hazard represented by the material itself and the

quantity involved. As discussed earlier, the basic principle of the

Regulations is that safety should be provided as far as possible by the

packaging. However, to ensure that safety is really achieved in practice, the

Regulations assign responsibility for compliance with various measures to

specified individuals and organizations. In particular, clear

responsibilities are assigned in this way to three agents, namely the

consignor, the carrier and the competent authority.

The consignor's and carrier's responsibilities are detailed later in Chapter

11, but briefly, the consignor's basic responsibility is to ensure correct

preparations for transport. That is, that;

(1) the package complies with the given design;

(2) it is correctly made up with the specified packaging and prescribed

contents;

(3) it complies with any appropriate approval certificate;

(4) any necessary pre-shipment measures have been taken;

(5) it is correctly described in the transport documents; and

(6) it is properly labelled.

As soon as shipment takes place, the responsibility of the carrier

comes into play. The carrier's responsibility (which the Regulations make as

small as possible), is to handle, stow, store and segregate the packages and

consignment in a proper manner.
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The Regulations provide a complete system of safety measures starting

with design and proceeding through fabrication and makeup of packaging and

contents, preparation for transport, carriage and receipt at final

destination. The provision of emergency measures in the event of accidents is

also essential to safety, as is the need to provide maintenance and inspection

of packaging which is in repeated use.

To provide backing for all these safety measures and to ensure that

they are properly carried out in each Member State, the Regulations assign an

overall responsibility to the competent authority. The Regulations define the

term "competent authority" in paragraph 116:

"Competent authority shall mean any national or international authority

designated or otherwise recognized as such for any purpose in

connection with these Regulations".

The actual tasks for which responsibility is assigned to the competent

authority can be considered as being grouped into four main areas.

(1) Regulation - to provide national regulations based upon IAEA

Regulations and to assist in the formulation of international

regulations.

(2) Implementation - to carry out the assessment and approval of package

design or transport operations as required by the Regulations; to

provide compliance assurance and enforcement measures; to ensure

quality assurance, radiation protection and emergency response

requirements are met.

(3) Administration - to issue certificates of approval, to receive

notifications of movements, certificate copies, and information on

incidents.

(4) Information - to advise government, industry, and users of the

Regulations; to provide training and to respond to public concern.
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To summarize, the basic framework of how the IAEA transport

Regulations, and those international and national regulations which are based

upon them, are designed to work, can be stated in the following manner.

(1) Safety is primarily assured by the packaging.

(2) The consignor is primarily responsible for correct implementation of

packaging requirements.

(3) The carrier is responsible for proper handling during transport.

(4) The competent authority is responsible for supplying the backing for

these efforts and for all the other safety provisions in the

Regulations.

7.2. Identity

Bach year the IAEA publishes a list called "National Competent

Authorities Responsible for Approvals and Authorizations in Respect of the

Transport of Radioactive Material". A review of this list shows that the

identity of the national competent authority varies from country to country

according to national administrative and legislative arrangements. In a list

of about one bimJred Member States there are about one hundred and

twenty-seven competent authorities which range from university faculties, to

government ministries and atomic energy commissions. Where one country has

more than one competent authority, the division between them is usually made

according to the different modes of transport.

Because of the diversity of competent authorities, all the functions

described below may not be the responsibility of the same individual or

organization in any given country. It is desirable, however, that one

official body should have an oversight responsibility for coordinating

national arrangements. Interaction with other safety functions will have an

influence on which governmental or official body is most appropriate in any

one country to carry out each function of the competent authority.

It should be noted that the term "competent authority" is not exclusive

to radioactive material transport and that there may be a different competent

authority for the transport of other dangerous goods.
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7.3. Roles and Responsibilities

7.3.1. Regulation

In the provision of regulations there are two areas of responsibility,

national and international regulations.

National Regulation

The competent authority is responsible for providing the national

regulations based upon IAEA Regulations and for keeping then current.

The national regulations must adequately reflect the requirements of

the IAEA regulations. This is necessary to ensure harmony with other

countries' regulations. In addition, the national regulations must suitably

extend the Agency's Regulations to cover all national needs, and all practical

operational requirements relating to the modes involved.

International Involvement

With respect to international regulations, the competent authority will

have responsibilities in relation to both IAEA Regulations and the regulations

of any international modal organization which his country has agreed to ratify

by signing a convention or by some other formal process. In principle, the

nature of the competent authority's duties will be much the same in both

cases, thus for IAEA Regulations it will mean organizing national input to

regulatory reviews and related studies. For the international modal

regulations, the task will be organizing the national input to meetings

dealing with revisions and up-dating.

In general, the organization of a national input to IAEA reviews or

other regulatory revisions will involve administrative action possibly

supplemented by technical contributions.

The essential administrative actions are:

(1) receiving communications from IAEA and disseminating them to

interested parties nationally;
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(2) calling for national views on existing regulatory provisions and

proposed changes to them;

(3) arranging meetings to discuss these matters and, as a result;

(4) coordinating a national view on them which can be fed back to the IAEA.

Here it is worth pointing out that it is of great assistance to IAEA

advisory groups working on regulatory reviews/ to have comments from Member

States which are clear, properly organized, fully described (and therefore

capable of being easily understood) and, most of all, self-consistent. The

competent authority responsibility for ensuring this is an important one. It

often happens that individual organizations within a country may have

differing views on a given regulatory provision. If these cannot be

reconciled by discussions between the parties concerned through

correspondence, or at meetings organized by the competent authority then it is

the responsibility of the competent authority to make the final decision so

that a single coordinated national view is presented to the IAEA.

Technical contributions may also be required in regulatory reviews. An

•example of this would be providing information to the Agency on the national

working of the IAEA regulations. This could be from incident records or from

experience in enforcement. For example, details of infringements of

regulatory provisions and the consequences of them could be information useful

to the IAEA. Valuable feedback can also come from transport data compiled by

the competent authority in connection with the Agency's transport information

collection and data compilation activity. (See Chapter 16.) It may also be

necessary to undertake surveys of radiation exposure in transport from time to

time and feed the results of these back to the Agency. Finally it may be

necessary, if invited to do so, to arrange for national representation at

international regulatory meetings.

7.3.2. Implementation

Implementation of the competent authority responsibilities is discussed

in many sections of this course material and, therefore, will not be covered

here. Examples of the implementation of the concept of the national competent

authority are given in Appendix A.
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7.3.3. Administration

The principal aspects of administration are the issue of Certificates

of Approval, and Validation of designs of foreign origin. Paragraphs 724 to

729 of Safety Series No. 6 give valuable guidance on the content and format of

competent authority approval certificates, and the information which should be

provided therein.

Another aspect of administration is to receive notifications of

shipments and copies of certificates. Besides their usefulness in the case of

possible accidents, these documents provide basic knowledge of the

consignments (not necessarily always requiring approval) which are moving in

the country and which come in from abroad. This is true at least for packages

with high activity contents and for packages of fissile material.

Notification of incidents in transport should be required by national

regulations, and receiving and recording these is another competent authority

administrative duty. Clearly this is another important source of information

on the transport experience in a country.

7.3.4. Information

There is a need to provide training facilities and courses to instruct

personnel concerned in the transport of radioactive material. Such courses

should be open to anyone desirous of profiting from them. Persons who

customarily take advantage of these courses are consignor's personnel

(particularly those responsible for preparing and despatching consignments and

who have to sign the consignor's certificates), carrier personnel (drivers,

and freight forwarding staff), emergency service officers (fire, police and

ambulance personnel), customs officers and the competent authority's own

staff. In addition to public courses, many organizations in developed

countries will run their own internal courses on safe transport of radioactive

material.

7.4. Conclusion

The national competent authority has special responsibility to provide

information to the Agency to serve as the basis for establishing, justifying

or changing Regulatory standards and to provide general background knowledge

on Regulatory applications for the mutual benefit of all Member States. The
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competent authority must also be a national source of information for various

groups and interests on the principles of the Regulations as well as on their

use and interpretation. This implies that the competent authority must have

considerable knowledge, not only of the Agency Regulations, but also those of

the relevant modal authorities. In addition, the competent authority provides

government ministers with information to pass on to elected representatives

and to the public. This can be in reply to requests for information or in

response to perceived public concern. This is a field of very considerable

importance and activity in some countries and is likely to become increasingly

important in many more countries.
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8. INTERNATIONAL MODAL ORGANIZATIONS AND AGREEMENTS

In addition to the IAEA, there are a number of bodies and agreements

which have important roles in the transport of dangerous goods, including

radioactive material. A number of the bodies are specialized UN agencies

which fall under the umbrella of the Economic and Social Council (ECOSOC).

Internationally, the responsibilities tend to be split according to the

transport mode.

The International Maritime Organization (IMO) has a large

responsibility with respect to the International Maritime Dangerous Goods Code

(IMDG Code) which covers the transport of hazardous material by sea.

The International Civil Aviation Organization (ICAO) produces standards

and recommended practices for the transport of dangerous goods by air. The

International Air Transport Association (IATA) has incorporated these into a

set of industry related requirements (see 8.3.2.).

Rail and road transport of dangerous goods is covered by the

Regulations concerning the International Carriage of Dangerous Goods by Rail

(RID) and the European Agreement concerning the International Carriage of

Dangerous Goods by Road (ADR).

Similarly, there will be a European Agreement concerning the

International Carriage of Dangerous Goods on Inland Waterways (ADN) and there

is a specialized agreement for the Rhine (ADMR).

Finally, the transport of radioactive material through the post falls

under the concern of the Universal Postal Union (UPU).

Figure 8.1 shows these various organizations and some of their inter-

relationships.

Section 6.7. of this manual and IAEA-TECDOC-399 (An Assessment of the

IAEA Regulations for the Safe Transport of Radioactive Material) address the

adoption ant application of the various agreements discussed in this chapter.

118



Atomic Energy
*»*ney (IAEA)

Vienna

Group on the Soft
Tronaport of

Rodiooctive UoUnoi
(SAGSTRMI)

International
O i l Ambon

(kgonvbon (ICAO)
Montreal

Radiooctiwe
Tronsporl

SO** Croup
(RTSG)

| Safvty Stri«« Ho 6
RvQukitioni for

5af« Trantport
f fd

pQ y «
Cancerninq the

InWnoltonol
Corrioge of

ong#fom Goods
on iheRhm

FIG. 8.1. Organizations and agreements involved in the transport of dangerous goods.



8.1. United Nations Economic and Social Council Committee of Experts

The development of recommendations on a broad international basis to

assist national authorities in ensuring the safe transport of hazardous

material by different modes of transport was initiated by the United Nations.

Under the authority of the Economic and Social Council (SCOSOC), the Committee

of Experts on the Transport of Dangerous Goods supervises the work.

The UN Committee of Experts issues Recommendations on the Safe

Transport of Dangerous Goods. These Recommendations have been universally

accepted as the basis for national and international regulations covering

various modes of transport. The current "Recommendations of the Committee of

Experts", known in the transport world as the "Orange Book", were developed

from an original version approved by the ECOSOC in 1957.

Two of the main achievements of the Committee of Experts have been the

establishment of a classification system for dangerous goods and the adoption

of a corresponding set of labelling standards. For this purpose, dangerous

goods are divided into nine classes: Class 1 - Explosives; Class 2 - Gases;

Class 3 - Flammable liquids; Class 4 - Flammable solids; substance liable to

spontaneous combustion; substances which, on contact with water, emit

flammable gases; Class 5 - Oxidizing substances; organic peroxides; Class 6 -

Poisonous (toxic) and infectuous substances; Class 7 - Radioactive Material;

Class 8 - Corrosives; Class 9 - Miscellaneous dangerous substances. This

classification system has been adopted by all international organizations

concerned with the transport of dangerous goods.

As early as 1959, the ECOSOC adopted a resolution entrusting the IAEA

with the task of establishing recommendations for the safe transport of

radioactive material. The "Orange Book" and IAEA Safety Series No. 6 have,

therefore, developed on a consistent basis, ensuring full compatibility

between the treatment of radioactive material and other dangerous goods. In

particular, in both areas the principle exists of ensuring safety through the

packaging employed and placing responsibility for the provision of adequate

packaging on the consignor. The "Orange Book" deals with radioactive

material, mainly by referring to the IAEA Regulations.

The IAEA Regulations, as well as being adopted by a large number of

individual Member States as the basis for their national regulations, have

been used as the basis for the regulations applicable to the States
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participating in the Council for Mutual Economic Assistance (CMEA). These

States are Bulgaria, Cuba, Czechoslovakia, the German Democratic Republic,

Hungary, Poland, Romania and the Soviet Union.

In addition to the general recommendations of the United Nations, a

number of agreements, regulations and recommendations related to the transport

of dangerous goods, including radioactive material, have been established by

the competent bodies for the different modes of transport. In some cases,

observance of the requirements is mandatory for the relevant mode. In all

cases the IAEA transport regulations have been incorporated as the

requirements for the transport of radioactive material. They are, where

appropriate, expanded to include specifications of segregation distances

between packages and persons or photographic films.

Representatives of the organizations responsible for preparing these

international agreements and regulations have taken part in all the detailed

discussions leading to the establishment and updating of the IAEA transport

Regulations. This has undoubtedly facilitated the incorporation of uniform

requirements. Some temporary inconvenience inevitably arises because the

international regulations for the different modes of transport may undergo

major reviews at different times. It is hoped that in the future it may be

possible to reduce still further any such temporary disparities through

improved measures for co-ordination.

The ECOSOC Commit.ee of Experts is investigating a number of further

developments. The most important aspect now being given serious attention is

the elaboration of a world-wide convention establishing uniform safety

standards for the carriage of all dangerous goods by all modes of transport.

In addition, the Committee is examining possible ways of' improving the system

as presently structured. For example, attention is being given to the

establishment of a hazards information system designed to alert emergency

workers at the scene of an accident to all hazards posed by the shipment of

dangerous goods, including secondary risks.

8.2. International Maritime Organization (IMO)

8.2.1. Introduction

It is estimated that more than 50% of the cargoes transported by sea

today can be regarded as dangerous, hazardous and/or harmful under the IMO

classification criteria. Some of them are hazardous from a safety point of
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view and ace also harmful to the environment. Others are only harmful to the

marine environment. The cargoes concerned include products which are

transported in bulk - such as solid or liquid chemicals and other materials,

gases and products Cor and of the oil refinery industry. Between 10 and 15

per cent of the cargoes transported in packaged form, including freight

containers, portable tanks, vehicles and other cargo transport units, fall

within this classification.

As the world becomes increasingly industrialized and as industry itself

becomes over more complex, so the transport by sea of such cargoes will

continue to rise and the lists will grow. It is essential, if shipping is to

maintain and improve its safety record, that these cargoes are handled, stored

and transported with the greatest possible care.

Over the last three decades, the International Maritime Organization

(IMO)* has become recognized as the maritime community's forum for all

matters affecting the safety of shipping. The transport of dangerous cargoes

has been one of IHO's responsibilities since it came into being and the

regulations, standards and recommendations it has developed, which are

outlined in this paper, are recognized, followed and observed by ships of many

nations.

8.2.2. Historical Background

Less than one hundred years ago so few dangerous cargoes were

transported by sea that no special regulations were considered necessary. It

was not until 1894 that the first reference to dangerous goods was made in

maritime law, when the British Merchant Shipping Act stated, under the heading

"Dangerous Goods and Carriage of Cattle", that an emigrant ship shall not

proceed to sea if she carried "an explosive or any vitriol, lucifer matches,

guano or green hides or any article which by reason of the nature, quantity

and mode of stowage is likely to endanger the health or lives of the

passengers or the safety of the ship". In this context, the safety of the

ship might also be interpreted to include other cargoes.

*) Before 22 May 1982 the IMO was known as the Inter-Governmental Maritime

Consultative Organization (IMCO).
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In the first Convention for the Safety of Life at Sea, 1914 (SOUS

1914), the carriage of goods which by reason "of their nature, quantity and

mode of stowage" were likely to endanger the lives of the passengers or the

safety of the ship, was in principle forbidden. However, the decision as to

which goods were dangerous was left to the Contracting Parties, who were also

requested to advise on the precautions which should be taken in their packing

and mode of transport, e.g. stowage. The latter seems to imply that, if these

precautions were followed, the transport of such goods was permitted and could

be regarded as being safe.

Although SOLAS 1914 never entered into force, the principle of relying

on national administrations to decide on the definition and treatment of

dangerous goods was established and, unfortunately, resulted in the

development of many diversified "emulations and practices which are still in

force in some countries, in particular embedded in out-of-date port

regulations.

The same attitude was maintained in SOLAS 1929, in Article 24 of which

"Dangerous Goods" are mentioned together with "Life-Saving Appliances". It

was still forbidden to carry goods which by their nature, quantity and mode of

stowage were liable to endanger the lives of the passengers or the safety of

the ship. It was still left to each administration to determine which goods

were to be considered dangerous and to indicate the precautions which had to

be taken in their packing and mode of stowage.

Thus, up to the time of the 1948 SOLAS Conference, it was in principle

forbidden to carry dangerous goods in ships. The dangerous character of a

cargo depended upon its nature, quantity and mode of stowage.

The quantity of dangerous goods transported and their stowage are only

of limited importance in other modes of transport. There was, therefore, no

common basis for the different modes to work together and in any event there

is no evidence of any effort to do so in the early stages of the development

of regulations.

In 1914 and even in 1929, the types and amount of dangerous cargoes

transported by sea was comparatively small. But by 1948, when the next SOLAS

Conference was held, the traffic had grown considerably and more and more

cargoes were being transported which could be considered dangerous. This

expansion led to a radical re-thinking, at least for the maritime mode of
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transport. As a result, a new chapter VI was added to the 1948 SOLAS

Convention, dealing specifically with the "Carriage of Grain and Dangerous

Goods".

However, the Conference recognized that the provisions of the 1948

Convention were inadequate. It adopted Recommendation 22 to stress the

importance of international uniformity in the safety precautions applied to

the transport of dangerous cargoes by sea and noted that certain countries

with an extensive export trade in chemicals had already adopted detailed

regulations.

In addition to stressing the need for international uniformity in

safety precautions, the Conference also established that:

(1) goods should be considered dangerous on the basis of their

properties or characteristics; and,

(2) a labelling system should be developed using distinctive symbols

indicating the kind of danger for each class of substances, material or

articles.

Recommendation 22 additionally stated that further study be undertaken

with a view to developing uniform international regulations on the subject.

In 1956 the Committee of Experts on the Transport of Dangerous Goods,

established by the United Nations Economic and Social Council (ECOSOC),

completed a report which established the minimum requirements applicable for

the transport of dangerous goods by all modes. This report, usually known as

the United Nations Recommendations (Orange Book), offered a general framework

within which existing regulations could be adapted and developed, the ultimate

aim being world-wide uniformity.

However, as far as maritime transport was concerned, little was done in

response to SOLAS 1948 Recommendation 22. This was largely because the

Convention establishing IMO (then IMCO), adopted in 1948 at the United Nations

Maritime Conference, did not enter into force until 1958. In 1959 the IMO

Assembly met for the first time and one of its first actions was to arrange

for a new conference to be held, the main purpose of which was to revise the

1948 SOLAS Convention.
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This Conference took place in 1960. Chapter VII of the revised 1960

SOLAS Convention, which entered into force on 26 May 1965, deals exclusively

with the carriage of dangerous goods. With a few exceptions, SOLAS 1960

applied to all ships of 500 tons gross tonnage, or more, engaged on

international voyages.

Another conference held in 1974 further revised the convention, which

version (SOLAS 1974) entered into force on 25 May 1980 and has subsequently

been substantially modified.

Amendments to SOLAS 1974 were adopted by the IMO Maritime Safety

Committee (MSC) at its forty-fifth session on 20 November 1981 by resolution

MSC.l(XLV) which entered into force on 1 September 1984, and at its

forty-eighth session on 17 June 1983 by resolution MSC.6(48) which entered

into force on 1 July 1986, and at its fifty-seventh session on 11 April 1989

by resolution MSC.13(57) which will enter into force on 1 February 1992.

The 1974 SOLAS Convention, as amended, has been ratified by more than

100 countries and applies to nearly 100% of the world merchant tonnage.

Regulation 1 of part A of chapter VII prohibits the carriage of

dangerous goods by sea except when they are carried in accordance with the

provisions of the SOLAS Convention and requires each Contracting Government to

issue, or cause to be issued, detailed instructions of safe packing and

stowage of dangerous goods which shall include the precautions necessary in

relation to other cargo.

Regulation 2 divides dangerous goods into nine classes which are

described later in this chapter. In the IMDG Code classes 2, 3, 4, 5 and 6

are further divided into two or three sub-classes.

The other five regulations of part A deal with the packing,

identification, marking, labelling and placarding of dangerous goods, the

documents which are to be provided, stowage requirements, and the carriage of

explosives on board passenger ships.

Chapter VII thereby contains mandatory requirements and provides the

necessary legal basis for international and national regulations for the

carriage of dangerous goods by sea.
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Resolution 56, adopted at the 1960 SOLAS Conference, recommended that

governments should adopt a uniform international code for the carriage of

dangerous goods by sea which should cover such matters as packing, container

traffic and stowage, with particular reference to the segregation of

incompatible substances. It further recommended that IMO, in co-operation

with the United Nations, Committee of Experts on the Transport of Dangerous

Goods, should pursue its studies on such an international code, especially in

respect of classification, description, labelling, a list of dangerous goods

and shipping documents.

8.2.3. Development of the International Maritime Dangerous Goods (IMDG) Code

To carry out this mandate, the Maritime Safety Committee (MSC)

established a Working Group on the Carriage of Dangerous Goods (CDG).

Governments with considerable experience in the carriage of dangerous goods

were invited to nominate experts.

The Group met for the first time from 29-31 May 1961 and set about

preparing a "unified international maritime code" as envisaged by the 1960

SOLAS Conference.

Preliminary drafts for each class were compiled by individual national

delegations and then considered by the Group which took into account the

practices and procedures of numerous maritime countries in order to make such

a Code as widely acceptable as possible. Close co-operation was established

with the United Nations' Committee of Experts on the Transport of Dangerous

Goods, which had prepared the 1956 Report which established minimum

requirements for the transport of dangerous goods by all modes. The CDG

Working Group met 10 times, the tenth meeting being held from 22-26 November

1965, after which it became a Sub-Committee following a review by the Maritime

Safety Committee of the structure of its subordinate bodies.

Good progress was made in preparing the Code and the resulting document

became known as the International Maritime Dangerous Goods (IMDG) Code. It

was adopted by the fourth IMO Assembly in 1965.*

*) IMO Assembly resolution A.81 (IV) of 27 September 1965.
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Although designed primarily for mariners, the provisions of the IMDG

Code affect industries, storage, handling and transport services from

manufacturers to consumers.

Manufacturers, packers, shippers, forwarders and carriers are guided by

its provisions on classification, terminology, packing, identification,

marking, labelling and placarding. Feeder services, such as road, rail and

harbour craft are also guided by its provisions. Port authorities and

warehousing companies also consult the IMDG Code to segregate and separate

dangerous cargoes in loading, discharge and storage areas. Although the Code

only applies to ships covered by the SOLAS Convention, IMO considers it highly

desirable that its provisions should be observed by all ships.

Since its introduction in 1965, the IMDG Code has undergone many

changes, both in appearance and contents to keep pace with the ever changing

needs of industry. Amendments which do not effect the principles upon which

the Code is based may be adopted by the Maritime Safety Committee alone. Thus

IMO can respond to transport developments in reasonable time.

The 1990 consolidated version of the Code was published in four

loose-leaf volumes so that amendments could be easily inserted. The Code is

also published in French and Spanish.*

The Sub-committee on the Carriage of Dangerous Goods (CDG) meets in

principle once a year and one of its main objectives is to keep the IMDG Code

up-to-date.

A set of amendments comprising some 100 replacement pages is the normal

result of a meeting. They will be combined with the amendments developed at

the next meeting. After the combined set of amendments has been adopted by

the Maritime Safety Committee, it takes approximately up to a year to prepare

them for publication. For reasons of uniformity, the Maritime Safety Committee

has agreed that the amendments to the IMDG Code should always be implemented

six months after their publication in English, the exact date being

established by IMO.

*) The IMDG Code, or parts of it, have also been translated into a number

of other languages for national or regional application.
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IMO Member Governments are periodically requested to provide

information on the current status of implementation of the IMOG Code and

information on the names* addresses, telephone, telex and telefax numbers of

the offices of competent authorities and other appointed bodies within their

administrations which deal with questions related to the carriage of dangerous

cargoes.

So far, 45 countries/ whose combined merchant fleets total more than

86% of world's gross tonnage, have informed IMO that they are applying the

Code. They are:

ARGENTINA FRANCE JAPAN POLAND

AUSTRALIA GERMAN DEM. REP. LIBERIA PORTUGAL

BAHAMAS GERMANY, FED. REP. MALAYSIA REPUBLIC OF KOREA

BELGIUM GREECE NETHERLANDS SINGAPORE

BRAZIL HONG KONG* NEW ZEALAND SOUTH AFRICA

BULGARIA ICELAND NORWAY SPAIN

CANADA INDIA PAKISTAN SWEDEN

CHILE IRELAND PANAMA SWITZERLAND

DENMARK ISRAEL PAPUA NEW GUINEA USSR

FINLAND ITALY PERU UNITED KINGDOM

PHILIPPINES UNITED STATES

* Associate Member

The legal system of each country determines in detail whether the IMDG

Code becomes mandatory or is applied as a recommendation. Application of the

Code as a recommendation does not detract in any way from the obligations

imposed by the 1974 SOLAS Convention, as amended, but merely provides a

greater flexibility in the method of observance.

8.2.4. The Contents of the IMDG Code

The first part of the IMDG Code (Volume I) consists of a General

Introduction. Part A of chapter VII of the 1974 SOLAS Convention, (annex III

of MARPOL 73/78), both as amended, and Resolution 56 of the 1960 SOLAS

Conference are reproduced, followed by section 4 on the application of the

Code and section 5 on the classification of dangerous goods.
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The General Introduction goes on to describe, inter alia, the marking,

identification and consignment procedures, labelling and placarding,

documentation and packing of dangerous goods.

The General Introduction includes sections containing special

provisions for freight containers, portable tanks and road tank vehicles,

stowage and segregation, fire prevention and fire fighting. The final

sections deal with the carriage of dangerous goods on roll-on/roll-off ships,

in limited quantities, in shipborne barges, on barge-carrying ships, the

chemical stability of dangerous substances and provisions for transport under

controlled temperatures, competent authority approvals and a list of national

competent authorities, marine pollution aspects of dangerous and harmful

substances in packaged forms, transport in bulk in the cargo spaces of the

ship or in bulk packagings, and intermediate bulk containers (IBCs).

Annex I to the IMDG Code following the General Introduction gives

packing recommendations.

Volume I also contains the alphabetical General Index of dangerous

substances, material and articles, and the marine pollutants. This index is

followed by the Numerical Index (the table of UN numbers with corresponding

IMDG Code Page-numbers, EmS numbers and MFAG table numbers) and a list of

definitions.

Following the General Introduction, the IMDG Code then details the nine

classes of dangerous goods, subdivided as follows:

Class 1 Explosives

Class 2 Gases: compressed, liquefied or dissolved under pressure

For stowage and segregation purposes, class 2 is divided

further according to the hazards presented by gases during

transport, namely:

Class 2.1 Flammable* gases

Class 2.2 Non-flammable gases

Class 2.3 Poisonous gases**

*) Inflammable has the same meaning.

**) Poisonous gases which are flammable should for segregation purposes

be treated as class 2.1 flammable gases.
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Class 3 Flammable* liquids

Class 3.1

Class 3.2

Class 3.3

Low flashpoint group

Intermediate flashpoint group

High flashpoint group

Class 4 Flammable* solids or substances

Class 4.1 Flammable solids

Class 4.2 Substances liable to spontaneous

combust ion

Class 4.3 Substances which, in contact with

water, emit flammable gases.

Class 5 Oxidizing substances (agents) and organic peroxides

Class 5.1 Oxidizing substances

Class 5.2 Organic peroxides

Class 6 Poisonous (toxic***) and infectious substances

Class 6.1 Poisonous (toxic) substances

Class 6.2 Infectious substances

Class 7 Radioactive Material

Class 8 Corrosives

Class 9 Miscellaneous dangerous substances and articles which

present a danger not covered by other classes. Substances

which are harmful to the marine environment only, have also

been included in this class.

***) Toxic has the same meaning as poisonous.

A fifth volume, the supplement to the IMDG Code, contains the Emergency

Procedures for Ships Carrying Dangerous Goods (EmS), the Medical First Aid

Guide for Use in Accidents Involving Dangerous Goods (MFAG), extracts from the

Code of Safe Practice for Solid Bulk Cargoes (BC Code); the Reporting

Procedures under SOLAS and MARPOL, the IMO/ILO Guidelines for Packing Cargo in

Freight Containers or Vehicles (Packing cargo transport units), the

Recommendations on the Safe Use of Pesticides in Shipr., and other relevant

recommendations issued by the Organization.
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Each class is preceded by an introduction which describes the

properties, characteristics and definitions of the goods and gives detailed

advice on handling and transport, e.g. stowage and segregation, that is the

degree to which such goods should be kept separated from other dangerous

cargoes, or other goods, transported on a ship, including separation from

special spaces or areas in a ship. The class introduction also gives

information concerning procedures which should be followed during loading and

unloading.

Each class or category of goods is identified by a distinctive mark,

label or placard. The labels and placards are shown in Figures 8.2 through

8.5. Where appropriate, each individual schedule (page) in the Code shows the

label or labels (100 mm x 100 mm) which should be affixed to a receptacle,

package or article/ or as placards (enlarged labels of 250 mm x 250 mm) which

should be affixed to portable tanks, freight containers, vehicles or other

cargo transport units such as unit loads, IBCs and bulk packagings, as

provided for in the IMDG Code. Some consignments of dangerous goods should

have the UN number of the goods displayed in the lower half of the placard or

on a rectangular orange panel (120 mm x 300 mm) to be placed immediately

adjacent to the placard.

The individual schedules of the Code follow a similar pattern. The

substance's or article's proper shipping name (correct technical name), and

any known and commonly used alternative names (synonyms) appear at the top

left of the schedule. To the right of this, other relevant information or

observations are given, such as the United Nations identification number (UN

No.) assigned to a substance or article by the United Nations Committee of

Experts on the Transport of Dangerous Goods, its chemical formula, explosive

limits, flashpoint and so on. As an example, the schedule for formic acid is

reprinted as Figure 8.6.

The other headings used in the individual schedules include properties

or descriptions (such as the substance's or article's state and appearance)

special observations, packing, stowage and segregation. The schedule also

shows the label or labels and placards, as appropriate to the substance,

material or article. This is basically one of the labels, but a label may

also contain additional information. Those used for explosives, for example,

also give the substance's or article's division number and compatibility

group. Class 3 labels sometimes contain a reference to the flashpoint or
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flashpoint group. For Class 7 labels additional information on the contents,

activity and transport index is required.

8.2.5. Class 7 - Radioactive Material

Of particular interest to this course is Hazard Class 7. The

provisions of this class are based upon the principles of the international

Atomic Energy Agency's (IAEA) Regulations for the Safe Transport of

Radioactive Material, 1973/85 (as amended by supplements 1986 and 1988*).

They offer guidance to those involved in handling and transport of radioactive

material in ports and on ships without necessarily consulting the IAEA

Regulations, although references to the IAEA Regulations have been included in

the Class 7 IMDG Code texts.

Packing, labelling and placarding, stowage, segregation and other

requirements vary according to the radioactivity of the material. Radioactive

substances are divided into three categories, depending upon radiation levels,

category I (white) being the least dangerous. The labels for categories II

and III (yellow) are printed in yellow and white for additional emphasis.

For Class 7 a special placard has been developed.

8.2.6. General Index of the IMDG Code

All substances, materials and articles which appear in the IMDG Code

are listed in alphabetical order oftheir proper shipping name (correct

technical name) in the General Index of the IMDG Code which also gives the

product's UN number, its Emergency Schedule number (EmS No.), Medical First

Aid Guide Table number (MFAG Table No.), and the IMDG Code page number of the

individual schedule, class, packaging group and subsidiary risk label's).

Text com. on p. 138.

*) The 1988 supplement also contains the amendments agreed in 1986.

132



IMO
DANGEROUS GOODS

LABELS AND
PLACARDS

SOLAS CONVENTION
According to regulation 4 (marking, labelling and placarding) of part A of chapter VII of the 1974 SOLAS
Convention, as amended, packages containing dangerous goods shall be durably marked with the
correct technical name and be provided with distinctive labels or stencils of the labels, or placards, as
appropriate. The method of marking the correct technical name
and of affixing labels or applying stencils of labels, or of affixing i ^
placards on packages, shall be such that this information will y
still be identifiable on packages surviving at least three months' \ /
immersion in the sea. V f l l

IMDG CODE
Labels and placards are assigned to each class of dangerous goods in the IMDG Code, and denote
the hazards involved by means of colours and symbols. Colours and symbols should be as illustrated
except that symbols, texts and numbers on green, red and blue labels and placards may be white.

The class number should appear in the bottom corner of the label or placard. The use of the texts
shown on the illustrations and of further descriptive texts is optional. However, for class 7 the text
should always appear on the labels and the special placard. If texts are used for the other classes,
the texts shown on the illustrations are recommended for the purpose of uniformity.

Dangerous goods which possess subsidiary dangerous properties must also bear subsidiary risk
labels or placards denoting these hazards. Subsidiary risk labels and placards should not bear the class
number in the bottom corner.

Labels for packages should not be less than 100 mm x 100 mm except in the case of packages
which, because of their size, can only bear smaller labels. Placards for cargo transport units should
not be less than 250 mm x 250 mm, should correspond with respect to colour and symbols to the
labels and should display the number of the class in digits not less than 25 mm high.

Some consignments of dangerous goods should have the UN number of the goods displayed in
black digits not less than 65 mm high either against a white background in the lower half of the placard
or on a rectangular orange panel not less than 120 mm high and 300 mm wide, with a 10 mm black
border, to be placed immediately adjacent to the placard.

All labels, placards, orange panels and marine pollutant marks should be removed from cargo
transport units or masked as soon as the dangerous goods are unpacked and any residue removed.
The detailed requirements regarding marking, labelling and placarding are contained in the IMDG Code.

FIG. 8.2. IMO dangerous goods labels and placards.
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LABELS
ACTUAL SIZE:
100 x 100 mm.

* The appropriate division number and compatibility group are to be placed
in this location, e.g. 1.1. D.
** The appropriate compatibility group is to be placed in this location, e.g. G.

For goods of class 1 in division 1.4 compatibility group S, each package may
alternatively be marked 1.4 S.

Explosive subsidiary risk label for self-reactive flammable
solids (class 4.1) and organic peroxides (class 5.2) which
possess explosive properties (for requirements see IMDG
Code).

FIG. 8.3. Dangerous goods labels for classes 1-4.

134



HARMFUL / /
' . \ SIOW AWAY FROM/, '

. v ln u « ol dimagt g . .
\ \immMiotilY rwiity public / /

\ \ hioWi aoffwrity '

RADIOACTIVE I I I

MARK MARINE POLLUTANT mark for harmful substances (environ-
mentally hazardous substances) according to Annex III of
MARPOL 1973/78, as amended. The mark should be in a
contrasting colour to the packaging, or, when used as a sticker,
coloured black and white. For packages the triangular shaped
mark should have sides of at least 100 mm except in the case
of packages which, because of their size, can only bear smaller
marks. For cargo transport units this dimension should be not'
less than 250 mm (Amendmant No. 25-89 to the IMDG Code).

FIG. 8.4. Dangerous goods labels for classes 5-9.
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PLACARDS
ACTUAL SIZE: 250 * 250 mm.

ALTERNATIVE 1

Samples of display of the UN
number on placards or the orange
panel for cargo transport gnits.

* Location of UN number.

ALTERNATIVE 2

FOR CLASS 7
(For detailed requirements
for placarding cargo transport units
containing radioactive material,
see subsection 6.5 of the introduction
to Class 7 in the IMDG Code.) RADIOACTIVE

Sales number: 213 88.05.E
Copyright© IMO 1988
Printed in England

FIG. 8.5. Examples of placards.
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CLASS 8 - Corrosives

FORMIC ACiO
UN No.
1779

Formula
HCOOH

HYDROGEN CARBOXYUC
ACIO

Properties
Colourless liquid with a pungent odour.
Corrosive to mrst metals.

Packaging group: II

Label

Observations
Vapour irritates mucous membranes.

Packing
See table t in the introduction to this class.
For IBCs see section 26 of the General Introduction,
For tanks see section 13 of the General Introduction.
Stowage
Category A.

Clear of living quarters.

Packing, Stowage & Segregation
See also General Introduction and introduction to this class

FUMARYL CHLORIDE
UN No.
1780

Formula
(CH.COCIIj

trans-BUTENEDIOYL
CHLORIDE

Properties
Yellow liquid.
Reacts violently with water evolving hydrogen chloride, an irritating
and corrosive gas apparent as while fumes.
In the presence of moisture highly corrosive to most metals.

Observations
Vapour irritates mucous membranes.

Pecking
See table 1 in the introduction to this class.
For tanks see section 13 of the General Introduction.

Stowage
Category C. For glass carboys, category D.

Clear of living quarters.

Packing. Stowage & Segregation
See also General Introduction and introduction to this class

IMDG CODE - PAGE 8 )77
Amdt. 25-89

FIG. 8.6. Example of IMDG Code schedule.
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8.2.7. Marine Pollution and the IMDG Code

A major change to the IMDG Code is now being carried out by IMO. This

is to extend it to include provisions and requirements for the transport of

substances harmful to the marine environment, identified as Marine Pollutant

in the IMDG Code.

The reason for this is to assist the implementation of Annex III of the

International Convention for the Prevention of Pollution from Ships, 1973, as

modified by the Protocol of 1978 (MARPOL 73/78) relating thereto through the

IMDG Code. Annex III contains regulations for preventing pollution by harmful

substances carried in packaged form. As with part A of chapter VII of SOLAS,

the regulations themselves are very general.

Annex III does not list the substances concerned, but has an Appendix

which sets out the criteria for identifying marine pollutants. In addition,

governments of contracting parties "shall issue or cause to be issued,

detailed requirements on packaging, narking and labelling, documentation,

stowage, quantity limitations, exceptions and notifications, for preventing or

minimizing pollution of the marine environment by harmful substances".

Annex III (like Annexes IV and V) of MARPOL 73/76 is optional, meaning

that governments which ratify the MARPOL Convention as a whole can at the same

time exercise their option not to accept one or all of these annexes. In

practice, several of them have done so and as a result, although the 1973/78

MARPOL Convention as a whole entered into force in 1983, by 1989 Annex III had

still not quite achieved the acceptances required for its entry into force

(status as at end July 1989: 38 countries with 48.5 per cent of the world's

tonnage).

In 1983 the IMO Marine Environment Protection Committee decided that

the very general way in which Annex III is drafted meant that further guidance

was required from IMO if its eventual implementation was to be internationally

effective and that the best way of ensuring this was by extending the IMDG

Code to include pollution aspects. This was done in the new Section 23 of the

General Introduction to the IMDG Code.
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8.2.G. The Code of Safe Practice for Solid Bulk Cargoes (BC Code)

The transport of radioactive material in packaged form is regulated in

Class 7 of the IMDG Code, which includes in its General Introduction also new

section 24 on the transport of dangerous, hazardous and harmful substances/

materials and articles in bulk, and section 25 on the transport of such goods

in bulk packagings.

Radioactive material, low specific activity material (LSA-I) and

radioactive material, surface contaminated objects (SCO-I) may be carried in

bulk in a ship's cargo spaces. In such cases the relevant schedules of

Appendix B of the Code of Safe Practice for solid bulk cargoes are applicable

and should be consulted for advice and guidance.

8.2.9. Emergency Procedures

No matter how closely regulations are followed, there is always the

danger than an incident may lead to an emergency. IMO's Sub-committee on the

Carriage of Dangerous Goods prepared group emergency schedules (EmS) for all

substances and articles covered by the IMDG Code. These are contained in the

IMO publication "Emergency Procedures for Ships Carrying Dangerous Goods", a

supplement to the IMDG Code which is to be used in conjunction with the Code.

The Emergency Procedures for Ships Carrying Dangerous Goods were

adopted by the Maritime Safety Committee and first published by the

Organization in 1981. Whenever an amendment to the IMDG Code is adopted a new

EmS or a supplement thereto, containing the consequential amendments, is

published. The procedures are designed to protect the ship, the cargo, as

well as those on board, taking into account that at sea the ship is its own

emergency response organization.

The introductory part of the publication gives general advice on

dealing with emergencies. Particular advice is given in the individual

emergency schedules.

The emergency schedules divide the various substances, materials and

articles contained in each IMDG Code class into groups. They advise on any

special emergency equipment which should be carried and set out the procedures

which should be followed in an emergency, including the action to be taken in

case of spillages or fire. The remedial action may vary depending on whether
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the goods are stowed on deck or under deck. The emergency schedules include

supplementary advice where necessary. The EmS applicable to formic acid is

given as Figure 8.7.

EMERGENCY SCHEDULE 805

CORROSIVE SUBSTANCES. COMBUSTIBLE

Special Emergency Equipment to be carried

Protective clothing (boots, gloves, coveralls, headgear).
Self-contained breathing apparatus.
Spray nozzles.

EMERGENCY PROCEDURES

Wear protective clothing and self-contained breathing apparatus when dealing with
SPILLAGE or FIRE.

FIRE

EMERGENCY ACTION

On deck Under deck

SPILLAGE Wash overboard with copious
quantities of water

Use water spray.

Collect spillage, where
practicable, (using absorbent
material for liquids) for safe
disposal.

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

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

UN No.

1779

1940

2028

2262

2565

Substance or Article

FORMIC ACID

THIOGLYCOLICACIO

BOMBS, SMOKE.NON-EXPLOSIVE.

N, N-DIMETHYLCARBAMOYl
CHLORIDE

DICYCLOHE XYLAMINE

Remarks

)
>

j Turn ship off wind.

)
1
)

FIG. 8.7. Example of IMO emergency schedule for ships carrying dangerous goods.

8.2.10. The IM0/WH0/ILO Medical First Aid Guide (MFAG)

The Medical First Aid Guide for Use in Accidents Involving Dangerous

Goods (MFAG)i gives information on how injuries, which may arise from such

accidents, should be dealt with. It is intended to supplement the information

contained in the International Medical Guide for Ships (IMGS) published by the

World Health Organization (WHO), Geneva.
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The MFAG was developed in close co-operation with the World Health

Organization (WHO) and the International Labour Organization (ILO).

IMO is responsible for its preparation, publication and updating.

The advice given in the MFAG refers to the chemicals, substances and

other dangerous goods covered by the IMDG Code, and to solid material

possessing chemical hazards covered by Appendix B of the IMO Code of Safe

Practice for Solid Bulk Cargoes (BC Code). It should, therefore, be used in

conjunction with the information provided in the IMDG Code, the BC Code and

the Emergency Procedures for Ships Carrying Dangerous Goods (EmS). It is also

intended to provide advice necessary if chemical poisoning is to be diagnosed

and treated within the limits of the facilities available on board ships

The MFAG covers such matters as diagnosis of poisoning, first aid, the

complications of poisoning, general toxic hazards, emergency treatment,

chemical tables including indexes and a list of medicines. Table 700 from the

MFAG, applicable to formic acid, is reproduced as Figure 8.8.

General Information

TABLE 700

ACIDS

These chemicals are all corrosive, but they vary in the degree of their severity. They may cause
severe chemical burns.

RADIO FOR MEDICAL ADVICE.

SIGNS AND SYMPTOMS

Skin Contact

There will be redness and irritation. Strong acids cause
chemical burns with severe pain.

Eye Contact

There is redness, irritation and pain. Chemical burns may
occur.

Inhalation

Weak acids and low concentration of strong acids produce
a cough, tightness in the chest and shortness of breath.
High concentrations of any acid may cause breathlessness
with frothy sputum (pulmonary oedema). Bronchitis or
pneumonia can occur.

Ingestion

Weak acids will give a burning sensation in the mouth with
nausea and vomiting. Strong acids can produce severe
vomiting with blood. Perforation of the gut can occur.

TREATMENT

Skin Contact

IMMEDIATE ACTION IS
REQUIRED.

Emergency Treatment: see 8.1.

Eye Contact

IMMEDIATE ACTION IS
REQUIRED.

Emergency Treatment: see 8.2.

Inhalat ion

Emergency Treatment: see 8.3.

Pulmonary oedema: see 6.1.2.

Bronchitis: see 6.1.3.

Pneumonia: see 6.1.4.

Ingestion

Emergency Treatment: see 8.4.

Internal bleeding: see 6.4.3.

Perforation of the gut: see 6.4.4.

FIG. 8.8. Example of IMO/WHO/ILO Medical First Aid Guide.

141



Information on the treatment of illnesses of a general nature and not

predominantly concerned with chemical poisoning may be found in the IMGS of

the WHO.

8.2.11. IMO/ILO Packing Guidelines

Whilst the use of freight containers and other cargo transport units

substantially reduces the physical hazard to which goods are exposed, improper

or careless packing of goods into a container or vehicle may be the cause of

injury to personnel when such units are handled or transported. In addition,

serious and costly damage may occur to the goods inside or to other

equipment. The person who packs and secures goods in a unit for export may be

the last person to look inside until it is opened at its final destination.

Consequently, a great many persons will rely on his skill: shippers,

forwarders, road vehicle drivers and other highway users when the unit is

carried by road, railway personnel and others when the unit is carried on a

railway wagon, dock workers when the unit is lifted on or off a ship, crew

members of the ship which may be taking the unit through very difficult

conditions, and the consignee at the final destination. All may be at risk

from a poorly packed unit, in particular one which is packed with dangerous

goods.

The Guidelines provide advice as to the essentials of the safe packing

of freight containers and vehicles by those responsible for it and for the

securing of cargo in them. They are not intended to cover the filling or

emptying of tank-containers or the transport of solid cargo in bulk

packagings, nor are they meant to replace or supersede any existing

regulations which may be in effect concerning the transport of cargo in

transport units, in particular those which may relate to the carriage of

dangerous goods. The users of the guidelines are advised to consult their

Governments for more detailed advice at the national level concerning

shipment. The user is recommended to consult also the transport

operator/carrier concerning the packing and securing of particularly bulky or

heavy goods and the use of special purpose containers or transport units (e.g.

tank-containers, refrigerated containers, etc.).

8.2.12. Handling Dangerous Goods in Ports

IMO's chief concern as far as dangerous goods are concerned is to

protect the lives of those on board ships and the ships themselves. But

dangerous goods can still be dangerous in the maritime context when they are
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on shore. Accordingly, to mitigate the hazards involved in handling such

goods in port areas, the IMO Assembly, in 1973, by resolution A.289 (VIII),

adopted a Recommendation on Safe Practice on Dangerous Goods in Ports and

Harbours.

Subsequently, development of new techniques in shore and ship

operations, as well as the desirability of having more comprehensive

recommendations to include dangerous goods in packaged form, liquid substances

and solid dangerous material, and gases carried in bulk, made it necessary to

revise the original recommendation.

In 1979 the Assembly, therefore, authorized the Maritime Safety

Committee to adopt revised recommendations on this subject. These were duly

adopted by the MSC in December 1980 and issued under the title

"Recommendations on the Safe Transport, Handling and Storage of Dangerous

Substances in Port Areas" and are now available as an IMO publication.

The revised and amended (1983) recommendations are more extensive than

those adopted in 1973, but even so are not intended as a complete guide to all

aspects of the handling and storage of dangerous substances in ports. The

preamble to the recommendations list various publications and guides, produced

by IMO and other organizations. The recommendations are concerned only with

operational matters and not with the construction of ships nor equipment,

piers, terminals or warehouses.

8.2.13. Technical Assistance

IMO's technical assistance programme has grown considerably in recent

years and is now one of the Organization's most important activities.

Although many developing countries have financial difficulties,

probably the most important problem they face is the shortage of experienced,

expert personnel. Although this is true for many maritime activities it is

particularly true in areas such as the transport of dangerous and harmful

cargoes, which are especially complex.

8.2.14. Training

The improvement of maritime training has been one of IMO's priorities

since its inception. IMO tackles the subject in two ways. Firstly, by

adopting international standards and regulations in conventions, codes and
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recommendations, which are designed to be implemented at the international and

national level, and secondly, by providing practical assistance and advice to

countries, particularly developing countries, for the improvement of training

programmes.

Few sectors of industry have seen such rapid progress as has been made

in raising safety standards in the transport of dangerous goods.

Nevertheless, much work remains to be done.

It is anticipated that the work of the World Maritime University

(opened in July 1983), will lead to major improvements in implementation of

safety standards in the years to come. The purpose of the University, which

is based in Malino, Sweden, is to provide advanced training for senior experts

and administrators from developing countries in various fields of maritime

activities.

Training of this type is often lacking in the developing countries

themselves and the University project, which was endorsed by the IMO Assembly

in 1981, is fully supported by IMO Member States and the maritime community as

a whole. The University offers two-year degree courses on general maritime

administration, safety administration, maritime education and the technical

management of shipping companies.

8.2.15 Application of IMO Codes of Safe Practice

All IMO Codes, standards, guidelines, manuals and recommendations are

under continuous review and it is, therefore, imperative that only the most

up-to-date editions are used.

8.3. International Air Transport of Dangerous Goods

Two International organizations play a prominent part in regulating the

transport of dangerous goods by air: the International Civil Aviation

Organization (ICAO), a specialized agency of the United Nations, and the

International Air Transport Association (IATA), a trade association

representing scheduled airlines.
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8.3.1. International Civil Aviation Organization (ICAO)

Organization

The International Civil Aviation Organization (ICAO) is a United

Nations Agency, and deals with all aspects of international civil aviation.

The Organization was set up in 1944 as a result of an agreement on a

Convention on International Civil Aviation. The meetings which produced the

Convention were held in Chicago, USA, which is why the Convention is known as

the Chicago Convention. The headquarters of ICAO is in Montreal, Canada, and

there are six regional offices each related to an appropriate group of Member

States. The membership of ICAO comprises those countries (states) which have

air operators involved in international civil aviation, and currently there

are 156 Member States. The overall body responsible for ICAO is the Assembly,

which has members from all states. Below that is the Council, which deals

with all day-to-day affairs and which has members from a representative

selection of states. One of the main groups reporting to the Council is the

Air Navigation Commission. The Commission is responsible for dealing with all

matters affecting aircraft safety.

ICAO develops standards and recommends practices covering all areas of

civil aviation and these are produced as annexes to the Convention. The

development of these standards and recommended practices is carried out by

groups of people who have expertise in the subject under discussion. These

groups are usually called panels and they report to the Air Navigation

Commission. Once a panel has developed an annex it is sent formally to states

to agree or disagree with all or any part of it. States are required to

notify a disagreement within a set period of time and no response is taken as

an agreement.

Once an annex is adopted, dates are agreed within ICAO as to when it

will come into effect and when it will become applicable. The effective date

is the earliest date from which it can be introduced and the applicable date

the latest date for introduction. Member states of ICAO are bound by the

Convention to incorporate annexes into national legislation or file

"differences". The differences are listed in the annex to show where national

legislation in a state requires something different to that agreed as the

standard by an annex. It is through the incorporation of annex material into

national legislation that world-wide compatibility on civil aviation is

achieved.
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Technical Instructions for tbe Safe Transport of Dangerous Goods by Air

For nearly thirty years, the air transport industry, through IATA,

developed, and obtained some measure of international acceptance of

regulations for the transport of dangerous goods by air. Such regulations,

however, do not carry the measure of policy control by Member States required

to ensure full international acceptance and compliance. For this reason, the

ICAO Air Navigation Commission initiated a study in 1975, of the international

carriage of dangerous goods by air, and established a Dangerous Goods Panel of

Kxperts for the development of appropriate "Standards and Recommended

Practices", together with supporting "Technical Instructions".

It was agreed that the work of the panel should be based on the

recommendations of the UN Committee of Experts on the Transport of Dangerous

Goods and the IAEA transport Regulations, taking into account the IATA

Restricted Articles Regulations. The result of this work was that in 1981

ICAO adopted a new Annex 18 dealing with the safe transport of dangerous goods

by air. The effective and applicable dates for this annex were 1 January 1983

and 1 January 1984. In addition to the annex, a set of Technical Instructions

were published which detailed the requirements for carrying dangerous goods by

air. These Technical Instructions reflect the IAEA Regulations in regard to

the carriage by air of radioactive material. A standard in the annex requires

states to ensure compliance with the Technical Instructions for all

international air transport and there is a recommendation that the

Instructions be used for domestic air transport. States are also required to

have inspection and enforcement procedures.

The Dangerous Goods Panel is now responsible for ensuring the Annex and

the Technical Instructions for the Safe Transport of Dangerous Goods by Air

are kept up-to-date. To do this there are regular meetings of the Panel at

which proposals for change are discussed. These proposals are made by Panel

members and are usually in response to problems encountered in using the

Technical Instructions. The Panel also receive the reports of the UN

Committee of Experts showing the changes to the Recommendations on the

Transport of Dangerous Goods, and from them produce the amendments necessary

to the Instructions to keep them in line with the UN Recommendations.

Amendments to the IAEA Regulations are also incorporated as changes to the

Instructions, to ensure the requirements for radioactive material remain

compatible in all the modes of transport and between domestic and

international transport.
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The Technical Instructions contain, among other things, a list of

dangerous goods, including radioactive materials, which is based on that of

the UN; they also provide for classifying goods according to the UN system and

give quantity limitations for each item, together with requirements for

packing, marking, labelling and documentation. In some instances the

transport of dangerous goods is strictly forbidden or controlled by specific

approval given by ths appropriate national authority(ies). For radioactive

materials the Technical Instructions are consistent with the IAEA Regulations;

they contain tables indicating the minimum distances, corresponding to

specified total sums of transport indices, from the surface of packages to the

inner floors of passenger cabins and flight decks, irrespective of the

duration of transport, and minimum distances from the surface of packages to

undeveloped photographic film, for various flight times. Packages for which

the total sum of the transport indices is greater than 50 must be carried as

full load.

8.3.2. International Air Transport Association (IATA)

IATA is a trade association representing airlines throughout the world

and was founded under a Special Act of Incorporation, enacted by the Canadian

Parliament in 1945. Its objectives are the promotion of safe, regular and

economical air transport. It comprises over 180 member airlines operating

under the flags of over 80 nations. Membership is open to any airline

licensed to provide air services by a government which is eligible for

membership in ICAO. IATA is now based in Geneva and Montreal.

In 1950 IATA set up a Restricted Articles Board (RAB) comprising

experts acting on behalf of all member airlines to develop requirements for

the transport of restricted articles by air. Unless countries objected to

those requirements they were mandatory on IATA member airlines.

One of the main tasks assigned to the RAB was to develop and review

continuously the IATA Restricted Articles Regulations (RAR). The first

edition of RAR was issued for world-wide use in 1956 and up-dated editions

were issued on a regular basis (usually annually) until 1983. In 1983, when

the ICAO Technical Instructions were first introduced, the RAR was retitled

the Dangerous Goods Regulations (DGR) and it reproduced, with some additions

(eg specific guidance on the completion of the Shipper's Declaration), the

provisions contained in the Technical Instructions. The DGR is updated by an

IATA Dangerous Goods Board (DGB) and published annually, whilst the Technical

147



Instructions is published every two years. The DGR acknowledges that it is

developed from the Technical Instructions and recognizes that those

Instructions contain the sole authentic legal source material for the

transport of dangerous goods by air. The DGR is generally consistent with the

Technical Instructions.

It should be noted that close co-ordination exists between IAEA, ICAO

and IATA, that changes have been made in the Agency's Regulations regarding

packages to be transported by air at the request of ICAO and IATA, and that

liaison continues to assure accurate and timely implementation of the 1985

Edition of Safety Series No. 6.

8.4. International Regulations Concerning the Carriage of Dangerous Goods by

Rail (HID)

The transport of dangerous goods by the road, rail, and inland waterway

modes is not covered by an international organization on a world-wide basis.

Rather, these are covered by regional organizations such as the Council for

Mutual Economic Assistance (CMEA) for Eastern Europe, and by the agreements

discussed below for Western Europe.

In Europe, a large economic potential is concentrated on a confined

area, distributed over many states. The exchange of economic goods, including

radioactive material and other dangerous goods, requires many transport

operations.

The railway system of the European countries was extensively developed

in the late nineteenth century and national laws were enacted, covering the

transport of passengers and goods. However, it was realized that disparities

between national laws could impede international transport. In 1890 a first

step towards harmonization in this area was achieved with the adoption of the

International Convention concerning the Carriage of Goods by Rail (CIM).
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At present the CIM applies to the carriage of goods by ."ail in the

territories of the thirty-four Contracting States listed below.

Albania Lebanon

Algeria * Liechtenstein

Austria Luxembourg

Belgium Morocco *

Bulgaria Netherlands

Czechoslovakia Korway

Denmark Poland

Finland Portugal

France Romania

German Democratic Republic Spain

Germany, Federal Republic Sweden

Greece Switzerland

Hungary Syrian, Arab Republic

Iran, Islamic Republic Tunesia

Iraq Turkey

Ireland United Kingdom

Italy Yugoslavia

* These countries have not finally signed but are using the code.

Pursuant to the CIM, the railway system of the Contracting States must

accept for transport any goods, except defined classes of dangerous goods,

that are submitted by a consignor, provided that a certain number of

conditions are met. The dangerous goods may also be accepted for transport,

provided that the conditions specified in Annex I to the CIM are met. This

annex, which is entitled: "International Regulations concerning the Carriage

of Dangerous Goods by Rail", is usually referred to as the RID, an

abbreviation of its title in French. The RID is published in German and

French by the Central Office for International Railway Transport (OCTI),

located in Berne, Switzerland and is revised at five-year intervals.

The dangerous goods covered by the RID are classified in accordance

with the UN system, and the IAEA Regulations have been adopted to apply to the

transport of radioactive material (Class 7).
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A system has been established for introducing amendments during

intervals between major revisions of the RID. Under this system, a committee

of international experts prepares proposed amendments which are submitted to

all the Contracting States for consideration. If, during a four-month period,

five Contracting States have not opposed a proposed amendment, the amendment

becomes effective at the end of a further period of eight months.

8.5. International Carriage of Dangerous Goods by Road (ADR)

Within the UN system, regional Economic Commissions have been set up

under the Economic and Social Council to study the economic problems of

different regions and to recommend concerted and co-operative approaches by

the countries concerned, with a view to coping with such problems. These

Commissions are assisted by various specialized committees in the discharge of

their responsibilities.

Shortly after 1945, the Economic Commission for Europe (ECE)

established an Inland Transport Committee (ITC) to consider international

transport matters in Europe. Within the ITC, a Group of Experts deals with

the international transport of dangerous goods. On the basis of the ITC's

work and recommendations, the ECE in 1957 adopted the European Agreement

concerning the International Carriage of Dangerous Goods by Road; usually

referred to as the ADR, an abbreviation of its title in French. This

agreement entered into force on 29th January 1968. It has been up-dated at

frequent intervals since then.

The IAEA Regulations have been adopted to apply to the transport of

substances in Class 7 (radioactive material) under the ADR.

The procedure for amending the annexes to the ADR is similar to that

used for the RID. In order to maintain compatability between the RID and the

ADR, joint meetings of the RID Safety Committee and the ITC Group of Experts

have been held to consider questions that are common to both modes of

transport. Agreed amendments are then circulated to the Contracting Parties

and if five of them are not opposed to the proposed amendments within a

three-month period, the amendments become effective after a further period of

three months. They can also become effective on another agreed date in order

to allow the simultaneous entry into force of similar amendments to other

international agreements concerning the carriage of dangerous goods.
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The following is a list of Contracting Parties.

Austria Luxembourg

Belgium Netherlands

Czechoslovakia Norway

Denmark Poland

Finland Portugal

France Spain

German, Democratic Republic Sweden

Germany, Federal Republic Switzerland

Hungary United Kingdom

Italy Yugoslavia

It should be noted that the process of introducing the IAEA

Regulations, which were specifically developed for the transport of

radioactive material (Class 7), into the existing codes for the transport of

all kinds of dangerous goods is not easy. It can cause a number of points of

confusion and conflicts in a number of areas. The following are a few

examples.

(1) Definitions of IAEA Safety Series No. 6 may differ in some parts from

the definitions of the general codes, e.g. full load, container, and

size of packages.

(2) Some definitions are only used in the provisions for Class 7 and are

unknown in the provisions for the other classes, e.g. exclusive use,

transport index, low specific activity material.

(3) The IAEA requirements are complete only from the radiological point of

view, but for codes like RID and ADR which are regulating the transport

of all kinds of dangerous goods, requirements for radioactive material

with subsidiary risks must also be provided.

(4) Classification of transport workers with regard to radiation protection

either as occupationally exposed workers or as members of the public,

is peculiar to the transport of radioactive material.

(5) Other transition times may be established in RID or ADR than in IAKA

Safety Series No. 6 for the use of existing packagings.
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8.6. European Agreements on the International Carriage of Dangerous Goods by

Inland Waterways (AON and ADNR)

The Inland Transport Committee of the Economic Commission for Europe

has also developed a European Agreement on the International Carriage of

Dangerous Goods by Inland Waterways, usually referred to as ADN. Again, this

agreement has adopted the UN classification system for dangerous goods and the

IAEA transport Regulations as the requirements for radioactive material.

In the agreement, formulae are provided for determining the minimum

permissible distances between packages of radioactive material, and either

living accommodation on the craft, or service and other areas which may

continuously contain undeveloped photographic film. These formulae are based

on the sum of the transport indices of the packages and take account of the

shielding effect of any intervening cargo. Restrictions are also placed on

the radiation levels in occupied areas, at the gunwale and hatchway covers.

For the Rhine, the Central Commission for Navigation on the Rhine

(CCNR) has promulgated the European Agreement Concerning the International

Carriage of Dangerous Goods on the Rhine. This is known as the ADNR.

8.7. Universal Postal Union (UPU)

The Universal Postal Convention establishing the Universal Postal Union

(UPU) was adopted by an international conference held in Berne in 1894. The

UPU is now a specialized agency of the United Nations, with its headquarters

in Berne, Switzerland. The UPU Congress meets at intervals of not more than

five years to consider and approve, among other things, any changes to the

Convention and the Detailed Regulations for Implementing the Convention.

Under the UPU Convention and Detailed Regulations, a consignment of

radioactive material in which the activities do not exceed one tenth of the

upper limits for items exempt from the packaging, labelling and storage

prescriptions of the IAEA Regulations may be accepted for international

transport by post, provided that:

(1) it shall be deposited with the postal service only by consignors

authorized by the national competent authority;

(2) it shall be despatched by the quickest route, normally by air;
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(3) it shall carry on the outside a white label bearing the words

"radioactive material", which shall be crossed out if the package is

returned empty;

(4) it shall carry on the outside the name and address of the consignor,

with the request that the consignment be returned in the case of

non-delivery; and

(5) the name and address of the consignor and the contents of the

consignment shall be indicated on the internal packaging.
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9. INTERNATIONAL LIABILITY AND INSURANCE

9.1. Liability

9.1.1. Introduction

The liability for international transport of nuclear material is a very

complicated subject with many pitfalls, as it is not always easy to know which

legal prescriptions are to be applied. None-the-less, for the shipper and

other persons involved in transport it is important that as far as possible, a

clear picture of their various liabilities is obtained so that they can buy

adequate insurance cover. Insurers are confronted with the same problem as it

is vital to them that they know precisely the risks they are accepting, for

without this knowledge it is not possible to quote an appropriate premium.

Unfortunately, it is not possible in this chapter to give an exhaustive

overview of all the legal regulations which might be applicable to the

national and international transport of radioactive material. Therefore, this

section will concentrate in giving an overview of the liability scene with an

emphasis on the nuclear liability conventions and the insurance of this

special liability.

9.1.2. Paris and Vienna Conventions

Two major conventions have a significant influence in the area of

liability for incidents involving the transport of radioactive material.

These are the Paris Convention of 29 July 1960 and the Vienna Convention of 21

May 1963.

The Paris Convention is under the auspices of the Nuclear Energy Agency

(NEA) of the Organization for Economic Co-operation and Development (OECD).

This convention is ratified by most West-European countries. The Vienna

Convention is under the auspices of the International Atomic Energy Agency and

is ratified by about ten countries spread over the whole world.

The sections below will address the special liability regime for

nuclear incidents which is laid down in the Paris and Vienna Conventions.

Only the outlines will be given, omitting details and some exceptions, so that

an overall impression will be gained on how the system works. Both
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conventions have similar legal systems but they are not in every respect

identical.

The first question which might be raiser) is: Why do we need a special

liability system which by virtue of said conventions we want to operate on an

international basis? The answer is that production and use of atomic energy

involves hazards unlike those with which the world has since long been

familiar. Although the safety record is excellent, it is reasonable to expect

that as the new source of energy becomes more widely used accidents will

happen more frequently. Despite the general opinion that the probability of a

nuclear catastrophe is extremely low, the possibility of such an event cannot

be neglected.

The goal in drafting the conventions was to provide adequate protection

of the public to the unknown, but possible, dangers of nuclear energy, without

hindering the development of the nuclear industry. The purpose was not to

place an intolerable burden of liability on the industry in the event of an

catastrophic incident.

Material Covered

In Chapter 5 various types of nuclear materials such as uranium ores

and concentrates, uranium hexafluoride, new fuel, low level radioactive waste,

radioisotopes and spent fuel were defined and explained. For a good

understanding of liability with respect to the international transport of

nuclear material, it is necessary to make a distinction between these various

types of consignments in order to establish whether the nuclear liability

conventions of Paris or Vienna are applicable or whether other regulations of

civil law must be applied.

The nuclear liability conventions are in principle applicable only to

the transport of nuclear fuel, spent fuel, enriched uranium hexafluoride and

low level waste from nuclear installations. However, resolutions have been

added to both conventions which exclude small quantities of these materials

from the application of the conventions. The quantities specified in an annex

to these resolutions are such that, from a scientific point of view, it is

unlikely that they would ever cause a catastrophic nuclear incident.
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Therefore, material which is outside the scope of the conventions

includes:

(1) radioisotopes (having left the site of a nuclear installation) which

are used, or intended to be used, for any industrial, commercial,

agricultural, medical or scientific purpose (Paris Convention Article 1

(IV) and Vienna Convention Article 1 (g);

(2) natural uranium, depleted uranium;

(3) nuclear waste not originating from a nuclear installation;

Liability during Transport

Both the Paris Convention and the Vienna Convention establish a special

and uniform regime of third party liability for nuclear damage. The operator

of a nuclear installation is absolutely and exclusively liable for nuclear

damage caused by a nuclear incident occuring in his installation or involving

nuclear material in the course of carriage to, or from, his installation.

The purpose of both conventions in making the operator liable,

irrespective of fault, is to:

(1) simplify procedures for obtaining redress;

(2) to set a maximum for the amount of compensation which the operator is

liable to pay, thus making it easier for him to obtain and maintain an

insurance cover; and

(3) to provide for state intervention, should additional compensation be

required for meeting claims resulting from a nuclear incident.

As a general rule, the operator dispatching nuclear material is deemed

to be liable until the material is taken in charge by the recipient operator,

unless otherwise agreed between them by contract in writing.

In more detail, the Paris and Vienna Conventions liability rules apply

to the transport of nuclear substances in the following manner. The operator

of a nuclear installation shall be liable for damage caused by a nuclear
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incident outside his installation and involving nuclear substances in the

course of carriage therefrom only if the incident occurs:

(1) before liability has been assumed in a written contract by the operator

of another nuclear installation;

(2) in the absence of such express terms, before the operator of another

nuclear installation has taken charge of the nuclear substances; or

(3) where the nuclear substances have been sent to a person within the

territory of a non-contracting state, before they have been unloaded

from the means of transport by which they have arrived in the territory

of that non-contracting state.

To complete this transport liability picture, it is laid down in the

conventions that the operator of a nuclear installation shall be liable for

damage caused by a nuclear incident outside his installation and involving

nuclear substances in the course of carriage thereto only if the incident

occurs:

(1) after liability has been assumed in a written contract from the

operator of another nuclear installation;

(2) in the absence of such express terms, after he has taken charge of the

nuclear substances; or

(3) where the nuclear substances have, with the written consent of the

operator, been sent from a person within the territory of a

non-contracting state, after they have been loaded on the means of

transport by which they are to be carried from the territory of that

state.

Usually in the case of transport the carrier would be the person

liable. One of the reasons to choose the operator of the nuclear installation

who is sending the nuclear substances, is that he is the one who is in a

position to verify the precautions in packing and containment. In principle,

the sending operator is the liable person unless one of the aforementioned

other possibilities is applicable. The operator's liability shall be involved

until the materials have been unloaded, or it begins from the moment that the

materials have been loaded on the means of transport.
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From the point of view of somebody suffering damage, the burden of

proof will be on the sending party to show that the operator of another

nuclear installation has assumed liability by contract or has taken charge of

the nuclear substances.

In the case of transport to, or from, non-contracting states other

rules apply. It is clear that the conventions cannot impose liability on

persons living in countries that are not party to the conventions. However,

it is vital for victims that there is always somebody liable within the

territory of the contracting parties. So a contracting state may provide in

its national legislation that the operator situated in its country is liable

for nuclear incidents occur ing in, or damage suffered, in the territory of a

non-contracting state.

Both conventions allow the contracting states to designate the carrier

of nuclear material as operator instead of the sending or receiving

operators. In that case, such a carrier shall be considered for all the

purposes of the nuclear conventions as an operator of a nuclear installation.

Only one case is known in which this possibility was used. This was in

France, where Transnucleaire, which is specialized in carrying out transport

of nuclear material, has been recognized as an operator.

Liability during Storage

It is not unusual that during transport nuclear substances are

temporarily stored. When the storage does not take place in an existing

nuclear installation the aforementioned rules also apply, but most often

nuclear installations are used for storage. The operator of that nuclear

installation is then liable for a nuclear incident, but if only the nuclear

substances in storage are involved in the nuclear incident, the operator of

the nuclear installation where the storage takes place is not liable and the

sending or receiving operator remains liable.

Liability Limits - Financial

The liability is limited. In the Paris Convention the maximum

liability was set at 15 million units of account. A contracting party to the

convention may establish by national legislation a greater or less amount but

in no event less than 5 million units of account. A supplementary convention

in Brussels in 1971 increased the financial guarantee with respect to nuclear
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damage, to 120 million uiits of account. This was subsequently changed in a

1982 Protocol to the Convention, to 300 million Special Drawing Rights.

However, this Protocol is not yet in force due to the lack of the prescribed

number of ratifications.

The Vienna Convention limits the liability to not less than US $ 5

million for any one nuclear incident (The US dollar referred to in this

convention is a unit of account equivalent to the value of the US dollar in

terms of gold on 29 April 1963, that is to say US $ 35 per one troy ounce of

fine gold. V.C. Article V.3).

The various contracting parties to the Paris Convention have

established widely divergent liability limits. For example England has set a

limit of 20 million pounds sterling; France, 50 million FF; Netherlands, 400

million D.Fls; and Germany has even allowed an unlimited liability.

It should be borne in mind that any interest and costs awarded by a

court, in action for compensation under the conventions, have to be paid by

the operator over and above the aforementioned liability limits. Both

conventions impose on the operator of a nuclear installation the obligation to

cover his liability by insurance or other financial security.

Liability Limits - Time

The right of compensation under the convention shall be extinguished if

an action is not brought within 10 years from the date of the nuclear

incident. In the case of damage caused by a nuclear incident involving

nuclear fuel, or radioactive products, or waste which at the time of the

incident have been stolen, lost, jettisoned or abandoned and have not yet been

recovered, the period of 10 years shall be computed from the date of that

nuclear incident but shall in no case exceed 20 years from the date of the

theft, loss, jettison or abandonment.

Liability Limits - Territorial

Jurisdiction over actions lies only with the courts of the contracting

party to the convention in whose territory the nuclear incident occured. The

conventions do not, in principle, apply to nuclear incidents occuring in the

territory of non-contracting states, or to damage suffered in such territory,

unless the national legislation of the liable operator otherwise provides.
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There is one small exception to this which grants certain persons, such as

car tiers and suppliers, rights against operators even though operators are not

liable under the convention.

Following recommendations of the NBA Steering Committee and the IAEA

Standing Committee, the territorial scope of the conventions should be further

extended to damage suffered on the high seas, on board a ship registered in

the territory of a contracting state.

Other Liability Limits

Under the conventions no liability attaches to an operator for nuclear

damage caused by a nuclear incident directly due to an act of armed conflict

hostilities, civil war or insurrection. The same applies to nuclear damage

caused by a nuclear incident, which is directly due to a grave natural

disaster of an exceptional character, unless a contracting party has otherwise

provided. The Netherlands now plan to provide for this eventuality.

Furthermore, the operator is not liable for damage to the means of

transport conveying the nuclear substances unless a contracting party has

otherwise provided. However, the inclusion of damage to the means of

transport should not result in reducing the liability of the operator with

respect to other damage, to an amount less than 5 million units of account.

One can imagine that several consignments of nuclear substances may

accumulate, say in one warehouse or in one sea-going vessel. There will be an

operator liable up to a limited amount for each individual consignment. In

the event of a nuclear incident involving these nuclear substances during the

course of carriage, there will be no cumulation of the various liability

limits but the total liability will be fixed at the highest amount that is in

force for one of those transports, and no operator will be obliged to pay more

than the amount applicable to him.

Certificates

In both nuclear conventions it is provided that the liable operator

must supply the carrier with a certificate issued by the insurer. The

certificate must mention the name and address of the liable operator, the

details of the insurance, an indication of the nuclear substances involved,

the relevant carriage and a statement by the competent authority that the

person named is an operator within the meaning of the convention.
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In the event of a nuclear incident, the identity of the operator liable

may thus be immediately determined by reference to the transport certificate.

It is remarkable that up to now, this certificate is not very often used in

practice.

9.1.3. Other International Agreements

At the time the conventions were drafted it was realized that there

were other international agreements in the field of transport. For example/

there were agreements dealing with third party liability for damage to the

means of transport, international agreements dealing with collisions involving

a means of transport, and international agreements dealing with bills of

loading. In order to avoid the possibility of conflicting provisions, the

nuclear liability conventions were written so that they do not affect such

agreements. Therefore, a person suffering damage caused by a nuclear incident

during the course of transport may have two rights of action: one against the

operator of the nuclear installation, and another against the carrier

following said international agreements in the field of transport. This can

cause certain problems for the insurers, which are discussed later.

In this connection, it should be stressed that the Paris Convention

knows only one derogation from the general territorial principle. The

territorial principle is that the convention does not apply to nuclear

incidents occurring in the territory of non-contracting states or to damage

suffered in such territory. The one derogation is that any person who has his

principal place of business in the territory of a contracting party, or who is

the servant of such a person, acquires the rights of action of the person whom

he has compensated with respect to damage caused by a nuclear incident

occurring in the territory of a non-contracting state. Also, a person liable

under any international agreement, or under any legislation of a

non-contracting state, acquires by subrogation the rights, under the

convention, of the person whom he has compensated but the territorial

principle is maintained.

Brussels Convention

As mentioned earlier, the twofold liability which might arise from the

simultaneous application of international agreements in the field of transport

and the nuclear liability conventions has caused problems for insurers. In

the past insurers have been requested to cover this twofold liability tor very
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high amounts. It even happened on occasion that unlimited liability cover was

solicited. The reason for this is that, in some special cases a carrier might

not be entitled to limit his liability in accordance with international

agreements in the field of transport. This caused difficulties for insurers

who were not prepared to grant cover for those very high cumulative amounts.

These problems prompted the European Nuclear Energy Agency of the OECD

to take the initiative to organizer together with the International Atomic

Energy Agency, a symposium, where an exchange of thoughts could take place

between government experts in the field of nuclear law, representatives of

nuclear operators, shippers, carriers, insurers and interested international

organizations. At this symposium, the idea was born to draft a new

convention, which would give the principles of nuclear law, as laid down in

the Conventions of Paris and Vienna, precedence over the liability rules of

the various conventions with respect to international sea transport. This

would then put an end to the twofold liability.

On 17 December 1971, in Brussels, the Convention Relating to Civil

Liability in the field of Maritime Carriage of Nuclear Material was concluded,

Article 1 reads as follows:

"Any person, who by virtue of an international convention or national

law applicable in the field of maritime transport, might be held liable

for damage caused by a nuclear incident shall be exonerated from such

liability:

(1) if the operator of a nuclear installation is liable for such

damage under either the Paris or the Vienna Convention; or

(2) if the operator of a nuclear installation is liable for such

damage by virtue of a national law governing the liability for

such damage, provided that such law is in all respects as

favourable to persons who may suffer damage as either the Paris

or the Vienna Convention".

On 15 July 1975 this convention came into effect. At the present time

only ten countries are party to the convention, which means that although a

good start has been made, the problems highlighted above are still far from

being fully solved.

162



Article 4 of the 1971 Brussels Convention stipulated explicitly: "The

present convention shall supersede any international conventions in the field

of maritime transport which, at the date on which the present convention is

opened for signature, are in force or open for signature, ratification or

accession, but only to the extent that such conventions would be in conflict

with it; however, nothing in this article shall affect the obligation of

states parties to the present convention to non-contracting states arising

under such international conventions".

This means that a maritime carrier may be held liable for nuclear

damage before the court of a non-contracting state by virtue of a maritime

convention, when the country in question is party to it, or by virtue of the

national maritime law of that country. However, after being sentenced to pay

compensation, the carrier has the right of recovery from the operator of the

nuclear installation in accordance with Articles 2 and 6(d) of the Paris

Convention and Article IX (2) of the Vienna Convention.

Note that, by virtue of the Paris Conventions, any person, regardless

of nationality or domicile, has this right of recovery. The Vienna Convention

stipulates, however, that the right of recovery may only be exercised by

persons who have the nationality of the contracting party.

The desire to make the scope of operation of the 1971 Brussels

Convention as wide as possible, was the reason for including the second part

of Article 1. This part has the effect of giving precedence to the nuclear

law, if liability is also present according to national law. However, this in

on the condition that this law is in all respects as favourable to persons

suffering damage as the nuclear conventions are.

This article has been a reason why the United States, Canada and

Portugal have refrained from voting on this convention, since they were of the

opinion that in practice this stipulation could not be enforced. It would, in

abstracto, be difficult to decide whether a national law would be just as

favourable for the injured parties as the respective conventions.

9.1.4. Material Outside the Scope of the Conventions

There are clearly a large number of radioactive material consignments

which are outside the scope of the conventions discussed above. Generally,

this material has a lower potential consequence if it is involved in an
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incident. When no convention in the field of International transport can be

applied, then national civil law will govern the liability, and there appears

to be a tendency to absolute liability rulings by the courts when hazardous

and noxious substances are involved in accidents. The rules of international

private law are such that a court might decide upon the lex loci delicti (the

law of the country where the incident took place), or the lex fori

(application of the national law of the court before which the case has been

brought).

Following the example of the International Civil Liability Convention

for oil pollution damage, the International Maritime Organization (IMO)

proposed an international treaty with respect to liability for the transport

of hazardous and noxious substances. However, it was not possible to reach an

agreement between the parties involved and the proposal failed.

For non-marine transport there is now a draft treaty relating to

hazardous and noxious substances in existence, made by Unidroit in Rome, which

imposes absolute liability on the carrier, who also has an obligation to

insure this liability. The limit of liability has still to be established. A

list defining hazardous and noxious substances is also not yet drawn up.

In the absence of the conventions, the Brussels Cognossement Treaty may

be relevant. In this treaty the shipper is liable without limit for damages

to the ship caused by the nature of the transported goods.

Other conventions which might be applicable are the Convention of

Warsaw (1929), regulating the liability with respect to international carriage

by air; the 1980 Convention concerning international transport by rail; and

the 1956 Convention on the Contract for the International Carriage of Goods by

Road.

All these international conventions might affect the liability of the

shipper of nuclear material, but it has to be remembered that the scope of the

applicability of the conventions depends entirely on the number of countries

that have ratified them.

9.1.5. Current Developments

An IAEA Working Group on Liability for Nuclear Damage began meeting in

1989, in order to consider ways and means to complement and strengthen the

existing civil liability regime and to consider also the question of
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international liability. Fifty states and four international organizations

are represented,

A list of issues, with respect to international civil liability as well

as to international state liability for nuclear damage has been identified for

further consideration with a view to strengthening the existing regime.

Amongst others, the geographical scope of the Paris and Vienna Conventions on

compensation for nuclear damage, the financial limits of liability, the time

limit for submission of claims, damage to the environment, economic loss,

preventive measures, application to non-peaceful uses of nuclear energy, and

the concept of nuclear damage, appear on this list. In addition, the

relationship between the international civil and state nuclear liability

regimes has been singled out as an issue for further consideration. In the

case of civil liability, claims for the compensation of damage will be settled

through courts, while in the case of state, or international liability, the

settlement of such claims will be made through inter-state channels.

9.2. Liability Insurance

9.2.1. Coverage

The insurance which covers the liability of the conventions relating to

the transport of nuclear substances has an exclusive character, which means

that the amount insured may only be used to indemnify damage caused by a

nuclear incident, in accordance with the conventions. Interest and costs are

not considered as such and, therefore, have to be separately insured.

In the case of consignments from a contracting state to a

non-contracting state, the limit insured is only applicable to nuclear

incidents which remain within the scope of the conventions. Therefore, it

might be necessary to issue another insurance policy covering nuclear damage

suffered in a non-contracting state. However, an accumulation of claims under

both policies is not out of the question. This in turn, puts a strain on the

underwriting capacity of insurers, as high insurance coverage is normally

requested. This also explains why the sum insured is on .t per-transport basis

and not a per-incident basis.

Where cumulation with other insured material occurs, the insurance will

cover only that proportion of the aggregate damages that is equal to the

proportion of the sum insured to the aggregate sum insured, for all the
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nuclear substances involved. It is understood that the damages to be paid can

never exceed the amount of the highest sum insured.

9.2.2. Exclusions and Restrictions

The following are excluded from insurance coverage.

(1) Damage caused by a nuclear incident resulting from armed conflict and a

natural catastrophe of an exceptional nature.

(2) Damages resulting from a nuclear incident taking place within the

confines of a nuclear installation. (By this exclusion insurers want

to avoid cumulation with the site liability policy).

(3) Damage to the insured goods or their packaging.

(4) Damage to the means of conveyance in which the nuclear substances were

carried, when the incident occurred. (This item might be insured at an

additional premium).

(5) Damages caused in the absence of the necessary transport permits for

the displacement in question.

(6) Damage to goods in the means of conveyance, or in the place of storage

of the nuclear substances at the time of the incident. (This item

might be insured at an additional premium).

Some states, contracting or non-contracting, require that the insurance

is concluded with an insurer who is established in that country. However,

this difficulty might be overcome with help of a colleague insurer in that

state who issues a guarantee declaration for the original insurer.

Claims that are lodged more than 10 years after the event that caused

them, are not covered under the insurance.

Where the nuclear material referred to in the policy is stolen, lost,

jettisioned or abandoned, the insurer will be liable, contrary to the rule of

the conventions, for a period of ten years from the moment the theft, loss,

jettisoning or abandonment took place.
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The other policy conditions are more or less similar to those which

might be expected in policies covering non-nuclear matters.

9.2.3. Nuclear Material Dispatched to, or from, the USA

Some specific remarks are in order relating to the liability and

insurance for nuclear material which is dispatched to, or from, the United

States of America. The situation with respect to liability cover during

transit of nuclear material to the USA can be varied and complex depending on

the actual circumstances. Therefore, this description must be general in

nature.

Third party liability cover for shipments of nuclear material to the

USA is often provided by the US pools ANI (American Nuclear Insurers), and

MAERP Reinsurance Association, under a foreign suppliers and transporters

policy. This cover is only granted for US domiciled companies, who may have

liability for the shipment (e.g. the carrier, the freight forwarder, the

consignee, etc.). Foreign interests are often added as additional named

insureds. The cover applies outside the territorial limits of the USA. At

present the US insurance pools accept such a cover up to a limit of US $ 25

million.

Once inside the USA, the application of cover during transit would

depend on the destination of the shipment. Generally speaking, cover will

apply on an omnibus basis under a facility form policy or a domestic

supplier's and transporter's policy, issued by the pools, or under a contract

of government indemnity if the destination is a state-owned facility. Foreign

interests may purchase a domestic supplier's and transporter's policy from the

pools to protect themselves from gaps in this cover.

For shipments from the USA to an overseas destination, the insurance

would be very similar. Cover within the territorial limits of the USA would

likely be provided under a facility form policy or domestic supplier's and

transporter's policy, issued by the pools, or under the government indemnity

scheme. Beyond the territorial limits, a US domiciled company may purchase a

foreign supplier's and transporter's cover. Foreign based companies may be

added as additional insureds.

While nuclear material is being transported within the USA, the limits

required by the Price-Anderson Act will apply. Currently this is in excess of

US $ 200 million.
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9.3. Marine Insurance for Physical Loss of, or Damage to, the Radioactive

Material

Marine insurers believe, supported by the exemplary loss record with

respect to radioactive material in transit, that such traffic does not present

any special problems as far as physical loss of, or damage to, the material is

concerned. This reflects the care with which such material is packed and

handled during transit.

There are no special insurance conditions applied by insurers other

than that the radioactive material be "Warranted packed in accordance with

applicable national and/or international regulations".

Cover is offered subject to the normal commercial market conditions

Institute Cargo Clauses A, B or C and the Institute Strikes And war Clauses

(Cargo) for shipments by sea or land, or appropriate equivalent clauses for

transport by air freight. Copies of these clauses are included by kind

permission of The Institute of London Underwriters.

Apart from the "Risk Covered" provisions. Clauses A, B and C are

exactly the same. A clauses cover all risks of loss of, or damage to, the

material, whilst B and C clauses provide cover for loss of, or damage to the

material by specified perils of lesser degree than "all risks". Clauses A, B

and C are all subject to the same exclusions including war and strikes risks

(Clauses 6 and 7). War and strikes risks can be covered as an optional extra

at an additional rate subject to the Institute War (Cargo) and the Institute

Strikes (Cargo) Clauses. Clauses A, B and C give the same duration of cover,

as detailed in Clause 8.

It is important to note that while the majority of marine/transit

insurers are prepared to cover radioactive material while in store incidental

to transit, they are not prepared to cover radioactive material;

(1) while in store, other than in the ordinary course of transit;

(2) while in store, whether incidental to transit or not, at a nuclear

plant; or

(3) while undergoing any form of processing.
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The cover provided by the War and Strikes Clauses attaches exactly as

Clauses A, B and C, but war cover ceases on expiry of 15 days from midnight of

the day of arrival at the final port, or place of discharge, as a maximum

period and not the 60 days as provided by the other clauses. Marine insurers

are not prepared to cover war risks on land.
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Annex A

SPECIAL CLAUSES TO INSURANCES
FOR SHIPMENTS OF RADIOACTIVE MATERIALS

1/1/82 (FOR USE ONLY WITH THE NEW MARINE POLICY FORM)

INSTITUTE CARGO CLAUSES (A)

RISKS COVKRKI)
1 This insurance covers all risks of loss of or damage to the subject-matter insured except as provided in

Clauses 4, 5, 6 and 7 below.
2 This insurance covers general average and salvage charges, adjusted or determined according to the contract of

affreightment and/or the governing law and practice, incurred to avoid or in connection with the avoidance of
loss from any cause except those excluded in Clauses 4, 5, 6 and 7 or elsewhere in this insurance.

3 This insurance is extended to indemnify the Assured against such proportion of liability under the
contract of affreightment "Both to Blame Collision" Clause as is in respect of a loss recoverable hereunder.
In the event of any claim by shipowners under the said Clause the Assured agree to notify the Under-
writers who shall have the right, at their own cost and expense, to defend the Assured against such claim.

KXCI.USIONS
In no case shall this insurance cover
4.1 loss damage or expense attributable to wilful misconduct i
4.2 ordinary leakage, ordinary loss in weight or volun

insured
4.3 loss damage or expense caused by insufficiency

matter insured (for the purpose of this i
container or liftvan but only when sue'
the Assured or their servants!
loss damage or expense caused by inhefi
loss damage or expense proximately cau
against (except expenses payable under Cll

4.4
4.5

lured
wear and tear of the subject-matter

ing or preparation of the subject-
>e deemed to include stowage in a

ir to attachment of this insurance or bv

of the subject-matter insured
yTeven though the delay be caused by a risk insured
ove)

4.6 loss damage or expense arising from insolvency or financial default of the owners managers charterers
or operators of the vessel

4.7 loss damage or expense arising from the use of any weapon of war employing atomic or nuclear fission
and/or fusion or other like reaction or radioactive force or matter.

5.1 In no case shall this insurance cover loss damage or expense arising from
unseaworthiness of vessel or craft,
un fitness of vessel craft conveyance container or liftvan for the safe carriage of the subject-matter
insured,

where the Assured or their servants are privy to such unseaworthiness or unfitness, at the time the
subject-matter insured is loaded therein.

5.2 The Underwriters waive any breach of the implied warranties of seaworthiness of the ship and fitness
of the ship to carry the subject-matter insured to destination, unless the Assured or their servants are
privy to such unseaworthiness or unfuness.

In no case shall this insurance cover loss damage or expense caused by
6.1 war civil war revolution rebellion insurrection, or civil strife arising therefrom, or any hostile act by or

against a belligerent power

6.2 capture seizure arrest restrain! or dctainment (piracy excepted), and the consequences thereof or any
attempt thereat

6.3 derelict mines torpedoes bombs or other derelict weapons of war.

In no case shall this insurance cover loss damage or expense
7.1 caused by strikers, locked-out workmen, or persons taking part in labour disturbances, riots or civil

commotions
7.2 resulting from strikes, lock-outs, labour disturbances, riots or civil commotions
7.3 caused by any terrorist or any person acting from a political motive.

DURATION
8 .1

8.1.1

8.1.2

8.1.2.1
8.1.2.2

8.1.3

This insurance attaches from the time the goods leave the warehouse or place of storage at the
place named herein for the commencement of the transit, continues during the ordinary course of
transit and terminates either

on delivery to the Consignees' or other final warehouse or place of storage at the destination
named herein,
on delivery to any other warehouse or place of storage, whether prior to or at the destination
named herein, which the Assured elecyo Use either

for storage other than in the qjrfinaly cd\rse of transit or
for allocation or distributii

or j/

on the expiry of 60 d^s aTftr.coispletio/^of discharge overside of the goods hereby insured
from the oversea vessrfat tH(;f!naipoTy>f discharge,

whichever shall first o<* %*S<J X

General

Clause

"Boih to
Blame
Collision'
Clause

General
txclusion

Unsea»onhincsv
and Unfnness
Exclusion
Clause

War
Exclusion
Clause

Strikes
Exclusion
Oauic

Transit
Clause
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8.2 If, after discharge overtute^d") t l* oversea vessel at the final port of discharge, but prior to
lerminalion of this insurance, thygoods are to be forwarded to a destination other than that to
which they are insured hefeuflder, this insurance, whilst remaining subject to termination as
provided for above, shall not extend beyond the commencement of transit to such other
destination.

8.3 This insurance shall remain in force (subject to termination as provided for above and to the
provisions of Clause 9 below) during delay beyond the control of the Assured, any deviation,
forced discharge, reshipmenl or transhipment and during any variation of the adventure arising
from the exercise of a liberty granted to shipowners or charterers under the contract of
affreightment.

If owing to circumstances beyond the control of the Assured either the contract of carriage is terminated at a port
or place other than the destination named therein or the transit is otherwise terminated before delivery of the goods
as provided for in Clause 8 above, then this insurance shall also terminate unless prompt notice is given lo the
Underwriters and continuation of cover is requested when the insurance shall remain in force, subject to an
additional premium if required by the Underwriters, either
9.1 until the goods are sold and delivered at such port or place, or, unless otherwise specially agreed, until

the expiry of 60 days after arrival of the goods hereby insured at such port or place, whichever shall
first occur,

Termination
ot Contract
ot Carriage
Clause

9.2 if the goods are forwarded within the said period of 60 days (or any agreed extension thereof) to the
destination named herein or to any other destination, until terminated in accordance with the provisions
of Clause 8 above.

10 Where, after attachment of this insurance, the destination is change
premium and on conditions to be arranged subject to prompt notice bjl

CLAIMS
II 11.1

11.2

In order to recover under this insurance
subject-matter insured at the time of the lossy*
Subject to 11.1 above, the Assured shall be
covered by this insurance, notwithstanding that
concluded, unless the Assured were aware of tfe

pe Assured, held covered at a
g^ertuo the Underwriters.

insurable interest in the

loss occurring during the period
before the contract of insurance was

nderwriters were not.

12 Where, as a result of the operation of a risk covered by tljjHhsurance, the insured transit is terminated at a port or
place other than that to which the subject-matter is covered under this insurance, the Underwriters will reimburse
the Assured for any extra charges properly and reasonably incurred in unloading storing and forwarding the
subject-matter to the destination to which it is insured hereundcr.

This Clause 12, which does not applv 10 general average or salvage charges, shall be subject to the exclusions
contained in Clauses 4, 5, 6 and 7 above, and shall not include charges arising from the fault negligence insolvency
or financial default of the Assured or their servants.

13 No claim for Constructive Total Loss shall be recoverable hereunder unless the subject-matter insured
is reasonably abandoned either on account of its actual total loss appearing to be unavoidable or because
the cost of recovering, reconditioning and forwarding the subject-matter to the destination to which it is
insured would exceed its value on arrival.

14 14.1 If any Increased Value insurance is effected by the Assured on the cargo insured herein the
agreed value of the cargo shall be deemed to be increased to the total amount insured under this
insurance and all Increased Value insurances covering the loss, and liability under this insurance
shall be in such proportion as the sum insured herein bears to such total amount insured.
In the event of claim the Assured shall provide the Underwriters with evidence of the amounts
insured under all other insurances.

14.2 Where (his insurance is on Increased Valve the following clause shall apply:
The agreed value of the cargo shall be deemed to be equal to the total amount insured under the
primary insurance and all Increased Value insurances covering the loss and effected on the cargo
by the Assured, and liability under this insurance shall be in such proportion as the sum insured
herein bears to such total amount insured.
In the event of claim the Assured shall provide the Underwriters with evidence of the amounts insured
under all other insurances.

BENEFIT OF INSURANCE
15 This insurance shall not inure to the benefit of the carrier or other bailee.

MINIMISING LOSSES ^ \
16 It is the duty of the Assured and their servants' and agents in respect of loss recoverable hereunder

16.1 to take such measures as may be r^aSSn^blS forUhe purpose of averring or minimising such loss,
and - * ^ ^% \

16.2 to ensure that all rights agalnsumtrierjj baileesytff other third parlies are properly preserved and
exercised "** J\. % '' * S

and the Underwriters will, in d%iitn»to,ari>tl(3ss recoverable hereunder, reimburse the Assured for any charges
properly and reasonably incurretrai p^sujjice ofrffiese duties.

17 Measures taken by the Assured Î r theyUnderwriters with the object of saving, protecting or recovering
the subject-matter insured shall \tr be considered as a waiver or acceptance of abandonment or
otherwise prejudice the rights of either party.

AVOIDANCE OF DELAY
18 li is a condition of this insurance that the Assured shall act with reasonable despatch in all circumstances

within their control.

LAW AND PRACTICE
19 This insurance is subject to English law and practice.

Change of
Voyage
Clause

Insurable
IntcrCM
Clause

Cf.arBcs
Clause

Constructive
Total Loss
Clause
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NOTE:— It is necessary for the Assured when they become aware of an event which is "held covered" under
insurance to give prompt notice to the Underwriters and the right to such cover is dependent upon compliance
this obligation.

English Law
and Practice
Clause
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1/1/82 (FOR USE ONLY WITH THE NEW MARINE POLICY FORM)

INSTITUTE CARGO CLAUSES (B)
RISKS COVERED
1 This insurance covers, except as provided in Clauses 4, S, 6 and 7 below,

1.1 loss of or damage to the subject-matter insured reasonably attributable to
1.1.1 fire or explosion

vessel or craft being stranded grounded sunk or capsized
overturning or derailment of land conveyance

collision or contact of vessel craft or conveyance with any external object other than water
discharge of cargo at a port of distress

1.1.6 earthquake volcanic eruption or lightning,

1.2 loss of or damage to the subject-matter insured caused by
1.2.1 general average sacrifice
1.2.2 jettison or washing overboard
1.2.3 entry of sea lake or river water into vessel craft hold conveyance container liftvan or place of storage,

1.3 total loss of any package lost overboard or dropped whilst loading on to, or unloading from, vessel or
craft.

i This insurance covers general average and salvage charges, adjusted or determined according to the contract of
affreightment and/or the governing law and practice, incurred to avoid or in connection with the avoidance of
loss from any cause except those excluded in Clauses 4, 5, 6 ajjtf? or elsewhere in this insurance.

3 This insurance is extended to indemnify the AssurCd igairtV such proportion of liability under the
contract of affreightment "Both to Blame Collision^ ClSte^as isSin respect of a loss recoverable hereunder.
In the event of any claim by shipowners undjif̂  tlje^iaid Clause'ihe Assured agree to notify the Under-
writers who shall have the right, at their own coit ajjd expense, tcTdcjend the Assured against such claim.

EXCLUSIONS / fc' k- > ,S
In no case shall this insurance cover

4.1
4.2

l rrjjaconduct of the Assured
eigh^or volume, or ordinary wear and tear of the subject-matter

loss damage or expense attributal
ordinary leakage, ordinary loss ii
insured

4.3 loss damage or expense caused by insufficiency or unsuilability of packing or preparation of the
subject-matter insured (for the purpose of this Clause 4.3 "packing" shall be deemed to include
stowage in a container or liftvan but only when such stowage is carried out prior to attachment of this
insurance or by the Assured or their servants)

4.4 loss damage or expense caused by inherent vice or nature of the subject-matter insured
4.5 loss damage or expense proximately caused by delay, even though the delay be caused by a risk insured

against (except expenses payable under Clause 2 above)
4.6 loss damage or expense arising from insolvency or financial default of the owners managers charterers or

operators of the vessel
4.7 deliberate damage to or deliberate destruction of the subject-matter insured or any part thereof by the

wrongful act of any person or persons

4.8 loss damage or expense arising from the use of any weapon of war employing atomic or nuclear fission
and/or fusion or other like reaction or radioactive force or matter.

5.1 tn no case shall this insurance cover loss damage or expense arising from
unseaworthiness of vessel or craft,
unfitness of vessel craft conveyance container or liftvan for the safe carriage of the subject-matter
insured,

where the Assured or their servants are privy to such unseaworthiness or unfitness, at the time the subject-
matter insured is loaded therein.

5.2 The Underwriters waive any breach of the implied warranties of seaworthiness of the ship and fitness of
the ship to carry the subject-matter insured to destination, unless the Assured or their servants are privy to
such unseaworthiness or unfitness.

In no case shall this insurance cover loss damage or expense caused by
6.1 war civil war revolution rebellion insurrection, or civil strife arising therefrom, or any hostile act by or

against a belligerent power

6.2 capture seizure arrest restraint or detainment, and the consequences thereof or any attempt thereat

6.3 derelict mines torpedoes bombs or other derelicnrfepofc of war.

In no case shall this insurance cover loss damage orjitfxtm. \
7.1

7.2
7.3

DURATION
8 8.1

8.1-1

caused by strikers, locked-out worknj»(fj af'p^so
commotions >"" p^. -'
resulting from strikes, lock-outs^lSbouCdisturbiBieevfiots or civil commotions
caused by any terrorisl or aaJ-'peRon ac"tigj)i'fro,(ftfa political motive.

part in labour disturbances, riots or civil

This insurance attaches from (He tim^the goods leave the warehouse or place of storage at the
place named herein for the comn^ncement of the transit, continues during the ordinary course of
transit and terminates either

on delivery to the Consignees' or other final warehouse or place of storage at the destination
named herein.

Risks
Clause

Gen«aJ
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Clause
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8.1.2

8.1.2.1

8.1.2.2

8.1.3

8.2

8.3

on delivery to any other warehouse or place of storage, whether prior to or at the destination
named herein, which the Assured ckct to use either

for storage other than in the ordinary course of transit or

for allocation or distribution,
or

on the expiry of 60 days after completion of discharge overside of the goods hereby insured
from the oversea vessel at the final port of discharge,

whichever shall first occur.

[f, after discharge overside from the oversea vessel at the final port of discharge, but prior to
termination of this insurance, the goods are to be forwarded to a destination other than that to
which they are insured hereunto, this insurance, whilst remaining subject to termination as
provided for above, shall not extend beyond the commencement of transit to such other
destination.

This insurance shall remain in force (subject to termination as provided for above and to the
provisions of Clause 9 below) during delay beyond the control of the Assured, any deviation,
forced discharge, reshipment or transhipment and during any variation of the adventure arising
from the exercise of a liberty granted to shipowners or charterers under the contract of
affreightment.

If owing to circumstances beyond the control of the Assured either the contract of carriage is terminated at a port
or place other than the destination named therein or the transit is otherwise terminated before delivery of the
goods as provided for in Clause 8 above, then this insurance shall also terminate unless prompt notice is given to
Ihe Underwriters and continuation of cover is requested when the insurance shall remain in force, subject to an
additional premium if required by the Underwriters, either

9.1 until the goods are sold and delivered at such port or place, or, unless otherwise specially agreed, until the
expiry of 60 days after arrival of the goods hereby insured at such port or place, whichever shall first
occur,

Termination
of Contract
of Carriage
Clause

9.2 if the goods are forwarded within the said periojt'bf ft) date (or any agreed extension thereof) to the
destination named herein or to any other destirurtiorfpuAil terminated in accordance with the provisions
of Clause 8 above. ,••%-•*";. ^ />

10 Where, after attachment of this insurance, tl
premium and on conditions to be arranged subject h

CLAIMS * f"**
11 11.1

g d by the Assured, held covered at a
ing given to the Underwriters.

Assured must have an insurable interest in theIn order to recover under this^
subject-matter insured at the time of t

11.2 Subject to 11.1 above, the Assured shall ̂  entitled to recover for insured loss occurring during the
period covered by this insurance, notwithstanding that the loss occurred before the contract of insurance
was concluded, unless the Assured were aware of (he loss and the Underwriters were not.

12 Where, as a result of the operation of a risk covered by this insurance, the insured transit is terminated at a port
or place other than that to which the subject-matter is covered under (his insurance, the Underwriters will
reimburse (he Assured for any extra charges properly and reasonably incurred in unloading storing and
forwarding the subject-matter to the destination to which it is insured hereunder.
This Clause 12, which does not apply to general average or salvage charges, shall be subject to the exclusions
contained in Clauses 4, S, 6 and 7 above, and shall not include charges arising from the fault negligence insolvency
or financial default of the Assured or their servants.

13 No claim for Constructive Total Loss shall be recoverable hereunder unless the subject-matter insured
is reasonably abandoned either on account of its actual total loss appearing to be unavoidable or because
the cost of recovering, reconditioning and forwarding the subject-matter to the destination to which it is
insured would exceed its value on arrival.

14 14.1 If any Increased Value insurance is effected by the Assured on the cargo insured herein the
agreed value of the cargo shall be deemed to be increased to the total amount insured under this
insurance and all Increased Value insurances covering the loss, and liability under this insurance
shall be in such proportion as the sum insured herein bears to such total amount insured.

In the event of claim the Assured shall provide the Underwriters with evidence of the amounts
insured under all other insurances.

14.2 Where (his insurance is on Increased Value (be following clause dull apply:
The agreed value of the cargo shall be deemed to be equal to the total amount insured under the
primary insurance and all Increased Value insurances covering the loss and effected on the cargo
by the Assured, and liability under this insurance shall be in such proportion as the sum insured
herein bears to such total amount insured.
In the ev?nt of claim the Assured shall provide the Underwriters with evidence of the amounts insured
under all other insurances.

BENEFIT OF INSURANCE
15 This insurance shall not inure to the benefit of the carrier or other bailee.

MINIMISING LOSSES
16 It is the duty of the Assured and their servants and^t|ents in respect of loss recoverable hereunder

16.1 to take such measures as may be reasonablj/for ^he^ijurpose of averting or minimising such loss,

and .
16.2 to ensure that all rights against carpers, (fillets or&othep-lhird parties are properly preserved and

exercised
and the Underwriters will, in addition t^armjosi. recove*AbJe*ttereunder, reimburse the Assured for any charges
properly and reasonably incurred in p^sua^ce'Of, fhest?dutj

17 Measures taken by the Assured or
the subject-matter insured shall not
otherwise prejudice the rights of either parly\»-

:rs with the object of saving, protecting or recovering
fdered as a waiver or acceptance of abandonment or
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AVOIDANCE OF DELAY
18 It is a condition of this insurance that the Assured shall act with reasonable despatch in all circumstances RwoMk

within Iheir control. c5£cCh

LAW AND PRACTICE
19 This insurance is subject to English law and practice. EMIM U «

and PiKikc
Cliusc

NOTE:— It ts necessary for the Assured when they become aware of an event which is "held covered" under this
insurance tc give prompt notice to the Underwriters and the right to such cover is dependent upon compliance with
this obligation.
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1/1/82 (FOR USE ONLY WITH THE NEW MARINE POLICY FORM)

INSTITUTE CARGO CLAUSES (C)

RISKS COVERED
1 This insurance covers, except as provided in Clauses 4, 5, 6 and 7 below,

1 loss of or damage to the subject-matter insured reasonably attributable to
1.1 fire or explosion
1.2 vessel or craft being stranded grounded sunk or capsized
1.3 overturning or derailment of land conveyance
1.4 collision or contact of vessel craft or conveyance with any external object other than water
1.5 discharge of cargo at a port of distress,

loss of or damage to the subject-matter insui^tf c\used by
general average sacrifice

1.1

1.2

1.3

1.4
1.5

.2

.2.1
1.2.2 jettison.

2 This insurance covers general average
affreightment and/or the governing
loss from any cause except those exj'

3 This insurance is extended t
contract of affreightment "Both
In the event of any claim by
writers who shall have the right, at

EXCLUSIONS
4 In no case shall this insurance cover

listed or determined according to the contract of
to avoid or in connection with the avoidance of

and 7 or elsewhere in this insurance.

isured against such proportion of liability under the
sion" Clause as is in respect of a loss recoverable hereunder.

the said Clause the Assured agree to notify the Under-
cost and expense, to defend the Assured against such claim.

4.1 loss damage or expense attributable to wilful misconduct of the Assured
4.2 ordinary leakage, ordinary loss in weight or volume, or ordinary wear and tear of the subject-matter

insured
4.3 loss damage or expense caused by insufficiency or unsuitability of packing or preparation of the

subject-matter insucd (for the purpose of this Clause 4.3 "packing" shall be deemed to include
stowage in a container or liftvan but only when such stowage is carried out prior to attachment of this
insurance or by the Assured or their servants)

4.4 loss damage or expense caused by inherent vice or nature of the subject-matter insured
4.5 loss damage or expense proximately caused by delay, even though the delay be caused by a risk insured

against (except expenses payable under Clause 2 above)
4.6 loss damage or expense arising from insolvency or financial default of the owners managers charterers

or operators of the vessel
4.7 deliberate damage !o or deliberate destruction of the subject-matter insured or any part thereof by the

wrongful act of any person or persons
4.8 loss damage or expense arising from the use of any weapon of war employing atomic or nuclear fission

and/or fusion or other like reaction or radioactive force or matter.
5.1 In no case shall this insurance cover loss damage or expense arising from

unseaworthiness of vessel or craft,
unfitness of vessel craft conveyance container or liftvan for the safe carriage of the subject-matter
insured,

where the Assured or their servants are privy to such unseaworthiness or unfitness, at the time the
subject-matter insured is loaded therein.

5.2 The Underwriters waive any breach of the implied warranties of seaworthiness of the ship and fitness of
the ship to carry the subject-matter insured to destination, unless the Assured or their servants are privy
to such unseaworthiness or unfitness.

In no case shall this insurance cover loss damage or ep£n
6.1 war civil war revolution rebellion insurreyrfon, 4r

i blli S ^ 1
6.2
6.3

caused by
y j strife arising therefrom, or any hostile act by or

against a belligerent power JS JW.^',,1
capture seizure arrest restraint ordHainnfentj an^hejg^sequences thereof or any attempt thereat
derelict mines torpedoes bomjrt or |iTSSr..de ĵlict w»eff ons of war.

"" nugecr ex^Snse
\ ^ S persons taking part in labour disturbances, riots or civil

In no case shall this insurance c
7.1 caused by strikers, lockel

rlq

commotions
resulting from strikes, lock-oil ur disturbances, riots or civil commotions7.2

7.3 caused by any terrorist or any person acting from a political motive.

DURATION
8 8.1 This insurance attaches from the time the goods leave the warehouse or place of storage at the

place named herein for the commencement of the transit, continues during the ordinary course of
transit and terminates either

8.1.1 on delivery to the Consignees' or other final warehouse or place of storage at the destination
named herein,

8.1.2 on delivery to any other warehouse or place of storage, whether prior to or at the destination
named herein, which the Assured elect to use either

Risks
Clause

General
Average
Clause

••Both lo
Blame
Collision"
Clause

General
Exclusion?
Clause

Unseaworthiness
and Unfitness
Exclusion
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War
Exclusion
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Exclusion
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Transit
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8.1.2,1 for storage other than in the ordinary course of transit or
8.1.2,2 for allocation or distribution,

8.1.3 on the expiry of 60 days after completion of discharge overside of the goods hereby insured
from the oversea vessel at the final port of discharge,

whichever shall first occur.
8.2 If, after discharge overside from the oversea vessel at the final port of discharge, but prior to

termination of this insurance, the goods are to be forwarded to a destination other than that to
which they are insured hereunder, this insurance, whilst remaining subject to termination as
provided for above, shall not extend beyond the commencement of transit to such other
destination.

8.3 This insurance shall remain in force (subject to termination as provided for above and to the
provisions of Clause 9 below) during delay beyond the control of the Assured, any deviation,
forced discharge, reshipment or transhipment and during any variation of the adventure arising
from the exercise of a liberty granted to shipowners or charterers under the contract of
affreightment.

If owing to circumstances beyond the control of the Assured either the contract of carriage is terminated at a port
or place other than the destination named therein or the transit is otherwise terminated before delivery of the
goods as provided for in Clause 8 above, then this insurance shall also terminate unless prompt notice is given
to the Underwriters and continuation of cover is requested when the insurance shall remain in force, subject to
an additional premium if required by the Underwriters, either
9.1 until the goods are sold and delivered at such port or place, or, unless otherwise specially agreed, until

the expiry of 60 days after arrival of the goods hereby insured at such port or place, whichever shall first
occur, / '

V9.2

10

CLAIMS
11 11.1

(or any agreed extension thereof) lo the
rminated in accordance with the provisions

if the goods are forwarded within the saUKf iv.
destination named herein or to any othe^aesttnifljion,1
of Clause 8 above. •? _ ' *

Where, after attachment of this insuraiKfe^ t v dc^lin^ikj^is changed by the Assured, held covered at a
premium and on conditions to be arrangedwBfetf~4&$roMrfpt notice being given to the Underwriters.

the Assured must have an insurable interest in theIn order to recover under this >jtsu
subject-matter insured at the time of uVtoss.

11.2 Subject to 11.1 above, the Assured shall be entitled to recover for insured loss occurring during the period
covered by this insurance, notwithstanding ihat the loss occurred before the contract of insurance was
concluded, unless the Assured were aware of the loss and the Underwriters were not.

12 Where, as a result of the operation of a risk covered by this insurance, the insured transit is terminated at a port
or place other than that to which the subject-matter is covered under this insurance, the Underwriters will
reimburse the Assured for any extra charges properly and reasonably incurred in unloading storing and
forwarding the subject-matter to tiie destination to which it is insured hereunder.
This Clause 12, which does not apply to general average or salvage charges, shall be subject to the exclusions
contained in Clauses 4, S, 6 and 7 above, and shall not include charges arising from the fault negligence
insolvency or financial default of the Assured or their servants.

13 No claim for Constructive Total Loss shall be recoverable hereunder unless the subject-matter insured
is reasonably abandoned either on account of its actual total loss appearing to be unavoidable or because
the cost of recovering, reconditioning and forwarding the subject-matter to the destination to which it is
insured would exceed its value on arrival.

14 14.1 If any Increased Value insurance is effected by the Assured on the cargo insured herein the
agreed value of the cargo shall be deemed to be increased to the total amount insured under this
insurance and all Increased Value insurances covering the loss, and liability under this insurance
shall be in such proportion as the sum insured herein bears to such total amount insured.
In the event of claim the Assured shall provide the Underwriters with evidence of the amounts
insured under all other insurances.

14.2 Where this insurance is on Increased Value the following clause shall apply:
The agreed value of the cargo shall be deemed to be equal to the total amount insured under the
primary insurance and all Increased Value insurances covering the loss and effected on the cargo
by the Assured, and liability under this insurance shall be in such proportion as the sum insured
herein bears to such total amount insured.
In the event of claim the Assured shall provide the Underwriters with evidence of the amounts insured
under all other insurances.

BENEFIT OF INSURANCE
15 This insurance shall not inure to the benefit of the carrier or other bailee.

MINIMISING LOSSES
16 It is the duty of the Assured and their servants and agents in respect of loss recoverable hereunder

16.1 to take such measures as may be reasonable for the purpose of averting or minimising such loss,
and

16.2 to ensure that all rights against c,afriersV<i>ailees or other third parties are properly preserved and
exercised ** \ X

and the Underwriters will, in addition )f> 'any\(pss recoverable hereunder, reimburse the Assured for any
charges properly and reasonably incdrre4.urpursohnc»i'of these duties.

17 Measures taken by the Assured or"the Iftylerjyrfters with the object of saving, protecting or recovering
the subject-matter insured .snail not be considered as a waiver or acceptance of abandonment or
otherwise prejudice the rights'ofce'itrier pariy.^
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AVOIDANCE OF DELAY ' \ *N ..,i /
18 It is a condition of this insuiiuice tjjS the Assured shall act with reasonable despatch in all circumstances Reasonable

within their control. \f cff'*

LAW AND PRACTICE
19 This insurance is subject to English law and practice, English Law

and Practice
Clause

NOTE;— It is necessary for the Assured when they become aware of an event which is "held covered" under this
insurance to give prompt notice to the Underwriters and the right to such cover is dependent upon compliance with
this obligation.
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(FOR USE ONLY WITH THE NEW MARINE POLICY FORM)

INSTITUTE WAR CLAUSES (CARGO)

RISKS COVERED
1 This insurance covers, except as provided in Clauses 3 and 4 below, loss of or damage to the subject-matter Risks

insured caused by c t o u »

1.1 war civil war revolution rebellion insurrection, or civil strife arising therefrom, or any hostile act by or
against a belligerent power

1.2 capture seizure arrest restraint or detainment, arising from risks covered under 1.1 above, and the
consequences thereof or any attempt thereat

1.3 derelict mines torpedoes bombs or other derelict weapons of war.

2 This insurance covers general average and salvage charges, adjusted qpfrcwmined according to th* contract of
affreightment and/or the governing law and practice, incurred to avoidcr i\conneciion with the avoidance of Average
loss from a risk covered under these clauses. .S «».* % sc

EXCLUSIONS
3 In no case shall this insurance cover v"'" f^.x >L jf*1 General

3.1 loss damage or expense attributable to wilfu>4hu«enauci of measured clause"""
3.2 ordinary leakage, ordinary loss in weighror vttlurrm, Wojdfnary wear and tear of the subject-matter

insured x ^k ..

3.3 loss damage or expense caused by insufficiencyW unsffltability of packing or preparation of the subject-
matter insured (for the purpose of this Clause j^J^packing" shall be deemed to include stowage in a
container or liftvan but only when such stowage is carried out prior to attachment of this insurance or by
the Assured or their servants)

3.4 loss damage or expense caused by inherent vice or nature of the subject-matter insured
3.5 loss damage or expense proximately caused by delay, even though the delay be caused by a risk insured

against (except expenses payable under Clause 2 above)
3.6 loss damage or expense arising from insolvency or financial default of the owners managers charterers

or operators of the vessel
3.7 any claim based upon loss of or frustration of the voyage or adventure
3.8 loss damage or expense arising from any hostile use of any weapon of war employing atomic or nuclear

fission and/or fusion or other like reaction or radioactive force or matter.

4 4.1 In no case shall this insurance cover loss damage or expense arising from unsea»onhino\
, . e . c and UnHtncss

unseaworthiness of vessel or craft, Exclusion
unfitness of vessel craft conveyance container or liftvan for the safe carriage of the subject-matter c ause

insured,
where the Assured or their servants are privy lo such unseaworihiness or unfitness, at the time the
subject-matter insured is loaded therein.

4.2 The Underwriters waive any breach of the implied warranties of seaworthiness of the ship and fitness of
the ship to carry the subject-matter insured to destination, unless the Assured or their servants are
privy to such unseaworthiness or unfilness.

DURATION
5 5,1 This insurance Transit

5.1.1 attaches only as the subject-matter insured and as to any part as that part is loaded on an oversea
vessel
and

5.1.2 terminates, subject to 5.2 ard 5.3 below, either as the subject-matter insured and as to any part as
that part is discharged from an oversea vessel at (he final port or place of discharge,
or
on expiry of 15 days counting from midnight of the day of arrival of the vessel at the final port or
place of discharge,

whichever shall first occur;
nevertheless,
subject to prompt notice to the Underwriters and /o-<j/i additional premium, such insurance

5.1.3 reattaches when, without having discharged th&lubjeeunatter insured at the final pu.i or place of
discharge, the vessel sails therefrom, J:> tt *•

and > > • * »
5.1.4 terminates, subject to 5.2 and 5.3 bejrtv, eititet>4s the'subject-matter insured and as to any part as

that part is thereafter discharged ^O)if*1he vttsel a>4ne final (or substituted) port or place of
discharge, ./' '< '•'.. / *

or ,* ' !C \ V - ' :'~
on expiry of 15 days counting'fronrmjdjnighrof the day of re-arrival of the vessel at (he final port
or place of discharge or arrival ofjhe vessel at a substituted port or place of discharge,
whichever shall first occur. \ _, *

5.2 If during the insured voyage the oversea vessel arrives at an intermediate port or place to discharge the
subject-matter insured for on-carriage by oversea vessel or by aircraft, or the goods are discharged from
the vessel at a port or place of refuge, then, subject to 5.3 below and to an additional premium if
required, this insurance continues until the expiry of 15 days counting from midnight of the day of arrival
of the vessel at such port or place, bul thereafter reattaches as the subject-matter insured and as lo any
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5.2.1

part as that part is loaded on an on-carrying oversea vessel or aircraft. During the period of IS days the
insurance remains in force after discharge only whilst the subject-matter insured and ?s to any part as that
part is at such porl or place. If the goods are on-carried within the said period of IS days or if the
insurance reattaches as provided in this Clause S.2

where the on-carriage is by oversea vessel this insurance continues subject to the terms of these
clauses,

5.2.2 where the on-carriage is by aircraft, the current Institute War Clauses (Air Cargo) (excluding
sendings by Post) shall be deemed to form part of this insurance and shall apply to the on-carriage
by air.

5.3 If the voyage in the contract of carriage is terminated at a port or place other than the destination
agreed therein, such port or place shall be deemed the final port of discharge and such insurance
terminates in accordance with 5.1.2. If the subject-matter insured is subsequently reshipped to the
original or any other destination, then provided notice is given to the Underwriters before the
commencement of such further transit and subject to an additional premium, such insurance reattaches

5.3.1 in the case of the subject-matter insured having been discharged, as the subject-matter insured and
as to any part as that part is loaded on the on-carrying vessel for the voyage;

5.3.2 in the case of the subject-matter not having been discharged, when the vessel sails from such
deemed final port of discharge;

thereafter such insurance terminates in accordance with 5.1.4.
5.4 The insurance against the risks of mines and derelict torpedoes, floating or submerged, is extended

whilst the subject-matter insured or any part thereof is on craft whilst in transit to or from the oversea
vessel, but in no case beyond the expiry of 60 days after .discharge from the oversea vessel unless
otherwise specially agreed by the Underwriters. /" ^ \

5.5 Subject to prompt notice to Underwriters, and to an"ajfjllkituil pnmium if required, this insurance
shall remain in force within the provisions of these Clauses durirWany deviation, or any variation of the
adventure arising from the exercise of a liberty'graHed to- shipowners' or charterers under the contract
of affreightment. ,-» £ • \ *''

V •**«. V . «»'
(For the purpose of Clause 5
"arrival" shall be deemed to mean that the vesselis aiKhjJred>^rioorecl or otherwise secured at a berth or place
within the Harbour Authority area. If such a bertrW places' not available, arrival is deemed to have occurred
when the vessel first anchors, moors or otherwise secWe&efther at or off the intended port or place of discharge
"oversea vessel" shall be deemed to mean a vessel carrying the subject-matter from one port or place to another
where such voyage involves a sea passage by that vessel)

Where, after attachment of this insurance, the destination is changed by the Assured, held covered at a premium
and on conditions to be arranged subject lo prompt notice being given to the Underwriters.

Anything contained in this contract which is inconsislent with Clauses 3.7, 3.8 or S shall, lo the extent of such
inconsistency, be null and void.

CLAIMS
8 8.1

8.2

In order to recover under this insurance the Assured must have an insurable interest in the
subject-matter insured at the time of the loss.

Subject 108.1 above, the Assured shall be entitled to recover for insured loss occurring during the period
covered by this insurance, notwithstanding that the loss occurred before the contract of insurance was
concluded, unless the Assured were aware of the loss and the Underwriters were not.

9 9.1 If any Increased Value insurance is effected by the Assured on the cargo insured herein the
agreed value of the cargo shall be deemed to be increased to the total amount insured under this
insurance and all Increased Value insurances covering the loss, and liability under this insurance
shall be in such proportion as the sum insured herein bears to such total amount insured.
In the event of claim the Assured shall provide the Underwriters with evidence, of the amounts
insured under all other insurances.

9.2 Where Ibis insurance is on increased Value the following clause shall apply:
The agreed value of the cargo shall be deemed to be equal to the total amount insured under the
primary insurance and all Increased Value insurances covering the loss and effected on the cargo
by the Assured, and liability under this insurance shall be in such proportion as the sum insured
herein bears to such total amount insured.
In the event of claim the Assured shall provide the Underwriters with evidence of the amounts insured
under all other insurances.

BENEFIT OF INSURANCE
10 This insurance shall not inure to the benefit of the carrier or other bailee.

MINIMISING LOSSES
11 It is the duty of the Assured and their servants and agents in respect of loss recoverable hereunder

11.1 to take such measures as may be reasonabJfTor 'the purpose of averting or minimising such loss,
and jr «, \ \_

11.2 to ensure that all rights agains><£arjffrS, bafees o% other third parties are properly preserved and
exercised >^*V_. \."' * .•»•'

and the Underwriters will, in addition to(siny'los*^ecoj»fable hereunder, reimburse the Assured for any charges
properly and reasonably incurjjjffl inriA^suancejOf tbtie duties.

Measures taken by the Assurfcd̂  ol^hjj Underwriters with the object of saving, protecting or recovering12
the subject-matter insured
otherwise prejudice the rights of eii
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AVOIDANCE OF DELAY
13 It is a condiiion of this insurance that the Assured shall act with reasonable despatch in all circumstances Reasonable

within their control. Dcspaich
Clause

LAW AND PRACTICE
14 This insurance is subject to English law and practice. English Law

and Practice
Clause

NOTE:— It is necessary for the Assured when they become aware of an event which is "held covered" under this
insurance to give prompt notice to the Underwriters and the right to such cover is dependent upon compliance with
this obligation.
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1/1/82 (FOR USE ONLY WITH THE NEW MARINE POLICY FORM)

INSTITUTE STRIKES CLAUSES (CARGO)

RISKS COVERED
1 This insurance covers, except as provided in Clauses 3 and 4 below, loss of or damage to the subject-matter k,SkS

insures' caused by t buse
1.1 strikers, iocked-out workmen, or persons taking part in labour disturbances, riots or civil commotions
I 2 any terrorist or any person acting from a political motive.

2 This insurance covers general average and salvage charges, adjusted or determined according to the contract of JjJJ™
affreightment and/or the governing law and practice, incurred to avoid or in connection with the avoidance of clause
loss from a risk covered under these clauses.

KXCLUSIONS
3 In no case shall this insurance cover Gennai

3.1 loss damage or expense attributable to wilfuLwsconduct of the Assured clause"""
3.2 ordinary leakage, ordinary loss in weighpHfrvdbime, or ordinary wear and tear of the subject-matter

insured ^r \ L̂
3.3 loss damage or expense caused JM^aumwkncyqc unsuitability of packing or preparation of. the

subject-matter insured (for t taT>urj6se}of^is CVuse 3.3 "packing" shall be deemed to include
stowage in a container or liUfandkwt c5tfy whenartih stowage is carried out prior to attachment of this
insurance or by the A s s i u n o r t f e i r ^ r v v t s ) ^ ^

3.4 loss damage or expen^caufcrty istalrerjldfice or nature of the subject-matter insured
3.5 loss damage or expense\ron)na^blyc«ased by delay, even though the delay be caused by a risk insured

against (except expenses p^aBleupaer Clause 2 above)
3.6 loss damage or expense arisloa^rom insolvency or financial default of the owners managers charterers

or operators of the vessel
3.7 loss damage or expense arising from the absence shortage or withholding of labour of any description

whatsoever resulting from any strike, lockout, labour disturbance, riot or civil commotion
3.8 any claim based upon loss of or frustration of the voyage or adventure
3.9 loss damage or expense arising from the use of any weapon of war employing atomic or nuclear fission

and/or fusion or other like reaction or radioactive force or matter
3.10 loss damage or expense caused by war civil war revolution rebellion insurrection, or civil strife arising

therefrom, or any hostile act by or against a belligerent power.

4 4.1 In no case shall this insurance cover loss damage or expense arising from unseaworthiness
and Unfitness

unseaworthiness of vessel or craft, Exclusion
unfitness of vessel craft conveyance container or liftvan for the safe carriage of the subject-matter CUuse

insured,
where the Assured or their servants are privy to such unseaworthiness or unfitness,- at the time the
subject-matter insured is loaded therein.

4.2 The Underwriters waive any breach of the implied warranties of seaworthiness of the ship and fitness
of the ship to carry the subject-matter insured to destination, unless the Assured or their servants are
privy to such unseaworthiness or unfitness.

DURATION
5 S.I This insurance attaches from the time the goods leave the warehouse or place of storage at the Transit

place named herein for the commencement of the transit, continues during the ordinary course of clause
transit and terminates either

5.1.1 on delivery to the Consignees' or otherXinal warehouse or place of storage at the destination
named herein, S^\.

5.1.2 on delivery to any other warehqjiSfjpr fclacV of storage, whether prior to or at the destination
named herein, which the Assuaitf^tontiltse either

5.1.2.1 for storage other thaprothe KdjharyV>urspof transit or
5.1.2.2 for allocation Ojpflfstritftiot),

or *\ O«V'*^
5.1.3 on the expiry o n t o olgs ifler ^efftpletion of discharge overside of the goods hereby insured

from the oversea vexl aTftle Qrtal port of discharge,
whichever shall first occurS , yr

5.2 If, after discharge overside from the oversea vessel at the final port of discharge, but prior to
termination of this insurance, the goods are to be forwarded to a destination other than that to
which they are insured hereunder, this insurance, whilst remaining subject to termination as
provided for above, shall not extend beyond the commencement of transit to such other
destination.

5.3 This insurance shall remain in force (subject to termination as provided for above and to the
provisions of Clause 6 below) during delay beyond the control of the Assured, any deviation,
forced dischaige, reshipment or transhipment and during any variation of the adventure arising
from the exercise of a liberty granted to shipowners or charterers under the contract of
affreightment.
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If owing to circumstances beyond the control of the Assured either the contract of carriage is terminated at a port
or place other than the destination named therein or the transit is otherwise terminated before delivery of the
goods as provided for in Clause 5 above, then this insurance shall also terminate unless prompt notice is given io
the Underwriters and continuation of cover is requested when the insurance shall remain in force, subject to an
additional premium if required by the Underwriters, either

6.1 until the goods are sold and delivered at such port or place, or, unless otherwise specially agreed, until
ihe expiry of 60 days after arrival of the goods hereby insured at such port or place, whichever shall
first occur.

Termination
of Contract
of Carnage
Clause

6.2 if the goods are forwarded within the said period ofj
destination named herein or to any other desttnatiopfugtili
of Clause 5 above. -• A \

ys (or any agreed extension thereof) to the
minated in accordance with the provisions

Where, after attachment of this insurance, thê <fcs(irfkti<Jh is%l
premium and on conditions to be arranged subject ur-prombi nolle

CLAIMS
8 8.1

8.2

S, . *

by the Assured, held covered at a
ffing given to the Underwriters.

Assured must have an insurable interest in (heIn order to recover under thuA . „ _ . . . „ ...» .
subject-matter insured at the time 9t tm^jjj. /*
Subject to 8.1 above, the Assured sh5l| be epHtfed to recover for insured loss occurring during the period
covered by this insurance, notwithstanding that the loss occurred before the contract of insurance was
concluded, unless the Assured were aware of the loss and the Underwriters were not.

9 9.1 If any Increased Value insurance is effected by the Assured on the cargo insured herein (he
agreed value of the cargo shall be deemed to be increased to the total amount insured under this
insurance and all Increased Value insurances covering the loss, and liability under this insurance
shall be in such proportion as the sum insured herein bears to such total amount insured.
In the event of claim the Assured shall provide the Underwriters with evidence of the amounts
insured under all other insurances.

9.2 Where this insurance is on Increased Value the following clause shall apply:
The agreed value of the cargo shall be deemed to be equal to the total amount insured under the
primary insurance and ail Increased Value insurances covering the loss and effected on the cargo
by the Assured, and liability under this insurance shall be in such proportion as the sum insured
herein bears to such total amount insured.
In the event of claim the Assured shall provide the Underwriters with evidence of the amounts insured
under ail other insurances.

BENEFIT OF INSURANCE
10 This insurance shall not inure lo the benefit of the carrier or other bailee.

MINIMISING LOSSES
11 It is the duty of the Assured and their servants and agents in respect of loss recoverable hereunder

11.1 to take such measures as may be reasonable for the purpose of averting or minimising such loss,
and

11.2 to ensure that all rights against carriejOiailees or other third parlies are properly preserved and

12

to ensure that all rights against can
exercised

and the Underwrite! s will, in addition
properly and reasonably incurred in pui

Measures taken by Ihe Assured
the subject-matter insured sh
otherwise prejudice the rights f

AVOIDANCE OF DELAV
13 It is a condition of this insur;

within their control.

LAW AND PRACTICE
14 This insurance is subject to English law and practice.

hereunder, reimburse the Assured for any charges

with the object of saving, protecting or recovering
as a waiver or acceptance of abandonment or

Assured shall act with reasonable despatch in all circumstances

Change oi
Voyage
Clause

fnsurabf>
I merest
Clause

Increased
value
Clause

Nol to
Inure Clause

Duly of
Assured Clause

*aiver
Clause

Reasonable
Despatch
Clause

English Law
and Practice
Clause

NOTE;— If is necessary for the Assured when they become aware of an event which is "held covered" under this
insurance to give prompt notice to the Underwriters and the right to such cover is dependent upon compliance with
this obligation.
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10. ADMINISTRATIVE PROCEDURES -
PREPARING RADIOACTIVE MATERIAL FOR SHIPMENT

The purpose of this section is to outline the process and procedures

that a consignor must follow in order to prepare radioactive material for

shipment according to the Regulations. This will facilitate the understanding

of the Regulations for those people who are not normally involved in their

practical application.

A general outline of the procedure will be presented first, and then a

specific example will be used as an illustration.

10.1. Package Selection

A primary consideration for the achievement of safety in the transport

of radioactive material is the use of proper packaging for the specific

radioactive material to be transported. In order to determine the packaging

requirements, a prospective shipper must answer the questions posed in the

following sections.

10.1.1. Form

What is the form of the radionuclide(s) being shipped? If it is

special form then the A value will need to be determined, otherwise the

A value will be required.

10.1.2. Nuclide

What radionuclide(s) are being shipped? This is clearly important in

order to determine the appropriate A or A value from Table I of Safety

Series No. 6. If the radionuclides are unknown, then the A or A value

for the material must be found from SS 6, Table II.

10.1.3. Quantity

What quantity of the radionuclide is being shipped? The activity being

shipped will need to be compared with the A or A value found above, in

order to determine the packaging required. If there is a known mixture of

nuclides involved, then the method for performing this comparison is given in
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paragraph 304 of SS 6. Alternatively, a mixture A value can be calculated

using the formula given later in the same paragraph. This process is

illustrated in the example in Section 10.3.

10.1.4. Material Type

What is the nature of the radioactive material being shipped? This is

a more general question than that of form but involves similar

considerations. The following initial determinations need to be made.

(1) Can the material be considered as being incorporated in instruments or

articles?

(2) Does the material meet the criteria for low specific activity material

(I, II or III) given in SS 6, paragraph 131, or surface contaminated

object (I or II) given in paragraph 144?

(3) Is the material fissile, as defined in SS 6, paragraph 129?

Further questions may need to be asked later, such as whether or not

the material is solid, liquid or gas, or if it is natural uranium, natural

thorium or depleted uranium; however, the three questions given above are

sufficient for now.

10.1.5. Packaging

At this point there should be enough information available to determine

the type of packaging required for the shipment.

If the quantity being shipped is small compared to the appropriate A

or A. value, then Table IV of SS 6 should be consulted to determine if

perhaps the material may be shipped as an excepted package. (Note: other

criteria will also need to be met). If the quantity is very small (0.1 of the

Table IV limit), then it may be possible to transport the consignment via the

post.

If the material meets the LSA or SCO criteria, then it may be able to

be shipped in an industrial package (IP-1, 2 or 3).
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If the radioactive material is neither excepted, LSA or SCO, and the

y is less than, or eqi

shipped in a Type A package.

quantity is less than, or equal to, the A or A value, then it must be

Finally, if the activity of the radioactive material is greater than

the appropriate A or A value, then it must be shipped in a Type B

package. If more than one country is involved in the shipment it will need to

be a Type B(M) package, otherwise it may be a Type B(U).

Whatever the package type chosen, if the radioactive material is

fissile, then additional requirements for packages are imposed (paras 559-563).

If a packaging is already available for the radioactive material, a

determination (by measurement or calculation) needs to be made as to whether

the dose rate on the outside of the package and the dose rate at 1 m are

within the applicable limits. If this is not the case, then the packaging

will need to be changed or perhaps the material could be transported as an

exclusive use shipment.

If no suitable packaging is available, then one will need to be

designed, constructed and tested. In addition, it may also be necessary to

have it approved by the appropriate competent authority(ies).

10.2. Safety Series No. 80 Schedules

Once this stage has been reached, enough information should be

available to take advantage of the schedules in Safety Series No. 80.

Answering the questions given earlier, and determining the package type will

lead the consignor to one particular schedule. The first item in each

schedule is headed "Materials" and therefore a check of this will confirm

whether or not the correct schedule has been selected.

As will be illustrated in the example below, following the appropriate

schedule, and referring to the Regulations as necessary, will ensure that all

of the requirements of the Regulations are met. The schedules will lead the

consignor through the packaging requirements, the maximum radiation levels,

the maximum contamination levels, consideration of the decontamination of

conveyances, mixed contents, mixed loading, the correct labelling, marking and

placarding, as well as the requirements for documentation, storage, dispatch

and carriage of the package.
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10.3. Example

To illustrate the procedure described above, consider a research

reactor facility shipping an irradiated geological sample which is doubly

encapsulated in sealed polyethylene vials. The material is a solid rock

powder, and clearly is not incorporated in an instrument or article, nor could

it be considered LSA or SCO. In addition it is not fissile, natural or

depleted uranium, or natural thorium.

Although the sample is encapsulated in polyethylene, it is clearly not

in special form and, therefore, the guiding parameter will be Ao and not

V
From knowledge of the material irradiated, and the reactor neutron

flux, as well as the irradiation and decay times, it is estimated that the

radionuclides and activities present at the time of packaging are:

24Na

59Fe
46Sc

54Mn

40La
60Co

0.3

75

0.2

7

50

18

GBq

MBq

GBq

MBq

MBq

MBq

(3

(7.5

(2

(5

(5

(1.8

X

X

X

X

X

X

io"4

10"5

io"4

ID"6

io"5

io"5

TBq)

TBq)

TBq)

TBq)

TBq)

TBq)

Total Activity = 6.5 x 10~ TBq

Dose rate measurements from the sample indicate that these estimated

activities are conservative.

For this mixture the formula in paragraph 304 is used:

3xlO~4 7.5xlO~5 2xlO~4 7xlO~6 5xlO~5 1.8xlO~5

) = + + + + _ +

2(i) 0.2 0.8 0.5 i.O 0.4 0.4

= 2.2 x 10~3
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Alternatively, calculating a mixture A. value gives:

u
r~*0.461 0.115 0.308 0.011 0.077 0.028

= ) + + + + +

/ 0.2 0.8 0.5 1.0 0.4 0.4

A = 0.299 TBq

24
Clearly Na is the limiting radionuclide and, therefore, a

conservative, simplifying assumption could be made that all of the activity

was Na.

10.3.1. Package Selection

The total activity of the sample is small and, therefore, reference is

made to SS 6, Table IV to determine if it could be shipped as an excepted

package. The table shows that for solid material the limit is 10 A_.
_3 z

This sample is the equivalent of 2.2 x 10 A. and, therefore, is just too

large for an excepted shipment. However, it is less than A and therefore

can be transported in a Type A package.

Type A packaging is available in the form of a small lead pig inside of

some expanded styrofoam contained by a cardboard box. The overall dimensions

are approximately 0.3 m x 0.3 m x 0.3 m. The measured dose rates once the

material is inside the packaging are 20 uSv/h on the surface, and

indistinguishable from background at a distance of 1 m. A smear survey shows

no detectable removable contamination on the package surfaces.

The package will be carried by the researcher in an institution vehicle

acting as a private carrier. A radiation and contamination survey of the

vehicle before loading shows no detectable activity. A radiation survey of

the vehicle after loading indicates a maximum dose rate of 5 uSv/h on the

outside vehicle surface, background at 2 m from the vehicle surfaces, and

background in the driver's seat. The carrier is planning to go directly to

the institution with no stops. This would be about a three hour journey on

good roads.
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10.3.2. Use of a Schedule

A glance down the contents table of SS 80 shows that the appropriate

schedule to use is No. 9. At this point it would be instructive to have SS 80

Schedule No. 9 open as the discussion below follows the schedule in detail.

(1) Materials

(«) Not applicable (N/A).

(b) Equivalent activity is less than A , therefore, this material

is acceptable in a Type A package.

(2) Packaging/Package

(a) N/A.

(b) For the packaging chosen, this requirement has been demonstrated

by testing.

(c) No design approval required.

(d) N/A.

(e) N/A.

(f) N/A.

(g) The smallest dimension is 300 mm, therefore, this is no problem,

(h) A numbered adhesive seal is placed over the lid and bottom of the

box.

(i) There are no other dangerous properties of this material.

(3) Maximum Radiation Levels

(a) The measured dose rates at 1 m and on the surface are much less

than these limits.

(b) W/A.

(c) N/A.

(d) H/A.

(e) N/A.

(4) Contamination on Packages

There is no detectable, non-fixed contamination. This was measured

with a system with a lower limit of detection less than that in Table

III of SS 6. Therefore, there is no problem.
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(5) Decontamination and Use of Conveyances

(a) No radiation or contamination is detected on the vehicle.

(b) N/A.

(6) Mixed Contents of Packages

(a) No other items or articles are in the package.

(b) Ditto.

(7) Mixed Loading

(a) N/A.

(b) N/A.

(c) This shipment will not be in the vicinity of any undeveloped film.

(8) Labelling and Marking of Packages

(a) (i-iii) SS 6, Table IV indicates that Yellow II labels are

appropriate for the dose rates from this package.

Two of these labels are completed with the list of

radionuclides and their activities, and zero is

written in the box for the transport index. The

labels are affixed to two opposite sides of the box.

(iv) N/A, as this package is less than 50 kg.

(v) A preprinted label which includes the words "Type A"

is affixed to the box.

(vi) N/A.

(b) (i)-(iv) N/A.

(9) Placards

(a) (i) N/A.

(ii) Placards are affixed to the sides and rear of the

vehicle,

(iii) N/A.

(b) N/A.

(c) No other placards are on the vehicle.

(d) No other dangerous material is present.
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(10) Transport Documents

(a) No competent authority approval or notification is required

for Type A packages.

(b) A shipping document is prepared containing the following

information required by the SS 6 paragraphs referenced:

447 (a)
(b)

(c)

(d)

(e-f)

(gti)

(h)

(j)

(k)

(1-P)

Radioactive Material, N.O.S.

Hazard

N/A.

UN 2982

N/A.
2 4 N a -
5 9 F e -
46Sc -
5 4 H n -

140,
La -

60_
Co -

Crushed

Class 7.

*

0.3 GBq.

75 KBq.

0.2 GBq.

7 MBq.

50 MBq.

IP MBq.

rock - Rhyolite.

Category - yellow II.

Transport Index = 0 .

N/A.

448 I hereby declare that the contents of this consignment

are fully and accurately described above by the proper

shipping name and are classified, packed, marked and

labelled, and are in all respects in proper condition for

transport by private vehicle according to the applicable

international and national governmental regulations.

449 N/A.

450 The document is signed and dated by the consignor.

451 The declaration and particulars of the consignment are on

the same sheet.

452 N/A.



453 (a) A standard pre-printed package opening sheet is given

to the carrier.

(b) N/A.

(c) A standard pre-printed sheet on emergency response

instructions including telephone numbers is given to

the carrier.

454 N/A.

(11) Storage and dispatch

(a) This shipment is going directly to its destination and will not

be close to undeveloped photographic film.

(b) N/A.

(12) Carriage of Packages

(a) N/A.

(b) N/A.

(c) N/A.

(d) (i)-(iii) Measured dose rates are well within all of the limits

given.

(e) N/A.

<f> N/A.

(13) Other provisions

Annex I lists a number of other provisions which are referenced to the

relevant SS 6 paragraphs.

207, 208, 453(c) Accident Provisions

These are met by the preprinted sheet on

emergency response instructions.

210 Compliance Assurance

N/A to consignor.

412 Contamination Surveys

The survey of the vehicle which was performed

is sufficient.
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483 Customs

N/A to this shipment.

410, 411 Damaged or Leaking Packages

Instructions in the event of leakage are

provided in the pre-printed emergency response

sheet.

428 Determination of Transport Index

For this shipment the transport index was based

on the dose rate at I n .

209 Quality Assurance

A QA programme for the transport of radioactive

material from the research reactor facility is

in place.

201-204 Radiation Protection Principles

The basic radiation protection principles are

applied in this programme.

484 Dndeliverable Packages

N/A for this shipment.



11. CONTROL OF MATERIAL IN TRANSIT

11.1. Consignor Responsibilities

As highlighted earlier, the IAEA Regulations place primary

responsibility for actions to ensure safety in transport of radioactive

material on the consignor. The safety measures specific to the radioactive

hazard, for which the carrier is responsible, are thus ninimized.

It is the consignor's responsibility to provide all of the following.

(1) Adequate packaging, as well as correct labelling and marking of the

package, and placarding of the conveyance. This includes correct

determination of the transport index in accordance with paras 428-430

of SS 6.

(2) Transport documents which are completed correctly and are available as

necessary.

(3) A statement in the transport documents regarding any actions necessary

on the part of the carrier, such a* restrictions, routing or emergency

actions.

(4) A formal declaration signed and dated, that the contents of the

consignment satisfy the relevant national and international

regulations, as appropriate to the modes of transport involved.

(5) Directions for control of packages being transported under exclusive

use.

(6) Advance notification of certain consignments to the competent

authorities of each country through, or into which, the consignment is

to be transported.

(7) Competent authority certificates to the carrier and competent

authorities, as needed, as well as copies for himself.

(S) Quality assurance to ensure that the Regulatory requirements relative

to the package and consignment are being met.
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(9) Facilities for competent authority inspections of certain packagings

during construction and use.

In addition, the consignor has other responsibilities if the

radioactive contents has other hazardous properties. The consignor nay also

need to deal with liability or damage insurance and export requirements.

11.2. Carrier's Responsibilities

11.2.1. Regulatory Responsibilities

The special safety responsibilities of the carrier, as given in the

Regulations, are mainly concerned with following the instructions given by the

consignor. The consignor's directions may cover such topics as loading,

storage, transport, handling or unloading. These controls may include the

segregation of radioactive consignments from persons and other dangerous

goods, or the maintenance of exclusive use controls or special modal

constraints. As an example of the latter, the segregation distances

prescribed as a function of the external radiation dose rates of consignments

are modally-specific because they must take into account the particular

operational features of the mode concerned.

11.2.2. Practical Responsibilities

In addition to the Regulatory requirements, there are a number of

practical considerations which need to be taken into account when carrying

radioactive material. The following paragraphs outline some of the more

important ones.

Acceptance of Consignments

Although most of the shipping responsibilities lie with the consignor,

a responsible carrier will want to check a consignment carefully before

accepting it. How rigorously this is done will depend on the relationship

between the consignor and the carrier.

An example of the need for close cooperation between the consignor and

the carrier lies in the matter of placarding. It is the consignor's

responsibility to ensure that the placarding requirements are met, but

practically it is the carrier who most often does the placarding of his own

conveyance.
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Documentation

The presence of the necessary documentation is a requirement, but the

carrier will wish to have copies not only on the vehicle with the consignment

but also at some central control office BO ti. it is possible to determine

what material is on what conveyance at any time.

A paperwork system for proving delivery, also needs to be established;

however, this can be linked to the main manifest scheme.

Personnel

The selection and training of good personnel is crucial in the

successful running of a carrier's operation. Personnel involved in the

service need to be screened for security purposes and also for their attitude

with respect to handling radioactive material. Clearly, the protection of the

transport worker from undue radiological hazards and the committment of the

carrier to the philosophy of maintaining doses as low as reasonably achievable

is of prime importance.

A vital part of this, and perhaps the most important part of a

carrier's operation, is the initial and refresher training of all persons

involved in the shipment and handling of the radioactive material.

Vehicles

Many consignments travel by road, and therefore, the carrier's vehicles

are a key part of the system. Routine maintenance to ensure reliability is

clearly an asset in carrying radioactive material. It is also necessary to be

able to properly secure the vehicle, as well as to stow and secure the load

within the vehicle.

Radios in vehicles will help greatly in the routine tracking of

material, and will enable emergency assistance to be called quickly in an

accident.

Drivers need special instructions on suitable parking of vehicles to

minimize radiological and security risks.
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Even though routing requirements are not imposed by the Regulations, a

carrier will carefully pre-plan the routes for his vehicles in order to have

an efficient system of delivery as well as to avoid potential difficulties.

Problems may be caused by such things as hazardous driving areas, or road

works and diversions. Coordination with police and other officials will

enable the carrier to be aware of such conditions.

Contamination of Conveyances

If it is evident or suspected that a package is damaged or leaking, the

Regulatiors require that access to the package be restricted and that a

qualified person come and assess the radiological situation. This would

include an evaluation of the package, conveyance, adjacent areas, other

material carried in the conveyance, as well as personnel. If necessary, a

package leaking radioactive contents can be removed under supervision, and

should not be forwarded until the situation is remedied. Additionally,

conveyances used routinely for carriage of radioactive material are required

to be periodically checked for contamination.

For these reasons, it is necessary for a carrier to have access to

qualified health physics assistance. Sometimes this may be provided by the

consignor or otherwise an independent contractor. This health physics support

may also be linked to a dose monitoring system for the carrier's transport

workers.

Accidents

Emergency response for transport accidents involving radioactive

material is dealt with in more detail in Chapter 17. Suffice it to say here,

that the carrier plays • vital role in the system. If the conveyance has a

radio, the carrier may be one of the first to know of the incident. Certainly

the carrier will be contacted as soon as possible and asked for a detailed

listing of the radioactive material on that conveyance. Depending on national

regulations the carrier may also have responsibility for any necessary cleanup

operations.
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11 .3 . Stowage

11.3.1. General Provisions

The basic requirement for the shipment of radioactive material

consignments is that they should be securely stowed. Generally, they can be

stowed with other cargo with few exceptions (SS 6 para 463).

11.3.2. Transport Index Limits

One of the main methods of control of accumulations of radioactive

material packages is by use of the transport index. Table XI of SS 6 gives

the transport index limits for freight containers and conveyances. These

limits vary from a basic 50/ up to 200 for certain conveyances or freight

containers, to no limit for non-fissile material under exclusive use.

11.3.3. Segregation

Radiation Control

There are two main criteria for the segregation of packages containing

radioactive material during transport. The first is for radiation control

purposes to minimize the dose to personnel and to undeveloped photographic

film. As discussed earlier, the dose limit for transport workers is 5 mSv per

year and for members of the public 1 mSv per year. For undeveloped

photographic film the dose limit is 0.1 mSv per consignment of film.

In order to check these limits, hypothetical, but realistic models and

assumptions aust be used. Appendix VI of SS 37 provides example calculations

for establishing minimum segregation distance requirements. Often what

happens in practice is that a carrier will make worst case assumptions using

the maximum allowable dose rates on a maximum number of packages to try and

show that for all of his routine shipments the dose limits will not be

exceeded. Alternatively, the modal transport authorities establish tables of

ainiaua segregation distances based on the Regulations.

Dangerous Goods

Consignments of radioactive material aust be segregated from other

dangerous goods in accordance with the various national and international

dangerous goods regulations.
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11.4. Maximum Radiation Levels

There are two basic dose rate limits which apply to conveyances

carrying radioactive material. The maximum allowed dose rate on the external

surface is 2 mSv/h, and the maximum dose rate at 2 m from the external surface

is 0.1 mSv/h. For road vehicles, there is an additional dose rate limit of

0.02 mSv/h in any normally occupied position such as the cab. This limit can

be exceeded if personnel are provided with personal monitoring devices.

11.5. Storage in Transit

Similar segregation requirements are imposed on storage of packages in

transit as during their transport. The dose limits are the same, and where

the Transport Index for any one group of packages is 50 or above a spacing of

6 m is required from other groups of packages.

11.6. Customs

Customs officials may inspect consignments of radioactive material

provided that it is done in a suitable area, in the presence of qualified

persons. Any opened package must be restored to its original condition before

forwarding.

11.7. Undeliverable Packages

If neither the consignor or consignee can be identified, then the

package should be put in a safe location and the competent authority notified.

This should be done as soon as possible with a request for instructions on

further action.

11.8. Physical Security

Physical security of radioactive Material, especially of fissile

material is an important and significant part of the whole transport area.

Accordingly, it is fully addressed in other IAEA documents, and in particular

in Chapter 6 of IAEA INFCIRC/225 and the record of the Convention on the

Physical Protection of Nuclear Material (1982) (Legal Series No. 12).

Physical protection is not covered in the IAEA Regulations on the Safe

Transport of Radioactive Material and therefore will not be discussed further

in this course text.
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12. SPECIAL ARRANGEMENTS

When it is not possible to demonstrate that a package complies with the

relevant regulations (for instance, if it has not been subjected to the full

range of relevant tests), then that package can only be moved under a special

arrangement which must be approved by the competent authority. In such a case

the applicant must satisfy the competent authority that the overall standard

of safety provided during carriage, taking account of the protection afforded

by the packaging and any compensatory safety measures, represented by the

operational controls, during the actual movement, is no less than if the

relevant provisions of the Regulations had been met.

The application for competent authority approval for transport of a

package by special arrangement must include all the necessary information on

the package design, any respects in which in cannot be shown to comply with

the applicable provisions of the Regulations, and a list of all compensatory

operational controls to be applied during transport, including the measures

proposed to deal effectively with any emergencies which may arise. The

application for special arrangement approval must also include drawings, which

illustrate the proposed method, and details for securing the package to the

vehicle during transport, or a detailed specification of these features so

that the competent authority's assessors can be satisfied that the tie-down

arrangements would be effective in an accident.

Examples of the operational controls which may be effectively employed

are listed below.

(1) Exclusive use of vehicles.

(2) Escort of shipments. The escort is normally a radiation protection

specialist who is equipped with radiation monitoring instruments and

who is familiar with emergency procedures, enabling him in the event of

an accident or other abnormal event, to identify quickly any radiation

and contamination hazards present and to provide appropriate advice to

the civil authorities. For road transport the escort, wherever

possible, should travel in a separate vehicle so that he would not be

incapacitated by the same accident. The escort should also be equipped

with ropes, stakes, and signs to cordon off an accident area, with a
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fire extinguisher to control minor fires, and with a communications

system. If considered prudent/ the radiation protection specialist

could be accompanied by police and fire service experts.

(3) Routing of shipments may be controlled in order to select the safer

routes and, if possible, to avoid areas of high population density and

possible hazards, such as steep gradients and railway crossings.

(4) Timing of shipments may be controlled to avoid busy periods such as

rush hours and weekend traffic peaks.

(5) Shipments may be made directly i.e., without stop-overs or

trans-shipment, where possible.

(6) Transport vehicle speeds may be limited, particularly if the impact

resistance of the package is low and if the slower speed of the

transport vehicle would not cause additional hazards (such as

collisions involving faster moving vehicles).

(7) Consideration may be given to notifying the civil authorities of

shipments beforehand, particularly the police and the fire service and

emergency plan participants, so that they may be prepared for any

contingency.
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13. PACKAGE DESIGN

13.1. Introduction

The different types of packages used for the transport of radioactive

material were introduced in Chapter 6 of this text. The purpose of the

current chapter is to provide more detailed information on these packages,

with a particular emphasis on the design considerations.

There have been many designs produced over the years as solutions to

different transport problems but all these designs must fall somewhere within

the categories specified in the Regulations. Because of the complexity of the

subject and the plethora of designs produced, this chapter can only give a

basic appreciation of some of the commonest designs and where they fit into

the Regulatory category types.

13.2. Excepted Packages

Previously called "exempt" in the 1973 Regulations, this title was

changed to "excepted" in the 1985 Regulations to emphasize that they were not

truly exempt from all the prescriptions of the Regulations. The general

design requirements applicable to all packages, and certain controls during

transport and storage still apply. However, because the Regulations do not

call for any testing to demonstrate containment or shielding integrity the

design of such packages is not demanding.

As discussed earlier, the basic limit for solid radioactive material

contents of an excepted package is 10 A_. This is chosen so that the

hazard associated with the total release of contents is consistent with the
—4 —2

hazard from a Type A package releasing 10 to 10 A. of its contents.

Some actual excepted packages are described below as examples of how

these vary with form and intended use.

13.2.1. Postal Packages

A common type of excepted package is the postal package. Contents

limits for postal packages are reduced by a factor of ten compared to other

modes of transport. Typical uses of postal packages include the carriage of
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radiopharmaceuticals for medical purposes. The contents can often be in the

form of liquid samples, and it should be noted that the quantity of activity

in liquid form which can be carried by any mode of transport is reduced by a

factor of ten compared to solids.

Attention is drawn to the fact that additional requirements, not

covered by the IAEA Regulations, may be imposed by the relevant national

postal authority; therefore/ their advice should always be sought prior to the

design and production of an excepted package.

13.2.2. Instruments and Manufactured Articles

Another type of excepted package can be one containing instruments or

manufactured articles such as clocks, electronic tubes or experimental

apparatus containing radioactive material as a component part. Content

limits, other than the basic limits mentioned above, are permitted since these

items afford an added degree of protection against escape of material in an

accident. This added degree of protection is assessed as permitting an

increase in content activity by a factor of one hundred, but where the

radioactive content is gaseous it is judged that this added degree of

protection is not as effective, and the increase is reduced to ten. Similarly

the presence of packaging around the item is assessed as providing some

protection in itself, so that where such items are transported bare, the

limits are only increased by a factor of ten and they are not increased at all

for gases.

A manufactured article in which the sole radioactive material is

natural uraniuia, depleted uranium or natural thorium may be transported as an

excepted package, provided that the outer surface of the uranium or thorium is

enclosed in an inactive sheath of metal or some other substantial material.

This would cover, for example, aircraft conterweights made from depleted

uranium coated with epoxy resin, and uranium shielding encased in metal for X

or gamma ray radiography sources and medical devices. The inactive sheath,

which should cover all readily accessible external surfaces, is required to

absorb the alpha radiation and to reduce the beta radiation at the surface.

Such sheaths may also reduce surface oxidation and hence possible build up of

loose surface contamination. Although not a Regulatory requirement, it is

advisable to identify the contents of such packages so that they are not

disposed of carelessly.
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13.3. Industrial Packages

Industrial packages are used to transport low specific activity

material and surface contaminated objects.

13.3.1. Contents

The LSA and SCO categories are intended to cover material which is

inherently safe because the activity is low or in a form which is not easily

despersed. The maximum activity allowed is defined in terns of specific

activity, but the package quantity is controlled by a limit for the unpackaged

radiation level and conveyance limits for dispersible material.

To review this again, there are three categories of LSA material. LSA

I comprises unirradiated natural or depleted uranium and thorium compounds and

ores, and other radionuclides with unlimited A values. This material is

considered intrinsically radiologically safe in that the radioactive

concentration is such that a person cannot physically breath in enough of the

material to give rite to doses or committed doses exceeding 50 mSv.

10

On the historical assumption that a person cannot inhale more than

mg and that, in the derivation of the A. values, incorporation of

10 A. gives a dose commitment of 50 mSv, the basic concentration limit
2 _4

for LSA II has been set at 10 A /g. For liquids a further safety factor
2 -.5

of 10 gives a concentration limit of 10 A /g.

LSA III comprises only solids in which the radioactive material is

distributed throughout (or a collection of solids) and is essentially

uniformly distributed in a solid binding agent such as concrete or bitumen.

It must be relatively insoluble, with a leach rate of 0.1 A per week, or

less, and a specific activity not exceeding 2 x 10 A/g. Note that the

allowable specific activity of LSA III is 20 times the LSA II level. This can

be justified by the requirement to use a higher category of package (except in

exclusive use).

Surface contaminated objects (SCOs) are, by definition, objects which

are not radioactive in themselves, but have radioactive material distributed

on their surfaces. SCO is divided into two categories SCO I and SCO II which

are differentiated by the levels of fixed and non-fixed contamination. The

limiting levels of fixed contamination for SCO II are based upon a maximum

beta dose rate on the surface of 2 Sv/h.
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Table V in SS 6, reproduced as Table 13.1, gives the industrial package

type required for each of these material categories.

Table 13.1

Industrial Packaging Integrity Requirements for LSA Material and SCO

CONTENTS

LSA-I

Solid

Liquid

LSA- 11

Soliu
Liquid and
Gas

LSA-IH

SCO-I

SCO-II

INDUSTRIAL

Exclusive Use Not

IP- !

ir-i

IP-2
IP-2

IP-2

IP-1

IP-2

PACKAGE TYPE

under Exclusive Use

IP-1

IP-2

IP-2
IP-3

IP-3

IP-1

IP-2

It should be noted that SCO I and LSA I material nay be transported

unpackaged under the conditions specified in SS 6 paragraph 425, which

provides assurance that the material is not dispersed.

Uranium and thorium ores, therefore, may be transported in closed rail

wagons or road vehicles without bagging or boxing.

13.3.2. Low and Intermediate Level Waste

The most likely candidate material for packaging in industrial packages

is low level and intermediate level radioactive waste. The form of packaging

to be used in this case may be dictated not only by the radioactive material

transport requirements but also by the intended waste disposal method. For

example, safety requirements and postulated accident scenarios in a store or

repository, and the long time scale during which each package must retain its

contents, may impose much more severe design constraints on the package than

transport.
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A typical container type used for transporting low level waste would be

a 200 L mild or stainless steel drum. This could be classed as an IP-2 and

subject to the Regulatory normal transport free drop test and stack^g test

without loss of contents or more than 20t increase in radiation level on the

surface. Contents may include such items as paper, cardboard, plastic

sheeting and clothing, glass and scrap metal. Host of this material will be

contaminated rather than activated although for some items the contamination

may not reside on outer i rosed surfaces. It should be noted that mixtures of

surface contaminated and other radioactive objects can be considered for

transport classification as LSA material (see Figure 13.1).
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o
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FIG. 13.1. 200 L drum for low level waste.
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A drum sucb as this may be transported as a package in its own right,

or as a group of packages, or alternatively for ease of handling, transported

inside an International Standards Organization (ISO) approved container. The

use of an ISO container allows the option of declaring either the drums or the

container as the packaging. Specifying the container as the package may

provide some relaxation on the drum design, but may introduce other problems

such as meeting the allowable quantities of fissile material in a package.

So far it is assumed that the contents are loose within the drum, or

possibly compacted so that more can be carried; however, particularly where

long term storage is required at the end of the journey, the contents are most

likely to be immobilized in a cement grout, bitumen or polymer mix. This

immobilizing medium will probably provide package containment in its own right

without need for a sealed drum lid. Under some circumstances, where drums

arrive from many sources, it may prove more effective from a storage point of

view to "super-compact" complete drums into a much smaller volume. This may

be done at the storage location, prior to grouting the whole package into a

larger container for long term storage. In this case the drums should be

transported with un-immobilized contents.

Haste also comes in shapes and sizes which quite simply cannot be

drummed. Large items associated with decommissioning nuclear plant such as

building rubble, structural steelwork, pipes, machine tools and other

equipment may fall into either SCO or LSA categories. In some instances they

may be transported whole. Indeed it may be preferable to do so, since to cut

them up into smaller pieces could subject workers to unnecessary radiation

doses. Such items, therefore, are likely to fall into the SCO category, and

may have sufficiently low contamination levels to require no packaging (e.g.

boilers and heat exchangers). Alternatively, large items may be effectively

immobilized by grouting with cement into large boxes. This also provides a

safe and effective long term storage media.

This method also provides a suitable method of packaging wastes which

would be suitable for drumming but since the volumes are large, are more

efficiently dealt with in a larger container (see Figures 13.2-13.4).
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FIG. 13.2. Large sett-shielded box for miscellaneous intermediate level waste.
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FIG. 13.3. Radwaste basket loaded into a type 1 box before immobilization with cement slurry.
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FIG. 13.4. Type 2 radwasle package with reusable steel case.

As an alternative to purpose-designed containers, advantage M&y be

taken of standard commercially produced tank and freight containers to fulfill

the role of 3P-2 and IP-3 packaging. The general design criteria for tank

containers with respect to safe handling, stacking and transport can be

complied with, if the frame is designed in accordance with ISO 1496/3 - 1981.

This standard prescribes a structural framework in which the tank is attached

in such a Banner that all static forces of handling, stowage and transport

produce no undue stresses on the shell of the tank.

13.4. Type A Packages

13.4.1. introduction

Type A packages are intended to provide a safe and economical Means of

transporting relatively small quantities of radioactive material. They are

required to Maintain their integrity under the kind of abuse or Mishandling

which May be encountered in noraal transport, such as; falling from vehicles,

being dropped during Manual handling, being exposed to rain, being struck by a

sharp object (which stay be the corner of another package) or having other

packages or cargo stacked on top. Where the content May be in either liquid

or gaseous form, rather than solid, then additional tests are imposed because
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of the greater possibility of leakage or dispersal froa the package under

severe conditions.

It is assumed that a Type A package aay be damaged in a severe accident

and that a proportion of the contents may be released. The Regulations,

therefore, prescribe liaits on the maximua amounts of radionuclides that can

be transported in such packages.

The nature and fora of a Type A package is dependant on the nature and

fora of the contents, and in soae cases the package itself aay be an integral

part of the aechanisa of usage of the contents themselves.

13.4.2. Ron Special Fora Contents

flaall. Solid Staple

In order to illustrate the design process, consider a saall sample of

radioactive aaterial. Assume that it is only a few grams and it is already

known that the amount of activity of the sample is less than the A value

defined in the Regulations for this combination of radionuclides. '/he sample

is solid, but is in a fora where, under normal conditions of transport, some

material could be detached and dispersed, if not contained. This dictates

that a sealed container it required. The source is a reasonably strong gamma

emitter and, therefore, some form of shielding is required. Also assume that

the transport of this, or very similar sources, will be a fairly regular

occurrence justifying the use of a rc-useable, returnable container.

This information then provides che basis for a Type A design. The

requirement for shielding probably dictates a lead or steel pot, substantial

enough in its own right with a bolted, sealed, closure to provide containment

to be able to withstand the Regulatory tests. Add to the container a security

seal and label* as required by the Regulations, then ensure that all length,

breadth and height sizes are greater than the minimum 100 mm, and this becomes

a Type A container design.

Suppose the source itself was not of friable material, but rather a

solid unbreakable object or sealed source, providing its own containment.

Then, theoretically* no purpose-designed seal would be required for the pot,

although in practice a weather seal would be provided.
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•on-returnable Packaging

Sometimes the requirement that the container be non-returnable is not

applicable. This Might be because the amount of lead shielding required is

small and it becomes uneconomical to return eapty packages to the consignor,

or because it would be expensive to Maintain the packages as required by the

Regulations. Making the container non-returnable can change the for* of the

packaging dramatically. The containment feature can be switched from the pot

itself to other components such as a thin tinplate or aluminium can. As the

lead pot in this case may be quite thin and could suffer significant

distortion under test conditions, it is usually packed around with material,

such as expanded polystyrene, within the can. This also prevents any

significant increase in radiation levels on the package surface as it

maintains the position of the source, as well as providing some support to the

can itf.elf, thus keeping distortion to a minimum. Tin cans such as these come

with various closure types and may have soldered-on lids, pressed-on lids or

clamped-on lids. Where lids ate pressed-on, or clamped-on, a thin synthetic

rubber gasket provides the seal. It is common practice with these cans to

package them inside cardboard cartons. This provides convenient surfaces for

attaching labels, a* well as providing some additional mechanical protection.

Liquid Samples

Type A quantities of radioactive liquid samples are commonly

transported in the type of container just described. The sealed can provides

a convenient way of providing a secondary containment barrier, where the

liquid is contained within a sealed inner container. A package design such as

this can quite easily withstand the Regulatory 9 m drop test required by Type

A packages carrying liquids.

Spacing

Various designs of packaging are available which provide space

shielding alone or in combination with shielding material. Where inner

packaging is relatively light and unlikely to impose significant loads under

test conditions, space shielding may be provided ir.side a typical cardboard

carton by using a cardboard spider or packing material such as expanded

polystyrene. The shape, size and weight of the inner packaging determines the

best material to be used. Or prime consideration here is to ensure the

minimum of movement of the inner packaging, within the outer packaging, in
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order to comply with the Regulatory requirement that the radiation dose rate

on the surface should not increase by more than 20%, when subjected to the

tests representing normal conditions of transport. Where the weight of the

inner packaging is significant, and damage to inner and outer packaging could

be anticipated during Regulatory tests, then such designs are usually composed

of outer metal drums, with metal (steel) spacers inside to locate the inner

packaging in position.

Consideration must also be given to the likely usage of such a space

shielded package since this will determine whether a light-weight throw away

design is practical, even if from a Regulatory point of view it is

acceptable. For example, a package containing a sealed source which might be

used for demonstration purposes, and as such is transported from place to

place frequently, is often used for storing the source in between times. This

package would have to have a very substantial, rugged and practical design.

For example, it could consist of a steel drum with steel internals.

Figure 13.5 illustrates these principles of Type A package design.
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FIG. 13.5. Typical Type A packagings.
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Multiple Sources

In some instances, Type A packages may contain large nuabers of

individually packaged sources which, if considered in their own right, would

be regarded as excepted packages, but when grouped together in large numbers

contain sufficient activity to be classed as Type A.

Large Type A Containers

Size and apparent structure is no guaranteed indication as to the type

of radioactive material transport package. Indeed, Type A packages are not

all small light-weight objects. Containers containing neutron sources, for

example, can be large bulky objects containing large amounts of paraffin wax,

which provides the necessary shielding. Similarly, as implied earlier, where

sources become excessively heavy, packaging needs to be correspondingly strong

and neavy to contain them.

13.4.3. Special Form Contents

Special form radioactive material is defined as either the radioactive

material itself in the form of an indispersible solid, or a sealed capsule

containing the radioactive material, so that the encapsuled material acts

essentially as an indispersible solid. In most cases, substantially larger

amounts of radioactivity can be transported, either in an excepted or a Type A

package, if the material is in special fora because it is then basically

indispersible, inert, insoluble and unleachable and is, therefore, unlikely to

cause any type of contaaination in an accident.

These requirements may be a property of the radioactive material

itself, or the radioactive material, which itself is dispersible, may be

absorbed or adsorbed bonded to an inert solid in such a way that it acts as an

indispersible solid, (e.g. resin beads or metal foils). Alternatively,

dispersible material may be encapsulated in an inert material (e.g. a

stainless steel capsule) such that the only way of effectively opening the

capsule will be to destroy it. It should be noted that it is a Regulatory

requirement that the overall size of the object designated as special form

should be no less than 5 mm.
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The use of radioactive material in special form confers two major

benefits. First, the material is in an easily handlable form, greatly

facilitating its production and use. It is common practice for special form

capsules to incorporate specific handling features as part of their

construction. Second, the typical physical size of special form material

means that problems associated with tightly sealing containment vessels are

virtually eliminated since no gases, liquids, or solid particulate material

will be available for release.

Sealed Sources

Sealed sources can come in any shape or size but are generally limited

in practice to being a cylinder, disc or flat plate. A capsule may contain

one or a number of sources all within the same containment feature, and

packages may contain one or a number of sealed sources up to the limit of the

package. In the case of a Type A package this is the A value as defined in

the Regulations.

Sealed sources may be supplied in containers designed for specific

purposes such as industrial radiography or medical treatment. I-i these cases

the container itself may also be the object used to carry out the work. For

example, it may be fitted with a mechanism which allows safe and easy release

of the source into the item to be radiographed, and remote withdrawal and

storage back within the container.

13.5. Type B Packages

13.5.1. Contents

Material requires Type B packages, instead of industrial or Type A

packages, because the activity level exceeds the A or A. levels. Type B

packaging is, therefore, required for small quantities of alpha emitters which

require virtually no shielding, as well as large quantities of beta/gamma

emitters which require significant radiation shielding. In theory at least, a

Type B container may contain any quantity of any type of radioactive material

provided that it has been designed to comply with all the applicable

requirements of the Regulations.
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The contents of typical Type B packages include:

Radioisotopes - Medical

(unencapsulated)

Bulk supplies, 1-131, H-3

Research - Na-24 tracers.

Sources Industrial - Ir-192 or Co-60 for

non-destructive testing.

Medical Co-60 for teletherapy.

Research Various.

Nuclear Fuel Unirradiated - High-enriched uranium, plutonium

or mixed oxide fuel.

Irradiated - Spent fuel or research samples.

The contents cone in a multiplicity of forms, radionuclide compositions

and activities. Clearly, the contents will dictate the container design, but

also the use of the contents will affect the container design. Other design

considerations, which are unrelated to the radiological safety of the

consignment, include such things as excessive temperature build-up, which

might alter the physical structure of specimens being transported for post

irradiation examination, or shock protection to protect delicate items which

form part of the contents.

13.5.2. Packaging Requirements

The concept of a Type B package is that it should be capable of

withstanding most accident conditions, without breach of its containment or an

excessive increase in radiation levels. The adequacy of the package design is

demonstrated by the testing. Therefore, the requirements for a Type B package

are primarily:

(1) containment to a high and verifiable standard;

(2) shielding to limit the external dose rate levels;
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(3) mechanical integrity to ensure survival of the drop tests;

(4) provision to enable internal heat generation to escape (not a problem

with industrial and Type A packages);

(5) provisions to ensure survival of the packaging in the thermal test

(fire test); and

(6) provisions to ensure criticality safety before and after the IAEA tests.

These requirements result in a Type B container such as that shown in

Figure 13.6/ which is representative of the many types in existance.

Tharmai and/or
nautmii thtmld

Chockf

TranipwtftMM
or corwayanc* platform

FIG. 13.6. Typical Type B packaging prepared for transport.

13.5.3. Design Philosophy

Packagings are designed to carry specific contents for specific

transport modes. The IAEA Regulations specify the requirements, but do not

emphasise that these requirements have to be taken into account at an early

design stage and reviewed throughout the design process. The following

comments are partly Regulatory requirements and partly comments on the best

way to ensure that new package designs meet the requirements.
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Design for the Regulations

Design imst be cariied out with the Regulations in mind. This means

either having a design team specializing in transport containers or bringing

in specialists at an ê irly design stage and at regular intervals. Although

this may be fairly obvious, it is commonly ignored and licensing staff are

asked to give approval for a design which falls short of the Regulations in

many ways. In fact, containers are sometimes manufactured before Regulatory

considerations are taken into account.

Design for Simplicity

This is required because the container must function over a long period

of time with minimum operational controls- This is not a Regulatory

requirement but will certainly affect the ease with which the container

obtains approval.

It is a good philosophy to design so that problems of approval are

minimized. For example, stressed items should be designed so that stresses

can be readily calculated. This saves effort in making a safety case. The

same is true for the thermal design.

Only where a number of high-cost packagings are to De manufactured will

the total project cost warrant "fine-tuning" development work to avoid over

design.

Design for Safety

Where possible the design should be fail-safe. For example, safety

features should be incorporated which make it unlikely that an unsuspecting

person will open a container and get exposed to radiation contamination.

Design for Quality Assurance (QA)

The complete requirements for controlling the quality of manufacture

and operation must be set up at the design stage. Quality assurance applies

to all package designs, but usual]y the level of the QA programme is more

comprehensive for packages requiring competent authority approval. For this

reason several times a reference has been made to the certificate of approval

or to the approval procedures in this section.
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The IAEA Regulations require that safety should reside in the package

design and not in the operational controls. QA operating procedures are

required, but the package should be designed to have minimum special operating

instructions. There should be nothing to go wrong!

Specifications for welding, materials, manufacturing tests, such as

those for radiation shielding and leak tightness, must be written at the

design stage. These specifications form an important part of the application

for approval to the competent authority and will be referred to either

directly, or indirectly, in the certificate of approval. The specifications

should be written early in the design as they may effect fundamental features

of the design, such as the need for the inclusion of double "O"-ring seals for

example.

The level of QA will depend on the particular package. Small packages

made from commercially available items (e.g. drums) require little QA, except

perhaps for a check that the design of the item has- not been changed by the

supplier.

Packages incorporating a sealing system require formal test procedures

both at the stage of manufacture and before each shipment. Larger containers

are likely to have many features which require formal checking (e.g. seals,

closure studs, shielding, neutron absorbers, thermal insulation, shock

absorbers, lifting and tie-down points).

Pre-shipnent Inspection and Maintenance

Pre-shipment inspection and maintenance requirements should be taken

into account during the design stages.

Design to facilitate decontamination is especially important.

Contaminated items are often extremely expensive to decontaminate.

The design should take into account the effect of maintenance on

approval certification. A repair may invalidate the approval (e.g. the use of

studs in place of bolts).

For items likely to require repair or replacement at maintenance (e.g.

threads), approved repair procedures should be developed at the design stage.
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Fabrication of Packaging

If all the above specifications and procedures are written during the

design stage, fabrication merely has to proceed under an adequate QA system.

Manufacturing problems should be minimal because the potential problem areas

will have been covered at the design stage.

13.5.4. Fuel Flasks

One of the most common examples of a Type B package is a container

specifically designed for the transport of irradiated nuclear fuel (see Figure

13.7). The following discussion relates to the design of a fuel flask (or

cask) as a useful illustration of the points which need to be considered.
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FIG. 13.7. Typical Type B flask.

Fuel flasks normally carry intact fuel pins and fuel elements. Because

of the activity associated with irradiated fuel, a large amount of shielding

is required to bring the radiation dose rate down to Regulatory levels. The

type of shielding chosen is normally steel, although thick steel and lead may

also be used. Normally, because of the sheer bulk and weight of these flasks,
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no thermal shield is required as temperatures do not exceed acceptable limits

during the Regulatory fire test. The thick steel walls also impart an obvious

structural integrity to such designs so that the requirement for additional

impact limiters is very much reduced. Indeed the presence of feet, cooling

fins, or other localized crushable areas is all that is normally required.

Wet/Dry Flask

The loading of fuel into these flasks is normally carried out in

ponds. Depending on the fuel type, the number of fuel pins carried, and the

heat output from the pins, these flasks may be transported either full or

drained of water. The presence of water enhances heat transfer from the fuel

pins L "• the flask walls, and hence to the environment/ and therefore, the fuel

pins are kept cool. However, the presence of water in the container does

impose extra loads on the flask body and lid under impact conditions.

On the other hand, although containers transported dry may be subjected

to less onerous loading under impact conditions, the lack of an efficient heat

transfer medium tends to limit the amount of fuel which may be carried, as

otherwise overheating of the fuel could result, encouraging cladding rupture,

release of fission product gases, and possible oxidation of the fuel itself.

To obtain an improvement over heat transfer possible with air, helium may be

used as a coolant. Advantage can be taken from carrying out this procedure to

counteract another problem, namely that of radiolysis.

Radiolysis is the breakdown of water molecules into a potentially

flammable, or explosive mixture, of hydrogen and oxygen under the influence of

strong gamma radiation. Even in containers where water has been drained out,

there is inevitably still water present in the form of vapour, water droplets

or trapped free water. The procedure involved in purging the container to

remove the air and replace it with helium can be employed to remove any water

present thus negating the problem.

Seals

Because fuel flasks contain potentially releasable mixtures of fission

product gases, volatile solid radionuclides and particular matter, an

efficient and effective sealing system must be provided. This normally takes

the form of a double "O"-ring seal, which also permits the leak tightness

integrity of the container to be verified before shipment, by pressure testing

the interspace between the seals.
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Const ruction

As mentioned previously, the most widely used method of construction is

by forging steel. However, the alternative of casting from steel or from

spheroidal graphite cast iron may be employed, providing great care is taken

in controlling the production process and a very comprehensive quality

assurance programme is enforced. The casting route is generally the cheaper

of the two alternatives and is often the quickest from start to final

completed container.

13.5.5. Fuel Sample Flasks

Another type of container which is used to carry fuel is the fuel

sample flask, or post-irradiation examination flask. This type of container

is normally used to transport either a small number of intact fuel pins, fuel

elements, or cut fuel specimens. Its purpose is to transport samples of fuel

from reactor to laboratory for detailed metallurgical and chemical

examination. It normally differs from the fuel flask in one major point.

While the samples are collected from the reactor site pond, as with the fuel

flask, they are nearly always transported dry, because on arrival at the

laboratory, the contents have to be posted into a shielded cell for the work

on the fuel to be carried out.

Doors

This posting operation can only be carried out from a flask which has a

door fitted. Generally, the door is an integral part of the flask and travels

with it, but it is possible to design a flask in which the door travels

separately from the flask. Other designs include a door which remains at the

site for fitting to the flask when required, or is permanently fitted to the

cell, or cave posting port. While it is a necessary feature of the fuel

sample flask design, the door arrangement does introduce an area of potential

structural weakness into the flask design. This is one good reason for having

a detachable door which does not travel as part of the flask.(See Figure 13.8).

Crane Capacity

Fuel sample flasks tend to be tied to certain facilities and this in

itself can dictate the form that a design will take. For example, where crane

capacity within a building is limited, this may automatically mean lead,
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Body flanges

FIG. 13.8. Typical flask with a door.

rather than steel, has to be used as the shielding material in order to keep

the weight down. This has the knock-on effect of dictating the requirement

for an insulating thermal shield to protect the lead under Regulatory thermal

accident conditions. But it may require that the thermal shield be separable

from the flask, because the combination of the two would be too heavy to

handle within the facility. This illustrates the need for producing a design

such as that shown in Figure 13.9.

FIG. 13.9. Combination type of Type B package.
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Impact Liaiters

A design such as that in Figure 13.9 will not withstand the Regulatory

drop tests without additional impact limiter panels, and these are added to

the outside of the design so that both the flask itself and its thermal shield

are afforded protection.

Shielding

In facilities where weight: handling is not a problem, the shielding

material may be specified as steel, or a thick steel/lead combination. The

presence of a door in the design is still a structurally weakening feature and

there is a requirement to provide impact limiters at each end of the flask to

protect it. Although there is not a threat of the radiation shield melting,

the penetration seals are still under threat from possible high fire

temperatures. This can be alleviated by providing partial thermal shields as

part of the impact limiters (See Figure 13.10).

FIG. 13.10. Container wilh partial thermal shields as part sf the impact limiters.
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Contaminat ion

It is desirable at all times to prevent, as far as possible, the

inside, as well as the outside of the flask, from becoming contaminated. This

is encouraged by ensuring that the contents, particularly where cut fuel pins

are carried, are contained within a can or drum before loading into the

flask. The leak tightness of that can will not normally be checked before

shipment, because of the problem of the high radiation dose rate from the can,

but it does, in practice, ensure a further containment barrier and keeps flask

contamination to a minimum. In recent years, these types of flasks have been

designed specifically to accommodate La Caldhene, Drath and Schrader or

Hackney system double-lidded cans for this purpose.

13,5.6. High Level Waste Flasks

Under the heading of LSA material, types of waste packages were

discussed. Not all waste, however, can be classed as LSA and some, such as

intermediate and high level waste, needs to be transported in Type B packaging.

A typical type of waste packaging for transporting internediate level

waste is illustrated in Figure 13.11. The similarity in external appearance

between this type and a fuel flask is immediately noticeable, being of the

same solid steel construction and of similar size. It should be noted,

however, that there are no cooling fins on the outside of the flask because

the heat to be dissipated from waste is much less than that from nuclear fuel.

Inside the outer container there are clear differences. In the case of

the waste flask all the radioactive material is immobilized in a concrete

matrix within 500 litre drums (see Figure 13.12). The waste matrix itself is

the containment system and there are no containment seals as such in the

design. There is an added design constraint on the drums since they must be

suitable for long term storage (for many years) after having withstood the

rigours of normal transport. Note that only the drums go for long term

storage. The outer packaging is a normal, re-usable, Type B shielded

container or overpack. Again, solid steel construction has been used for this

container to take advantage of its inherent resistance to the Regulatory drop

and fire tests.
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FIG. 13.11. High level waste flasks.
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Slilaga

FIG. 13.12. Four SOC L drums waste package.
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13.5.7. High-Enriched Fissile Material Containers

In discussing fuel flasks, mention has already been made of fissile

containers, but there is another more specialized type of fissile container

which is purposely designed for the carriage of highly enriched products such

as plutonium oxide powders. Here the emphasis is on high integrity sealing,

high integrity containment and high integrity structural strength. The

quantity of material carried tends to be small; therefore, the sealed

enclosures tend to be small. In addition, users take great care to ensure

this material is transported with the highest degree of safety, to the extent

that a number of designs have actually been free-drop tested from heights of

300, 600 and 1600 m with no dispersal of contents being recorded.
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14. PACKAGE TESTING

14.1. Introduction

Package testing is an essential part of the proof that a particular

package design meets the applicable Regulatory requirements. The procedures

and facilities required for most Type A, and below, packages are quite modest

and this testing can be performed by most reasonably sized establishments.

For the heavier Type A packages and almost all Type B packages, however, much

more specialized, sophisticated and expensive equipment and facilities are

required. Indeed, there are relatively few of these facilities around the

world/ and all of them are in developed countries. In 1982, the IAEA

performed a survey of existing test facilities in Member States which resulted

in the 1983 publication of IAEA-TECDOC-295 entitled "Directory of Transport

Packaging Test Facilities".

Information on the testing requirements for packages is found in two

sections of the Regulations. Section V lists all of the requirements for the

different packages and includes the tests needed as well as the pass

criteria. Section VI provides the specific procedures for all of the tests

referred to in Section V. Because of this method of presentation in the

Regulations it is sometimes difficult to gain a general overview of the tests

required for all of the packages. For this reason, Table 14.1 has been

developed. This table provides at a glance, both the tests required for a

particular package type, as well as the package types for which a particular

test is applicable. Due to the fact that there is always more detail than can

be provided in the table, the relevant paragraphs are given for reference back

to the Regulations.

In addition to the brief discussion of package testing in this chapter.

Safety Series No. 7 provides more explanatory material relating to the

rationale of the tests and their parameters, while Safety Series No. 37

provides considerable advice and guidance on how to perform the tests.

The Regulations permit a completely flexible approach to the

demonstration of Regulatory compliance. Four methods, or any combination of

the four methods may be chosen, subject to the competent authority agreeing to

the validity of the combination chosen. The methods permitted are:
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(1) direct performance of physical tests on prototype specimens of the

packaging carrying simulated contents;

(2) by comparison with previous satisfactory tests of a sufficiently

similar nature;

(3) performance of tests on models of appropriate scale, due allowance

being made for test parameters which may need to be adjusted as a

consequence of scaling; and/or

(4) by calculation or reasoned argument when the procedures involved are

agreed to be reliable or conservative.

14.2. Procedures

14.2.1. Drop Tests

Preparation before testing is carried out should involve early

consultation with the competent authority concerned in order to establish the

following points.

(1) Agreement as to the suitability of the test equipment to be employed,

and arrangements for the tests to be witnessed. Some countries require

testing to be carried out at a national test laboratory or other

accredited facility.

(2) That the test specimens simulate all important features of the designs

they represent. This will be particularly important where reduced

scale models are proposed and will usually require full engineering

drawings and specifications of the models to be submitted, as well as

the package design itself. Important differences should be highlighted

and a justification submitted showing that these differences will not

invalidate the tests.

(3) The proposed test programme, number of tests, number of specimens, drop

sequences, drop attitudes, measurement methods and so on will need to

be agreed before tests begin. However, the outcome of test work is

inevitably uncertain, so some variation in the programme may be

necessary as the tests proceed, and allowance should be made for this

fact when preparing test specimens, scheduling tests and reserving use

of test facilities. The competent authority will formally reserve the

right to vary test programmes while they are in progress.

227



Table 14.1

Design and Test Requirements for Packages

for the Transport of Radioactive Material

General Requirements:

Handling, lifting,

vibration, accele-

ration, material

compatabilitv

Additional Require-

ments if transported

by Air

Temperature (50°C

surface, -40 C-+

55 C Ambient Range)

Press. Diff.(95 kPa)

General Type A

Requirements:

Smallest Dimension

(10 cm)

Seal, Tiedowns,

Temperature,

Containment, Reduced

Pressure (25 kPa)

Valves, Ullaqe

Normal Conditions of

Transport Tests

Free Drop (0.3-1.2 m)

Stacking (Unless

shape precludes)

(24 h)

Water spray (5 cm/h)

Penetration

(6 kg bar)

SS 6

para

505

to

514

515

to

517

525

526

to

538

622

623

621

624

625 (b)

Excepted

packages

X

Industrial

packages

1

X

X

X

2

X

X

X

X

X

3

X

X

X

X

X

X

X

m

Type A

X

X

X

X

X

y.

X

1 m

Liq.i

Gases

X

X

X

X

X

X

X

1.7 m

Type B

X

X

X

X

X

X

X

1 m

Lt.Wt.

X

X

X

X

X

X

X

1 m
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Table 14.1 (contd.)

General Type B

Requirements:

Internal Heat

Generation, Maximum

Surface Temp.,

Thermal Shield

Accident Conditions

of Transport

Free drop (9 m)

Puncture (1 m)

Crush (500kg plate/

9 m)

Thermal (800°C/

30 min)

Immersion (15 m/8 h)

General Type B(U)

Requirements:

Maximum pressure.

Surface Temp.,

Ambient Temp.

Immersion

(200 m/1 h)

Additional tests:

Corner drop (0.3 m)

Water Leakage Eval.

for Criticality

(0.9 m for 8 h)

SS 6

para

542

to

547

625(a)

627(aJ

627(b)

627(c)

628

629

551

to

556

550,

630

622(b)

c),(d)

631

to

633

Excepted

packages

Industrial

packages

1 2 3

Type A

Liq.S

Gases

X

Type B

X

X

X

X

X

X

Lt.Wt.

X

X

X

X

x -

X

Large Acti-

vity, Irr.

Fuel only

If fissile material or fibreboard or wood

package

If fissile material
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It should be noted that SS 6, para 618, defines the requirements for

the drop target as a "flat, horizontal surface of such a character that any

increase in its resistance to displacement or deformation upon impact by the

specimen would not significantly increase the damage to the specimen". The

design of such a target is discussed further in the section on facilities.

Paragraph 615 of the Regulations states the need to specify the

containment system prior to testing. It is within the designers free choice

to define the containment system as he sees fit, but for packages requiring

competent authority approval the competent authority will need this

information and details of the proposed leak-testing methods to be employed in

order to assure himself ultimately that the required standards of

leak-tightness are retained by the package after test. Ideally, the method of

leak-testing used on test specimens will be the same as that to be employed on

packages during their pre-shipment examination during use, in accordance with

SS 6, paragraph 402 (d). This may not always be practicable, particularly in

the case of scaled model tests, but the onus will be on the designer to prove

the post-test leak-tightness of the package to sufficient sensitivity to

ensure that the post-accident leak-tightness of the package is within the

limit of A_ in a week (or 10 A in the case of Krypton-85).

The designer will also need to establish what additional measurements

are desirable during testing. The Regulatory tests are essentially simple

"go/no-go tests", the package either passes or fails and no information is

given on margin of pass or failure. It is often convenient for the designer

to gather data during Regulatory testing, concerning safety margins which can

be used in future designs, or to correct existing design defects in the event

of failure to reach the Regulatory requirements. Such additional measurements

may include, for example, the use of strain gauges, accelerometers and, in the

case of liquid filled packages, measurement of shock pressures.

Finally, pre-test preparations must include sufficient mensuration,

determination of leak-tightness and shielding properties to enable the changes

produced by testing to be accurately determined.

14.2.2. Normal Conditions of Transport Tests

These tests (SS 6 paras 619 to 625), which are particularly relevant to

Type A packages, are designed to produce the kind of damage that is likely to

be sustained by some packages during normal handling, such as minor drops and
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shocks, exposure to the elements, having other packages stacked on top and

being struck by sharp objects. Sub-sets of these tests are also relevant to

industrial packages IP-2 and IP-3, consistent with the graded approach of the

Regulations.

The tests comprise three test sequences, which may be carried out on

separate specimens as follows:

(1) water spray test followed by free drop test;

(2) water spray test followed by stacking test; and

(3) water spray test followed by penetration test.

Hater Spray Test

The water spray test simulates rainfall at a rate of approximately

S3 mm per hour and is applied for at least one hour. The specimen is left to

allow water to soak in to the maximum extent before the next test is carried

out. This is two hours when all faces of the package are wetted

simultaneously, and no soak time is required when faces are wetted

sequentially.

This test is intended for packagings, such as radioisotope packages,

where distance shielding may be provided by fibreboard components. If it is

clear from the nature of the materials of construction that the package is not

vulnerable to this test, then the test may be omitted.

Free Drop Test

In this test the specimen has to be dropped so as to suffer maximum

damage onto a flat unyielding target, the height of drop is graded according

to the package mass as follows:

package mass < 5000 kg - 1.2 m

5000 kg < package mass < 10000 kg - 0.9 m

10000 kg < package mass < 15000 kg - 0.6 m

15000 kg < package mass - 0.3 m
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In the case of packages designed for fissile material contents and

certain lightweight packages made of particular materials (i.e. rectangular

wooden or fibreboard packages < 50 kg mass and cylindrical fibreboard packages

< 100 kg) additional tests must be performed consisting of four free drops

from 0.3m height onto each of the base corners (or each quarter of the rim in

the case of cylindrical packages). A separate specimen may be used for this

test series in the case of the lightweight wooden and fibreboard packages, but

for packages designed for fissile contents, the tests must be carried out on

the same specimen, and must precede, the free drop test.

The free drop test, in the case of small packages where a 1.2 m drop

height applies, is intended to simulate the kind of impact which would be

suffered by a package falling from a vehicle tailgate or from a stacker

truck. In many cases packages would be expected to continue their journey

after such minor mishaps.

As heavier packages are less ]ikely to be subjected to such large

drops, at least without undergoing close examination afterwards, the drop

height is scaled down with increasing package weight.

The additional tests applied sequentially to packages for fissile

material are intended to give additional confidence in the integrity of

spacing members within the package, upon which criticality safety may depend.

The additional tests applied to small wood and fibreboard packages are

intended to demonstrate the capability of such packages to resist general

rough handling, to which they are particularly vulnerable.

Stacking Test

In the stacking test, the specimen is required to withstand for a

period of 24 hours, whichever is the greater of:

(1) 5 times the package weight stacked on top; or

2
(2) 13 kPa (0.13 kgf/ctn ) over the projected area of the package.

This test is intended to ensure that the effectiveness of containment,

shielding and any spacers, in the case of packages for fissile material, is

maintained when the package is stacked in a manner, which is likely to occur

normally during loading, unloading, transport and intermediate storage. The
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test is not required for packages the shape of »?hich effectively precludes

stacking.

Penetration Test

A 6 kg metal bar with a 32 mm diameter hemispherical end is required to

be dropped onto the package from a height of 1 m. The direction and point of

impact must be chosen to produce maximum potential damage to the containment

system.

This test is intended to demonstrate the capability of the package to

withstand the kind of puncture damage which may arise in normal transport from

such causes as sharp objects falling on the package, damage from loading hooks

and the like.

Additional Tests for Packages Containing Liquids or Gases

The tests described so far are relevant to packages with solid or

powder contents, and were based originally on the hypothesis that only a small

fraction of the contents are likely to be released during a median accident.

Appendix I of Safety Series No. 7 quotes 0.1* to It of the contents as the

likely range of the release fraction over a range of accident severities short

of a major accident. In the case of liquid and gaseous contents, the possible

release fraction is clearly higher for a given accident severity level and,

since it is inconvenient to have A values depend on the physical form of the

material, the approach adopted has been to require more severe tests for

packages designed for liquid or gaseous contents. Packages designed for

liquid or gaseous content are thus required to be additionally tested (using

separate specimens from those of the earlier tests) to a drop test from a 9 m

height and a penetration test from a 1.7 m height. Additional design

requirements are also imposed on Type A packages tor liquid contents. See

paragraph 539 of Safety Series No. 6.

Pass Criteria

The criteria which must be met by the specimen package(s) following the

tests outlined above are that the package will prevent:

(1) loss or dispersal of the radioactive contents; and
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(2) loss of shielding integrity which would result in more than a 20%

increase in the radiation level at any external surface of the package.

14.2.3. Accident Conditions of Transport Tests

These tests comprise the mechanical test and the thermal test and are

pertinent to Type B packages. The tests must be carrieu out cumulatively and

in such a manner as to maximize the damage resulting from the test sequence.

Additionally, a water immersion test must be performed (which may be carried

out on a separate specimen) and in the case of irradiated nuclear fuel (if the

activity per package exceeds 37 PBq), an extended depth (200 m) test is

substituted for the standard test. The elements of the test sequence are

given below.

Mechanical Test

The package must be subjected to two sequential drop tests from the

three drops I, II and III described below. The order must be chosen to

produce the most damaging final effect with respect to the ensuing thermal

test. The choice of the relevant pair of tests is determined by the

characteristics of the package as follows.

(1) Packages having a mass not greater than 500 kg and an overall density

not greater than 1000 kg/m (based on overall dimensions) and

designed for contents exceeding 1000 A. or 1000 A , as appropriate,

must be subjected to tests II and III.

(2) Other packages must be subjected to tests I and II.

The tests are defined below.

Drop I The specimen is dropped from a height of 9 m onto the unyielding

target, as already defined, so as to suffer maximum damage.

Drop II The specimen is dropped from a height of 1 m onto the top face of

a rigidly mounted ISO *• diameter mild steel bar. The top face

of the bar is flat and the edge is radiused to not more than 6 mm.
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Drop III The specimen is subjected to a dynamic crush by placing it upon

an unyielding target/ in the worst orientation/ and allowing a

500 kg steel plate 1 a x 1 m square to fall upon it from a height

of 9 m above the top of the package. The plate is required to

fall in a horizontal attitude and suitable guidance may be

necessary to achieve this.

The degree of safety provided by the drop I test is smaller for light,

low-density packages, which may also be sensitive to crushloads. These

considerations led to the introduction of the drop III test in the 1985

edition of the Regulations. The introduction of this test was also justified

by accident analysis data, and the fact that light, low-density packages are

often used for the transport of large amounts of high-hazard alpha emitters

such as plutoniua coapounds.

Thermal Test

The thermal test is well defined in paragraph 628 of the Regulations as:

"exposure of a specimen, fully engulfed, except for a simple

support system, in a hydrocarbon fuel/air fire of sufficient extent and

in sufficiently quiescent ambient conditions to provide an average

emissivity coefficient of at least 0.9, with an average flame

temperature of at least 800 C for a period of 30 minutes, or shall be

any other thermal test which provides the equivalent total heat input

to the package. The fuel source shall extend horizontally at least 1

m, and shall not extend more than 3 m, beyond any external surface of

the specimen, and the specimen shall be positioned 1 m above the

surface of the fuel source. After cessation of external heat input,

the specimen shall not be cooled artificially and any combustion of

materials of the specimen shall be allowed to proceed naturally.

For demonstration purposes, the surface absorptivity coefficient

shall be either 0.8 or that value which the package may be demonstrated

to possess if exposed to the fire specified; and the convective

coefficient shall be that value which the designer can justify if the

package were exposed to the fire specified. With respect to the

initial conditions for the thermal test, the demonstration of

compliance shall be based upon the assumption that the package is in

equilibrium at an ambient temperature of 38 C. The effects of solar
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radiation may be neglected during the tests, but must be taken into

account in the subsequent evaluation of the package response".

A more complete discussion of this test can be found in both SS 7 and

SS 37. However, the test is such that it provides an envelope of environments

which encompasses most transport related accidents involving fires. The

combination of the temperature duration and geometry result in a very

demanding fire which is often difficult to achieve even during the test. For

large packages, very still air conditions are needed to meet the requirements.

I Beers ion Test

For this test the specimen must be immersed under a head of water of at

least 15 at foe a period of not less than eight hours in the attitude, which

will lead to maximum damage. Since the purpose of the test is to demonstrate

the package structural integrity under external pressure, a pressure test or a

calculation can be substituted for actual immersion.

The immersion test is allowed to be conducted on a separate specimen,

because it is reasoned that the probability of its occurrence in conjunction

with a thermal/mechanical accident is extremely low.

The eight hour time period is sufficiently long to allow the package to

come to a steady state from any rate-dependant effect of immersion, such as

compartment flooding.

Enhanced lasersion Test

This test is only needed for packages designed to contain irradiated

nuclear fuel in excess of 37 PBq. It requires the immersion to a depth of 200

m for a duration of one hour.

Overall Test Pass Criteria

In order for a package to pass the test series, it must:

(1) restrict the loss of its radioactive contents to not more that 10~

A_ per hour;
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(2) restrict the accumulated loss of its radioactive contents, in a period

of one week following the test procedure, to not more than A (or 10

A in the case of krypton-85); and

(3) not allow the radiation level at 1 m fiom the package surface to exceed

10 mSv/h (1 rem/h).

Demonstration of the Integrity and the Containment System and the Shielding

After completion of the relevant tests the integrity of containment and

shielding must be demonstrated to the degree indicated above. Containment

system integrity will normally be demonstrated by direct leak-test with due

allowance made, if necessary, for scaling. Other relevant test data of, for

example "O"-ring seal capability, may be brought to bear on the problem of

leak-tightness demonstration. The seal face distortions may, for example, be

directly measured and compared with full-scale test data for which leak rate

measurements have been determined.

Direct measurement of shielding system integrity by means of a

radiation source applied before the test and after the test to the package

cavity is the most obvious means of determining the extent to which shielding

has degraded. However, it is rarely the most convenient and in view of the

considerable degree of shielding loss permitted by the Regulations, it is

usually more practicable to measure the physical distortions of the shield

which, combined with calculation, may often be sufficient to verify the

post-test shielding integrity.

14.3. Facilities

14.3.1. Normal Conditions of Transport Tests

In their simplest forms, the tests for normal conditions of transport

do not require large, expensive items of equipment, but rather can be

performed fairly easily by most establishments.

For many packages, the water spray test will not be necessary;

however, if the package has wood or fibreboard involved in the construction

then the test must be performed. Some important considerations with respect
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to this test involve the need to have:

(1) a spray cone angle sufficient to envelop the whole specimen from a

distance of about 3 m;

(2) an accurate assessment of the spray rate, either by direct measurement,

or by measurement of the water flow rate and calculation; and

(3) a means of support for the package, and good drainage, so that the

specimen does not sit in a pool of water.

Many Type A packages are sufficiently light that they do not require

special rigs or cranes for the drop tests, they can be merely carried up a

ladder and dropped from the appropriate height. Due to the fact that they are

fairly light, a special target is not normally required for such packages.

However, it is required to drop the package in such a way that it would give

the maximum damage. If this is in doubt, then the package will need to be

dropped on all of the suspect features, including lids, closures and corners.

For most Type A, and below, packages, the stacking test requires no

special equipment other than some heavy material, with which to load the

package. This may be a steel plate or a stiff board with lead bricks stacked

on top. For some packages, a more sophisticated loading bp»m system such as

that illustrated in Figure 14.1 may need to be constructed.

a) Using dwftwigM b) Using loading beam

SMd put* «u0M<gn

TMpxc*

Loading twam

FIG. V,.1. Stacking test methods.
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The penetration test can be performed with a steel bar of the correct

mass and end radius, and a piece of guide tubing of slightly larger diameter.

The tubing is of such a length that when it is placed on the package, the

steel bar can be held at the top at the correct her .... Again, if there is

any doubt as to the weakest part of the package tor this test, then it can be

repeated several times, each at different locations.

14.3.2. Accident Conditions of Transport lests

Due to the large size and mass of most Type B packagings, specialized

equipment is usually needed for these tests. Consequently, there are

relatively feu places around the world where they are routinely performed. In

particular, the drop tests require specialized targets, as well as heavy

lifting rigs and special release mechanisms.

Target

To have an "essentially unyielding target" for large packages requires

a steel plate wet floated onto a homogeneous block of concrete or concrete and

rock which is at least ten tiaes the mass of any specimen to be dropped on

it. The block should generally be cubic in form, at least 0.5 m larger on all

sides than any sample package. The steel plate should be at least 40 mm thick

with protruding fixed steel structures on its lower surface which are securely

bolted to the main mass of the target to ensure tight contact with the

concrete. Figure 14.2 illustrates one target which is in use in the United

Kingdom.

LiCting Gear

The lifting requirements may be most easily net by a crane of suitable

capacity. However, for packages which may require guidance to maintain a

particular orientation, or for the crush test (drop III) a purpose-built

structure with hoisting capacity will be needed. As SS 37 notes, if some form

of guiding is used, it is important that the impact velocity be at least equal

to the impact velocity when the package or mass is under free fall. This

approximates to 13.4 m/s for drops I and III.
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FIG. 14.2. Essentially unyielding target design.

Release Mechanisa

One of the more difficult requirements, in terms of facilities and

equipment, is to be able to release very heavy packages in a particular

orientation, rapidly, without disturbance. This may be accomplished using

various electromechanical/ motor or hydraulically operated release mechanisms

similar to that shown in Figure 14.3.

Inst ruaentat ion

In addition to the drop testing equipment itself, a large array of

instruments and recording equipment is required. Deceleration and deformation

measurements need transducers for deceleration, displacement, pressure and

strain linked to dynamic recording instrumentation. Figures 14.4 and 14.5

show a typical system. Photographic recording will usually need to include

high-speed cine film and videotape, as well as still photography and standard

film.
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- Fracture bolt
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-Hydraulic jack
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Specimen attachment
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FIG. 14.3. Typical 100 Te release mechanism.
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FIG. 14.4. Test piece with instrumentation.
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FIG. 14.5. Dynamic data acquisition/processing arrangement.

Theraal Test

Conducting the thermal test required by the Regulations requires even

more dedicated and specialized equipment than the drop tests. Safety Series

No. 37 provides thirty paragraphs of advisory material relating to this test

which attest to the care needed to perform it properly.

rsion Test

Many facilities will meet the immersion test requirements by the use of

relatively simple pressure testing systems. Often only the critical part of

the package will actually be tested. The balance of the structure will be

evaluated and proven by calculation and reasoned argument.
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14.4. Model Testing

14.4.1. Reasons for Model Testing

There are a variety of reasons for performing scale model testing of

packagings, but most of them are related to cost. Prototypes of large, Type B

containers are very expensive to manufacture, and several may be needed to

perform a suitable range of developmental and compliance tests. In addition,

the cost of the full-scale package testing is itself considerable. Not only

are full-scale manufacture and testing expensive, they also take quite a long

time. Finally/ scale model testing enables a great deal more optimization of

key package features, particularly with respect to package orientation and the

resulting damage from drop tests.

14.4.2. Replication, Scaleability and Validity

Model testing is useful and valid for certain tests provided that

appropriate scaling factors are used. In general, the use of models for the

thermal test is rat recommended as the results are very difficult to

validate. Similarly, it is difficult to extrapolate the results of scale

model testing involving seals and sealing surfaces to the responses expected

on a full-sized package. However, experience has shown that the testing of

scale models may be very useful for the mechanical tests. In the mechanical

tests, the conditions of similitude are relatively simple to create, provided

the same materials and construction methods are used for the model as for the

full-sized package. In some tests, such as the penetration test, it will also

be necessary to scale the bar to produce accurate results.

Which detailed components should be included in the model will depend

on the type of test being performed, but very often certain peripheral

features can usually be omitted.

In general, the scale ratio M (model dimension: prototype dimension)

should not be less than 1:4. For such models the effect of strain rate

dependence on the mechanical properties will be negligibly small. A listing

of the model prototype relationships is given in Table 14.2.
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Table 14.2

Model/Prototype Relationships

PROPERTY

Linear dimensions

Mass

Acceleration

Inertia forces

Area

Stress

Strain

Deformation

Strain rate

Speed

Angular velocity

Time of impact

Elapsed tine

PROTOTYPE

1

1

1

1

1

1

1

1

1

I

a
l

l

MODEL

1/M

1/M3

M

1/M2

1/M2

1

1

1/M

M

1

M

1/M

1/M

M = scale factor

Relationship assumes insensitivity of the test piece to strain
rate.

Mechanical and model testing requires:

(1) equal velocity and attitude of model and prototype;

(2) equal friction and damping coefficient in model and prototype;

(3) insignificant strain rate sensitivity;

(4) no significant gravity effects;

(5) plastic flow deformation, rather than deformation due to fracture

processes; and

(6) the same target conditions applicable to the model and the prototype.

The conclusion on model testing is, that provided it is performed

properly and with care, scale model testing is a useful method to develop and

analyze the effects of the mechanical tests on particular package designs

relatively quickly and cheaply.
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15. QUALITY ASSURANCE AND COMPLIANCE ASSURANCE

15.1. Quality Assurance

15.1.1. Definition

In addition to the material provided here. Appendix IV of Safety Series

No. 37 addresses the topic of "Quality Assurance in the Safe Transport of

Radioactive Material" very completely.

Quality assurance (QA) for radioactive material transport is defined in

SS 6 in the following manner:

"Quality Assurance shall mean a systematic programme of controls

and inspections applied by any organization or body involved in the

transport of radioactive material which is aimed at providing adequate

confidence that the standard of safety prescribed in these Regulations

is achieved in practice".

ISO 8402 defines QA generally in a similar way:

"Quality Assurance: All those planned and systematic actions

necessary to provide adequate confidence that a product or service will

satisfy given requirements for quality".

In addition, there are a number of other references or standards on

quality assurance, including, IAEA 50-C-QA, BS 5750, CSA Z 299 1/78, ISO 5000,

BS 5882, ISO 6215 and ANSE/ASME NQA-1. A cross reference to some of these is

given in Table 15.1.
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Table 15.1

Cross Reference to Quality Assurance Standards

DESCRIPTION

ORGANISATION & RESPONSIBILITIES

QUALITY ASSURANCE PROGRAMME

DESIGN CONTROL

PROCUREMENT DOCUMENT CONTROL

INSTRUCTIONS PROCtDURES AND
DRAWINGS

DOCUMENT CONTROL

CONTROL OF PORCHASED EQUIPMENT
MATERIALS AND SERVICES

IDENTIFICATION AND CONTROL OF
MATERIALS PARTS AND COMPONENTS

CONTROLS OF SPECIAL PROCESSES

INSPECTION

TEST CONTROL

CONTROL OF MEASURING AND TEST
EOUIPMENT

HANOLING STORAGE AND DELIVERY

INSPECTION TEST AND OPERATING
STATUS

NONCONFORMING MATERIALS. PARTS
ANO COMPONENTS

CORRECTIVE ACTION

QUALITY ASSURANCE RECORDS

QUALITY AUDITS

SAMPLING PROCEDURES

TRAINING

CONTROL Of USE AND CARf
OF PACKAGES

IAEA-SS37-APPIV

3 1
32

2 1.2 2. 2 3. 2.4

5

6 1

2 1

4

6 3

7 1

8

9 1

9 2

9 3

2

9 4

11

12

13

I S

-

14

10

IAEA-50-C-QA 1978

31
32
2 I
2.3

S

6 1

2 2

4

6 3

7.1

8

9.1

9 2

9 3

7 2

9 4

10

11

12

13

-

3 3

-

BS S882 1980

7

1

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

1 0 5

2 3

-

BS 5750 PART •
1979

4 2

4 1. 4 3. 4 4. 4 5

4 8

4 11

4 5

4 9

4 1 1

-

4 12

t 13

4 14

4 10

t 18

4 17

4 16

a 7

4 6

-

4 IS

4 19

-

15.1\2. Components

QA can be considered as a management aid which enables the following

questions to be answered about producing a particular product or service.

(1) Can we Co it?

(2) Are we doing it properly?

(3) Did we do it properly?

(4) Can we do it better?
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If quality is to be assured and a particular task done properly, then

there are certain aspects with which everyone must be involved. These are

listed below along with the formal requirements.

Eve r yone must; This requires;

(1) Know what to do. Specifications, drawings.

(2) Know how to do it. Training, procedures, instructions.

(3) Be able to do it. Resources, materials, equipment.

(4) Know if it is done

correctly. Measurement, comparison.

(5) Be able to effect it. - Feedback, involvement, corrective

action.

(6) Want to do it. Motivation.

(7) Record it. Records, certification, audits.

More formally, these tasks and requirements can be brought together in

a QA programme as outlined in Appendix IV of SS 37. The contents of this

appendix is listed below to provide an overview of the breadth of QA.

(1) Introduction. - Scope, responsibility.

(2) QA Programmes. Graded approach to QA, user's

guide.

(3) Organization. Responsibilities, authority,

communication.

(4) Document Control. Document preparation, review,

approval release, distribution,

change control.
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(5) Design Control. Design interface control)

verification, changes.

(6) Procurement Control. Supplier evaluation, selection,

control of purchased items and

services.

(7) Material Control. - Identification and control of

materials, parts, components,

handling, storage and shipping.

(8) Process Control.

(9) Inspection t Test Control. - Inspections, tests, calibration

and control of measuring and

test equipment, inspection

test and operating status.

(10) Control of Use and Care of Packages.

(11) Non-Conformity Control. - Review and disposition.

(12) Corrective Action.

(13) Records. - Collection, storage and

preservation of QA, Package

records i logbook.

(14) Staff and Training.

(15) Audits.

A significant part of QA is involved in documentation. An example of a

typical documentation structure is given in Figure 15.1. This shows the

documentation on how to perform the QA. In addition, there also needs to be a

QA programme for documentation. This is to assure that documents are

prepared, reviewed, approved, issued and changed correctly.

248



Company Objectives
Organisation and
OuHine of Quality
Systems.

Detailed Procedures
for Establishing and
Maintaining Controls.

Inspections and
Tests for Specific
Contracts.

t s
Detailed Work Ir -uctions

HG. 15.1. A common quality management system documentation structure.

15.1.3. Quality Assurance of Packages

The 1973 edition of the Regulations only required QA for the

manufacture of packages; however the 1985 edition now requires QA programmes

for all aspects of transport. Specifically paragraph 209 of SS 6 states that:

"Quality assurance programmes shall be established for the

design, manufacture, testing, documentation, use, maintenance and

inspection of all packages and for transport and in-transit storage

operations to ensure compliance with the relevant provisions of these

Regulations".

249



This, clearly/ has considerably expanded the CA requirements for

radioactive material transportation into all phases of packaging and

transport. Indeed packages may now be subject to the provisions of more than

one QA programme, because, for example, a designer of a package may not be the

Manufacturer or the user.

The QA measures applied to package servicing, maintenance and

Modification operations can be considered of equal importance to those applied

during design, testing and manufacture.

For older package designs, the QA provisions of the 1985 Regulations

have significant implications. For example, it may prove difficult to

demonstrate that a package previously approved to Type B(U), actually complies

with the 1985 edition Type B(U) requirements because evidence may not be

available confirming the appropriate application of QA measures. Older

packages do not always have the essential QA records relating to design,

testing, material specification, welding specifications and approvals, and in

some cases, the necessary certification of build standard is not available.

IS.2. Compliance Assurance

15.2.1. Definition

Paragraph 117 of Safety Series Ho. 6 states that:

"Compliance assurance shall mean a systematic programme of

measures applied by a competent authority which is aimed at ensuring

the provisions of the Regulations are met in practice".

In other words, the Regulations can be regarded as the law and the

competent authority can be regarded as the policeman ensuring that the law is

kept.

15.2.2. Implications for Competent Authorities

Clearly, this gives a significant additional responsibility to many

competent authorities. Some of then may have been performing this duty

already as part of their Regulatory function, but few of them would

necessarily have a formal compliance assurance programme suitable to provide

evidence of compliance assurance as required by paragraph 210 of SS 6:
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"The competent authority is responsible for assuring compliance

with these Regulations. Means to discharge this responsibility include

the establishment and execution of a programme for monitoring the

design, manufacture, testing, inspection and maintenance of packaging,

and the preparation, documentation, handling and stowage of packages by

consignors and carriers, to provide evidence that the provisions of

these Regulations are being met in practice".

Total assurance of compliance is clearly impractical and virtually

impossible to achieve, and, therefore reasonable assurance of compliance

becomes the goal. In order for a competent authority to provide reasonable

assurance it must:

(1) create a legal environment in which it can work arid be effective;

(2) organize itself so as to be independent and of an appropriate size and

expertise for the radioactive material transport for which it has

responsibility;

(3) issue or revise regulations appropriate to the activities for which it

is responsible;

(4) develop its own compliance assurance programme and work to it; and

(5) produce evidence that compliance assurance is being achieved.

IS.2.3. Scope of Compliance Assurance Programmes

Compliance assurance programmes may be relatively simple and straight

forward or progressively complex and wide-ranging, depending on the size and

variety of the industry for which the competent authority has responsibility.

A simple compliance assurance programme for a state whose radioactive material

industry for example, involves medical isotope transport only needs to take

account of:

(1) import/re-export operations;

(2) internal transport operations;

(3) packages Types A and occasional Type B; and

(4) low volume of movements.
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A more complex compliance assurance programme will be needed for a

state whose radioactive material industry involves all types of radioactive

material movements. Such a programme would need to take account of:

(1) import/re-export operations;

(2) all modes of transport;

(3) all package types and associated certifications;

(4) medical isotope use, industrial radiography, research, civil

construction, food irradiation, nuclear fuel production and

reprocessing;

(5) package design, manufacture and use; and

(6) high volume of movements.

There are, however, three eleaents which should be present in any

compliance assurance programme. These are:

(1) review and assessment activities, including the issue of approval

certificates;

(2) inspection and enforcement; and

(3) emergency response.

Bach of these can be expanded to match the complexity and variety of a

particular competent authority's responsibilities.

IS.2.4. Methods of Assurance and Inspections

Assurance of Regulatory compliance and associated inspections can be

carried out in a variety of ways, depending on the size and coaplexity of the

radioactive material transport industry in the Member State. Some examples of

these are listed below, and illustrated in Figures 15.2 through 15.6.
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I . Assessment and jpprov.il of Q.A. programmes

mJ
2. Assessment of package designs

IAEA
REGULATIONS

PACKAGE DESIGN
APPLICATION

FIG. 15.2. Methods of assurance and inspection.

3. Witnessing/Inspection of Regulatory
proof testing arrangements

4. Observance of manufacture

RAM. TRANSPORT INC.

FIG. 15.3. Methods of assurance and inspection (cont.).
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5. Issue of Competent Authority certification
(when appropriate)

MEMBER STATE

I CERTIFICATE OF OESIGN

1SPCCIAL FOAM

/ RADIOACTIVE MATEfllALIJ

APPROVAL

b. Inspection/observation of transport operations

FIG. 15.4. Methods of assurance and inspection (cont.).

/ . Examination of maintenance and servicing
arrangements

S. Emergency Arrangements

FIG. 15.5. Methods of assurance and inspection (cont.).
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9. Application of enforcement measures

3. Written notices

b. Suspensions

<:. Prosecutions

10. Review of Competent Authority's
Compliance Assurance

—-
you

/ COMMTENI

CD

CD

CD

CD

CD

CD

CD

CD

AUTHORITY /

CD

CD

CD

CD

CD

CD

CD

m

(
CD

11. Review of Regulations (National .and International)

FIG. 15.6. Methods of assurance and inspection (cont.).

(1) Assessment and approval of QA programmes.

(2) Assessment of package designs.

(3) Witnessing/inspection of Regulatory proof testing arrangements.

(4) Observance of manufacture.

(5) Issue of competent authority certification (when appropriate).

(6) Inspection/observation of transport operations.

(7) Examination of maintenance and servicing arrangements.

(8) Emergency arrangements.

255



(9) Application of enforcement measures, such as:

- written notices;

- suspensions;

- prosecutions.

(10) Review of competent authority's compliance assurance programme.

(11) Review o£ regulations (national and international).

Finally, an example of how a complete QA programme is put together and

organized can be seen in Figure 15.7.

1. Determine existing level of operating QA programmes.
I

2. Relate t to national and international QA standards.
I

3. Determine what independent auditing or assessment occurs
I

(3rd Parties such as B.S.I.)

4. Identify the variety
and types of organisations
involved ,

S. Identify peculiar Departmental
requirements and other
Government Departments' interests.

6. Develop Departmental
Compliance/Quality
Assurance programme

7. Obtain OTp support
for the programme.

6. Advise all involved organisations of Departments plans.
I

9. Implement audits of existing QA programmes as required
by 1973 edition of Regulations.

I
10. Implement 1985 edition of IAEA Regulations.

I

11. Build up Departmental
record of audits to
1985 Regulations.

12. Monitor corrective actions

13. Heview/Confirni Departmental Compliance /

Quality Assurance programme.

14. Witnessing of
Maintenance and..
Use operations.

15. Witnessing ol
Manufacturing
operations.

IS. V/icrteMing of,.
Testing.

21 , Continued periodic -
auditing using
information
gleaned from;- >

17. Witness Transport

/ operations.

,-18. Design Approval
Assessment including
Specific Quality
plans.

^•19. Regulations.

20. Incidents involving
RAM Transport.

23. Design
Assessment.

22. Long term continual review of

Departmental Compllance/QA

programme involving:-

-I ,
25. Maintenance
and Servicing.

24. Audits of

QA programmes.

27. Maintenance
of Department's
CompKance/QA
programme.

26. Witnessing
of testing.

29. Monitoring J

of Transport 1
operations. j

26. Witnessing

Manufacture.

30. Regulatory

bodies input

feedback

TOTAL COMPLIANCE ASSURANCE

FIG. 15.7. A typical quality assurance programme for radioactive material transport.
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16. TRANSPORT DATA

16.1. Introduction

Through a series of consultant meetings, technical committee meetings,

and Secretariat effort, the IAEA has examined the need, usefulness and

desirability of compiling data about the transport of ladioactive material.

The disadvantages and advantages in transport data collection have been

identified and summarized.

The main disadvantages of data collection in this area are:

(1) the effort and resources which are required on the part of the Agency,

Member States and other international organizations are significant;

and

(2) there are potential difficulties over commercial sensitivity.

The general advantages are:

(1) the efficacy of the Regulations can be monitored;

(2) data on radiation exposure can be made available to the Agency and

to other organizations such as the United Nations Scientific Committee

on the Effects of Atomic Radiation (UNSCEAR);

(3) necessary input can be provided for the Regulatory review and revision

process;

(4) trends in transport conditions can be established;

(5) factual information may help to allay public concerns;

(6) necessary input can be provided for risk analysis studies;

(7) lessons learned can be made available to help avoid similar

occurrences; and

(8) authorities can obtain information helpful to the allocation of

resources:.
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Specific advantages of a data collection system for shipments of

radioactive material would be in providing.

(1) valuable information on the design of packages;

(2) valuable information on identifying specific needs for establishing or

enhancing effective quality assurance training and administrative

programmes;

(3) help in the planning of emergency response procedures;

(4) help in the development of valid risk assessment and more complete data

for the assessment of the radiological impact of both normal effects

and transport accidents or incidents; and

(5) support for the use of the Agency's computer code INTERTRAN.

As a result of such evaluations and assessments, SAGSTRAM has

recommended that several sets of data be compiled. SAGSTRAM has recognized,

however, that ongoing work in the data collection area is critically dependent

on available staff resources. For this reason, SAGSTRAM has provided specific

guidance on the relative priorities between each database and the information

gathering within each database.

The five databases currently in development are titled:

(1) Competent Authority Package Approval Certificates (PACKTRAM).

(2) Events in the Transport of Radioactive Material (EVTRAM).

(3) Shipments of Radioactive Material (SHIPTRAM).

(4) Radiation Exposure trom Radioactive Material Transport (EXTRAM).

(5) Research and Development in Radioactive Material Transport (REDTRAM).

PACKTRAM already exists, therefore, the next highest priority is for

the development of EVTRAM in 1989, then collection of limited data for

SHIPTRAM in 1990, followed by EXTRAM and REDTRAM as resources permit.
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16.2. Competent Authority Package Approval Certificate Database

The Agency's transport Regulations prescribe various requirements for

the authorization of packages and shipments in respect of both national and

international movement of radioactive material. These authorizations are

issued by the relevant competent authority of the country concerned, and they

take the form of package approval and/or shipment approval certificates.

At the request of SAGSTRAM, the Agency established a programme to

maintain a file of those certificates for packages and shipments which are

either transported internationally or used outside the country of origin.

This file was originally published as IAEA-TECDOC-389 (1986) entitled

"Directory of National Competent Authorities Approval Certificates for

Package, Shipments, Special Arrangements and Special Form Radioactive

Material".

This file has been routinely updated since then, and was issued as

IAEA-TECDOC-442 in 1987. Subsequently this information became the

computerized database PACKTRAM in 1988, with bi-annual printouts distributed

to the national competent authorities.

The purpose of PACKTRAM is to facilitate the transfer of information to

competent authorities and any person wishing details on the packaging/

authorized contents or special conditions pertinent to any package or

shipment. The database enables competent authorities to be aware of the

status of any certificate submitted for validation. It also indicates any

change in status of any certificate already validated.

Input to PACKTRAM is now provided to the Agency by Member States on

standardized data input forms, with a few countries submitting the information

directly on diskettes. As experience with PACKTRAM grows, occasional changes

are made to improve the clarity and efficiency of the system.

SAGSTRAM recommended that publication of the database should follow a

cycle involving the annual publication of a TECDOC, followed by an updating

interim draft report six months later. It was felt premature to issue the

PACKTRAM data by computer diskette on a general basis, other than to national

competent authorities on request.
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For space-saving reasons, the IAEA Secretariat only maintains hard

copies of those certificates that:

(1) are valid; or

(2) have expired within the last year.

To provide a general perspective on the total number of package

approval certificates and their distribution by countries. Annexes II and III

of IAEA-TECDOC-442 have been included as Table 16.1 and Figure 16.1

respectively.

Table 16.1

Summary Count of Expired and Current Certificates

COUNTRY
NAME

| AUSTRALIA

| AUSTRIA

| BELGIUM

| CANADA

FRANCE

GERMANY, FEDERAL REP

| HUNGARY

| INDIA

IRELAND

| ITALY

| JAPAN

| NETHERLANDS

POLAND

| SPAIN

SWEDEN

| SWITZERLAND

| UNITED KINGDOM

UNITED STATES OF AHE

| «• GRAND-TOTAL ••

1
1
1
1
1
1
1
1
1
1
1
I
1

1
1
1
1
1

r

EXPIRED
COUNT)

2

3

67

120

166

152

3

4

1

e
17

1

5

25

4

49

406

671

1704

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
7

CURRENT
(COUNT)

12 I

0 1

9 1

35 I

0 1

6? 1

0 1

1 1

0 1

0 1

5 I

1 1

6 I

0 1

0 1

0 1

64 1

25S |

453 |

TOTALS

14 I

3 1

76 |

155

166 |

217

3

5

1 1

8

22 I

2 1

11

25 |

4 I

49 |

470 |

926 |

2157 |

"EXPIRED" includes both revised and no longer valid certificates.

"CURRENT" means those certificiten wb4ch ars vilid on the date
stated above.
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FIG. 16.1. IAEA package approval certificates (July 1987).

16.3. Events in the Transport of Radioactive Material (EVTRAM)

16.3.1. Introduction

The sixth meeting of SAGSTHAM, held in November 1987, recommended that

an accident and incident reporting system should be established covering all

shipments. This was done with the idea that the data would be used by the

Agency and by Member States as a source of information to help determine the

effectiveness of the Regulations and to allow full use to be made of any

lessons learned as a result of an accident or incident.

As a result of this recommendation, and with the assistance of

consultant services, the EVTRAM database structure was developed in 1988 along

with a Transport Event Data Form to be used for reporting and inputting data.

Member States were invited to participate and report events occuring in 1989,

then to submit data back to January 1, 1984 beginning with 1988. Data from
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some states has been received and entered into the database. Member States

were asked to submit information in smaller lots, rather than saving up a

large amount, to reduce and even out the work loads both within their

organization and in the Agency.

16.3.2. Repor table Event s

In general/ a transport event is a transport accident or incident

involving radioactive material in which a shipment is mislaid or misdirected,

or a package or a conveyance is damaged, or the contents of the package or the

package itself are lost or destroyed. A transport accident is defined as an

event during the transport of radioactive material, which leads to, or could

lead to, abnormal radiation exposure conditions. Transport incidents are all

other transport events.

Member States are requested to report any event that can be useful in

demonstrating either the effectiveness or ineffectiveness of the Regulations.

This would include any event that happened between the time that the package

was presented for transport and the ti«e it was accepted by the consignee. An

event that occurs during or after the package was loaded on the vehicle would

also be included as would events that happen during in-transit storage and

handling. In addition, significant discrepancies found when opening a package

such as missing components, or internal leakage, would be reported. Events

involving portable equipment that contains radioactive material, such as

radiography devices and density gauges being transported to and from the job

site would also be included.

Judgment will be required on whether or not to include certain events.

On occasion, packages are reported to be leaking, but closer inspection

reveals that the liquid did not originate from, or affect, the package. On

the other hand, if the outer surface of a package is constructed of cardboard

and it was found to be wet when it should not have been, some judgment would

be necessary on whether it should be considered an event for inclusion.

Problems that are initially reported, but later found to be false would not

normally be included. Likewise, events that happen during transport within a

facility and that do not affect transport off-premises, would not be included.

In general, events solely affecting excepted packages would not be

reported, unless the Member State making the submission believes that it is a

matter of interest to other states. Routine inclusion of events involving
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excepted packages, where the risk is minimal and the controls are limited,

could unfairly affect any analyses and lead to wrong conclusions. Examples of

this are smoke detectors and surge voltage protectors, which are transported

by the millions with negligible effects.

Along with the specific information requested on the Transport Event

Data Form, allowance has been made for the inclusion of a narrative. This

narrative is to be used to include any useful additional information not

specifically requested on the form. In addition, consideration is being given

to adding a scale of severity for transport events which is being developed by

France.

It should be noted that the European Commission is establishing a

similar databank, but with different objectives than EVTRAM. Some individual

Member States already compile EVTRAM type data and examples of the information

currently available are given in Appendix C.2.

16.4. Shipment of Radioactive Material

16.4.1. Historical Background

At the first Meeting of SAGSTHAH, held in Vienna in October 197B, it

.as recommended that a system should be developed by the Agency for the

collection, storage and retrieval of information on the world-wide volume of

traffic in all types of radioactive Material by all modes of transport. The

Agency responded to this advice in February 1980 by sending forms to all

Member States requesting summary information based on the best data available

to, or collected by, the competent authorities over an initial one-year

reporting period.

It was Celt by SAGSTRAM that this would be a reasonable compromise

between the desirability of receiving exact data on a continuing basis and the

necessity of having adequate, representative, world-wide data. Furthermore,

it was planned that these data would be compiled and stored in the Agency's

computer for future use and reference by both the Agency and Member States.

In 1982 a consultant established the elements which would be required

in a computer code and provided data consistency checks to be used prior to

computer input. As the data arrived at the Agency, the consistency checks

indicated that most data were not internally consistent and further work was
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needed to clarify the problems. Another consultant in 1983 identified a

number of major problems with the data. These problems were of sufficient

magnitude that it became clear that computerization would not be possible as

originally foreseen. It was decided that the inconsistencies with the data

could only be resolved by tiding Agency staff and a consultant to assess the

data on a case-by-case basis, identify inconsistencies and clarify the causes

of the inconsistencies.

By December 1984 the information had been analyzed, extrapolated and

summarized as far as possible, bearing in mind the significant major

difficulties with the raw data.

16.4.2. Summary of Initial Survey Results

The data initially sought/ for domestic and for export shipments,

were: for the various classifications of packages; the mode of shipment/ the

number of packages, the transport indexes and the total distance of transport;

for packages by label, the total number of packages; and also a detailed

summary for certain package contents of the number of movements and the

distance shipped for each mode.

A total of 49 countries responded to the request for data. Thirty-two

countries provided data by package classification and transport mode, twelve

countries acknowledged the request but did not provide data, and five

countries provided only limited data for certain types of shipments, or

provided data which did not apply to the database (imports or through-country

shipments). Many countries recognized that the data provided was limited or

deficient in some way. In particular, it was noted that many exempt

(excepted) and LSA packages were not included, that some packages were double

counted, and that distance data was often missing or inaccurate.

However, some information can be deduced from the data; and therefore,

Tables 16.2 through 16.5 are reproduced for general interest. These data came

from countries representing:

(1) 26% of the world's population;

(2) 551 of the world's gross domestic product; and

(3) 80* of the world's installed nuclear power generating capacity.
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Table 16.2

Summary of Package Shipments by Country

Country

Albania
Australia
Belgium
Brazil
Canada
Chile
El Salvador
Finland
France
Fed. Rep. of Germany
Greece
Hungary
Ireland
Italy
Japan
Jordan
Sep. of Korea
Luxembourg
Netherlands
New Zealand
Norway
Peru
Philippines
Poland
Senegal
Singapore
South Africa
Spain
Sweden
Switzerland
Syrian Arab Republic
Thailand
Turkey
UK
USA

International
Package
Shipments

555
—

(Not
433,088

1
_

1
34,802
46.882
—
2,099

60
8,166
18.459

-
21

—
35

6,706b

—
-
8,258
—
166
80
107

3.760
774C

-
(Not

_
208,168d

-

Domestic Package
Shipments

133
56.331
78,422

Specified)
3,947,341

1,463
294

24.502
84,757
414,532
1,338
23,824
15,500
197,505
705,055

166
5,977

37
10,359b

21
10,298«

19
587

25,048
168
886

12,154
48,894
119.151

284*
100

Specified)
621

190.013b

2,819.308*

TOTAL

Total Package
Shipments

133
56,886
78,422
11,144

4.380,429
1,464
294

24,503
119,559
461,414

1,338
25,923
15,560

205,671
723,514

116
5,977

58
10,359b

56
17.OO4C

19
587

33,306
168

1.052
12,234
49,001
122,911
l,058d

100
89
621

398,181b

2.819,308*

~ 9,578,326f

a Including Full Load

b Data incomplete

c Estimated to only account for ~ 70% of shipments

d Fissile Shipments only, data incomplete

e Known to be low by at least 500,000

f When known inaccuracies in data from Norway and USA are added in. the
total exceeds 10,000,000
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Table 16.3

Summary of the Largest Shippers of Radioactive Material Packages

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Country

Canada

USA

Japan

Fed. Rep. of Germany

UK

Italy

Sweden

France

Belgium

Australia

Spain

Poland

Hungary

Finland

Norway

Ireland

South Africa

Brazil

Netherlands

Korea

TOTAL ~

Number of
Package Shipments

4,380,429

2,819,308*>b

723,514

461,414

398.181C

205,671d

122,911

119,559

78,422b>e

56,886f

49,001e

33,306f

— - — - O.Q1

25,923f

24,503f

17,OO4B

lS,560f

12,234

11,144

10.359b>h

5,977b

10 X 106

a) Known to b« low by at least 500,000 Exempted packages

b) Doaestic shipments only

c) Data are incomplete, datt are from selected shippers only

d) Data are incomplete, no data on Exempted packages or LSA/LLS shipments

e) Mo data on Exempted packages

f) No data on LSA/LLS shipments

g) Estimated to be low by ~ 30%

h) May be low by 10 to as much as 10 package shipments
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Table 16.4

Summary of the Largest Shippers of Radioactive Material Packages,

Excluding Exempt Packages

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Country

USA

Canada

Japan

UK

Italy

Fed. Rep. of Geraany

France

Belgiua

Spain

Australia

Poland

Sweden

Hungary

Finland

Norway

South Africa

Brazil

Netherlands

Ireland

Korea

Nuaber of
Packaxe Shipments

2,402,429*

612,632

353,054

242,268b

2O5,679C

155.408

99,617

78,422*

49,425

45,208C

32,171C

21,751

18,423C

17,753C

16,604d

11,418

_ _ _ _ QQ%. nf tnfil

11,011

10,359*'•

8,560c

5.220*

TOTAL ~ 4.4 z 10

a) Domestic Shipaents Only
b) Data are incomplete

c) No data on LSA/LLS shipments

d) Estiaated to be low by ~ 30%

e) May be low by 10 to as aucta as 10 package shipaents
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Table 16.5

Package Shipments by Package Type - In Percentage

Country

Australia

Canada

rinUnd

Franc*

PIG

Hungary

Iraltnd

Italy

Japan

Norway

Poland

South Africa

Spain

Swadan

UK

USA

USA Corr«ctad for
known « iaa tn |
l iaapt Packat«i

Total
Nunbar

56,886
4,380,429

24,503

119,559
461,414
25.923
15,560

205,671
723,514
17,004
33,306
12,234
49,001

122.911
398.181

2,819,308

3,319.308

Ptclciga Typa

Kxaopt

20.6
86.2
27.5
16.6
66.3
28.9
45.0

0

51.1
2 .3

7 .2

6 .7

0

82.3
33.9

14.8

27.6

LSA/LLS

0

1 .0

0

0 . 3

0.04
0

0

0

0.08
0 . 1

0

1 . 0

69.7
6 . 9

0 . 4

17.0

14.5

Typ* A

78.6

9 . 0

72.4

49.9

31.7

S8.6

6 .5

96.7

29.35

95.9

50.17

76.7

27.6

10.5

57.8

63.5

53.9

Typa B(U)

0

1.8

0 . 1

0 . 8

1.2

7 . 1

48.5

3.25

0.05

1.5

16.0

15.5

2 .6

0 . 2

1 . 0

N/A

N/A

Typ« B(M>

0

~ 0

0

0 . 2

0.01

0

0

0.01

0.02

0

0.03

0

0 . 1

~ 0

0 . 2

3.4

2.9

Other

0 .8

2 . 0

0

32.2

0.75

S.4

0

0.04

19.4

0 . 2

26.6

0 . 1

0

0 . 1

1.7

1.3

1.1



A best estimate from these data is that excluding excepted packages,

world-wide shipments of radioactive material are probably 8 to 17 million

package shipments per year. If excepted packages are included, then this

estimate becomes 18 to 38 million package shipments per year.

16.4.3. SHIPTRAM

As a result of the experience gained in the initial survey, SAGSTRAM

subsequently agreed that shipment data was potentially the most difficult

information to obtain in any meaningful form. However, it was recognized

that the availability of such information was still valuable in that it would

allow the IAEA and its Member States to monitor shipment trends and in

conjunction with the accident/incident database, to evaluate accident rates

for us; in risk assessment studies. Therefore, later meetings of SAGSTRAM

recommended that shipment data should be collected on a modest scale initially

and that the system should be developed gradually. It was planned that in the

first instance, data would be collected for the year 1990 for nuclear fuel

cycle movements only, under the categories of: irradiated fuel, non-irradiated

fuel, uranium from reprocessing and wastes. For each of these the following

information would be collected:

(1) the total number of shipments;

(2) the total number of packages shipped;

(3) the number by package type; and

(4) the number by mode of transport.

This database has been called SHIPTRAM, and the proposed shipment data

categories can be seen in Table 16.6. At a later date, as experience is

gained, information would also be collected on non-fuel cycle movements.

Since shipment data is recommended to be collected on a 5-year cycle, the

earliest t.iis additional information would be requested is 1995.
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Table 16.S

Proposed Shipment Data Categories

Number of

shipments

Nunber of

packages

shipped

Package Type

Node

Activity

Distance

Indus-

trial

Radio-

graphy

a.

ae

-

NOW

Other

Indus-

trial

#a

..

ae

%*

FUEL CYCLE

Hedical Other

and

Radio-

pharma-

ceutical s

f aa

— —

a.

HI **

Research Haste

(outsid.

fuel

cycle)

t «*

aa »»

— mm

Irradia-

ted

•

*a

FUEL

Non-ir-

radiotad

a

•

•*

a.

CYCLE

U from Waste

reproce-

ssing

• Minimum level

•• Possible additions as tine and need proceeds

16.5 Radiation Exposure from Radioactive Haterial Transport (EXTRAM)

An assessment of the radiological impact of the transport of

radioactive material was undertaken in October 1985 at the first meeting of

the Technical Committee on the Radiological Impact of the Transport of

Radioactive Material. On that occasion, radiation exposure data from fourteen

countries was collected and analyzed. The findings of this meeting were later

published in 1986 as IAEA-TECDOC-398 entitled "Assessment of the Radiological

Impact of the Transport of Radiaoctive Material".
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The overal conclusion, which was endorsed by SAGSTRAM, was that while

exposures due to transport of radioactive material were low, there was

inadequate information on which to base a full assessment, particularly in

relation to accidents and incidents. A subsequent technical committee agreed

with this conclusion and stressed the need to consider the views of the

international and regional organizations that compile data where transport

information could be a useful input. For example, UNSCEAR reviews and

compiles information on radiation exposures from all sources and their

transport data is at present very limited. The technical committee agreed

that it was essential to provide adequate information to maintain public

confidence and that comparisons with radiation exposures from other activities

would be helful in this respect. The committee recommended that this should

be a longer term objective and that the immediate aim should be to establish

systems requiring a basic level of information and to develop the requirements

once the systems are in place.

During its seventh meeting, SAGSTRAM received the technical committee

report and made the recommendations given below.

(1) Radiation exposure data should initially be collected at a minimum

level and subsequently be expanded once the system has been established

and is operating effectively. For the year 1990, the following

information snould be collected:

- for workers, the main source of radiation exposure during

transport; and

for members of the public, an estimate of the collective dose due

to all transport operations.

(2) Information should be collected at five-yearly intervals and its range

should be expanded in due course to include full details of maximum

dose, numbers of persons exposed as well as the main source of exposure

and collective dose. This database has been named EXTRAM.

16.6. Research and Development in Radioactive Material Transport (REDTRAM)

For purposes of improving information exchange and increasing

international cooperation, SAGSTRAM, at its seventh meeting in April 1989,

recommended the establishment of a database on research and development in
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radioactive material transport. In addition to maintaining an administrative

information database, called EVTRAM, the Secretariat proposes to periodically

disseminate technical information in the form of research abstracts. It is

proposed that a procedure similar to that being undertaken to publish the

Health Physics Research Abstracts, the Waste Management Research Abstracts,

and the Nuclear Safety Research Abstracts be followed. These reproduce

abstracts which describe research in progress in their respective subject

areas.
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17. EMERGENCY PLANNING AND PREPAREDNESS

17.1. Introduction

The IAEA Regulations have a requirement for the provision of emergency

response capability for transport accidents or incidents involving radioactive

material. All approval certificates issued by the competent authority are

similarly required to include the emergency arrangements deemed necessary by

the competent authority. The emergency arrangements would normally be

provided by the relevant national organization.

In order to provide assistance to public authorities and others

(including consignors and carriers of radioactive material), who are

responsible for ensuring safety in establishing and developing emergency

response plans, the IAEA convened an Advisory Group meeting in October 1977

which eventually resulted in the publication of IAEA-TECDOC-262, "Emergency

Response Planning for Transport Accidents Involving Radioactive Material"

(1982). On the basis of comments on this TECDOC, the guidance material has

been evaluated and rewritten and is now published as IAEA Safety Series No. 87

(1988).

Safety Series No. 87 is neither a collection of rules nor a list of

approved steps and actions. However, it does provide guidance on the various

aspects and philosophies of emergency planning and preparedness, along with a

consideration of the problems which might be encountered in a transport

accident involving radioactive material. The guide is intended to be used to

prepare local emergency plans and procedures, taking into account the specific

governmental and legislative structures.

The purpose of this chapter is to provide a general introduction and

overview to emergency response planning and preparedness as detailed in Safety

Series No. 87.

17.2. Overview of Safety Series No. 87

After a general introduction in Section I, SS 87 then provides a review

of the IAEA Regulations in Section II. Section III is a brief chapter

entitled "Emergency Response Planning" which outlines the requirements and
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contents of a suitable plan. This section will be discussed in further detail

later. To give a perspective on the potential consequences of transport

accidents a chapter (Section IV) on this topic is included.

The heart of SS 87 is Section V which outlines the response to

transport accidents. Again, this is considered in more detail below. The

responsibilities of each of the various parties and agencies for emergency

planning and preparedness are detailed in Section VI. The final sections, VII

and VIII, address the need for training, exercises, and plan updates as well

as public information. Fully half of the publication consists of the

appendices, which reproduce the markings, labels, placards and documents

associated with radioactive material, and provide examples of response to

transport accidents, as well as examples of some emergency response guides and

procedures.

17.3. Emergency Plans

Until now there have been no reported transport accidents with serious

radiological consequences. However, in spite of all the measures taken to

ensure the safe transport of radioactive material, there is still a possiblity

that accidents may take place. An accident resulting in a significant release

of radioactive material or loss of shielding could have considerable

consequences. These consequences can be controlled or mitigated by proper

emergency response actions.

The type of emergency planning and preparedness that is needed for

responding to transport accidents involving radioactive material is, to some

extent, similar to that required for responding to transport accidents

involving non-radioactive hazardous material, such as flammables, explosives,

poisonous gases and toxic chemicals. Many of these non-radioactive hazardous

materials pose greater threats to public health and safety than does most

radioactive material. Responses to an accident can be initiated properly once

a determination has been made of the hazard involved. Therefore, emergency

response organizations and personnel need to be provided with training to

recognize the various hazards, and with emergency response plans and

procedures to respond to these hazards. They must have the basic knowledge,

skills and equipment to deal effectively with the wide range of possible

consequences of hazardous material accidents.
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Emergency plans need to be developed by responsible authorities for

responding to transport accidents involving packages containing radioactive

material. Ideally a main national plan would be developed and all provincial,

state and local plans would be based on the main national emergency plan.

Consignors and carriers would also have their specific emergency plans and

preparedness procedures.

The main national plan needs to be flexible to cope with a wide variety

of accidents. However, the plan should at least cover:

(1) the planning basis;

(2) responsibilities, capabilities and duties of the organizations involved;

(3) procedures for alerting and notifying key organizations and persons;

(4) methods for warning and advising the public;

(5) intervention levels for exposure and contamination;

(6) protective measures;

(7) procedures for response actions;

(8) resources and medical and public health support;

(9) procedures for training, exercises and updating plans; and

(10) public information.

To determine the planning basis for emergency plans, the responsible

authorities can conduct an assessment of the transport systems used for

radioactive material in their country and generally determine what types of

shipments pass through these systems and what main routes are used. Using

statistical data concerning traffic accidents, consideration can be given to

identifying those areas where accidents are more frequent and locations in

which the possible accidents might have higher impact. The planning basis can

then be defined taking into account the potential consequences of transport

accidents.
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Because of the fact that the type of emergency plan needed for response

to radioactive material accidents is very similar in structure as the plan

needed for responding to other dangerous goods transport accidents, many of

the same organizations are involved. Therefore, it is preferable, wherever

possible, to integrate the emergency plan for radioactive material with plans

for responding to hazardous material accidents in general, by developing a

master plan with national or regional alerting centres for all types of

transport accidents involving hazardous material. 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.

Emergency plans for dealing with accidents involving radioactive

material should conform as closely as possible to existing capabilities and

procedures for dealing with other transport accidents. Either the police,

fire fighting, or military organizations will provide the first line of

response action. The carrier's employees, or members of the public who may be

directly involved and initially on the scene of an accident, will most likely

contact the police. The carrier's employees (the crew of the vehicle) should

be given advance instructions on procedures to be followed in the case of an

accident and in notifying the police and/or other organizations defined in the

emergency plans.

Clear step by step procedures should be prepared to implement the

emergency plan in a graded response (e.g. local, state, provincial and

natinonal responses) as required by the severity of the accident and its

consequences. This response could range from simple confirmation that there

is no radiological hazard, with minimal involvement of expert responders, to

situations where large scale remedial measures may be required and need to be

brought to bear at the accident site with major involvement of experts.

Pre-established exposure levels should be defined as intervention levels.

When these intervention levels are exceeded, certain protective measures are

required. A major consideration is that transport accidents may occur in any

location, including remote areas where access may be difficult and in

populated areas where control of access by the public may be required.

Response plans may have to be implemented on difficult terrain and under

adverse weather conditions.

Further detailed guidance on emergency planning and preparedness is

provided in SS 87. In addition. Appendix C of this manual contains examples

of the implementation of emergency response planning in some countries.
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17 4. Emergency Response

SS 87 divides the emergency response to transport accidents into tnree

phases: the initial phase/ the accident control phase and the post-emergency

phase. However, it acknowledges the fact that in any actual accident, many of

the response actions described in the section on the accident control phase

may be commenced in the initial phase. The three phases are perhaps best

characterized by the type of personnel at the accident scene, and the degree

of immediacy of their actions. The actions described are related to a road

transport situation with a modifying discussion of other modalities later.

17.4.1. Initial Phase

During the initial phase, the only responsible people at the accident

scene will be the emergency first response personnel such as police, fire and

medical first aid or ambulance personnel. Such people should be trained to

recognize an incident involving radioactive material and to perform their

normal limited functions in the radiological environment.

One memory aid which has worked well with first responders is the

following:

irst Aid and Lifesaving Rescue.

nform or Notify that Radioactive Material is Involved.

estrict Access for Radiation and Contamination Control.

top or Suppress any Fires.

hats All!

This emphasises the importance of some basic steps such as personnel

safety, simple radiological control and getting more qualified assistance to

the scene. At the same time it recognizes that the first responder's role is

limited. If these first four functions are done, and done well, then that is

all that is necessary to deal with the initial phase.

17.4.2. Accident Control Phase

The accident control phase will usually begin with the arrival on the

scene of qualified radiological personnel. As part of the emergency planning

process, prior arrangements should have been made to contact properly

qualified or experienced and equipped persons or teams from governmental
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authorities, nuclear establishnents or other organizations where radiological

protection services exist. These persons or teams should be able to perform

the radiation monitoring necessary, assess the real hazard and provide advice

to the person in overall charge of the accident scene.

At this stage the immediate needs have been taken care of, and a proper

radiological assessaent can be Bade. In addition, appropriate controls and

protective measures can be taken under expert guidance.

SS 87 provides details of such measures as:

(1) control of access;

(2) protective actions within the cordoned off area;

(3) personal protective aeasures;

(4) sheltering and evacuation;

(5) decontaaination of persons;

(6) control of food and water supplies; and

(7) protection of the local drainage system;

17.4.3. Post-Eaergency Phase

When it is clear that no further hazard exists in the accident area,

and that all of the necessary protective aeasures have been, or are still

being taken, then the eaergency can be declared terainated by the local

responsible authorities. This is when the post-eaergency phase or clean-up

phase begins. As part of the eaergency planning efforts, arrangeaents should

have been aade with appropriate agencies, who have suitable expertise and

equipaent for larger scale clean-up, if necessary.

Oecontaaination and restoration of the area to its original condition

are the aajor goals of this phase of the incident. Additionally, soae food

and water control which aay have been initiated in the second phase aay also

need to be continued.
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17.4.4. Transport Modes other than Road

Special considerations for accidents involving transport modes other

than road are outlined below.

(1) Water - There is greater potential for contamination spread.

- Location of radioactive debris nay be difficult.

- IMO Emergency Response Schedules may be helpful.

(2) Rail - Often spent fuel is carried.

- Railways have an internal network of communication.

(3) Air - More remote areas may be involved.

- There may be a large area of debris.

- Mostly radiopharmaceuticals and limited hazard materials are

likely to be involved.

17.5. Responsibilities for Emergency Planning and Preparedness

The responsibilities for dealing with a transport accident are

generally divided among several involved organizations and persons. The

severity of the accident in terms of its consequences generally determines the

level of governmental response and involvement. The governmental

responsibilities and responses are dependent on the legal framework of a

country and, therefore, may vary between different countries. However, for

developing and co-ordinating governmental response plans for transport

accidents involving radioactive material, designation within a country of a

"Lead Agency" to provide a focal point is useful.

A primary responsibility, in principle* rests with the consignor, who

needs to ensure that before undertaking the transport of radioactive material,

carriers are fully aware of the procedures to be followed in the event of an

accident. When an accident occurs, several public o;janizations and their

personnel have the general responsibility to act to mitigate the consequences

of the accident. In most transport accident situations, this response

consists of the FIRST actions detailed earlier. Also, specialized

organizations trained to deal with radioactive material may have to be called

in to assess the accident and implement protective measures used to contain,

control or eliminate any radiological hazard. The degree of involvement of

the various organizations may vary during the progress of the operation.
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The general emergency planning and preparedness responsibilities of

consignors and carriers/ government and radiological monitoring teams are

outlined in Section IV of SS 87.

A key to any emergency response is an efficient notification and

communications system. In several incidents, communications have been

identified as a significant problem in post-incident reviews and analysis.

17.6. Training, Exercises and Emergency Plan Revision

Training programmes for all of the personnel included in the emergency

plan need to be developed and implemented. Routine refresher training is

similarly needed to maintain proficiency.

Due to the fact that there are very few transport accidents involving

radioactive material, the knowledge and skills required for responding to such

an event are not used very often. Therefore, exercises and drills are vital

to develop, test and maintain expertise.

In addition, exercises test the effectiveness of the plan and highlight

any inadequacies or deficiencies. For this reason, and to allow for normal

changes, the emergency plan should be reviewed and revised routinely. The

best time is usually once a year after an exercise and its critique.

17.7. International Notification and Assistance

17.7.1. Introduction

Largely as a result of the Chernobyl nuclear reactor accident, two new

conventions were adopted by the IAEA General Conference on September 23,

1986. The first of these is the Convention on Early Notification of a Nuclear

Accident and the second is the Convention on Assistance in the Case of a

Nuclear Accident or Radiological Emergency. Both of these conventions now

have over seventy signatories and about thirty ratifications. The first

convention entered into force on October 27, 1986 and the second on February

26, 1987. Both of these conventions are applicable to incidents involving

radioactive material in transport.
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17.7.2. Convention on Early Notification of a Nuclear Accident

This convention applies to accidents "from which a release of

radioactive material occurs or is likely to occur and which has resulted or

may result in an international transboundary release that could be of

radiological safety significance for another state". In the list of

facilities and activities included are:

(1) the transport and storage of nuclear fuels or radioactive wastes; and

(2) the transport of radioisotopes for agricultural, industrial, medical

and related scientific and research purposes.

The major provision in the convention is that in the event of an

applicable accident, the state will notify directly or through the IAEA other

states which are or may be physically effected by the release. The

notification will include the following information as available:

(1) the time, exact location where appropriate, and the nature of the

nuclear accident;

(2) the facility or activity involved;

(3) t*i£ assumed or established cause and the foreseeable development of the

nuclear accident relevant to the transboundary release of the

radioactive material;

(4) the general characteristics of the radioactive release, including, as

far as is practicable and appropriate, the nature, probable physical

and chemical form and the quantity, composition and effective height of

the radioactive release;

(5) information on current and forecast meteorological and hydrological

conditions, necessary for forecasting the transboundary release of the

radioactive material;

(6) the results of environmental monitoring relevant to the transboundary

release of the radioactive material;

(7) the off-site protective measures taken or planned; and

(8) the predicted behaviour over time of the radioactive release.
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17.7.3. Convention on Assistance in the Case of a Nuclear Accident or

Radiological Emergency

As its title implies, the general provisions of this convention are "to

facilitate prompt assistance in the event of a nuclear accident or

radiological emergency to minimize its consequences and to protect life,

property and the environment from the effects of radioactive releases".

If a state party needs assistance in the event of a nuclear accident or

radiological emergency, whether or not such accident or emergency originates

within its territory, jurisdiction or control, it may call for such assistance

from any other state party, directly or through the IAEA, and from the IAEA,

or, where appropriate, from other international intergovernmental

organizations.

A state party requesting assistance has to specify the scope and type

of assistance required and, where practicable, provide the assisting party

with such information as may be necessary for that party to determine the

extent to which it is able to meet the request. Any state party may request

assistance relating to medical treatment or temporary relocation into the

territory of another state party of people involved in a nuclear accident or

radiological emergency.

The IAEA will respond to a requesting state party's or a Member State's

request for assistance in the event of a nuclear accident or radiological

emergency by:

(1) making available appropriate resources allocated for this purpose;

(2) transmitting promptly the request to other states and international

organizations which, according to the IAEA's information, may possess

the necessary resources; and

(3) if so requested by the requesting state, co-ordinating the assistance

at the international level which may thus become available.

The convention discusses the issues of the international assistance in

detail, including:

(1) direction and control of the assistance;

(2) competent authorities and points of contact;
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(3) functions of the IAEA;

(4) confidentiality and public statements;

(5) reimbursement of costs;

(6) privileges, immunities and facilities for assisting personnel; and

(7) claims and compensation.

These are all addressed and resolved in what may be regarded as a

friendly, common-sense manner.

17.8. A Review of Selected Nuclear Transport Event Case Histories

17.8.1. Introduction

Appendix II of SS 87 contains the details of three actual transport

accidents and associated emergency response actions. In addition, a

hypothetical situation involving uranium hexafloride is discussed.

This current chapter includes a brief review of information on ten

selected case histories of transport events. While these case histories do

not generally include details of the emergency response actions they are very

useful in assessing the effect of transport accidents on packages and can

yield lessons which can be of value to shippers as well as carriers in

reducing the frequency of recurrences. In addition, they provide information

which may be used to set up scenarios for local drills and exercises involving

radioactive material transport incident emergency response. A list of

references froir which more detailed information can be gathered is provided at

the end of this chapter.

17.B.2. Case History No. 1 - Boston, Massachusetts, 23 February 1968

This event, widely publicised at the time, later became known as the

"frozen pig" incident. It involved the air shipment of a 540 kg lead/steel

"pig" from warm California to frigid Boston, Massachusetts in mid-winter. The

"pig" had been loaded by its shipper underwater with a sealed irradiation

cannister of quartz anpoules containing mixed irradiation samples. After

arrival at Boston, the "pig" was transferred to storage outdoors within a
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delivery vehicle where it sat for several days. Later, leakage was observed

from the drain spigot, which was then surveyed and found to be contaminated.

It was later determined that some water which had not been drained from

the cask cavity had frozen and displaced the drain spigot and also ruptured

the cannister and ampoules. Upon thawing, the contaminated water was released

into the delivery vehicle, where it contaminated other cargo. An extensive

cleanup and survey effort then ensued to track down and remove any spread of

contamination, which generally remained confined to the delivery vehicle

itself.

This incident served as an early reminder of the importance of

procedural quality control requirements in preparation of packages for

shipment. In addition, it served as an example of local involvement, and of

consignee and local authorities working together to deal with a contamination

problem during transport.

17.8.3. Case History No. 2 - North Stonington, Connecticut, 13 February 1970

This was a single vehicle transport incident involving an unirradiated

uranium scrap shipment which occurred on Interstate Highway No. 95 in Eastern

Connecticut. The accident was caused when both left rear wheels came off the

truck, causing it to veer off the highway, crashing through the guardrail. It

continued on down the steep slope on the side of the roadway for several

hundred metres eventually coming to rest upside down in a drainage ditch.

The driver of the vehicle suffered minor injury. The five cylindrical

shipping containers each containing 95% U-235 as uranium-zirconium scrap, were

torn loose from their tie-down within the vehicle; however, no release of

contents took place. Leaking gasoline was in evidence but no fire occurred.

The speed of the vehicle was estimated to be 77 km/h. News media coverage of

this incident was reported to be very factual and non-sensaticnal. Handling

of the emergency by all concerned civil authorities also proceeded quite

smoothly.

17.8.4. Case History No. 3 - Harrisburg, Pennsylvania, 4 May 1970

This event was probably the very first known incident wherein Type B

packages were subjected to an actual fire condition which was equivalent to,

or greater than, the Regulatory thermal test for a Type B package. Four
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wooden overcoats each with an empty inner US Department of Transportation

Specification 55 shielded "pigs" were exposed to a 2 1/2 hour fire which began

after the vehicle had collided with an overturned vehicle in its pathway.

The exact temperature reached in the fire was uncertain, but was

estimated to be well in excess of 800 C. Detailed examination of the

packages indicated only charring of the exterior of each overpack to a depth

of about 4 cm, with no damage at all to the inner packagings.

17.8.5. Case History No. 4 - Clinton, Tennessee, 8 December 1970

This incident occurred on a major highway near Clinton, Tennessee. The

driver of a vehicle carrying an irradiated spent fuel cask swerved to avoid

colliding with an approaching vehicle, lost control, and overturned off the

roadway while attempting to negotiate a wide turn. As a result, the cask

assembly was thrown into a ditch, travelling more than 30 m before coming to

rest upside down in the ditch off the roadway.

No release of contents or increase in radiation occurred. Minor damage

to the outer thermal insulation was suffered. The cask was recovered and

subsequently returned to service after repairs. The experience gained in the

accident provided a useful demonstration of the adequacy of the design

standards for Type B packages with respect to an actual highway accident

involving a very severe impact situation.

In this incident the driver of the vehicle was fatally injured due to

the normal forces of impact and crushing.

17.8.6. Case History No. 5 - Houston, Texas, 31 December 1971

This event was and remains probably one of the most widely publicised

nuclear transport incidents to date. It involved contamination which spread

from a leaking package aboard a passenger-carrying civil aircraft.

An approximate 250 mL quantity of high specific activity molybdenum-99

in sodium hydroxide liquid leaked from a Type B package in the course of

transport by a passenger-carrying aircraft on 31 December 1971, from New York

to Houston, Texas. The cargo hold of the aircraft became contaminated and 917

passengers had travelled aboard the aircraft on a total of 9 flights into 11

cities before discovery of the contamination and removal of the aircraft from
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service two days later. The aircraft was decontaminated under supervision of

public health officials and returned to service after one day. Due to

reported cases of contaminated luggage in different locations, the air

carrier, in cooperation with government agencies established monitoring

locations in various cities. By telephone contacts and press releases,

passsengers who had flown on the aircraft during the period of its

contamination were afforded an opportunity to have their luggage monitored for

possible contamination.

Subsequent investigation of the incident indicated that the leakage was

caused by improper packaging due to an inadequate provision for liquid

contents in the containment system, as well as a faulty containment system

closure. Storage of the package on its side during stowage in the cargo hold

also was a contributing factor. As a result of the federal investigation, the

shipper was assessed with a civil penalty for violations of certain shipper's

requirements of the Regulations. The incident received wide press coverage

world-wide.

The containment vessel consisted of an inner primary screw-type plastic

bottle within a shielded lead steel "pig" with a bolted, flanged, gasketed

closure. An approximately 50 section of the rubber gasket surrounding the

closure plug was missing. The screw cap of the polyethylene bottle was also

subsequently found to be not leak tight. The inner package was contained

within an outer "wooden overcoat" protective overpack so as to provide a Type

B packaging system. (This was an identical package to that which was involved

in Case History No. 3). As a result of this incident, several regulatory

provisions were subsequently promulgated by the USDOT to deal with quality

assurance requirements prior to shipment of packages.

17.8.7. Case History No. 6 - Baton Rouge, Louisiana, 5 April 1974

This incident involved the shipment of a Type B quantity as a 1.2 TBq

iridium-192 special form source in a radiograhy source changer device aboard a

passenger-carrying aircraft. Due to an improper source exchange procedure by

the consignor prior to shipment, the package, as transported, contained the

source in an unshielded position, causing a high radiation dose rate to be

present in the vicinity of the package. The shipment was transported by

private truck to a Washington, DC airport, hence via commercial passenger-

carrying aircraft to Atlanta, Georgia via a second aircraft to Baton Rouge,

Louisiana, then by commercial truck to the consignee. At that location, the

286



abnormal situation was first detected by the setting off of the consignee's

area alarm radiation monitor as the truck backed up to the plant loading dock.

During the course of transport, passengers on the two aircraft

involved, cargo handlers at the airports, employees of the consignor and local

delivery carrier all received unnecessary radiation exposure. The incident

was investigated by two federal agencies, who subsequently levied civil

penalties against the consignor for non-compliance with shipper requirements.

This incident received wide news media coverage, as well as

investigation by a US Congress Subcommittee, and subsequently played a large

part in the Congress' passing of a law in January 1975 which now prohibits the

carriage aboard passenger-carrying aircraft of any radioactive material unless

such material is for use in research or medical applications.

During the source exchange operation, the consignor had inadvertently

placed the dummy source behind the active source in the lower lock box,

forcing the active source through the internal S-tube so as to protrude out of

the shielded position into the upper lock box. Further, no radiation surveys

reportedly were taken, which would have easily detected the high radiation

resulting from the improper transfer procedure.

Whereas the event described in Case History No. 5 was a contamination

event, this was a radiation event, each one, however, involved a passenger-

carrying aircraft shipment and each received very extensive media coverage.

17.8.8. Case History No. 7 - Rockingham, North Carolina, 31 March 1977

This very widely published event was a classic case-study of on-scene

emergency coordination aspects of a nuclear transport incident. It involved

the derailment of 24 cars of a 102 car freight train in a remote, swampy

area. Three derailed cars were carrying ammonium nitrate, and two others were

each carrying two 14 tonne cylinders of uranium hexaflouride on a "piggyback"

trailer. Upon impact of derailment all of the cylinders broke away from their

trailers and flat cars and were thrown away from the track. No releases or

breaches of the cylinders occurred, although at various times, some persons

mistakenly believed that a radioactive release had taken place. The car

carrying the ammonium nitrate did catch fire and burn. One of the cylinders

was adjacent to this burning car.

287



During this incident and post-accident operation, at least 17 different

agencies or organizations were in some way involved. Communications and

information flow appeared to emerge as one of the major problems. In its

special investigation report, the US National Transportation Safety Board made

several conclusions relating to emergency response plans, on-scene

coordination and hazardous material identification aspects. The overall

property damage was estimated at US $ 750,000.

17.8.9. Case History No. 8 - Springfield, Colorado, 27 September 1977

This event involved the collision of a highway vehicle loaded with

fifty 250 L steel drums of uranium-ore concentrate (yellowcake) with three

wild horses in a remote area of south-eastern Colorado. As a result of the

collision, the truck overturned and came to a sudden stop in a drainage

culvert, causing 32 of the 50 drums to be thrown from the vehicle, with 17

drums suffering lid closure failure. Of the remaining 18 drums in the

vehicle, 12 also suffered lid failure. A total of 5400 kg of yellowcake

spilled from the opened drums.

The two occupants of the vehicle were badly injured but survived.

Extensive media coverage as well as US Congressional attention was focused in

this event. The cleanup actions which ensued covered about two weeks and

involved a coordinated effort between the shipper and state agencies. A

review and assessment of the yellowcake packaging requirements and emergency

response aspects of nuclear transport was conducted by a joint Nuclear

Regulatory Commission (NRC)/Department of Transportation (DOT) study group

which made several recommendations and conclusions. One conclusion was that

additional packaging requirements for such shipments of yellowcake did not

appear necessary.

17.8.10 Case History No. 9 - Wichita, Kansas, 22 March 1979

This accident involved a shipment of 19,833 kg of yellowcake being

transported on a tractor trailer, in fifty-four 250 L steel drums. It

occurred when the trailer wheels left the travelled portion of the interstate

highway and overturned while attempting to return to the travelled portion

from the soft shoulder. Both lanes of the highway were blocked by the

overturned vehicle. 51 of the drums were thrown suddenly through the roof of

the trailer, with 22 of them suffering drum lid failures and spillage of about

800 kg of material.



An extensive cleanup effort, supervised by State Health Department

officials, then ensued taking several weeks, during which time the westbound

lanes of the interstate highway remained closed. An NRC study reported on the

mechanics of the accident, as well as the mechanics of drum lid failure in

accidents.

17.8.11. Case History No. 10 - Hilda, South Carolina, 3 November 1982

This accident occured at a highway intersection near the Barnwell,

South Carolina Low-Level Waste Burial Facility when the driver of a

tractor-trailer, while swerving to avoid hitting an automobile which had

turned onto the roadway in front of him, lost control of his vehicle and ran

off the road. The vehicle overturned as it skidded a hundred metres and came

to rest upside down in a drainage ditch. Two empty Type B radwaste casks

which had been tied down to the bed of the open trailer were torn free of the

vehicle. The driver of the vehicle was trapped within and was fatally

injured. The two occupants of the automobile were not seriously injured. A

number of different law enforcement and emergency response organizations

responded to the accident, as well as State Health and consignee/carrier

personnel. No damage was sustained to either of the casks although the forces

of impact were estimated to have been quite severe. This event was rather

typical of a number of other reported highway accidents, where the initiating

cause of the accident was a driver having to take sudden evasive action to

counter other vehicles which swerve or stop in front of the transport vehicle.
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Appendix A

EXAMPLES OF NATIONAL COMPETENT AUTHORITY IMPLEMENTATION

A.I. United Kingdom

In this appendix the competent authority system in the United Kingdom

(UK) will be described, based on experience over the past twenty years of

implementing the IAEA Regulations. UK methods are provided as an example and

these methods are not necessarily the best or only ones. Arrangements adopted

in other countries may be quite different and will in any case be largely

determined by the national legal and administrative circumstances.

In the UK, for all dangerous goods transported by road, rail, sea and

air, the formal identity of the competent authority is the Secretary of State

for Transport. For radioactive substances only, the executive functions are

carried out on behalf of the Secretary of State by the Radioactive Materials

Transport Division of the Department of Transport. However, not all the

competent authority functions in the UK are carried out by the Department of

Transport. Nevertheless the Department does have the overall responsibility

for seeing that the national competent authority responsibilities are

discharged.

A.I.I. Road Transport

Within the UK, the relevant regulations covering road transport are:

(1) The Radioactive Substances (Carriage by Road), (Great Britain)

Regulations, 1974,

(2) The Radioactive Substances (Carriage by Road), (Great Britain)

(Amendment) Regulations, 1985.

These are statutory instruments made by the Secretary of State for

Transport under powers given in the Radioactive Substances Act of 1948.

The Carriage by Road Regulations makes a general requirement to

exercise reasonable care not to cause injury to any person. It then goes on

to make more specific requirements, based upon IAEA Regulations, which are

placed on the consignor, the carrier and the driver of a road vehicle.
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Of particular interest is the prohibition on carrying of passengers or

of persons aged less than 18 years in vehicles transporting radioactive

material. Unlawful interference or tampering with packages is prohibited. In

particular, removing or defacing labels is forbidden. Drivers have an

obligation not to leave their vehicles unattended, nor to park nearer than 2 m

from another vehicle.

In addition to the IAEA labelling requirements, there is a requirement

for a fireproof label to be fixed in the driver's car. This label directs

that in the event of an accident, the police should be informed. This in

turn, has the effect of activating the national emergency arrangements known

as NAIR, which are discussed in detail in Appendix C.I.3. The idea is, that

should the driver be disabled in an accident, any citizen can take the initial

action necessary to alert the emergency services.

Some exemptions from the full regulatory requirements under certain

conditions are provided for professional users (those experienced in the

handling of radioactive material), for ambulances, and for certain waste

shipments, as well as for excepted packages.

The IAEA Regulations themselves are cited indirectly, as a good defence

in the event of a prosecution. This was intended to enable the Regulations to

be couched in general terms, and to avoid having a mass of technical detail

which could not be readily interpreted in a Magistrate's Court.

Any necessary technical input from the detailed provisions of the IAEA

Regulations themselves could be made by expert witnesses. In fact, experience

has shown that this method of national implementation of the IAEA Regulations

is probably not the ideal one. When the Road Regulations are revised to

implement the 1985 edition of Regulations, the opportunity will be taken to

enact the Agency Regulations, making them an annex or schedule to the Road

Regulations, or by citing them in such an annex as has been done in the case

of IMO regulations in the latest UK Merchant Shipping (Dangerous Goods) Rules

1981.

The technical provisions of the IAEA Regulations are at present given

in detail in the UK Code of Practice for the Carriage of Radioactive Material

by Road, along with supplementary information for road transport (including a

table of segregation distances).
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A.1.2. Rail Transport

For rail the situation is much simpler. British Rail has a monopoly of

carriage in so far as radioactive substances are concerned. Implementation of

the IAEA Regulations is, therefore, arranged simply by citing them in British

Rail's Conditions of Acceptance for dangerous goods. Failure to comply with

these conditions constitutes a breach of contract and is actionable.

Another factor which simplifies rail transport in the UK is that few

consignments of radioactive substances in fact go by rail, other than

consignments of irradiated reactor fuel from nuclear power stations. This

specialized and heavy traffic comes from only a few major consigning

organizations, who all have very extensive and efficient safety arrangements,

and work in very close co-operation with British Rail to ensure adequate

segregation from other dangerous goods and to minimize the radiation exposure

of British Rail staff.

A.1.3. Sea and Air Transport

As regards sea and air transport, regulation is effected by enactment

of the appropriate modal codes, that is, the IMDG Code for sea transport (with

very slight amendments to suit UK conditions) and the ICAO Technical

Instructions for the Carriage of Dangerous Goods by Air in the appropriate

statutory instruments.

The ports authorities are autonomous bodies in the UK and have power to

make their own byelaws governing dangerous goods. The Department of Transport

has a model Code of Practice for Conveyance of Radioactive Substances through

Ports which provides guidance for this purpose.

A. 1.4. International Representation

Coordinating the UK national input to IAEA Regulatory reviews and

reviews of the international modal transport authorities is particularly

complicated due to the large number of organizations in the country who

consign, carry and receive radioactive material, or who have an interest in

its safe transport. This work is carried out through the Working Party on the

Transport of Dangerous Goods of the Department of Transport.
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A special branch of this body deals with radioactive material. All the

government departments, official and public bodies and main user organizations

in the UK are represented. Communications from IAEA, IMO and similar

organizations which need a national response are circulated to all the

members. They in turn, often need to arrange further circulation and

consultation within their own organizaiion. Replies to enquiries are collated

by the Department of Transport, recirculated to members and then discussed at

a meeting of the working party.

Such meetings usually have twenty or thirty participants and last two

full working days. They are almost mini-IAEA advisory group meetings. Those

present constitute a complete spectrum of users from government departments to

commercial users. The decisions of this working party provide the basis for

the UK national view at IAEA meetings. The final responsibility for deciding

upon the national brief nevertheless rests on the Department of Transport as

the national competent authority.

In the UK the responsibility for deciding on the size and composition

of the national representation at any given meeting is again the

responsibility of the Department of Transport.

A.2. Finland

A.2.1. Introduction

In Finland, nuclear power plays an important part in energy

production. About 40% of the demand for electrical energy is produced by four

nuclear reactor units. For research there is also one university reactor.

Besides the nuclear industry, radioactive material is used in other industrial

facilities, hospitals, and research laboratories. The number of shipments of

radioactive material totals between 15,000 and 25,000 each year, but only few

of them are Type B packages.

The Finnish Centre for Radiation and Nuclear Safety (STUK) is the

government regulatory body for controlling all activities concerning the use

of radiation and radioactive material. It is designated as the national

competent authority in matters concerning the safe transport of radioactive

material. When nuclear power was introduced in Finland, the activities of

STUK were extended to cover also the regulatory control of nuclear safety.
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In a small country, the use of resources has to be optimized because of

the limited number of research facilities and experienced personnel

available. Although STUK is the national competent authority in the sense of

IAEA Safety Series No. 6, many other authorities are also involved. The

responsibilities of STUK include the review of package designs and transport

plans, Inspection and enforcement, and control of emergency preparedness. In

addition, {-he centre is responsible for safeguards and physical protection

control of nuclear material and for third party liability control.

The uniform application of international regulations and

recommendations calls for wide international co-operation. As regards the

safe transport of radioactive material, IAEA and other international

organizations play an important role. Regional co-operation is also very

useful. For example, in the Nordic countries close co-operation has been

maintained for many years.

A.2.2. Regulations Applicable to the Transport of Radioactive Material and

the Authorities Involved

General Conditions

According to radiation protection legislation, a licence is needed for

the manufacture, use, transport, import and export, possession and sale of

radioactive material. The licence is granted, upon a written application by

STUK, or by the Central Medical Board for possession and use of radioactive

material for medical purposes. However, for nuclear material the licence is

granted by the Ministry of Trade and Industry. The licensers may incorporate

conditions and instruction into the licence, which may be revoked if the

authorities deem it necessary. The legislation provides that STUK shall be

the responsible authority for ensuring compliance with the regulations.

According to the nuclear energy legislation, a licence is required for

the production, possession, transport, use, import and export of material

suitable for the generation of nuclear energy, as well as for purchase or

other transfer of such material. "Material suitable for the generation of

nuclear energy" is defined as uranium and thorium, the nuclear fuels: U-235,

U-233 and Pu-239, and such compounds of materials that are suitable for use as

nuclear fuel. A licence is also required for import and export of ores and

concentrates containing material suitable for the generation of nuclear

energy, or material which is subject to any international treaty in the

nuclear field of which Finland is a party.
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The licence, which is issued by the Ministry of Trade and Industry upon

a written application, may be granted to an applicant who is either a Finnish

citizen or a Finnish association or institution. However, a licence to carry

out transport operations may also, in special cases, be issued to an applicant

of a foreign nationality.

Nuclear energy legislation provides that the licence ohall include any

conditions and instructions considered necessary for securing safety, or for

any other reason relevant to the public interest. Such conditions and

instructions may be modified later, if needed. In the licencing procedure,

the Ministry of Trade and Industry requires that any package or shipment of

nuclear fuel must be specifically approved by STUK. Ir such a case, the

licensee will be required to submit an application to STUK, including

descriptions of the transport plan, safety measures for both normal and

accident situations, and the safeguards and physical protection envisaged.

Nuclear energy legislation requires that STUK shall give a

pronouncement on applications for the required licences and ensure that the

licence conditions are met.

A basic principle in both the radiation protection and nuclear energy

legislation is that the licensee is responsible for the safety of his

activity, whereas STUK, as an independent government body, ensures that all

the regulations are followed.

The IAEA Regulations for the Safe Transport of Radioactive Material

have not been formally included in the legislation in Finland. However, they

are recognized in Finland in the sense that they form the basis for the

Finnish safety requirements. The regulatory guides issued by STUK refer to

the IAEA Regulations.

Finland is a party to the Treaty on the Non-Proliferation of Nuclear

Weapons. Accordingly, Finland has also made bilateral agreements in the

nuclear field with the UK, USA, USSR, Sweden, Canada, and Australia. STUK is

the regulatory body designated to take care that the conditions of these

agreements are fulfilled. For this purpose, STUK maintains and develops a

national system for accountability and control of nuclear material.

The Convention on the Physical Protection of Nuclear Material has been

signed by Finland but has not yet come into effect. However, the requirements

for the level of physical protection in Finland are consistent with the
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Convention. As a regulatory body, STUK ensures that the requirements on

physical protection are followed.

Finland is a party in the Paris Convention of Third Party Liability in

the Field of Nuclear Energy and in the Convention supplementary to it.

According to its role, STUK ensures that the requirements on third party

liability are followed-

The above-mentioned rules and regulations apply to all forms of

transport used for the carriage of radioactive material. In addition,

specific regulations are issued for each of the various modes of transport.

As regards the approval of package designs and transport of radioactive

material, STUK is the competent authority in Finland under those regulations

as well.

Transport by Sail

The authorities who in Finland bear the overall responsibility for

transport of dangerous goods by rail (including radioactive material) are the

Ministry of Communications and the National Board of Railways. The

controllir.g bodies are the National Board of Railways and the State Railways.

The latter, which has a virtual monopoly over railway traffic in Finland, has

the right to refuse to transport dangerous goods if the relevant regulations

have not been observed.

Finland has ratified the International Convention concerning the

carriage of goods by rail. Finnish law provides that in so far as the

provisions of the Convention belong to the realm of legislation, they shall

have legal force in Finland. In addition, the Finnish regulations for the

transport of dangerous goods by rail, published by the State Railways, include

a chapter dealing with radioactive material. It is an abridged translation of

RID (see Chapter 8.). These provisions apply to both national and

international rail transport.

Transport by Road

The regulation of the carriage of dangerous goods by road in Finland

falls under the jurisdiction of the Ministry of Communications. Matters

involving the control of the transport in practice are dealt with by the

police.
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The European Agreement concerning the International Carriage of

Dangerous Goods by Road (ADR) is in force in Finland. This applies to both

national and international transport by road. However, by virtue of a

decision of the Minister of Communications, the Minister may, in appropriate

circumstances, allow deviations to be made from the provisions.

Transport by Sea

The authorities in Finland for regulating the carriage of dangerous

goods by sea are the Ministry of Trade and Industry and the National Board of

Navigation, the latter being the controlling body. The IMO International

Maritime Dangerous Goods Code is in force in Finland.

Transport by Air

The authorities in Finland for regulating the carriage of dangerous

goods by air are the Ministry of Communications and the National Board of

Aviation. Control falls under the jurisdiction of the National Board of

Aviation.

The ICAO Technical Instructions for the Safe Transport of Dangerous

Goods are valid in Finland. Also the IATA Dangerous Goods Regulations are

followed.

A.2.3. Organization and Responsibilities of STUK

In general STUK:

(1) is the regulatory authority referred to in radiation protection and

nuclear energy legislation (it also supervises the pressure vessels at

nuclear power plants);

(2) is the research institute for radiation and nuclear safety and

radiation protection;

(3) is the expert body on civil defence and rescue service in radiation

accidents and in emergency conditions;

(4) is the national standard measurement laboratory for radiation

quantities;
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(5) performs studies related to its field by contract; and

(6) charges for the regulatory control activities and for the requested

studies.

The rights and responsibilities of STUK are defined in Finnish

legislation.

STUK was established in 1958 to regulate the use of ionizing radiation

and radioactive material. When nuclear power was introduced in Finland,

STUK's field of activities were broadened to cover nuclear safety, as well.

The responsibilities also include control of the emergency preparedness and

physical protection measures of the licensees. In addition, STUK is

responsible for maintaining and developing a national system of accountability

and control of nuclear material.

In a small country such as Finland there are understandably limited

resources as regards research facilities and experienced personnel. This

means that the use of resources has to be optimized. The Finnish approach has

been to combine the regulatory control of nuclear energy, the use of radiation

and radioactive material (including transport) within the authority of a

single regulatory body. This model has worked and the experiences gained have

been very encouraging. It has been possible to establish effective

co-ordination and extensive interaction between the various fields. It has

also been made possible to apply the knowledge gained in the different fields

from one field to another, e.g. persons experienced in quality assurance and

quality control of nuclear power plants have been useful in reviewing and

inspecting nuclear fuel packages.

The organization of STUK is shown in Figure A.I. The Office of Fuel

Cycle of the Department of Nuclear Safety is responsible for the transport of

nuclear fuel and radioactive reactor waste, and the Inspection Office of ti.e

Department of Inspection and Metrology for other radioactive material. The

number of personnel in STUK is approximately 220. About 60% of the personnel

have a university degree or some other special education qualification.
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FIG. A.1. The organization of STUK.

A.2.4. Regulatory Control Activities Concerning Transport

The formal licencing system, which is described above, concerning the

transport of radioactive material is based on the Finnish legislation. In

addition, STUK publishes regulatory guides, which give more detailed

information on applications and procedures followed by STUK in the regulatory

control of the transport of radioactive material.
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The activities of STUK, in general/ cover the areas of regulation

described in the IAEA guide on competent authorities, (IAEA-TECDOC-413,

Section IV). Packages for nuclear fuel require a Finnish approval

certificate. However, it should be noted that neither Type B packages nor

packages for fissile material have been manufactured in Finland yet. On the

other hand, a Finnish power company has ordered a spent fuel package from the

Federal Republic of Germany, in which case the approval procedure has involved

the review and assessment of the design of the package and visits of

inspection to the manufacturing facility in the Federal Republic of Germany.

The regulatory control activities concerning the transport of nuclear

fuel are summarized in the following paragraphs. With certain qualifications,

taking into account the potential hazards involved, the same principles are

applied also to other radioactive material.

Package Design Review

The procedures followed are given in Guide YVL 6.4 entitled "Supervision of

nuclear fuel transport packages".

Transport Authorization

The procedures followed are given in Guide YVL 6.5 (attached) entitled

"Supervision of nuclear fuel transport".

Emergency Preparedness

When the potential hazard involved is considered to be high, i.e. in

the case of the transport of spent fuel, the licensees are required to prepare

emergency plans. These plans must be submitted to STUK for approval. STUK

also ensures, by inspections, that the required preparedness is maintained.

The emergency plans have to be consistent with public emergency plans, which

are the responsibility of the Ministry of Interior.

Safeguards and Physical Protection

As a national authority, STUK ensures that all activities carried out

by the licensees are consistent with the national system of accountability and

control, as well as with the relevant international agreements made by

Finland. These regulatory activities may include licencing the transport, and
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inspecting the shipments before, during and after transport. Inspectors of

the IAEA may also take part in these activities.

For the transport of nuclear fuel, security plans are required. These

plans must be submitted to STUK for approval. By performing inspections STUK

will ensure that the transport is carried out according to the approved plan.

The Ministry of Interior, and the police, are responsible for taking necessary

actions in criminal cases.

Third Party Liability

STUK will ensure before transport, that the regulations on third party

liability are followed.

Inspection and Enforcement

The following are subject to inspections:

(1) package designers;

(2) package manufactures; and

(3) package users and shipments (including in-service inspections).

Special attention is paid to the implementation of quality control and

quality assurance plans and other plans (i.e. security and emergency plans).

The need for inspection is considered on the basis of the potential

safety hazard of the transport or package in question.

According to legislation, STUK has the right to require corrective

actions, if necessary. The need for such measures is entered in inspection

documents or notified by formal letters.

A.2.5. Summary

In a small country like Finland there are a limited number of research

facilities and personnel to supervise nuclear power plants and the use of

radiation and radioactive material. Therefore, the use of resources must be

optimized.
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The Finnish approach has been to combine all related activities within

the authority of a single regulatory body. The experience gained has been

encouraging. It has been possible to establish close and frequent interaction

between the various working areas such as nuclear safety, radiation

protection, safeguards, and physical protection. People experienced in one

field have been able to use their specific expertise (e.g. quality assurance)

in other fields.

The regulatory control of the transport of radioactive material in most

cases requires co-operation between various authorities. Also international

co-operation is necessary for the uniform implementation of international

regulations and recommendations, In this respect, the roles of IAEA and the

international organizations are of great importance. Finally, one must not

forget regional co-operation, which, as experienced between the Nordic

countries, is very useful.
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GENERAL

In the transports of nuclear materials, the aim is to main-

tain a high level of safety due to the special properties

of nuclear material. Safety is ensured, besides with

transport packages, by planning and performing the trans-

port with care. This guide concerns transports of fresh

and spent nuclear fuel. The guide can also be applied

to the transports of other nuclear materials.

Nuclear material transports are subject to the Atomic Ener-

gy Act, the Act on Protection against Radiation and the

Act on Nuclear Liability. Additionally, the stipulations

given by various branches of administration concerning

the different transportation modes are applied to trans-

ports of nuclear materials.

The general supervision principles concerning nuclear mate-

rials are explained in Guide YVL 6.1 "Licensing of Nuclear

Fuel and Other Nuclear Materials". The Finnish Centre for

Radiation and Nuclear Safety (STUK) supervises that the

transports of nuclear fuel are performed in accordance with

the stipulations of the transport permit and the accepted

plans. Especially the dispatching, transport and receiving

of spent nuclear fuel are subject to regular inspections by

STUK. In case of an accident during a transport, STUK can

send its inspectors and radiation measuring patrols to the

s i te of the accident to perform measurements at the site

and in the surroundings.

Transports of nuclear fuel may be performed only in packa-

ges approved by STUK with the exception of certain special

cases. The approval procedure is presented in Guide YVL

6.4 "Supervision of Nuclear Fuel Transport Packages".
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2 REGULATIONS REGARDING THE TRANSPORT

Licenses issued by the Ministry of Trade and Industry and

defined by the Atomic Energy Act (356/57) and by the Act

on Protection against Radiation (174/57) are required for

transports of nuclear fuel. The authority supervising

compliance with the license stipulations is STUK, which

at the same time is the competent authority in regard to

transports of radioactive materials. Further, an insurance

or a guarantee referred to in the Act on Nuclear Liability

(484/72) shall be obtained for the transport.

The stipulations, regulations and instructions based on

the above acts as well as the regulations concerning the

various transportation modes, /1-9/, have to be followed

in the transport. The regulations concerning the transpor-

tation modes are in more detail listed in Appendix 1.

The various stipulations concerning the transportation mo-

des of dangerous materials are based, in regard to nuclear

materials and other radioactive materials, on the recommen-

dations on the transport of radioactive materials given by

the International Atomic Energy Agency (IAEA) /I/- If the

transport and the transport package of nuclear material

meet the requirements of the IAEA transport recommendati-

ons, the requirements given in the regulations concerning

the various transportation modes to ensure radiation and

nuclear safety are also met. Because of this, the IAEA

transport recommendations have been taken as the basis

of this guide and they are considered as the minimum requi-

rements for the approval of transports and transport packa-

ges of nuclear fuel. The definitions of the terms used

in this guide can also befound in Reference 1, sections

1, 5 and 6.

3 APPROVAL PROCEDURE

The transport of nuclear fuel can be commenced after the

receipt of an approval from STUK. Approval is applied
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in writing to STUK not later than three weeks before the

planned date for the transport.

The following information is included in the application

for the approval of the transport, where applicable:

a) consignor and consignee, their addresses and the

power plant to which the fuel is supplied

b) a list of licenses necessary for the transport

(atomic energy license, safety license, and spe-

cial licenses for transports) and of the insu-

rance or guarantee in accordance with the Act

on Nuclear Liability

c) material to be transported, its quantity (weight

and number of fuel bundles) and the number of

the reload batch of the power plant unit as well

as the original enrichment

d) when a transport of spent nuclear fuel is concer-

ned, the average burnup, residual heat and date

of discharge of fuel from the core

e) identification mark of the approval certificate

of the package, its category, transport index,

fissile class and the allowable number of packa-

ges, as well as references to the transport plan,

emergency plan and the plan for physical protec-

tion

f) radiation types, dose rate (on the surface of the

package and at 1 m and 2 m distances from the

package), surface contamination and total activity

g) transport events and the carrier(s) performing

the transport
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h) descriptions of exceptional arrangements

i) estimated time of transport and customs clearance

j) contact person of the applicant

k) date, name and address.

If the transport takes place from or to a foreign country

(i.e. the material is imported or exported), the prelimina-

ry notice of the export or import, referred to in Guide

YVL 6.11 "Reporting on Nuclear Materials", can be included

in the application for approval. In that case the require-

ments concerning che contents and delivery time of the

preliminary notice, presented in Guide YVL 6.11, shall

be taken into account in the application.

For the transport, there shall be a transport plan, a plan

for physical protection /9/ and an emergency plan, which

can be a part of the transport plan or a separate report.

In the application for the approval of transport, reference

is made to STUK's decisions concerning the above plans

or to documents separately delivered to STUK. The trans-

port, emergency, and physical protection plans shall be

submitted to STUK for approval not later than 2 months

before the planned date for the transport.

The plans accepted by STUK and the regulations presented

in paragraphs 520-554 of ref. 1 shall be followed in the

transport. The transport vehicle and package shall be

marked according to paragraphs 510-519 of ref. 1.

STUK shall be informed of the transport not later than

24 hours before the transport is begun. If no changes

have been made to the date given in the application for

approval of the transport, no separate preliminary notice

is needed. STUK supervises transports by performing ins-

308



FINNISH CENTRE FOR RADIATION AND NUCLEAR SAFETY YVL 6.5

pections to the extent it considers appropriate.

4 TRANSPORT PLAN

The transport plan is a document which is prepared for

a transport of a certain type. The details concerning

a single transport and justified deviations from the trans-

port plan are presented in the application for the approval

of a single transport. The transport plan made for a cer-

tain type of recurring transport should not include data

that have little significance in regard to the safety of

the transport and are often changed, such as time schedules

or names of transport personnel. This kind of information

is presented either in the application for the approval

of a single transport or in the appendix of the transport

plan. Changes in the contents of this appendix are submit-

ted to STUK for information.

The plan shall deal with the following matters to the ex-

tent they are relevant to the transport in question:

4.1 General data

The following data shall be given

a) name and address of the applicant for approval,

the consignor and the consignee

b) identification mark of the approval certificate

and classification of the package (fissile class,

estimated allowable number of packages, estimated

transport index, and estimated category)

c) transportation mode (road, railway, water or air

transport and transport route), the carrier perfor-

ming the transport and possible stops (place,

duration, and nature of storage)

d) special safety arrangements (e.g. speed limits,

restrictions for other traffic, special equipment)

e) notification if the transport takes place as a
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full load

f) notification if the application concerns a trans-

port with special arrangements.

4.2 Specifications for the package

The following information shall be presented of the packa-

ge:

a) description of the packaging and the contents

b) weights of all packages included in the transport

and other information that is significant to the

handling of the packages

c) requirements concerning the way the package has

to be attached to its transport base

d) description, if the physical or chemical proper-

ties of the material to be transported can change

in normal transport conditions or in an accident

situation

e) an estimate of the radiation dose that the mate-

rial to be transported may cause to the transport

personnel or the population in the environment

during the transport.

4.3 Transport equipment

Transport equipment and material, including special devices

and radiation protection -equipment, shall be presented .

Further, a description shall be given of the separate loa-

ding, unloading and transfer equipment, the approval proce-

dure of which has been presented in section 5.

4.4 Emergency plan

An emergency plan, which describes the measures taken when

getting prepared for emergency and disturbance conditions,

shall be presented for the transports of spent fuel. The
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emergency plan shall include at least the following items:

general arrangements of the transport, transporta-

tion hazards and possibilities of an accident

description of emergency organizations

alarm and communication systems

preparations for limiting the consequences of

an accident

- instructions for the transport personnel in case

of an accident

measures that are taken to protect and aid the

transport personnel and the population in the

environment

description of the emergency equipment

maintenance of preparedness (training and drills)

and dissemination of information.

Because the person responsible for the transport shall take

care of the safety arrangements in emergency and disturban-

ce situations in co-operation with the rescue service aut-

horities, the emergency plan shall be closely connected

with the authorities' rescue service plens. The emergency

plan accepted by STUK shall be delivered to the rescue

service authorities for information. The emergency plan

prepared for spent fuel transports can also be a separate

document.

Provision for disturbance and accident situations shall

also be made in the transports of fresh fuel. The transport

personnel shall be informed of the measures to be taken

in accident and incident situations.

4.5 Personnel

The following information shall be presented of the person-

nel :

organizational units taking part in the planning,

transport, loading, and unloading, their tasks
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and responsibilities

training and drills arranged for the above person-

nel.

STUK shall be informed of the most important training oc-

casions of the transport personnel.

4.6 Transports under special arrangements

If the transport or the transport package does not meet

all the requirements set for them, the transport can in

special cases be approved, provided that certain safety-en-

hancing measures are taken. In this case, the transport

takes place under special arrangements and the following

information, besides the information given in sections

4.1 - 4.5, shall be given (/l/, 819-820):

- reasons why the transport cannot be performed

according to the requirements set above

- suggested measures enhancing safety

- any earlier licenses and approvals given by the

authorities for similar special arrangements.

4.7 Instructions

The transport plan shall be supplemented at least with

the following instructions:

- instructions on the measures taken by the consig-

nor before the transport (/l/, 827-838)

- instructions on the use and handling of equipment,

on potential inspections during the transport, and

on special restrictions set for use and handling

- instructions on storage during the transport

instructions on receiving/handing over the trans-

port and on the documents to be exchan

ged and prepared in this connection

- instructions on maintenance and measurements to
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be performed during the transport

- instructions on special arrrangements meant to

prevent water from entering the package or lea-

king out from it

- instructions on quality assurance.

5 HANDLING EQUIPMENT

The supervision of the separate unloading, transfer and

loading equipment related to the transport consists of

the following tasks in STUK:

approval of pre-examination documents

construction and commissioning inspections

periodic inspections.

Where applicable, the supervision follows the guide on

the handling and storage of nuclear fuel. If the applicant

has borrowed foreign unloading, transfer or loading equip-

ment, he only needs to give a description of their const-

ruction, dimensioning, intention, application, and of the

periodic inspections performed.

6 SHIPMENT APPROVAL CERTIFICATE

After inspecting and approving the transport plan, the

emergency plan and the plan for physical protection, STUK

approves the transport of nuclear fuel to be performed

accoring to the application mentioned in section 3. STUK

gives a shipment approval certificate in accordance with

ref. 1, paragraphs 822-824, in cases where the package

to be transported is of type B(M) or belongs to fissile

class III and in cases where the transport requires special

arrangements. For the transport of a package of fissile

class II, STUK gives an approval decision. The transport

of a package of fissile class I does not generally require

an approval by STUK, unless it is separately demanded.
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7 DOCUMENTS TO BE DELIVERED AFTER THE TRANSPORT

The party that is responsible for the transport shall in-

form STUK of the completion of the transport in writing

within two days. In addition, STUK is informed of the

receiving of the transport according to Guide YVL 6.11.

If there have been deviations from the transport plan,

the emergency plan or the plan for physical protection,

a report on these deviations shall be prepared for STUK.

A special report shall be prepared on accident and incident

situations during the transport describing the reasons

which led to the situation, its consequences, the measures

taken during the situation and the planned further act i -

ons. The reports shall be delivered to STUK within two

weeks after the transport.
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APPENDIX 1

1 (2)

REGULATIONS CONCERNING VARIOUS TRANSPORTATION MODES

The regulations concerning the various transportation modes

are as follows:

a) Road transports

- Act on carriage of dangerous goods by road, 510/74

and amendment 346/79

- Decree on carriage of dangerous goods by road,

861/74 and amendment 28/79

- Decree on the enforcement of the European Agree-

ment concerning the International Carriage of

Dangerous Goods by Road, 289/79 (Enforcement of

the ADR-agreement from 28.3.1979) and amendment

185/82

- Decision of the Ministry of Communications on

the carriage of dangerous goods by road, 610/78

and amendments 344/79, 995/79, 218/82 and 935/83

European Agreement concerning the International

Carriage of Dangerous Goods by Road, ADR and Ap-

pendix A. 6, Geneva

b) Railway transports

- Decree on railway transports 714/75

Regulations concerning carriage of dangerous goods

by rail (VAK), VR 2696/79, 1.10.1979, Finnish

State Railways

Act on the acceptance of certain regulations in

the international conventions concerning carriage

of passengers and luggage (CIV) and carriage of

dangerous goods by rail (CIM), 147/75
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Decree on the enactment of the international con-

ventions concerning carriage of passengers and

luggage (CIV) and carriage of dangerous goods

by rail (CIM), 148/75

The International Convention concerning the Car-

riage of Dangerous Goods by Rail (CIM), Annex

1 (RID)

Regulations concerning carriage of dangerous goods

in the railway traffic in Finland and in the USSR/

VR 4785/77, 1.7.1977, Finnish State Railways

Regulations concerning safe carriage of spent

nuclear fuel in the direct railway traffic from

Finland to the USSR, 8.7.1981, Finnish State Rail-

ways

c) Sea transports

Maritime Act 167/39

- Decree on transportation of dangerous goods on

a seagoing vessel, 357/80

Decision of the National Board of Navigation on

transport of dangerous goods on a seagoing vessel

27.11.1980 (requires that the IMDG-code of IMO

(previously IMCO) is followed after 1.1.1961)

The International Maritime Dangerous Goods Code

(IMDG-code) including Annex 1 concerning packaging

and Amendments 1-19

Decision of the National Board of Navigation on

transportation of dangerous goods on Ro/Ro-ships

in restricted traffic in the Baltic, 1.10.1980

d) Air transports

Aviation Act, 595/64

Aviation Decree, 525/68

The Safe Transport of Dangerous Goods by Air,

Annex 18 to the Convention on International Civil

Aviation (ICAO), applied since 1.1.1984.
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EXAMPLES OF REGULATORY IMPLEMENTATION

B.I. United States of America

B.I.I. Historical Highlights

The first rules relating to transport of radioactive material were

propulgated by the US Post Office in 1936 for the purpose of preventing

fogging of film. The first comprehensive nuclear transport regulations were

issued by the US Interstate Commerce Commission in 1948.

In 1968, the US Department of Transportation (USDOT) and the US Atomic

Energy Commission (forerunner of the US Nuclear Regulatory Commission (USNRC)

and the US Department of Energy) adopted the 1967 IAEA SS 6 Regulations into

the US regulations. However, it was not until 1983 that the US adopted the

1973 edition, and it will probably be 1990 before the 1985 edition will be

adopted.

B.1.2. Department of Transportation

The major regulatory responsibilities in the transport of radioactive

material at the federal level lie with the DOT and NRC. The division of

responsibilities between DOT and'NRC are specified in a Memorandum of

Understanding. This Memorandum of Understanding specified that the DOT is

responsible for:

(1) regulating carriers;

(2) regulating Type A and LSA packages; and

(3) issuing competent authority certificates for international shipments.

The DOT regulations are published in Chapter 49 of the Code of Federal

Regulations (CFR). Parts 171-178 of 49 CFR cover hazardous material and refer

to radioactive material throughout. The contents of these parts and

particularly Parts 172 and 173 are detailed in Tables B.I through B.3.
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Table B.I

The Titles of 49 CFR Parts 171-178

Hazardous Materials Regulations

Part 171 - General information, regulations, and definitions

Part 172 - Hazardous materials tables and hazardous materials communications

regulations

Part 173 - Shippers - General requirements for shipments and packagings

Part 174 - Carriage by rail

Part 175 - Carriage by aircraft

Part 176 - Carriage by vessel

Part 177 - Carriage by public highway

Part 178 - Shipping container specifications

Table B.2

Outline of 49 CFR Part 172

Hazardous Materials Tables and Communications Requirements

Subpart B - Hazardous materials table

Subpart C - Shipping papers

172.203(d) - Radioactive material shipping papers

171.204 - Shipper's certification

171.205 - Hazardous waste manifest

Subpart D - Marking

172.310 - Radioactive materials

172.322 - Identification number markings

172.334 - Identification numbers - Prohibited display

Subpart E - Labelling

172.400(b)(10) - Exception for exclusive-use LSA shipments

172.403 - Radioactive material

172.436 - 172.440 RADIOACTIVE labels

172.450 - EMPTY label

Subpart F - Placarding

172.500, 172.504 - General requirements

172.507 - Special placarding - Highway route controlled

radioactive material shipments

172.556 - RADIOACTIVE placard
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Table B.3

Basic Format of Part 173, Subpart I - Radioactive Materials

Scope and definitions - 173.401 and 173.403

General design and authorized packagings - 173.411 to 173.419

Limited quant., articles, LSA, empty packagings - 173.421 to 173.427

Activity limits for packages and A j / A
2 values 173.431 to 173.435

Operational controls - 173.441 to 173.448

Fissile materials - 173.451 to 173.459

Testing requirements - 173.461 to 173.469

Administrative and quality control requirements - 173.471 to 173.478

B.I.3. Nuclear Regulatory Commission

The USNRC is comparable to the Atomic Energy Agency (or Commission) in

many countries. The Memorandum of Understanding between the NRC and DOT

clarifies that the NRC is responsible for:

(1) regulating Type B and fissile packages;

(2) transport safeguards;

(3) investigating accidents or incidents; and

(4) technical advice to the DOT.

NRC Regulations

Ths NRC regulations are published in Chapter 10 of the CFR, mostly in

Part 71. A listing of the contents of Part 71 is given in Table B.4 to

provide an overview of the topics covered.

The USNRC incorporates the DOT regulations for all of its licenses by

the following statement in Part 71.5 a):

"Each licensee who transports licensed material outside of the confines

of its plant or other place of use, or who delivers licensed material

to a carrier for transport, shall comply with the applicable

requirements of the regulations appropriate to the mode of transport of

DOT in 49 CFR Parts 170 through 189."
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Table B.4

NRC Regulations - 10 CFR Part 71

Packaging and Transportation of Radioactive Material

Subpact A - General provisions, purpose, scope and definitions

Subpart B - Exemptions

Subpart C - General licenses

Subpart D - Application Cor package approval

Subpart E - Package approval standards

Subpart F - Test standards

Subpart G - Operating controls and procedures

Subpart H - Quality assurance

Appendix A - Determination of A and A

Package Certification

A large part of the NRC's transport function revolves around the

package certification program. There are approximately 225 approved package

designs (certificates of compliance) currently in force, and about 85

additional new applications, amendments - and renewals are completed each

fiscal year. In addition, there are over 450 approved QA programmes for

transport, with approximately 100 QA applications (new, amendments and

renewals) completed each fiscal year. Over 3,500 user registrations are

currently on file, and approximately 250 are added each fiscal year.

A listing of the NRC Certificates of Compliance as of September 1983,

is given in Table B.5.

Inspection and Enforcement

The JSNRC is also responsible for inspection and enforcement. The

major emphasis of this program is usually directed toward consignors such as:

(1) processors and distributors of radioisotopes;

(2) radiography suppliers and users;

(3) waste disposal collectors;
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(4) industrial suppliers of sources, gauges, etc.; and

(5) waste generators:

. medical, academic institutions;

. fuel cycle facilities;

. reactor facilities.

Table B.5

NRC Certificates of Compliance

Spent Fuel 19

Type B - Normal Form 57

Medical, waste, plutoniutn,

fresh fuel, mixed oxide.

Type B - Special Form 71

Radiography devices,

teletherapy units,

thermo-electrical generators,

sealed sources.

Type A - Fissile 57

Fresh fuel, UF,, U0_.
D 2

LSA - Type B Quantity 29

Waste, UF .
o

Total 233

Inspection is the field activity conducted to obtain factual

information on the manner in which regulated persons meet the regulatory

requirements for transport safety, with respect to such matters as the:

(1) management control system;

(2) procedures for package selection, procurement and re-use;
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(3) procedures for preparation of packages for shipment;

(4) procedures for delivery of completed packages to carriers;

(5) indoctrination and training of personnel;

(6) procedures for receiving packages;

(7) audit programs; and

(8) quality assurance programs.

A copy of the NRC Inspection Procedure 86740 is attached to this

appendix.

The NRC has three main types of sanctions which are used for

enforcement, these are:

(1) notices of violations;

(2) various types of orders, including:

. license modifications;

. suspension of license;

. revocation of license;

. cease and desist; and

(3) monetary civil penalties.

Evaluation and Information

Finally, the USNRC has an evaluation and information function. This

involves providing timely notifications and information on safety-related

events, following their prompt assessment. In some situations it may involve

the activation of a central incident response center. Generally, it involves

the issuance of information to interested persons as generic letters,

bulletins, circulars or notices. A list of some notices is given below as

examples.
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NRC Information Notices Relating to Transportation

IE Notice 79-21

IB Notice 80-24

IE Notice 30-25

IE Notice 80-32

IE Notice 81-02

IE Notice 81-32

IE Notice 82-24

IE Notice 82-47

IE Notice 83-10

IE Notice 83-14

IE Notice 83-14

IE Notice 84-50

IE Notice 84-72

IE Notice 84-46

IE Notice 86-20

IE Notice 86-67

IE Notice 86-86

IE Notice 87-03

"Transportation and Commercial Burial of Radioactive

Waste", September 7, 1979

"Low-level Waste Burial Criteria", May 30, 1980

"Transportation of Pyrophoric Uranium", May 30, 1980

"Clarification of Certain Requirements for Exclusive Use

Shipments of Radioactive Materials", August 29, 1980

"Transportation of Radiography Devices", January 1981

"Transportation and/or Disposal of Spent Generators",

October 23, 1981

"Water Leaking From UF, Overpacks", July 20, 1982

o

"Transportation of Type A Quantities of Non-Fissile

Radioactive Material", November 30, 1982

"Clarification of Several Aspects Relating to Use of

NRC-Certified Transport Packages", March 11, 1983

"Dewatered Ion Exchange Resin Susceptability to Exothermic

Chemical Reaction", March 21, 1983

"Highlights of Recent Transport Regulatory Revisions by DOT

and NRC", March 2, 1984

"Clarification of Scope of Quality Assurance Programs for

Transport Packages Pursuant to 10 CFR 50, Appendix B",

June 21, 1984

"Clarification of Conditions for Waste Shipments Subject to

Hydrogen Gas Generation", September 10, 1984

"Clarification of Several Aspects of Removable Surface

Contamination Limits for Transport Packages", June 10,

1985

"Low-level Radioactive Waste Scaling Factors, 10 CFR Part

61", March 2B, 1986

"Portable Moisture/Density Gauges: Recent Incidents and

Common Violations of Requirements for Use, Transportation

and Storage", August 15, 1986

"Clarification of Requirements for Fabrication and Export

of Certain Previously Approved Type B Packages", October

10, 1986

"Segregation of Hazardous and Low-level Radioactive

Wastes", 1987
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B.I.4. Postal Service

The US Postal Service regulates the shipment of radioactive material

through the mail.

B.I.5. Department of Energy

The US Department of Energy (USDOE) controls and regulates shipments of

US Government program related nuclear materials. These are primarily defense

related fissile material consignments.

B.I.6. State Agencies

Each state has responsibility for intra-state transport of radioactive

material. Host states do this by adopting the OSDOT regulations; however,

some states do try to add specific requirements particularly with respect to

notifications, permit fees, routing and emergency response. The specific

responsible agency will vary from state to state.

3.2. France

B.2.1. Introduction

The magnitude of transport of radioactive material in France is

expanding constantly taking into account, on the one hand, the increasing use

of nuclear energy to satisfy the national need, and on the other hand, the

growing use of radionuclides in medicine and industry.

Measured in tonnes, the mass of radioactive material shipped in one

year represents a small fraction of the total transport of dangerous goods.

As an example, the usual quantities of shipped materials for a set of nuclear

reactors, producing 50,000 HW, (which is the order of magnitude of the nuclear

installed power in France), at the end of the decade are about:

(1) 10000 tonnes of uranium concentrate;

(2) 10000 tonnes of uranium tetrafluoride;

(3) 10000 tonnes of uranium hexafluoride;
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(4) 1600 tonnes of enriched uranium hexafluoride;

(5) 1000 tonnes of enriched uranium in the form of nuclear fuel;

(6) 1000 tonnes of uranium in the form of irradiated fuel;

(7) 15000 cubic metres of functional wastes of reactors;

(8) 10 tonnes of plutonium oxide;

(9} 4000 cubic metres of low activity reprocessing waste;

(10) 3000 cubic metres of "alpha" reprocessing waste; and

(11) 150 cubic metres of vitrified reprocessing waste.

It is also pertinent to add the transport of chemical substances

associated with the fuel cycle (hydrofluoric acid, citric acid, solvents etc.)'

In all, the transport related to nuclear energy production represents

only one thousandth of the mass of fossil fuels to be shipped for an

equivalent set of conventional thermal stations. Even if we consider the

transport related to the enrichment and reprocessing exports of France, it

does not notably change the order of magnitude indicated above.

Even when the packages of radionuclides for medical and industrial uses

are considered, the traffic of radioactive material in any year is limited to

a small fraction of the dangerous goods traffic.

Nevertheless, the risks associated with the transport of radioactive

material, must be acceptable, taking account of the events likely to be

encountered during transport.

The Regulations for the Protection of Workers and Public against the

Effect of Radiation are also applicable to the transport of radioactive

material (Deeret no. 66.450 of 20 June 1966 concerning General Principles of

Protection Against Ionising Radiations).

Moreoever, radioactive material which incorporates fissile isotopes in

quantities exceeding specific thresholds must be submitted to the regulations
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related to the protection and control of nuclear material, in particular

during transport.

Bearing this in mind, this section of the manual will cover the

following areas:

(1) the Regulations applicable in France to the transport of radioactive

material;

(2) some specific aspects of the transport of dangerous goods within

France, relevant to radioactive material; and

(3) the implementation of the IAEA Regulations in France.

B.2.2. Regulations

The transport of radioactive material within France is governed by a

set of regulations relating to the transport of dangerous goods:

(1) for domestic transport by road, rail and internal waterways: the Arrete

of 15 April 1945 modified by the subsequent Arrete "Reglement pour le

Transport de Matieres Dangereuses";

(2) for maritime transport: the "Regies de Surete Relatives au Transport

par Mer des Marchandises Dangereuses", defined by the Arrete

Ministeriel of 12 March 1980;

(3) for air transport: the "Technical Instructions for the Air Transport of

Dangerous Goods", published by the ICAO and referred to in the Arrete

Ministerial of 14 January 1983.

In order to unify the rules between the different countries involved in

the international transport of these dangerous goods, the following

Conventions, Agreements and Recommendations, were established and have been

adapted by France:

(1) for rail: the "Reglement International Concernant le Transport des

Marchandises Dangereuses par Chemin de Fer" (RID);
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(2) for road: the "European Agreement concerning the International Carriage

of Dangerous Goods by Road" (ADR);

(3) on the Rhine River: the "Accord Europeen Relatif au Transport

International des Marchandises Dangereuses sur le Rhin" (ADNR);

(4) air transport is governed by the Technical Instructions quoted above,

either domestic or international;

(5) international maritime transport is governed by the "International

Maritime Dangerous Goods Code" (IHDG) published by the IMO, which is

followed by the National Maritime French Law.

Taking into account the international nature of the transport of

dangerous goods, it is easy to understand the advantage of having uniform

national and international rules, so that the same means and procedures are

used when transporting within France or internationally. For this reason the

French Ministry of Transport, in recent years has completely revised the

French Regulations, to put them totally in line with RID and ADR. This work

began with the already revised clauses of the following: 3 (flamables), 6.1

(toxics), 8 (corrosives). Class 7 was already in line, fundamentally, with

IAEA SS 6 and it will be formally aligned, with the texts of RID and ADR when

they comply with the latest recommendations of IAEA. Even sooner, similar

work will be done for the maritime rules. The domestic regulations are to

become the same as the IMDG.

B.2.3. Specific French Aspects

The requirements for the transport of dangerous goods of a specific

class deal with packaging, shipment, handling, loading as well as transport

itself.

They address the consignor, who is responsible for the transport. The

materials are classified in categories depending upon the hazard they

present. For example, irradiated fuels, plutonium, and high activity sources

come in the highest category, and low activity waste, and concentrates in the

lowest category.
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It should be noted that the transport of dangerous goods by road is, in

addition, subject to some specific rules, including:

(1) a speed limit of 80 km/h on the motorways and 60 km/h on roads, for a

total weight greater than 10 tons;

(2) a prohibition on transport during Sundays and holidays; and

(3) a minimum distance of 25 m between vehicles in the same road convoy.

Infractions to these requirements may be officially dealt with by

police officers, by inspectors of the Ministry of Transport, or by customs

officers.

Nevertheless, compliance with requirements must rely on the training of

the persons driving the vehicle. Therefore, training is given to the drivers

of vehicles transporting dangerous goods. This training is compulsory, and

subject to an examination. A diploma is given which is valid for a limited

period of time, and is only subject to renewal after a new training course.

So far as the transport of radioactive material by road or inland

waterways is concerned, this training is given by the "Institut National des

Sciences et Techniques Nucleaires" in Saclay. The course is approved by the

Ministry of Transport, who awards an "Attestation pour la Specialisation No.

5" (Class 7).

It should also be noted that because of the requirement to protect and

control nuclear material, the location of some shipments of fissile material

must be known and the important ones must be escorted. Although these

requirements are not related to safety in the transport of radioactive

material, they could lead to a very rapid response by the emergency teams in

the event of a severe accident.

The Regulations for Transport of Radioactive Material specify that

every shipment of the first category (the most dangerous ones: fissile and

high acitivities) must submit a notification addressed to the Ministry of

Interior (Direction de la Securite Civile), at least three working days before

the shipment date. This notification is dispatched to the department who

would intervene in the case of an accident, and this comprises very useful

information for the initial emergency actions.
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B.2.4. Implementation of the Regulations in France

The competent authorities for implementation of the regulations are:

(1) for surface and multimodal transport: the "Ministere de 1'Equipment du

Logement de 1'Amenagement du Territoire et de Transports", "Direction

des Transports Terrestres";

(2) for air, the same ministry: "Direction Generale de 1'Aviation Civile";

and

(3) for sea: the "Secretariat d'Stat Charge de la Her", "Direction des

Ports et de la Navigation Maritime".

As the packages are generally designed for a multimodal use, the

"Directeur des Transports Terrestres" delivers the following approvals:

(1) approval of package designs, with instructions for use and maintenance;

(2) approval of special form designs;

(3) endorsement of foreign approvals;

(4) specific authorizations and special arrangements; and

(5) authorization for transport on inland waterways.

As an indication, the number of designs of French origin which

currently have valid approval is about 150. These approvals are valid for

three years, as is implicitly agreed in many countries.

The "Directeur de 1'Aviation Civile" is the competent authority for

international air transport arriving at French airports, and the "Secretariat

d'Etat Charge de la Her" is the competent authority for international sea

transport arriving at French ports.

The setting up of regulations for road, rail and air transport of

dangerous goods is the part of "Commission Interministerielle de Transport des

Matieres Dangereuses". The regulations for sea transport are laid down by the

"Commission pour le Transport pour Mer des Matieres Dangereuses".
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The "Commisariat a l'Energie Atomique" (CEA) and specially the

''Institut de Protection et de Surete Nucleaire" (IPSN) are the technical

experts for the competent authorities:

(1) for assessment of safety files presented by the consignors (or mandated

persons) and backing the requests for the approvals and authorizations

quoted above;

(2) for the review of domestic regulations;

(3) for the review of international regulations; and

(4) for all questions relating to the safe transport of radioactive

material within national territory.

It maintains, in particular, the necessary coherence between the

international and domestic regulations, presents proposals at the national

level and to international organisations (RID, ADR, IMO, ICAO) and takes part

in the IAEA work.

B.2.5. Conclusions

As a conclusion, the great importance of radioactive material transport

in France should be highlighted, due to the significance of electricity

generated by nuclear reactors, and of the nuclear industry in general in

Prance. This entails great attention given by the Government and Parliament

to these regulations.

Up to the present time, the French regulations have always been in line

with the IAEA Regulations; however, there is a great official desire to line

up the French regulations with other international regulations, both in

principle and formally.

In the near future the maritime French regulations will be the same as

the IMDG and in 1990, the French Road and Rail regulations will be the ADR and

RID, as the ICAO requirements are already the rule for national air transport.

At that time, there will be no longer any difference between domestic

and international transport in France, from the safety standpoint. This will

make the transport of radioactive material easier, both within French borders

and external to France.
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B.3 Federal Republic of Germany

Besides the regulations and codes of the international bodies the

Federal Republic of Germany (FRG) has national regulations for each mode of

transport for domestic shipments.

The corresponding documents are shown below in Table B.6.

Table B.6

FRG National and International Modal Regulations

Mode National International

Rail Gefahrgutverordnung RID

Eisenbahn (<3GVE)

Road Gefahrgutveirordnung ADR

Strasse (GGVS)

Sea Gefahrgutverordnung IMDG-Code

See (GGVSee)

Air Ordinance in connection ICAO-TI and

with the German version IATA-DGR

of IATA-DGR

The provisions and requirements in the national codes are:

(1) for the sea and air modes, completely equivalent to the international

codes; and

(2) for rail and road, nearly equivalent to the international codes, the

existing differences being of minor importance.

The implementation process for the national codes is the same as the

international regulations and therefore the implementation is scheduled for

the same time.
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B.4. United Kingdom

B.4.1. Introduction

This section examines the implementation of radioactive material

regulation in the United Kingdom. Before discussing the actual methods of

implementation, it is important to know something about the plans for

implementing the 1985 IAEA Regulations in the UK. The time taken between the

conceptional idea and the practical realization of some package designs can be

considerable, and so the approach in the UK is to encourage the use of the

1985 Regulations. This approach also recognises that it may be necessary to

accept foreign packages approved under the 1985 Regulations for carriage in

the UK and also to approve package designs and shipments to meet foreign

requirements.

A two-stage implementation is being adopted.

(1) An interim amendment to the Carriage by Road Regulations has been made

to permit the 1985 IAEA Regulations to be used as an alternative to the

1973 Revised (as amended) edition.

(2) Legislation to fully implement the 1985 IAEA Regulations for carriage

by road has been drafted and will be implemented at a date aligned to

the IAEA target date of 1 January 1990.

Since the regulations of carriage by sea and air modes are closely

linked to the relevant international modal codes, national implementation will

most probably follow full international modal implementation. However, the

Secretary of State for Transport has power to make regulations earlier if

appropriate.

B.4.2. Implementation

The field of implementation can be classified under five main headings.

(1) Assessment and approval.

(2) Compliance assurance and enforcement.

(3) Quality assurance.
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(4) Emergency response.

(5) Radiological protection.

Radiological protection aspects and emergency provisions are covered in

other sections of the manual so they will only be mentioned briefly here. It

is part of the competent authority's duties to ensure that the IAEA's basic

standards of radiological protection are complied with during transport

operations, and to ensure that, there is no significant radiological hazard to

transport workers or members of the public. Within the UK, the Ionising

Radiations Regulations 1985 applies to all work with ionising radiations,

including transport. The competent authority must also satisfy itself that

adequate emergency response procedures exist in the event of accidents in

transport, and this is one of the conditions dependent on which approval

certificates are granted.

B.4.3. Assessment and Approval

Competent authority approval is required under IAEA Regulations for

special form material above exempt package quantities for Type B(U) and B(M)

package designs, for most fissile class package designs, for certain shipments

and for all special arrangements transport operations.

The detailed requirements are given in Safety Series «o. 6, Section VII

and are summarised in Annex II to Safety Series No. 80. Further details are

provided in Safety Series No. 37, Section VII.

Basically, the competent authority must provide an organization capable

of carrying out independent design assessments in sufficient detail to ensure

that the relevant regulatory requirements have been satisfied and safety

assured. This necessitates sufficient technical staff who, besides having a

basic knowledge of nuclear physics and mechanical engineering, can also

provide the necessary specialist knowledge on topics such as heat transfer,

stress analysis and criticality safety.

Advice must also be available to applicants for approval on how to

submit applications, what information is required and in what form. Safety

Series No. 37 in section VII gives much useful information on this aspect,

largely based upon UK practice.
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B.4.4. UK Practice in Approval Assessment

The UK competent authority has both the technical assessment and

administrative approval function directly and entirely vested in the

responsible government department. It is not delegated to some official or

semi-official body. This has many advantages; particularly that the

experience and knowledge acquired in actual assessment work is directly

available to the body responsible for regulatory work.

The Radioactive Material Transport Division of the Department of

Transport has the responsibility for all assessment and approval work

involving the safe movement of radioactive material by all modes of transport

within the UK.

To carry out this duty at the present time the Division has a staff of

eight professional engineers and scientists who are helped by six

administrative personnel.

To assist applicants for approval in identifying and providing the

information required for approval purposes under IAEA Regulations, the

Department has a set of forms called the Applicants' Guide which are sent out

on request. A general description of this type of guide is given in paragraph

A-701 of Safety Series No. 37. This guide enables applicants to submit their

application as answers to the questions in the forms> if this is convenient.

Alternatively/ they can submit full safety reports, based on the forms and

supplying the equivalent information. Most large users in the UK follow the

second procedure.

It is the practice of the UK competent authority to encourage full

consultation with designers at all stages in ;he preparation of safety cases.

This has been found helpful to both parties and can save unnecessary or

fruitless work on the designers' part.

The UK competent authority does not carry out any test work. This is

regarded as the responsibility of the applicant. Tests carried out in the

course of preparing a safety case are, however, witnessed by the Department's

engineers as much as possible. Prior consultation on tests, as regards to the

drop attitudes, acceptability of calculational methods and extrapolations from

experimental data, has also been found very desirable.
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When the safety case is finally received, it is fully analyzed and

checked by the Department's engineers.

This checking procedure may involve independent calculations to ensure

correct derivation of data. This is particularly so in the case of

submissions for approval of packages for fissile material in view of the

potential importance of any mistake in calculation/ and the doubts which can

sometimes exist about modelling of contents and packaging following the

assessment of accidental damage.

A similar procedure is, in principle/ followed in the case of approval

of foreign competent authority approval certificates. Rule of thumb

assessment methods and comparison with other designs may be used to some

extent in these cases/ particularly if the origninating competent authority

is, as is often the ca»e, well known in the UK and their methods known to be

sound.

At the end of the assessment process a certificate is issued, which is

generally valid for a period of three years. On this certificate, reference

is made to the drawings to which the packaging is manufactured, and to the

contents. Any changes to the design or contents without reference back to the

competent authority automatically invalidates the certificate.

It must be emphasised that although the UK competent authority is

prepared to give advice to the applicant, it is our national policy for the

applicant to make the case on how the various regulatory requirements have

been met. In other words the competent authority cannot act as both advocate

and judge.

As has already been stated, where the designer intends to carry out a

test, a representative of the competent authority usually witnesses it.

However, before this stage is reached the applicant would be advised to

consult the competent authority to establish the test parameters. For

example, in a drop test, the orientation of the package is all important when

one is endeavouring to drop onto that part of the package considered to be

most vulnerable. The prudent applicant would wish to establish this before

carrying out his test. If he does not, there is a risk of having to perform

additional tests if the competent authority is not satisfied that those

carried out represent the worst condition.
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B.4.5. Compliance Assurance and Enforcement

The chapter on Quality Assurance and Compliance Assurance has covered

these important aspects of radioactive material transport operations. This

section therefore, will emphasise only their place in the implementation

process.

Paragraph 210 of Safety Series No. 6 clearly states that the competent

authority is responsible for assuring compliance with Regulations, and

extremely comprehensive advice on how this may be achieved is given in para

A-210.1 - 210.4 in Safety Series No. 37.

In the UK, responsibility for enforcement in road transport rests with

the Department of Transport's Traffic Examiners, who are regionally-based

throughout the country, and who carry out road-side checks on commercial

vehicles. Besides their primary function to ensure compliance with

legislation relating to goods vehicles in general, these examiners receive

regular training in the use of monitoring instruments. This enables them to

check vehicles carrying consignments of radioactive material for compliance as

regards correct labelling, placarding, external radiation levels and

segregation distances. In the case of infringements, prosecutions can be

undertaken under the UK Road Regulations. The examiners are issued with a

manual giving detailed instructions on how to carry out their duties, and

after each check on a vehicle carrying radioactive material a report form is

completed. These documents are very detailed and are largely self-explanatory.

In addition, compliance assurance checks are carried out in an ad-hoc

manner by the Department of Transport staff, visiting consignors' premises to

inspect packaging and the preparation of packages for transport. Surveys and

spot checks of radiation protection measures are also carried out by the

Department of Transport at airports and docks.

Closely associated with compliance assurance is quality assurance.

Under IAEA Regulations primary safety appropriate to the contents is provided

by the packaging. It is vital that the packaging should perform adequately as

required by the Regulations at all times during its working life. This must

be ensured by adequate quality assurance measures. Safety Series No. 6, in

paragraph 209, lays down the basic provision for quality assurance from

initial design onwards throughout the lifetime of the package. Details are

given in Safety Series No. 37, paras A-209 to A-209.5. Again, the competent
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authority has the responsibility to ensure good quality assurance practice by

the user of packaging and to play a direct part in providing an independent

check on procedures for quality assurance within user organisations by

arranging for independent inspections of packaging initially and after

repeated use.

B.4.6. Quality Assurance

A necessary part of the process of assessment and approval of designs

in the UK is to check that the designer has made appropriate provision for

quality control in manufacture and for necessary inspection of materials,

component parts and complete packagings. The user's porgranune for

maintenancei checking and replacement of parts backed by regular inspection,

is also rigorously checked during design assessment. (Guidance for this work

is contained in British Standards of which a number have been published on the

subject). Moreoever, the Radioactive Materials Transport Division of the

Department of Transport has a branch with special responsibility for quality

assurance matters generally, and particularly for the development of a quality

assurance programme.
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66740-01 INSPECTION OBJECTIVES

To determine whether the licensee has established and is maintaining an
adequate management-controlled prog-am to assure radiological and nuclear
safety in the receipt, packaging, delivery to a carrier and, as applicable,
the private carriage of licensed radioactive materials; and to determine
whether such transportation activities are in compliance with the appli-
cable NRC (10 CFR Part 71) and DOT (49 CFR Parts 171-178) transport regu-
lations.

NOTE: Regulatory references herein are mainly to the 49 CFR and/or 10 CFR
71 requirements, with several to 10 CFR 20.

86740-02 INSPECTION REQUIREMENTS

02.01 Management Controls. Review the system of management controls
for transportation activities performed by the licensee speci-
fically identifying the primary implementing documentation
thereof to verify whether:

a. The individual(s) and organizational entities which have
been assigned the responsibility for transport activity
have been clearly designated in writing.

b. There has been a clear delineation of the authorities and
responsibilities of those individuals and organizational
entities.

c. Written management-approved instructions have been estab-
lished to carry out the various transportation activities,
including authorized changes thereto and promulgation/
distribution of such instructions to the appropriate line/
staff organization.

02.02 Introduction and Training Program

Verify implementation of the indoctrination and training program
for persons involved in the licensee's transport activities:

a. Discuss the program with the licensee's representative
charged with the responsibility for the training—iden-
tify the major elements of the program: the basis used
for selection of personnel to be trained, the schedules
and performance of training and methods used to assure
qualification of competence and to keep people informed of
changes in procedures and requirements.

b. Examine records of training completion for 10% (or, no
fewer than one record or more than five) of employees
involved in transport activities.
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c. Discuss the training with one or two supervisors and one to
five employees, selected at random, to (1) verify their
participation in the training program, (2) check their
degree of knowledge of several specific requirements selec-
ted from Sections 02.05 - 02.09 below, and (3) check their
degree of knowledge of the licensee's related specific pro-
cedural requirements.

02.03 Audit Program (10 CFR 71.137)

Review the report of the most recent audit of transport activi-
tities conducted by the licensee and, if possible, discuss the
audit program with one to five employees, selected at random, to
check their degree of knowledge of the program and to aid in
assuring that the licensee is conducting an adequate program.
Verify whether:

a. The most recent audit was conducted in accordance with the
licensee's published procedures, and

b. Identified deficiencies (if any) were corrected, or are
being corrected, before any more shipments are made.

02.04 Quality Assurance Program

Review the licensee's documented quality assurance program,
including the backup application, which has been approved by
NRC pursuant to 10 CFR 71.12(b) to verify whether it incor-
porates and addresses the applicable criteria of 10 CFR 71.
103 through 137.

02.05 Procurement and Selection of Packaqings

For packagings which are used by the licensee to transport or to
deliver licensed material to a carrier for transport, review the
procedures and records for the following:

a. Fabrication of Packagings

Verify by physical examination and examination of records
whether new packagings have been fabricated in accordance
with the approved design, i.e., NRC Certificate of Compli-
ance (COC) or DOT specification. For packagings supplied
by, procured from, or leased from a vendor or supplier,
verify that the licensee has obtained a written statement
from such supplier certifying that the package has been
fabricated in accordance with an NRC-approved quality
assurance program.
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b. NRC Certificate of Compliance (COC) Packaqinqs

Verify, for NRC-certified packagings used by the licensee,
that he has a copy of the relevant, up-to-date NRC COC and
the documents referenced therein which relate to the use
and maintenance of the packaging and actions to be taken
before shipment [10 CFR 71.12(c)(l)].

c. Registration of Use of NRC/COC Packagings

Verify that for such NRC-certified packagings, before
initial use, the licensee has registered his name, license
number, and relevant package identification with the
Director, NMSS [10 CFR 71.12(0(3)].

d. DOT Revalidation of Foreign-Approved Packaqings

Verify that for foreign-approved packagings used by the
licensee, such designs have been revalidated by DOT and the
licensee possesses a copy of the applicable foreign certi-
ficate, DOT revalidations, and documentation referenced
therein which relate to use and maintenance of the pack-
aging and actions to be taken before shipment [(49 CFR 173.
473 and 10 CFR 71.16)].

e. Use of DOT Specification 7A Packagings

Verify that for DOT Specification 7A packagings used by the
licensee, he maintains on file for at least one year after
each shipment, and provides on request, a copy of the rele-
vant documentation supporting his determination that the
design meets the specification requirements. Examine such
documentation to confirm its adequacy [49 CFR 173.415(a)
and 49 CFR 178.350].

f. Use of DOT Specification 55 Packagings

Verify that for any DOT Specification 55 packages used by
the licensee, he does not offer for transport or transport
licensed material in any such packagings manufactured after
March 31, 1975; and that he is aware of the prohibition
against any further use of Spec. 55 packaging after
June 30, 1985 [49 CFR 173.415(b)].

g. Plutonium Air Shipment Packagings

Verify that for air shipments of plutonium, unless exemp-
ted, the licensee utilizes only a packaging which has been
specifically certified by NMSS for such shipments, e.g.,
PAT-1 or PAT-2 (10 CFR 71.88).
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h. Special Form Documentation

Verify that for packages wherein the licensee relies on a
special form determination in order to qualify and limit
the parkage as either a limited quantity or Type A quan-
tity the licensee maintains on file for at least one year
after any shipment and provides upon request, the documen-
tation demonstrating that the special form material meet
the applicable test requirements (49 CFR 173.469 and
173.476).

02.06 Preparation of Packages for Shipment

Examine the licensee's written procedures and shipment records.
As the situation allows, observe actual package preparations and
operations so as to:

a. Preliminary Determinations

Verify that before the initial use of any packaging, the
licensee performs the required preliminary determinations
and quality control relating to construction of the pack-
aging (49 CFR 173.474 and 10 CFR 71.85), or has a written
certificate to that effect from the manufacturer/supplier
of the packaging.

b. Routine Determinations

Verify that before each use of any packaging the licensee
performs the required roy/uie determinations and quality
control (49 CFR 173.475 and'lO CFR 71.87).

c. Liquid Package Requirements

1. Verify that for non-LSA (low specific activity),
Type A packages with liquid content*, the licensee
has provided for the required special testing, double
containment system, and absorbent material [49 CFR
173.412(n)].

2. Verify that when required for packages containing
liquid contents exceeding a Type A quantity and
destined for air shipment, a test for leakage is per-
formed on the containment system [49 CFR 173.475(g)J.

d. Packaging Marking

1. Verify that the licensee has marked the package with
the applicable general and specific package markings
which are required (49 CFR 172.300 through 310).
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2. Verify that for NRC-certified packages or DOT-revali-
dated packages of foreign origin, the outside of the
package is durably and legibly marked with the pack-
age identification marking indicated in the COC or the
DOT Competent Authority Certificate.

e. Package Labeling

Verify that for non-exempted packages, the licensee pro-
vides for and accomplishes labeling of each package with
the appropriate category of RADIOACTIVE (White-I, Yellow-
II, or Yellow-III) label, one each on two opposite sides of
the package; and accurately completes the entry of the
required information in the blank spaces thereon (49 CFR
172, subpart E).

f. Radiation Monitoring

Verify that the licensee provides for and accomplishes
monitoring of each completed package to assure that exter-
nal radiation and removable surface contamination are with-
in the allowable limits [49 CFR 173.4750"), 49 CFR 173.441,
49 CFR 173.443, and 10 CFR 71.87(i) and (j)].

02.07 Delivery of Completed Packages to Carriers

Examine the licensee's written procedures, shipment records, and
as the situation allows, observa actual transport operations.

a. Shipping Paper Documentation

Verify whether the licensee prepared the required shipping
paper documentation, so as to accurately include all of the
applicable required elements of information, including the
shipper's certificate. [NOTE: for licensee private motor
vehicle shipments, the certificate is not required
(49 CFR 172, subpart C)].

In the case of low level solid radwaste shipments to licen-
sed land burial sites (10 CFR 61), verify that the shipping
paper documentation also includes the required additional
"waste manifest" information (10 CFR 20.311).

b. Loading and Placarding Non-Exclusive-Use Shipments

Verify that the licensee provides to a highway carrier or
applies directly to a rail vehicle, the required placards
whenever he delivers any quantity of RADIOACTIVE-Yellow-
Ill labeled packages to such carrier for transport (49 CFR
172.506 and 508).
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c. Loading and Placarding of Exclusive-Use Shipments

1. Verify that the licensee assures that the package and
vehicle radiation/contamination levels are within the
regulatory limits [49 CFR 173.475(i) and 10 CFR 71.87
(i) and (j)].

2. Verify that, except for uranium or thorium ores, the
transport vehicle is placarded by the licensee when
delivering to a carrier any exclusive-use shipment
for which placarding is required [49 CFR 172, sub-
part F, and 49 CFR 173.425(b)(7)].

3. Verify that shipping paper documentation provided by
the licensee to the carrier contains satisfactory
instructions for maintenance of exclusive-use shipment
controls [49 CFR 173.441(c) and 49 CFR 173.425(b)(9)].

4. Verify that for exclusive-use shipments of low-speci-
fic activity materials, the licensee has provided for
the additional specific requirements [49 CFR 173.425
(b)(l) through (9)].

d. Advance Notification to Consignee

Verify that the licensee provides for notification to the
consignee before shipment: the dates of shipment and
expected arrival, any special loading/unloading or opera-
ting instructions whenever any non-exempt fissile mater-
ials and/or packages containing "highway route controlled
quantities" are involved [49 CFR 173.22(b) and 10 CFR
71.89].

e. Advance Notification to States

Verify that the licensee provides for advance notification
to the Governor of a State, or his designee, of any ship-
ment of nuclear waste requiring Type B packaging through,
to, or across a state boundary (10 CFR 71.97). NOTE: This
requirement is not the same as that required for Safeguards
purposes pursuant to 10 CFR 73.72.

02.08 Receipt of Packages

Examine the licensee's procedures and records of incoming ship-
ments to verify compliance with the applicable requirements
relating to pickup from a carrier, receiving, and safe opening
of packages (10 CFR 20.205).
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02.09 Periodic Maintenance of Packagings

For reusable NRC-Certified, DOT Specification, or DOT revali-
dated foreign-made packagings, examine the licensee's procedures
and records of shipments to verify that before reuse, all of the
initial and periodic maintenance required by the certificate,
specification, or revaiidation has been performed. If possible,
observe such maintenance activities (49 CFR 173.474, 49 CFR
173.475, 10 CFR 71.85, and 10 CFR 71.87). For multiuser pack-
ages supplied by another party, the licensee-user should obtain
written certification that required periodic maintenance and
quality control measures have been conducted in accordance with
an NRC-approved quality assurance program.

02.10 Records and Reports

Review the licensee's records and procedures for record-keeping
and reports to verify that a system is in place to:

a. Maintain on file for two years after any shipment a record
of each shipment of licensed material (which is not exempt
therefrom) and that such records contain the required
information [10 CFR 71.87 and 10 CFR 71.91(a)].

b. Maintain during the life of any packaging, as applicable,
sufficient quality assurance records documenting evidence
of the quality of packaging components and those services
which are of safety significance, including the results of
required preliminary determinations prior to first use of
any packaging [10 CFR 71.85 and 10 CFR 71.91(c)].

c. Maintain on file for at least one year after shipment the
documentation of DOT Spec. 7A safety analysis/testing and/
or special form testing [49 CFR 173.415(a), 49 CFR 173.469,
and 49 CFR 173.476].

d. Maintain sufficient quality assurance records which fur-
nish documentating evidence to support the activities
affecting quality assurance of transport packages (10 CFR
71.135).

e. Immediately notify the appropriate Regional Office and
the delivery carrier in instances wherein removable
radioactive surface contamination and/or external
radiation levels on packages received in a shipment
exceed the applicable reporting limits [10 CFR 20.205
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Report to the Director, NMSS, within 30 days, any
instances in which there has been a significant reduc-
tion in the effectiveness of any packaging during its
use; providing additionally the details of any defects
of safety significance to the packaging after first
use and the means employed to repair such defects to
prevent their recurrence (10 CFR 71.95).

Immediately report to DOT, when transporting licensed
material as a private carrier, any incident that
occurs in which as a direct result of the radioactive
material; any person is killed; receives injuries
requiring hospitaiization; property damage exceeds
$50 K; or fire, breakage, spillage, or suspected
radioactive contamination occurs (49 CFR 171.15 and
49 CFR 171.16).

86740-03 INSPECTION GUIDANCE

03.01 General Guidance

In fulfilling the inspection requirements and objectives of this
procedure, the inspector should assess the adequacy of the vari-
ous aspects of the licensee's program in view of the licensee's
total program. That is, he should consider for the various
transportation activities such factors as the volume, quantity,
and types of radioactive material involved, the inherent poten-
tial radiological hazards, the complexity of the packaging
required, the number of shipments made and received over a
period of time, the number of licensee employees involved in the
activities, etc. In other words, a "graded approach" should be
used in assessing the adequacy of the licensee's program, with
the smaller programs requiring complete but less complex and
extensive controls than larger programs. In the same context,
the extent and scope of the inspection coverage may be adjusted
accordingly. For example, inspection of the transportation pro-
gram of a licensed processor/supplier of medical isotopes would
necessitate a much broader inspection coverage: i.e., package
procurement, preparation, delivery to carrier, radwaste ship-
ments, etc., as contrasted with the inspection of a radiography
user, wherein the primary focus would be on the transport of
devices in private carriage. Correspondingly the transport pro-
gram of a typical nuclear utility would focus on the package
preparation and delivery to carriers of large volumes of rad-
waste materials and spent fuel shipments.
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03.02 Specific Guidance

a. Inspection Requirement 02.01

Management Controls. The inspection effort should be
directed at certifying that written procedures have been
established in a manner approved by management. The proce-
dures should be readily available to all those having
responsibility for any phase of the licensee's transporta-
tion activity. The inspector should confirm that the pro-
cedures include provisions for all of the applicable trans-
port activities addressed in Section 02 of this procedure.

In reviewing the adequacy of the licensee's program for
management controls and associated written documentation
thereof, inspectors are reminded to concurrently review,
as a cross-check, the licensee's written, approved quality
assurance program which incorporates the elements of 10 CFR
71, subpart H.

In reviewing the program, it will be necessary to review
the licensee's file of backup information to the QA program
application.

b. Inspection Requirement 02.04

Quality Assurance Program. Further guidance on acceptable
quality assurance (QA) programs for transport packages is
provided in NRC Regulatory Guide 7.10. A key factor in
verifying this inspection requirement is to ascertain
whether the actual QA program reasonably corresponds to
that which has been described to and approved by NRC. Ques-
tions frequently arise regarding fulfillment of QA require-
ments in those cases where there are multiple users, as in
the case of casks leased from a supplier. The NMSS posi-
tion on this as stated in IE Information Notice 83-10,
March 11, 1983 is restated below as follows:

1. Each registered licensee-user should obtain a current
certificate from the package owner attesting that the
packaging was designed, procured, fabricated, assem-
bled, tested, and is maintained in accordance with an
NRC-approved quality assurance program.

2. Each registered licensee-user should provide the owner
with a copy of all quality assurance records concern-
ing maintenance, repair, or modifications to the pack-
age which are conducted under the licensee-user's
quality assurance program.

3. Each licensee-user should maintain its own quality
assurance program and related records concerning its
use/operation and maintenance of the package. The
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licensee-user is also encouraged to obtain from the pack-
age owner copies of those quality-related documents which
may be useful and relevant to the licensee-user's own
quality assurance program. (NOTE: This is not to imply
necessarily that the package owner would be expected to
provide each user, nor is each user expected to maintain,
all of the quality-related documents associated with aJ2
of the criteria of 10 CFR 71, subpart H.)

Recognizing the inherent difficulties in maintaining qau-
lity assurance records in cases of multiuser packages, it
is important to bear in mind that the individual licensee-
user is responsible for maintaining as complete a file as
possible of the quality assurance recprds pertaining to
package use, and further, to establish mechanisms .for
exchange of pertinent quality assurance records with the
package owner. It remains the responsibility of each
licensee-user that his transportation activities meet the
requirements of 10 CFR 71. As stated above, however, in
fulfilling this responsibility the licensee-user has the
prerogative to accept written certifications from package
owners and suppliers that certain quality assurance acti-
vities, not under the licensee-user's immediate control,
were conducted in accordance with an NRC-approved quality
assurance program.

c. Inspection Requirement 02.05(a)-(d)

Procurement and Selection of Packagings: General Guidance.
For Type B, fissile and certain Type A package designs
certified by NRC, a necessary reference is NUREG-0383,
"Directory of Certificates of Compliance for Radioactive
Materials Packages," which is issued and updated annually
by NMSS. DOT Specification Packaging designs are published
and listed in 49 CFR 178, except for the DOT Spec. 55 (see
Appendix A). Authorizations for content limitations in DOT
Spec. Packagings are found in 49 CFR 173.415, 49 CFR 173.
416, and 49 CFR 173.417.

Inspectors are reminded of the differing requirements of
49 CFR and 10 CFR 71 for packages of low specific activity
(LSA) when shipped as exclusive-use. IE Circular 78-03,
May 12, 1978, "Packaging Greater Than Type A Quantities
of Low Specific Activity Radioactive Material for Trans-
port" provides further guidance on this subject. Essen-
tially, under DOT regulations, total package activity as
LSA is not limited, whereas under NRC requirements, total
package activity of LSA materials must be considered.
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d. Inspection Requirement 02.05(e)

Procurement and Selection of Packaging: DOT Specification
7A. DOT regulations require that each shipper of a Speci-
fication 7A package maintain on file a written documenta-
tions of the tests and engineering evaluation or compara-
tive data showing that the packaging complies with the
specification. If the shipper of a Specification 7A pack-
age is not the original designer or user of that package,
it is necessary for that shioper to obtain the package
evaluation report data from the original supplier/user or
to perform the tests himself and document the results.

Further, if a shipper makes any changes to the packaging
or its maximum authorized contents from the description
on the original test report furnished by another person,
it will be necessary to perform and document a supplemental
evaluation, addressing such changes and demonstrating that
the package will continue to meet the appropriate perform-
ance requirements. In any case, the "bottom line" of the
Specification 7A documentation is that the results of how
the package meets the applicable environmental and test
conditions must be addressed. In this regard, inspectors
may find some shippers furnishing and relying on test
results and data extracted from several technical reports
by the former agency, £RDA, entitled "Certification of ERDA
Contractors Packaging With Respect to DOT Specification 7A
Performance Requirements," Report MLM-2228, June 12, 1975,
with one Supplement, (April 15, 1976) and MLM-2324 (Octo-
ber 8, 1976). A question may then arise about the suffi-
ciency of the test data from these reports U< any given
case. Judgment will then have to be exercised in assessing
whether the licensee's specific package falls within the
parameters of the tests as reported, with respect to such
aspects as maximum package weight tested, type of closure,
and content limitations. The licensee's documentation
should include an evaluation concluding how the package
meets the Spec. 7A test requirements based on the recorded
data, or any other independent package tests which have
been performed. In any case, inspectors should reject any
rationale used by the licensee that the marking along of
"DOT Spec. 7A" on the outside of the package is sufficient
fulfillment of this requirement.

e. Inspection Requirement 02.05(f)

Procurement and Selection of Packagings: DOT Specifica-
tion 55. In 1975 the 00T began the regulatory "phaseout"
of the DOT Spec. 55 as an authorized package for specified
quantities of special form Type B materials (up to 300 Ci).
As of March 31, 1985, shipments in Spec. 55 packagings con-
structed after that date have no longer been authorized.
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In a more recent rulemaking (Docket HM-169, March 10,
1983), DOT has completed the phaseout of DOT Spec. 55;
i.e., shipments in any Spec.55 are no longer authorized
after June 30, 1985. After that date use of any Spec. 55
design would then be contingent upon the shipper applying
for and receiving an NRC Certificate of Compliance for the
package. For any Spec. 55 packages noted to be in use by
licensees, inspectors should attempt to ascertain the date
of construction, if possible. Since tha DOT no longer pub-
lishes the Specification itself in 49 CFR 178, a copy of
the Specification from an earlier DOT Title 49 is included
as Appendix A hereto. Many old radiography devices and
"lead-pigs" currently in use were presumably constructed
as DOT Spec. 55. Several important rules of thumb should
be kept in mind. Spec. 55 packages, properly marked, may
be used for domestic transport of up to 300 Ci of special
form material [see 49 CFR 173.416(a)]. For quantities
exceeding 300 Ci, an approved Type B package could consist
of a Spec. 55 within an outer wooden protective overceat.
[See 49 CFR 173.416(e) and (f) for the Spec. 20 WC and 21
WC; 49 CFR 178.194, and 49 CFR 178.195)].

f. Inspection Requirement 02.05 (g)

Procurement and Selection of Packagings: Air Transport of
of Plutonium. There has previously been issued two NRC
orders restricting the air shipment of plutonium, in accor-
dance with PL 94-79, e.g., on August 15, 1979 and Septem-
ber 1, 1978. Neither order is in effect any longer since
their provisions have now been incorporated into 10 CFR
71.88 as of September 6, 1983.

g. Inspection Requirement 02.05(h)

Procurement and Selection of Packagings: Special Form
Requirements. Radioactive sealed sources classified as
"special form" material must meet the physical integrity
requirements as defined in 49 CFR 173.469 and 49 CFR
173.476. These requirements call for each shipper of a
special form source to maintain on file a supporting safety
analysis or documentation containing the results of the
testing performed on the source to demonstrate that it
meets the special form requirements. This does not mean
that each shipper has to actually perform the tests, only
that he must obtain and retain the documentation of these
tests. As a practical matter, each licensee should estab-
lish a file of such data for each source design in his
inventory. It may be necessary, therefore, for the licen-
see to procure the required information from the source
manufacturer.
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In many instances, qualification of the material as special
form will have no direct bearing upon the type of packaging
required, relative to content limit. For example, where
Aj = A2 (as in the cases of Co-60, Mn-54, and P-32), Type
A packaging for Aj- or A2 quantities is required regardless
of "form." In such cases when the material has been encap-
sulated as a sealed source, but is not described on the
shipping paper documents as "special form," the documenta-
tion of special form testing is not required [49 CFR 173.
476(c)]. If the material however, |s described as special
form, the backup documentation j_s required.

h. Inspection Requirement 02.06(a) and (b)

Preparation of Packages for Shipment: Preliminary and Rou-
tine Determinations. Inspection of the required prelim-
inary and routine determinations will have some overlap
with the inspection of the licensee's QA activities on
transport packages. In reviewing the licensee's prelimi-
nary and routine determinations, the following additional
guidance is offered.

1. In determining whether a package has any significant
damage, the package should be considered to have sig-
nificant damage if such damage would be likely to pre-
clude the package from meeting the applicable require-
ments of 10 CFR 71 and/or its approved design.

2. In reviewing the adequacy of package closures, clo-
sures which involve attempts at sealing with gaskets
having visible or obvious imperfections, field splices
which are not part of an approved design, caulking,
and rusty or dirty sealing surfaces would not be con-
sidered to be free from defects.

3. The loading and closing of packages in accordance with
written procedures should include a determination that
the packaging is authorized for the specific intended
contents, and that any lid/closure to the main body is
properly aligned, with its bolts properly torqued to
the specified values in the prescribed pattern.

4. A record should be established by the licensee for
each resuable packaging. Because many packagings are
procured in lots and without serial numbers, the
record may exist for a large quantity of packagings
specified as in a purchase order. Special emphasis
should be placed on records which show that components
important to safety have been inspected for confor-
mance to NRC-approved design. Depending on the type
of package, this may include structural, thermal,
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shielding, containment, closure, and criticality con-
trol systems. The records may include visual obser-
vations and physical test results.

5. For NRC-certified packaging, the inspector should give
special attention to any applicable terms and condi-
tions of the certificate relating to preliminary and
routine determinations and routine maintenance.

Inspection Requirement 02.06(c)

Preparation of Packages for Shipment: Liquid Packaging
Requirements. These requirements are very important in
examining the packaging configurations used by suppliers
of medical and industrial isotopes. Inspectors should
verify that in the Type A testing of a given design, the
licensee has considered the requirements of 49 CFR 173.
412(n) relative to use of absorbent materials and/or a
double containment system. For packagings exceeding 50 cc
liquid volume, either option is allowed, whereas for less
than 50cc the use of an absorbent material is required.
The configuration should be examined visually to verify
that the absorbent material is suitably positioned to con-
tact the liquid in the event of leakage. The package test-
ing must also address the results of the additional
requirement of 49 CFR 173.466 for liquids, i.e., a 30-ft
drop test. For packages containing liquid greater than
A2 and destined for air shipments, the licensee is required
to perform a leakage assessment on each package before
shipment. Leakage testing methods are described in Regula-
tory Guide 7.4.

Inspection Requirement 02.06(d)

Preparation of Packages for Shipment: Package Marking. The
specific requirements for marking of packages include:

1. DOT proper shipping name (49 CFR 172.101 and 49 CFR
172.301).

2. Identification number, e.g., UNXXXX or NAXXXX 49 CFR
172.101 and 49 CFR 172.301).

3. Gross Weight, if greater than 110 pounds [49 CFR 172.
)

4. "TYPE A" or "TYPE B," as appropriate [49 CFR 172.310
())

5. NRC certificate number or DOT specification number
[49 CFR 173.471(b)].

6. For DOT specification packages within a nonspecifi-
cation outer overpack, the words "Inside Package(s)
Compy With Prescribed Specification(s)" [49 CFR 173.
25(a)].
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7. "RADIOACTIVE -LSA," in the case of LSA packages trans-
ported as exclusive-use [49 CFR 173.425(b)(8)].

8. Name and address of the consignee or consignor [49 CFR
172.306(a)].

9. "USA," in conjunction with the NRC-certificate or DOT-
specification marking, if the package is destined for
export [49 CFR 172.310(a)(3)].

10. "THIS SIDE UP" or "THIS END UP," with an appropriate
arrow symbol to indicate upward positioning where
liquid contents are involved [49 CFR 172.312(a)].

The physical requirements for legibility and location of pack-
age markings are found in 49 CFR 172.304. Inspectors should
not consider marking requirements as a less important require-
ment since they constitute a very important element of the Haz-
ardous Materials "Communications" requirements, along with
labels, placards, and shipping papers. Marking deficiences are
quite often signs that the licensee is generally unaware of other
regulatory reguirements and are often accompanied by more seri-
ous packaging deficiencies.

k. Inspection Requirement 02.06(e)

Preparation of Packages for Shipment: Package Labeling. If
possible the inspector should examine one or more samples of
completed, labeled packages to verify the adequacy of this
requirement. The proper category of "RADIOACTIVE" label to be
applied to each package is based principally but not solely
on the measured dose rates at the package surface and. at 1
meter (Transport Index). Several exceptions to such rule of
thumb, however, are provided in 49 CFR 172.403(c). These
exceptions involve certain restrictions on label category based
on the fissile class, if fissile materials are involved, plus
the mandatory use of a Category III label for fissile Class III
shipments. For as fissile Class II or III shipments, inspec-
tors are also reminded that the transport index (TI) assigned to
the package label may be assigned on the basis of either nuclear
safety or radiation, whichever number is higher. What this
means is that in inspecting and surveying a package with a recor-
ded transport index, the radiation level reading at one meter
from a fissile Class II or III package may not be consistent
with the recorded TI on the label. This is not a violation if
the TI had been assigned on the basis of the nuclear safety
value and is a larger number than it would be based on the
actual radiation level at 1 meter. [See also 49 CFR 173.40':>(bb)
(2).]

Inspectors are also reminded that LSA packages in other-than-
exclusive use are required to be labeled, whereas for exclusive
use, they only are required to be marked "RADIOACTIVE-LSA."

NOTE: The package labeling requirements of 49 CFR 172 for pur-
poses of transport should not be confused with the requirements
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for labeling packaged radwaste as Class A, B, Or C for purposes
of shallow land disposal pursuant to 10 CFR 61. Further, the
designators Class A, B, or C waste bear no direct basis to Type
A or Type B packages for transport purposes.

1. Inspection Requirement 02.06(f)

Preparation of Packages for Shipment: Radiation Monitoring.
Licensees who package and offer for transportation large numbers
of small medical radiopharmaceuticals often use an "assembly-
line" process, in which the loaded package travels past a fixed,
preset radiation detector. Inspectors should carefully examine
such systems to assure that they in fact are effective in assur-
ing compliance with the regulatory limits for radiation levels.
Another question which frequently arises is the placement of a
specification package, e.g., such as a radiography projector
within an outer box or other type of enclosure during transpor-
tation. The question involves whether or not the radiation
levels at the surface of the outer box and at 1 meter from the
outer box may be used to establish the label requirements for
the overall "package." Since DOT regulations do not address
this, it is therefore permissible to apply labels to the outer
box which reflect radiation levels around the outer box. The
inner package which is the authorized package must be labeled
to reflect radiation levels from that package without the outer
box.

Assuming that the inner package (the device) is labeled and
marked as a specification package, the outer enclosure would
however, need to be further marked with the words "Inside Pactc-
ages Complies With Prescribed Specification" (see 49 CFR 173.
25), and labeled as required based on the radiation levels oh
the outer enclosure. (See also IE Information Notice 81-02.)

In instances where the licensee consolidates more than one inner
package into outer overpacks, such as bags or cartons, certain
rules for transport index determination, label entries, and
markings are provided in 49 CFR 173.448(g).

The requirements for package and vehicle radiation limits appli-
cable to open, exclusive-use shipments have in the past been
subject to considerable variation in interpretation and applica-
tion as well as ambiguity.

The recent revisions to 49 CFR (March 10, 1983) (Docket HM-169)
have clarified the rules somewhat. It is now clear that on an
open, exclusive vehicle a package may not exceed the 200 mrem/hr
surface limit, i.e., the 1000 mrem/hr package must be in a
closed transport behicle [49 CFR 173.441(b)(l)(i) and 177.842
(g)]. Inspectors as well as licensees, should also be aware
that the 1000 mrem/hr package limit now applies at the surface,
no longer at 3 _ft. Further discussion on radiation limits and
other requirements for exclusive-use shipments is provided in IE
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Information Notice 80-32 (August 29, 1980) and Rev. 1 thereto
(February 12, 1982).

Preparation of Packages for Shipment: Contamination Monitoring.
The March 10, 1983 (HM-169) revisions to 49 CFR contained sev-
eral revisions to the contamination regulations. In 49 CFR
173.443, Table 10, the expressed limits applicable to a "wipe"
sample now are stated in terms of the actual limit on the wipe
itself, whereas previously, the wipe sample was required not to
exceed 10 percent of the stated limit. The "bottom line" limit
is not changed. Another revision is in the "factor of 10"
higher allowable limit for packages shipped as exclusive use.
Such packages are now required to be at a "factor of 1" (2200
d/m/100 cm2 beta/gamma) at the start of transportation, but may
rise to a "factor of 10" during transportation (22,000 d/m/100
cm2 beta/gamma). Further, the former requirement to survey al1
exclusive-use vehicles now applies only to vehicles in which the
"factor of 10" higher contamination packages are transported.

NOTE: For packages shipped in closed, exclusive-use vehicles
dedicated only to radioactive materials shipments and so marked,
the "factor of 10" limits may apply at the start of transport
[see 49 CFR 173.443(d)l. This provision does not exist in
10 CFR 71.87(i); however, inspectors should be aware that
licenses may still apply this provision even though it is not
contained in 10 CFR 71.

A question sometimes arises concerning the performance of con-
tamination surveys in those cases where a package such as a
cask, is provided with an external heat barrier or screen to
achieve compliance with the heat limits of 49 CFR 173.442(b).
The question is whether the contamination limits, as measured
by wipe tests, may be taken at the surface of the external
barrier or at the surface of the cask within the barrier screen.
It is the NMSS position that the contamination limits must be
applied at the package surface (including the surfaces between
the package and any removable impact limiter) even though the
heat limit is applied at the barrier surface. Monitoring of
contamination levels at the outer barrier screen might not dis-
close the existence of contamination from the package or on the
package. Monitoring of the surface contamination of the cask
inside the barrier is therefore a regulatory requirement, where-
as monitoring of both the cask surface and the outer barrier,
would constitute a better health physics practice. (See IE
Information Notice 83-10, March 11, 1983.)

m. Inspection Requirement 02.07 (a)

Delivery of Completed Packages to Carriers: Shipping Paper
Documentation. Requirements for shipping paper descriptions
constitute a very important part of the hazardous materials
regulatory "communications" requirements, the others being
labels/marking and vehicle placards. Generally speaking, as is
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the case for marking, observation of shipping paper deficiencies
may be symptomatic of more serious deficiencies in packaging;
therefore, inspectors should be familiar with the detailed ship-
ping paper requirements. Generally speaking, a shipping paper
may be any type of transportation document, i.e.; bill of load-
ing, shipping invoice, radioactive waste shipment record, etc.
However, it must contain the following elements of applicable
information [see 49 CFR 172.203(d)]:

1. The applicable DOT proper shipping name and hazard class,
"Radioactive Material," 49 CFR 172.101 (unless the words
"Radioactive Material" are already contained in the name).

2. The applicable identification number (UNXXXX or NAXXXX)
from 49 CFR 172.101.

3. The name of each radionuclide. Abbreviations as taken from
49 CFR 173.435, are authorized.

4. A description of the physical and chemical form of the
material. (For special form sources this description is
"SPECIAL FORM".)

5. The activity contained in each package, measure in curie
units.

6. The category of label applied to each package (RADIOACTIVE
WHITE-1, RADIOACTIVE YELLOW-II, or RADIOACTIVE YELLOW-1II).

7. The transport index (dose rate at 1 meter) assigned to each
package bearing "RADIOACTIVE YELLOW-II" or RADIOACTIVE
YELLOW-III" labels.

8. For shipments tendered to a common carrier, the appropriate
signed shipper's certification; and for shipments by air-
craft, the additional statement as to acceptability for
either passenger-carrying or cargo-only aircraft. For
shipments by passenger-carrying aircraft, the additional
statement of intended use in reaseach or medical diagnosis
or treatment must also be included [49 CFR 172.204(a);
49 CFR 172.204(c)(3), 49 CFR 172.204(c)(4), 49 CFR 172.104
(d)].

9. The words "Highway Route Controlled Quantity" for any ship-
ments containing such quantity.

10. Any other descriptive information may be included following
the basic description, provided it is not inconsistent
therewith [49 CFR 172.201(a)(4)].

In shipments where both nonhazardous and radioactive mate-
rials are described on the same shipping paper, the radio-
active materials must appear as the first entry; or be
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designated by an "X" in columnar fashion, or be highlighted
in a contrasting or other distinguishing fashion from the
nonhazardous materials.

NOTE: 10 CFR 20,311 requires that each shipment of
radioactive waste to a land disposal facility be accom-
panied by a manifest which describes the shipment contents.
This manifest may be shipping papers used to meet regula-
tions promulgated by the Department of Transportation or
the Environmental Protection Agency , provided that the
information required by 10 CFR 20.311 is included. The
waste shipment receiver (e.g., the disposal facility oper-
ator) also requires specific additional information. In
addition to shipper identification requirements and a cer-
tificaton, the manifests required by 10 CFR 20.311 must
include the following information as a minimum.

(a) The waste class, pursuant to 10 CFR 61;
(b) A radiological description; and
(c) A physical and chemical description.

n. Inspection Requirement 02.07(b)

Delivery of Completed Packages to Carriers: Loading and
Placarding of Non-Exclusive-Use Shipments. The licensee/
shipper's responsibilities in these cases mainly relate to
furnishing the required plancards (based on the presence of
any "RADIOACTIVE YELLOW-III"- labeled packages) to a high-
wasy carrier or applying the placards to a rail vehicle.
The basic responsibility for blocking and bracing packages
within the. vehicle rests with the carrier, as well as stor-
age distance controls based on the tranport indexes. The
shipper does, however, have a responsibility not to offer
to a carrier for placement in a single non-exclusive use
vehicle packages bearing a total transport index value of
more than 50 (49 CFR 177.842(a)).

o. Inspection Requirement 02.07(c)

Delivery of Completed Packages to Carriers: Loading and
Placarding of Exclusive-Use Shipments. The requirements
herein will relate very frequently to shipments of low-
level radwaste to licensed burial sites; quite frequently
as low specific activity materials. Many of the interpre-
tive questions which arise in such shipments are addressed
in IE Information Notice 80-32 (August 29, 1980) and Rev. 1
(February 12, 1982).

p. Inspection Requirement 02.07(d)

Delivery of Completed Packages to Carriers: Advance Notice
to Consignee. A list of the names and mailing addresses of
the Governor's designees who are to receive such advance
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notification of transportation of nuclear waste is pub-
lished annually in the Federal Register (around June). The
reporting quantities for the report required by NRC pursu-
ant 10 CFR 71.97 are currently not the same as the quanti-
ties designated by DOT as "Highway Route Controlled Quanti-
ties." The NRC intends to promulgate a separate rulemaking
to make the 10 CFR 71.97 reporting quantities the same as
DOT. In the interim the NRC limits for reporting are the
same as the previous threshold values for a "large quan-
tity" (this terminology was deleted from DOT regulations on
July 1, 1983).

q. Inspection Requirement 02.08

Receipt of Packages. Regulatory Guide 7.3 provides addi-
tional guidance on these requirements found in 10 CFR 20.
205, which includes provisions for the following:

1. Safely opening received packages of radioactive mat-
erial [10 CFR 20.205(d)].

2. Prompt receipt of packages containing more than a
Type A quantity of radioactive material [10 CFR 20.
205(a)].

3. Expeditious pickup of a package containing more than
a Type A quantity of radioactive material from a car-
rier terminal after receiving notification from the
carrier of the arrival of the package at the terminal.

4. Monitoring of packages for external radioactive con-
tamnation as soon as practicable after receipt, but
not later than 3 hours after receipt during normal
working hours or 18 hours at other times [10 CFR 20.
205(b)]. Exempted from this monitoring requirement,
are packages containing:

(a) Not more than 0.01 mCi of Group I; 0.1 mCi of
Group II; 1 mCi of Groups III, IV, V, VI, and
special Form, 25,000 mCi of Group VII, and 10
mCi of H-3, C-14, S-35, or 1-125.

NOTE: The references in 10 CFR 20.205 to
"transport group" will be deleted in future rule-
making since the "transport group" system has
been deleted from both 49 CFR and 10 CFR 71. In
the interim, the NRC/IE position is to accept
compliance with 10 CFR 20.205 on the basis of
quantity limits expressed in terms of "Aj" or
"A2" as specified in Table A-l of 10 CFR 71 or
49 CFR 173.435.
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(b) Only radioactive material as gases or special
form.

(c) Non-liquid radioactive material and not more than
a Type A quantity.

(d) No more than 100 mCi of radioactive material with
half-lives of less than 30 days.

5. Immediate notification of the delivering carrier and
the NRC Regional Office when removable contamination
exceeds 0.01 microcurie (22,000 dpm) per 100 square
centimeters. The NRC Regional Office is to be noti-
fied by telephone and written telecommunication
[10 CFR 20.205(c)(2)].

6. Monitoring of the radiation levels of packages con-
taining radioactive material in excess of Type A
quantities, other than those shipped by exclusive-
use vehicle. Such monitoring shall be done as soon
as practicable, but not later than 3 hours after
receipt during normal working hours or 18 hours at
other times [10 CFR 20.205(c)(l)].

7. Immediate notification of the delivering carrier and
the NRC Regional Office if the radiation levels exceed
200 mr/hr on the surface or 10 mr/hr at 3 feet. Noti-
fications are to be made by telephone and written
telecommunications [10 CFR 20.205(c)(2)].

r. Inspection Requirement 02.09

Periodic Maintenance of Packaqings. These requirements are
in part equivalent to those now contained in existing
Inspection Procedure 86718, bearing the same title. That
procedure deals with the periodic maintenance activities of
both vendor/suppliers of packaging as well as registered
users. The provisions applicalbe to the users have been
incorporated into this procedure (86740). The Q/A-related
activities of vendors, suppliers, and fabricators of reus-
able packagings are being incorporated into a planned
future revision of 86718 which will implement a new inspec-
tion effort to be carried out by the Vendor Inspection
Branch.

86740-04 REFERENCES

04.01 Regulations

a. 49 CFR Part 100-177 "Hazardous Materials Regulations" of
the US Department of Transportation, Revised annually as
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of October 1. Significant amendments to the October 1,
1982 version include:

1. Docket HM-169, Federal Register, March 10, 1983,
Part II, pp 10218-10247, Vol. 48, No. 48.

2.- Docket HM-169, Federal Register, March 31, 1983,
Corrections to HM-169, pp. 13431-13432, Vol. 48,
No. 63.

3. Docket HM-169, Federal Register, July 7, 1983,
Corrections and clarifications to HM-169, pp. 31214-
31220 Vol. 48, No. 131.

b. 10 CFR Part 71, "Packaging and Transportation of Radio-
active Material." Federal Register, August 5, 1983, Vol.
48, No. 152, pp. 35600-35627, as corrected August 24,
1983, Vol. 48, No. 165, pp. 38449-50.

c. US Postal Service Publication No. 6, Dec. 1975 "Radioactive
Material," as amended by US Postal Bulletin, June 30, 1982,
pp. 2-5.

d. IAEA "Regulations for the Safe Transport of Radioactive
Material," Safety Series No. 6, 1973 (as amended). IAEA,
Vienna, Austria.

04.02 NRC IE Information Notices

a. IE Notice 79-21

b. IE Notice 80-24

c. IE Notice 80-25

d. IE NOtice 80-32

e. IE Notice 80-32

f. IE Notice 81-02

g. IE Notice 81-32

"Transportation and Commercial Burial
of Radioactive Waste," Sept. 7, 1979

"Low-Level Waste Burial Criteria,"
May 30, 1980

"Transportation of Pyrophoric Uranium,"
May 30, 1980

"Clarification of Certain Requirements
for Exclusive-Use Shipments of Radio-
active Materials," Aug. 29, 19080

Rev. 1, Feb. 12, 1982

"Transportation of Radiography Devi-
ces," Jan. 1981

"Transfer and/or Disposal of Spent
Generators," Oct. 23, 1981

h. IE Notice 82-24 "Water Leaking From UFfi Overpacks,"
July 20, 1982
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i. IE Notice 82-47 "Transportation of Type A quantities of
Non-Fissile hudioactive Material,"
Nov. 30, 1982

j. IE Notice 83-10 "Clarification of Several Aspects Relat-
ing to Use of NRC-Certified Transport
Packages," Mar. 11, 1983

k. IE Notice 84-14 "Highlights of Recent Transport Regula-
tory Revisions by DOT and NRC",
March 8, 1984.

04.03 NRC Regulatory Guides

a. 7.1 Administrative Guide for Packaging and Transporting
Radioacative Material, 06/74

b. 7.2 Packaging and Transportation of Radioactively Contam-
inated Biological MAterial, 06/74

c. 7.3 Procedures for Picking Up and Receiving Packages of
Radioactive Materials (For Comment), 06/75

d. 7.4 Leakage Tests en Packages for Shipment of Radioacative
Materials (For Comment), 06/75

e. 7.5 Adminstrative Guide for Obtaining Exemptions From Cer-
tain NRC Requirements Over Radioactive Material Ship-
ments, 06/75 or 05/77

f. 7.6 Design Criteria for the Structural Analysis of Ship-
ping Cask Containment Vessels, 02/77 or 03/78

g. 7.7 Administrative Guide for Verifying Compliance With
Packaging Requirements for Shipments of Radioactive
Materials (For Comment), 08/77

h. 7.8 Load Combinations for the Structural Analysis of Ship-
ping Casks (For Comment), 05/77

i. 7.9 Standard Format and Content of Part 71 Applications for
Approval of Packaging of Type B, Large Quantity, and
Fissile Radioactive Material, 03/79 or 01/80

j. 7.10 Establishing Quality Assurance Programs for Packagings
Used in the Transport of Radioactive Material, 01/83

04.03 Other Publications

a. Pamphlet "A Review of the DOT Regulations for Transporta-
tion of Radioactive Materials, " Revised Fall 1983
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b. "Advisory Material for the Application of the IAEA Trans-
port Regulations," Safety Series 37, Second Edition; IAEA,
Vienna, Austria, 1982

c. NUREG-0383 "Directory of Certificates of Compliance for
Radioactive Material Packagings," revised annually in three
volumes

d. "Radioactive Materials Transportation Information and Inci-
dent Guidance", USDOT Publication DOT/RSPA/MTB-81-4

ENO

Issue Date: 04/11/84 26

365 llQQ



Appendix C

EXAMPLES OF EMERGENCY RESPONSE PLANNING

C.I. United Kingdom

C.I.I. Contingency Planning in the UK

Introduct ion

The IAEA Regulations require that in the event of a transport accident

emergency provisions, as established by relevant national organizations,

should be observed in order to protect human health and minimize damage to

life and property. The IAEA Basic Safety Standards also require the

preparation of emergency plans for any activities involving risk of

substantial exposure to ionizing radiation, which in some cases should be

submitted to competent authorities for approval.

The UK is also subject to European Community requirements which among

other matters require the establishment, where necessary, of emergency plans

and their approval.

UK law, therefore, requires that every employer conducting work with

ionizing radiation scrutinises his work with a view to identifying potential

accident risks. His first action thereafter, is to attempt to eliminate

them. However, if after doing all that is reasonably practicable to eliminate

the risk, there remains a reasonably foreseable possibility of an incident,

then a contingency plan must be developed to counteract and mitigate the

likely exposure of workers and the public. This requirement applies to all

users of any quantities, whether in transport or not. If, however, the user

is a large user (exceeding, for example in the case of plutonium, 150 grams)

the contingency plan must be submitted to the competent authority. The

authority may, after examination, refuse to accept it as a proper and

effective plan and require further submissions.

The Need for a Plan

A contingency plan is only necessary in UK law if it is reasonably

foreseable that an accident may occur which might result in persons exceeding

dose limits or areas becoming contaminated. However, Type B transport
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packages are designed to withstand the effects of a severe accident/ and are

also subject to approval by the competent authority. Therefore, accidents

involving Type B containers are not likely to result in dose limits being

exceeded, or contamination occurring; hence there is no legal requirement for

a contingency plan. Nevertheless public concern about transport accidents is

such that operators usually do have plans against the unforeseeable accident.

Type A packages on the other hand are only expected to be proof against

the normal conditions of transport. Thus disruptive accidents are reasonably

foreseeable, but the limitation on quantities carried in Type A packages means

that the quantity limitation for contingency plans to be submitted to the

competent authority will rarely be exceeded. Nevertheless a contingency plan

will be required.

Responsibility for Contingency Planning

Transport activities will often involve three employers, consignor,

carrier and consignee. Generally, it will be the carrier who would need to

implement any contingency plan but in preparing a plan he will usually need

the active participation of the consignor. The consignor will be determining

quantities to be carried and should provide all the relevant information to

the carrier. In general, carriers are able to develop non-specific

contingency plans applicable to any journey, any route, or any consignment.

Content of a Plan

The plan should make provision for:

(1) notifying the employer/ competent authority (if appropriate) and

emergency services;

(2) prior consultation with representatives of emergency services (if

appropriate);

(3) instructions to person in charge of the consignment (e.g. driver, guard

etc.) to cover such matters as:

(a) keeping the public away;

(b) keeping the consignment note at hand;

(c) leaving the load alone;
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(d) erecting temporary barriers;

(e) obtaining expert advice;

(f) dealing with potential contamination;

(4) subsequent consideration of the accident, its consequences and

countermeasures so as to learn from the experience.

C.I.2. Irradiated Fuel Transport Flask Emergency Plan for England and Wales *)

Introduction

The Central Electricity Generating Board (CEGB) operates twelve nuclear

power stations, each with twin gas-cooled reactors, on ten sites in England

and Wales. Eight of the stations use magnox fuel, which is natural uranium

metal, clad in a magnesium alloy. The remaining four stations have advanced

gas-cooled (AGR) reactors, for which the fuel takes the form of sintered

uranium dioxide pellets clad in stainless steel tubes. These tubes are

supported in stainless steel grids and braces within a cylindrical graphite

shell. A fifth AGR station is under construction alongside the operating

station at Heysham in Lancashire. In addition, work recently commenced on the

CEGB's first pressurized water reactor at Sizewell alongside the operating

Magnox station.

Fuel from the gas-cooled reactors is usually cooled for at least 90

days following discharge before being transported to the Sellafield Works of

British Nuclear Fuels pic (BNFL), for storage and reprocessing. At the

stations, the irradiated fuel elements are packed into specially designed

crates known as skips. The loaded skips are transported to Sellafield in

massive containers known as flasks. For most of the journey, the flasks are

rail-borne, carried on purpose-built wagons known as flatrols. However, not

all power stations have direct rail links, and thus from most sites it is

necessary for the flasks to travel a few miles on a road transporter to a

railhead.

The CEGB now has over 25 years experience of transporting irradiated

fuel, involving over 10,000 loaded flask movements. There has never been a

mishap resulting in damage to a flask. Nevertheless, despite the rarity of

*) At the time of writing, the CEGB was being reorganized. An emergency plan

similar to that described will be operated by the successor organizations.
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mishaps and the improbability that any credible event could result in the

escape from the flask of any part of its contents, the CEGB as a responsible

operator has prepared an emergency plan which will ensure an adequate response

to any incident. In addition, the IAEA Regulations for the Safe Transport of

Radioactive Material specify that emergency provisions must be observed in the

event of accidents.

The Scope and Objectives of the Flask Emergency Plan

The flask emergency plan sets out in detail the initial response to any

mishap involving a flask being transported by rail. Any follow-up action

necessary will, of course, depend on the precise nature and location of the

mishap, the type of flask, and its contents. Although the plan is

administered by the CEGB, it is recognized that other operators will also move

flasks containing irradiated fuel. The aim of the plan is to ensure that

there is a rapid and effective response to any mishap involving a flask,

regardless of its type and ownership, so that radiological consequences are

minimized.

The provisions of the the plan, therefore, cover rail transport of

flasks owned by South of Scotland Electricity Board (SSEB), Nuclear Transport

Ltd. (NTL), Pacific Nuclear Transport Ltd. (PNTL), United Kingdom Atomic

Energy Authority (UKAEA), and BNFL, as well as by CEGB. The short road

journeys to and from the railheads, where required, are also covered by the

plan. Other operators' flasks may make longer road journeys, and usually

separate emergency plans are produced for these.

Resources

It is essential that the CEGB centre to which mishaps are to be

reported for follow-up action is continuously manned. The plan, therefore,

uses the facilities of the CEGB's National Control Centre, where the National

Control Engineer receives reports and initiates action. The principal sources

of health physics expertise are the nuclear power stations. In addition,

health physicists may be called out from a number of agencies with nuclear

expertise, or from CEGB Headquarters in London. The plan also makes use of

the resources of the civil police and fire brigades, and for mishaps in rail

transit interacts with British Rail's reporting and response arrangements.
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The Irradiated Fuel Transport Flask Emergency Plan interfaces with the CEGB

Headquarters Nuclear Emergency Plan which itself opens up communications with

a wide range of experts who can provide advice and direct additional resources

as required.

Classification of Mishap

The design of the flasks is such that an event resulting in any release

of radioactive material must be regarded as extremely unlikely. This is borne

out by experience. While it is essential that an assessment of the

consequences of a mishap on the flask's integrity is made by a competent

person, and that any follow-up action needed is not delayed, it is also

desirable that there should not be an over-reaction. The plan, therefore,

incorporates the classification of mishaps into incidents or emergencies. It

further recognizes that different reporting arrangements will be appropriate

depending on whether the mishap occurs during rail or road transit. No

distinction is made between loaded and empty flasks.

Rail Mishap - Initial Response

In the event of a mishap to the flask or its wagon, rail staff, usually

the train crew, are responsible for informing the Railway Control Office

(RCO). British Rail's operating procedures set out the form in which the

staff member must report the mishap. He is specifically required to consider

the following questions:

(1) is there is fire near the flask?

(2) are there significant quantities of inflammable liquids or gases near

the flask?

(3) is there any visible damage to the flask or its cover?

(4) is there any sign of water leaking from the flask?

(5) are there any passengers or members of the public in the vicinity?

In the absence of any fire or fire risk and of any damage or leakage,

the Railway Control Office class the mishap as a incident. Otherwise, it is

treated as an emergency.
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Mishaps to the train which do not involved the flask or its wagon may

be reported by British Rail but are not classified as incidents or emergencies.

Rail Mishaps - Follow-up Action

Following British Rail's own standard instructions, the Railway Control

Office informs the CEGB National Control Engineer at National Control of the

incident or emergency. He now assumes the role of Alerting Officer under the

plan. The Railway Control Office also calls the police and fire brigade at

this stage, where the mishap is classed as an emergency.

The Alerting Officer decides by reference to the location of the mishap

which nuclear power station he will nominate to provide a response. He then

contacts that station, where the Shift Charge Engineer takes on the role of

Co-ordinating Officer under the plan, until he can be relieved by a more

senior person. The Alerting Officer may also call out a health physicist from

an agency.

The Co-ordinating Officer briefs the Duty Health Physicist who proceeds

to the site of the mishap in a vehicle containing a range of monitoring

equipment and tools. In the case of an emergency, the Co-ordinating Officer

also despatches a Flask Emergency Team in a vehicle equipped with a selection

of tools and flask venting and pressure testing equipment, as well as a range

of monitoring equipment and protective clothing. If circumstances require, a

helicopter may be made available to convey the team to the site.

Alternatively, a police escort may be summoned. If there is a fire, the

Co-ordinating Officer will call for additional health physicists and emergency

teams from other establishments.

The key task of the Duty Health Physicist on arrival at the site is to

establish whether a radiological hazard exists, and after consultation with

the Co-ordinating Officer, to advise the police on any action needed to

protect the public. The Co-ordinating Officer will have obtained details on

the flask contents. If there is any evidence of damage or potential damage to

the flask, the police, acting under standing instructions, will already have

ensured that people are kept clear from the flask as a precaution.

Similarly, the fire brigade has been instructed that if there has been

any fire they are to cool all accessible surfaces of the flask by spraying

with water.
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The Flask Emergency Team have a range of tasks depending on the nature

and severity of the mishap. These include arranging controlled access to the

flask, undertaking additional radiation monitoring, examining the flask for

leakage and checking for local contamination. They may also, on specialist

advice, measure the flask internal pressure and vent it if necessary, using

purpose-designed venting equipment. The team must also keep the coordinating

officer aware of the situation and liaise with him for the ordering of

additional resources.

The Co-ordinating Officer can obtain additional advice from functional

experts within the CEGB for onward transmission to the Flask Emergency Team.

He must also ensure that the relevant statutory bodies are advised if there is

any evidence that the dealing of the flask has been impaired.

British Rail procedures will ensure that appropriate jacking and

lifting gear are sent to the scene of the mishap and will manoeuvre the flask

under the directions of the Flask Emergency Team. The plan provides general

guidance on lifting and turning a fla."»k.

Road Mishaps

The plan is applicable only to road transport of flasks between a

nuclear establishment and the railhead. Any mishap is reported by the road

transporter crew members to the nuclear establishment they service, indicating

whether there appears to be any damage or risk to the flask. If there is,

they will ensure that the public are kept clear of the flask. The Shift

Charge Engineer at the nuclear establishment assumes the role of Coordinating

Officer and classifies the mishap as an incident or emergency depending on the

report he receives. He then dispatches the Duty Health Physicist and Flask

Emergency Team to the site of the mishap after calling the police and fire

brigade if necessary. In order that the Headquarters Nuclear Emergency Plan

is activated, he reports the event to the Alerting Officer at National

Control. Follow-up action is then broadly as described for a rail mishap.

Public Relations

Despite the integrity of the flasks and public demonstrations of their

safety, the British public, or perhaps, more correctly, the media, take a

close interest in the slightest abnormality in flask transport operations.



The plan makes specific provision for the need to ensure that timely and

accurate information is made available to the press, radio and TV. Press

statements are issued by CEGB Press Officers in consultation with the

Co-ordinating Officer. The team at the Nuclear Emergency Information Centre

is set up when the Headquarters Nuclear Emergency Plan is implemented.

Exercises

In order to ensure that power station staff, other staff and the

emergency services gain some experience in responding to mishaps involving

flasks, periodic exercises are organized by Headquarters staff in consultation

with nuclear power station managers. These exercises enable communications to

be tested and provide experience for health physics staff and Flask Emergency

Teams of the use of the special equipment under conditions similar to those

which might be found at a real mishap. A dummy flask which can simulate the

internal conditions which may occur in an emergency is available for

exercises. After each exercise, debriefing meetings take place involving all

participants in order that lessons learned may be recorded, and others who

might benefit are informed.

Conclusion

The CEGB has developed and administers the Irradiated Fuel Transport

Flask Emergency Plan for England and Wales. The plan is designed to ensure

that experts are quickly directed to the site of any flask mishap and that

appropriate resources are made available to minimize the impact of any

mishap. The plan recognizes the need to keep the public informed of

developments through the media. The CEGB ensures that its staff and the

emergency services have some familiarity with the plan by arranging periodic

exercises making use of a dummy flask.

C.I.3. National Arrangements for Incidents Involving Radioactivity (NAIR)

Introduction

In order to provide appropriate arrangements in the UK for protecting

the public in the event of incidents arising from the use or transport of

radioactive material, the National Arrangements for Incidents Involving

Radioactivity (NAIR) were implemented on 1 February 1964 in Scotland and on 15

March 1964 in England and Wales. Responsibility for the co-ordination of the
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Arrangements was initially vested in the Department of Education and Science

for England and Wales and in the Scottish Home and Health Department for

Scotland. Following the establishment of the National Radiological Protection

Board in 1971 the responsibility for co-ordinating the Arrangements throughout

Great Britain was transferred to the Board.

Purpose and Scope of the Arrangements

The Arrangements are designed to provide quick and widely available

advice and assistance to the police in the event of incidents involving

radioactivity which might give rise to a hazard to the public and where no

radiation protection expert is otherwise available. They may be viewed as a

back up in national emergency arrangements, providing necessary assistance for

those incidents which are not readily foreseeable (e.g. lost sources or

containers found in public places) or for which the feasibility for

comprehensive and prearranged contingency planning by operator is limited

(e.g. transport accidents). They are not intended to operate in circumstances

where detailed pre-planning for emergencies exists (e.g. at establishments of

the United Kingdom Atomic Energy Authority, British Nuclear Fuels pic, Central

Electricity Generating Board, South of Scotland Electricity Board and the

Ministry of Defence). Neither is it intended that the Arrangements should

apply to industrial or other premises where radioactive sources are regularly

held. For all these situations, appropriate expertise should be available

through staff employed at the premises or from prearranged assistance from

elsewhere.

Despite these normal exceptions, the police may invoke NAIR in

circumstances where other plans have failed to operate properly or where

unreasonable delays are being experienced in effecting them.

The Arrangements have been devised around the provision of assistance

to the police since that body would normally be among the first to be informed

of an incident in a public place, and it is, in any case, the police who have

prime responsibility for the safety of the general public. Other bodies such

as fire brigades, the British Transport police and airport and docks police

may all, on occasions, be faced with incidents involving radioactive

material. Rarely, however, will these be in circumstances in which the

general public is at risk from the incident. Where the general public may be

at risk these bodies may summon assistance through NAIR via the civil police.
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The Arrangements

For the purpose of the Arrangements, Great Britain is divided into

areas of assistance based upon police constabularies. Assistance is provided

in two stages.

Stage 1 assistance is provided by a radiation expert/ who, with the aid

of relatively simple monitoring equipment, can form a view of whether a hazard

exists, and can advise the police on the appropriate action. The expert will

have very limited resources and will normally only be able to carry out small

recovery operations. He will not be expected to cope with incidents involving

the spread of contamination unless it is of a very minor nature. Where the

incident is beyond his capability to restore he should advise the police to

obtain Stage 2 assistance. At the same time he should also advise them on the

steps they should take to prevent the exposure of the public by the erection

of barriers or on covering and containing contaminated material to prevent its

spread.

Stage 1 assistance is provided by hospital physicists and health

physicists from the UKAEA, nuclear industry establishments and government

departments.

Stage 2 assistance is provided by all the major nuclear establishments

throughout Great Britain and is intended to provide more sophisticated

resources for handling an incident. Stage 2 assistance would normally

comprise a team of up to four persons, as the situation requires, with

adequate, readily available transport, suitable monitoring equipment, special

clothing and decontamination facilities. A link to base, by means of their

own communications or those of the police, enables further resources to be

called upon as necessary.

The participant's role in NAIR, which is essentially voluntary, is to

deal with the immediate situation, to advise the local p.lice in collaboration

with other emergency services, and to provide assistance as required to cope

with the direct consequences and prevent deterioration. It is not part of the

participant's duty to organize recovery operations or carry out large scale

decontamination once any immediate radiological hazard to the public has been

dealt with.
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Experience Under the Arrangeaents

Over the years the number of reported incidents in which assistance has

been given under HAIR has remained at a very low level. This is probably

because of the precautions which are required in the handling and transport of

radioactive material, and in the design of the packages which are used for

transport purposes. Table C.I provides a brief summary of incidents up to the

end of 1986.

Table C.I

Incidents Handled under NAIR

Year

1964-
1976

1977-
1978

1979-
1980

1981-
1982

1983-
1984

1985-
1986

Total

Transport
Accident!

16

3

2

S

3

2

31

Damaged
Source*

or
Container*

25

9

4

S

3

1

47

Undamaged
Source!

68

24

13

10

5

6

126

Empty
Container!

found

25

6

3

4

4

3

45

Hoaxe*
or false
alarms

31

11

9

8

3

6

68

Total

165

53

31

32

18

18

317

It can be seen that transport accidents, around which the Arrangements

were initially conceived, have accounted for only about ten per cent of the

incidents recorded. Only one of these involved a major spill of unsealed

radioactive material. By far the majority of incidents dealt with to date

under NAIR can, in relation to the associated radiation hazard, be described

as trivial. Around one third of the incidents have, for example, been

associated with the careless use and, in some cases, deliberate misuse (to

perpetrate a hoax) of radioactive markings.
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NAIR has over many years, proved simple and effective in its

operation. The triviality of many incidents dealt with under NAIR should not

be seen to diminish to any great extent the value of the Arrangements. The

high public and media interest in radiation matters which exists today has

given rise to a situation where the alarm caused by, and publicity given to,

incidents involving radioactive material is often unrelated to the degree of

real or potential hazard. In such a climate, the local and relatively speedy

availability of expert advice to the police helps to ensure that incidents of

little radiological consequence do not give rise to unnecessary concern.

C.2. United States of America

C.2.1. Introduction

This section of the manual is abstracted from a Sandia National

Laboratories report (SAND 85-1016), and provides a brief summary of

radioactive material transport accident/incident experience in the United

States. In addition, this experience is contrasted with the magnitude of all

hazardous material transport in the US. The accident/incident summaries

contained in this section were obtained from the Radioactive Material Incident

Report (RMIR) database which was developed by Sandia National Laboratories to

support Department of Energy (DOE) programs. The incident data contained in

RMIR is a compilation of: radioactive material transport incidents contained

in the Hazardous Material Incident Report (HMIR) database of the US Department

of Transportation (DOT); preliminary notification reports made to the US

Nuclear Regulatory Commission (NRC); and various other incident reports that

may be received from states or other agencies involved in radioactive material

transport.

The main purpose of this section is to:

(1) provide an up-to-date summary of radioactive material transport

incident experience;

(2) communicate the existence of the RMIR database; and

(3) provide a brief review of the radioactive material transport shipment

volume in the United States.
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C.2.2. Hazardous Material Transport

The industrial economy of tiie United States requires that a wide

variety of hazardous material and goods be transported from the point of

manufacture to the point of use. It has been estimated that there are

approximately 500 billion packages of all commodities transported by all modes

each year in the United States. About 100 million of these packages involve

hazardous material which includes flammables, explosives, poisons and

radioactive material. The roost recent survey of radioactive material

shipments in the US indicated that there are annually about 2 million

shipments of radioactive material in approximately 2.8 milllion packages.

Therefore, viewing all packages in commercial transport, hazardous goods are

only a small fraction (approximately 0.02 percent) of the total goods

transported and only 2 percent of hazardous material transported is

radioactive material.

An illustrative and recent perspective on hazardous material shipments

is given for truck transport in Table C.2, which contains a tabulation of

truck transport for hazardous material on a truck-mile basis.

Table C.2

Hazardous Material Transport (1982)

Truck Transport

Hazmat Category

Truck-miles

(Millions) % Total

Flammables-Combustibles

Acids, poisons, caustics

Explosives

Radioactive Material

Hazardous Waste

Other hazardous material

13,578

7,615

1,399

1,932

1,154

1,468

50

28

5

7

4

6

27,146 100

One can expect the proportion of radioactive material with respect to

all hazardous material transport to change depending on the basis used for the
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comparison. In any event, the proportion can vary from 2% (on a per package

basis) to 7% (on a truck-mile basis). However, radioactive material transport

is, most certainly, a small fraction of the total hazardous material that is

transported annually in the US.

The US DOT maintains a file of reports relating to incidents and

accidents involving all hazardous material in transport. Examination of the

Hazardous Material Incident Reports (HMIR) database for 1984 provides the data

in Table C.3 for all transport modes. An examination of Table C.3 shows the

contribution of radioactive material to be very much smaller than the 2% to 7%

that might be expected in proportion to packages transported or miles

travelled.

Table C.3

Summary of Records, Deaths, Injuries,

Property Damage by Hazmat Class

Calendar Year 1984

TOTALS

Hazmat Class

Other Reg. Mats (ORM)

Organic Peroxides

Blasting Agents

Combustible Liquids

Flammable Liquids

Flammable Solids

Oxidizers

Non-Flamra. Compressed Gases

Fl. Compressed Gases

Poisonous Gas/Liquids (A)

Poisonous Liq/Solids (B)

Other Reg. Mats (ORM)

- Irritating Material

Explosive

Etiological Agents

Corrosive Material

Radioactive Material

Records

5956

% of Total

Records

3.0

0.6

0.1

6.4

39.4

0.6

2.3

2.1

2.6

0.1

4.8

1.2

0.0

0.0

0.0

37.6

0.4

Deaths/Injuries

7/257

% Deaths/% Injuries

0/2.3

0/0.4

0/0

0/0.8

58/17.1

14/7.4

0/6.2

14/12.1

14/6.2

0/0.8

0/3.9

0/1.9

0/0

0/0.4

0/0

0/42.4

0/0

Property Damage

$15.7M

% Property

Damage

4.2

0.1

0.0

13.6

41.6

3.5

0.9

1.6

3.5

0.1

7.8

0.5

0.0

1.7

0.0

21.6

0.1
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C.2.3. Estimated Radioactive Material Transport Shipments

A summary of the radioactive material shipments for 1981-1982 is shown

in Table C.4 and listed by shipment type according to the primary use of the

radioactive material (i.e. limited, medical, industrial, fuel cycle, and

waste).

Table C.4

Summary of Radioactive Material Shipping

September 1981 to September 1982

Package

Type

Ltd. Quantity

LSA

Type A Packages

Type B Packages

Excepted Pkgs

Other/Unspecified

TOTAL

% of

Packages

2.5

17.2

64.0

3.2

12.9

0.2

100.0

Transport

Mode

Air

Highway

Inland W'ways

Rail

Sea (Ship)

Mail

Other

Unknown

% of

Packages

21.7

77.5

0.0

0.1

0.0

0.2

0.5

0.0

100.0

End Use

Ind. Radiography

Other Industrial

Medical

% of

Packages

3.0

4.6

62.2

Power (Fuel cycle) 4.1

R&D/Academic

Waste

Other

Unspecified

0.6

6.5

18.7

0.3

100.0

The medical uses of radioactive material are primarly in the use of

radiopharmaceuticals an^ large teletherapy sources for radiation treatment of

cancer. The radiopharmaceuticals are usually shipped to hospitals from the

supplier via air transport and/or express truck and frequently consist of less

than one curie of radioactive material. Large teletherapy sources (up to

10,000 curies) are shipped in large shielded casks which are transported by

surface modes (truck and rail).

Industrial uses of radioactive material involve the application of

radioisotopes to oil well-logging, weld and casting radiography and

radioactive gauging. Industrial sources are shipped by air and surface

transport and account for approximately 7.6 % of all the packagings shipped

annually.
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The nuclear fuel cycle involves the production of electrical energy

from fission in a nuclear reactor. The transport activities associated with

the fuel cycle involve the movement of material from the uranium mine to the

mill and to subsequent facilities for conversion, enrichment, fuel fabrication

and then to the reactors. Additional transport operations can include the

movement and ultimate disposition of irradiated (spent) fuel and the transport

of radioactive wastes. Even though there has been little reprocessing of

commercial light water reactor spent fuel in the United States, there have

been shipments of spent fuel that have taken place since 1964, and through

calendar year 1984 there have been approximately 6247 spent fuel assemblies

that have been transported. Approximately 3303 of these have been transported

from the reactor sites to some other storage facility. Approximately 1995 of

the assemblies were transshipped to other reactors to alleviate crowded

reactor storage pools.

C.2.4. Radioactive Material Transport Accident Statistics

In 1971, a regulatory requirement was instituted by the Material

Transportation Bureau of the US DOT which required the reporting of hazardous

material transport incidents. The system for reporting these events is known

as the Hazardous Material Incident (HMI) reporting system, and forms the basis

for statistical accident information associated with hazardous material

transport. These regulations specify that a Hazardous Material Incident

Report must be filed with DOT after each incident that occurs during the

course of transport (including loading, unloading, and temporary storage).

Incidents are events which involve, as a direct result of hazardous

material, one or more of the following conditions:

(1) a person killed;

(2) a person receiving injuries requiring hospitalization;

(3) estimated carrier or other property damage exceeding $ 50,000;

(4) in the case of radioactive material, there is suspected contamination;

(5) fire, breakage, or spillage involving etirlogic agents; and

(6) continued danger to life existing at the accident scene.

382



From this summary of the regulations, and item (4) in particular/ one

can conclude that the interpretations for reporting an incident involving

radioactive material can vary widely.

An analysis of DOT hazardous material reports was performed in 1975 and

updated in 1980. These analyses revealed that from 1971-1975 there had been

32,000 HMI reports submitted to DOT for all classes of hazardous material and

that 144 (0.5%) of these incident reports were noted to involve radioactive

material. An additional 113,400 reports were received for the period 1976

through December 1984/ of which 1034 or 0.7% involved radioactive material.

Therefore/ a total of 145,400 HMI reports comprise the information base from

which the transport accident/incidents statistics were obtained and analyzed.

Additional information on accidents and incidents can be obtained from

the US Nuclear Regulatory Commission (NRC) since the NRC also compiles reports

on transport accidents involving radioactive material. The NRC reports

pertain primarily to lost or stolen shipments of radioactive material. All

the information available from the DOT and NRC on radioactive material

incidents presently constitutes 1,034 events and is summarized as shown in

Table C.5. The total of 1/034 reported radioactive material events comprise

only 0.7 % of the current total of 145,400 HMI reports.

Table C.5

Accident/Incident Report Summary

(1971 to March 1985)

Transport Accidents 167

Handling Accidents 203

Reported Incidents 664

Event Total 1,034

Table C.5 distinguishes among three categories of incidents: transport

accidents, handling accidents, and reported incidents. These categories

correspond to DOT regulatory requirements, and are discussed below.

(1) Transport accidents - A transport accident is defined in a broad manner

in order to include events affecting vehicles on public transport links

that could constitute such an event ranging from a minor accident up to

and including a major collision.
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(2) Handling accidents - These accidents are associated with storage,

loading, and unloading operations. Packages are damaged because of

improper handling in these operations.

(3) Reported incidents - The 664 reported incidents reflect a regulatory

reporting requirement but do not involve accident conditions. Such

incidents typically involve the discovery of small amounts of surface

radioactive contamination. The release (or suspected release) of

radioactive contents with such incidents is not related to, or caused

by, transport or handling accident conditions.

The 167 transport accidents tabulated by transport mode are shown in

Table C.6.

Table C.6

Radioactive Material Accidents by Mode

(1971 - March 1985)

Accidents with Number of

Package Failures Package Failures*

4 6

2 7

18 77

24 90

* Accidents frequently involved shipments of multiple packages.

Table C.6 indicates that only about 1 transport accident in 7 (14%)

resulted in any packaging failures. A total of 2,602 packages were involved

in the 167 accidents. Thus, approximately 3 % of the packages involved in

accidents had packaging failures. A summary of these failures is shown in

Table C7.

The packaging failures summarized in Table C.7 indicate the following

historical facts about US radioactive material transport. First, no Type B

packages have ever released the contents because of exposure to accident

conditions of transport. Second, the packagings, have behaved as they have
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Transport

Mode

Air

Rail

Highway

Event Total

Number of

Accidents

12

12

143

167



Table C.7

Radioactive Material Transport Accident Summary

(1971 - March 1985)

Packaging

Category

Number of

Pkgs. Exposed

to Accident

Condition

Number of

Pkg. Failures

Number of

Pkg. Failures

with Release

of Contents

Type A

Type B

Industrial

Unknown

TOTAL

1,956 (75.1%)

51 (1.9%)

205 (7.9%)

391 (15.1%)

2,602 (100.0%)

28 (1.2%)

None

61 (2.3%)

1 (0.0%)

90 (3.5%)

11 (0.5%)

None

55 (2.1%)

1 (0.0%)

67 (2.6%)

been designed to behave. That is, where there have been releases, these

releases have come from Type A or industrial packages which are not required

to survive accident environments. While Type A packages are certified to the

normal or non-accident conditions of transport, many of these Type A packages

have been exposed to accident conditions and have survived with no release of

contents. Type A packagings are limited in the amount of radioactive material

they can contain. It should also be observed that third, the vast majority of

all packagings exposed to accident condtions have survived the experience with

no packaging failure. Note also that some packages have experienced packaging

failure without a release of contents. A summary of Type B packages that have

been exposed to accident conditions is summarized in Table C.8. A

state-by-state summary of the accident/incident data is provided in Table C.9.

C.2.5. Conclusion on Transport Accident Analysis

Generally speaking, the radioactive material transport accidents which

nave occurred in the past reflect the manner in which the transport

regulations are designed to work. That is, for the great percentage of the

radioactive material being shipped, the package contents are limited in

magnitude. For accidents where there have been releases, the packages were

Type A packages which contained limited quantities of radioactive material.
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Table C.8

Summary of Radioactive Material Transport Accidents

Involving Type B Packages (1971 - 1985)

Date of
Acc/Inc

07/10/71
12/08/71

03/10/74
03/29/74
08/09/75

OS/06/77

08/11/77

10/03/77

02/09/78

04/10/78

07/26/78

08/13/78

08/27/78

09/11/78

09/15/78
11/28/78
01/10/79
01/14/80

01/71/80
07/21/80

08/22/80

09/06/80

09/29/80

06/09/81
09/02/81
11/03/82

'11/83

Mode

Highway
Highway

Highway
Rail
Highway

Highway

Highway

Highway

Highway

Highway

Highway

Highway

Highway

Highway

Highway
Highway
Highway
Highway

Highway
Highway

Highway

Rail

Rail

Highway
Highway
Highway

Highway

Description of
Package Involved

Lead container
Cask, spent fuel

Container
Cask, spent fuel
Cask

Camera,
radiography
Camera,

radiography
Rad;ography
source
Cask, spent fuel

Camera,
radiography
Steel cask,
lead lined
Cask, spent fuel

Camera,
radiography
Camera,
radiography
Cask

Cylinder
Cask,

RAM
Involved

Co-60
Fissile

Ra-192
RAM LSA
U-235,
U-238,
Pu-239
Ir-192

Ir-192

Ir-192

Package
Size (lb)

700
49,000

66
220,000
16,000

Spent Fuel

Ir-192

Cs-137

Ir-192

Ir-192

Ir-192
Ra
Ir-192
UF6

teletherapy source
Cask
Exposure device.
magnlf lux
Cylinder. 30B

Cylinder, 30B

Radiography
Source
Source, shielded
Source
Cask

Cask

RAH LSA
Ir-192

OF,,

fisiila
UFj,
fissile

Sr-90
Y-90
Am-241/Be
Ir-192
Empty

LLU

50

23,000

6,800

5,000

28,000

Number of
Packages Accident
Shipped

1
1

1
1
1

1

1

1

1

1

2

1

1

1

1
1
5
1

2
1

5

8

3

1

2

1

1 Conditions

Collision
Truck left road and cask was
thrown off
Trailer involved
Derailment
Trailer ran off road and
overturned.

Pickup truck accident

Truck in accident

with gasoline truck
One-vehicle accident

Trailer buckled from cask
weight
One-vehicle accident

Jeep overturned

Empty cask broke through
trailer bed
Pickup truck accident

Truck overturned

Truck overturned

Truck overturned
Vehicle rear- ended truck
Semi struck truck

Semi jackknifed
Truck collided with car

Truck forced off highway

Train wreck

Rail Accident

Pickup accident
Vehicle in crash
Truck overturned, cask was

thrown off
Truck earrvint cask was

/1O/83 Highway Radiography Ir-192
Source

'/14/83 Air Cask RAM-H0S

V l l / 8 5 Highway S t e e l Drum IR-192
.'/13/85 Highway S t e e l Drum IR-192

TOTAL

sideswiped by another truck
- no damage to cask, no
release

1 Head-on collision, no release

2 Aircraft overshot runway,
crushed and burned - casks
remained on board

1 Trailer Jackknifed
1 Vehicle Overturned, no

release.

51
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Table C.9

Accident/Incident Data Summary - By State (1971 - March 1985)

State

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
District of Columbia
Florida
Georgia
Hawaii
Idaho
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

Handling
Accident

0
1
0
0
17
13
1
0
3
4
2
0
1

42
3
3
1
2
2
0
4
6
3
11
0
4
1
0
1
0
6
0
20
3
0
6
4
1
14
0
1
0
7
11
0
0
2
2
0
1
2

Report'
IncidenL

2
0
7
0
21
10
5
0
6
11
5
0
17
81
4
3
I
5
6
1
10
15
9
15
0
18
4
2

26
0
22
3
25
11
0
16
4
7
24
0

191
1
16
15
4
0
10
35
1
7
4

Transport
Accident

2
0

I-I

0
4
3
2
0

r-l

3
4
0
3
21
2
0
1
4
0
0
3
3
4
1
3
6
3
0
0
0
5
2
9
13
2
12
7
0
12
0
5
1
8
2
5
0
8
0
4
3
4

Total

4

r-l

8
0
42
26
8
0
10
18
11
0
21
144
9
6
3
11
8

I-I

17
24
16
27
3
28
8
2
27
0
33
5
54
27
2
34
15
8
50
0

197
2
31
28
9
0
20
37
5
11
10
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For the Type B packages which are used to transport greater quantities of

radioactive material, the potential consequences of release are also greater

and these packages have been designed to more demanding standards including

the "hypothetical accident" conditions.

Having reviewed the actual occurrences of transport accidents as

presented above/ the emergency response plari.itir should consider the following

facts.

(1) Through March 1985, 1034 reported incidents involving transport of

radioactive material have occurred. 167 of these events were actual

transport accidents. From the set of approximately 145,400 total

events which have been reported to the DOT for all hazardous material,

one can note that the transport accidents will in the vast majority of

all reported events involve a multitude of hazardous material other

than radioactive material.

(2) If an emergency related to the transport of radioactive material is

encountered, the accident will probably involve a handling accident or

a transport accident involving limited and Type A quantities of

radioactive material.

(3) Because truck is the dominant transport mode, transport accidents

involving radioactive material are most likely to occur on highways and

roads. Therefore/ while emergency response plans should address

accidents for all relevant transport modes, special emphasis should be

given to motor transport accidents.

(4) Large releases of radioactive material from Type B packages are

unlikely because of package construction requirements. Accident/

incident data tends to support this conclusion. Therefore, emergency

response planning programs should emphasize quick resolution of whether

there is any radiological hazard, with the aim of restoring normal

traffic flow as quickly as possible. While large consequence events

are considered unlikely, an emergency response plan should include a

contingency plan for a "worst case" event, and the emergency response

planners should provide for communication between state and federal

radiological assistance programs, and for mobilization of federal

resources.
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C.3 Prance

C.3.1. Emergency Organization

On account of the increasing number of radioactive material shipments,

an emergency response system was set up in France in order to take account of

the risks of radiation exposure. The efficiency of the response to an

incident or an accident depends upon emergency aid being rapidly alerted.

Before each transfer of irradiated fuel, therefore, the Ministry of Interior

directs detailed information to every "Departement" (specific parts of France

of about 100 km width) through which the fuel passes. This information

includes the mass of material and packaging, the activity and the special

measures to be taken in case of fire.

Every event, besides calling out local services, must immediately be

reported to the "Centre Operationnel de la Securite Civile" in Paris. It was

decided, recently, that the carriers of irradiated fuel should be equipped

with a radio to communicate with a specialized office of the "Commissariat a

l'Energie Atomique" (CEA). As far as rail is concerned, every incident or

accident is reported to the nearest station which alerts the emergency aid.

This system seems very efficient although there is the possibility of

malevolent acts.

Response Teams

The Civil Security has its own staff who undertake radioactive material

detection, and can call on mobile groups of the National Services as the

"Commissariat a l'Energie Atomique" and "Service Central de Protection Contre

les Rayonnements Ionisants11.

In a very short time, the first action will be made by fire brigades

equipped with instruments of military design. They are able to make simple

dose rate measurements and to take the first urgent conservative actions. At

the moment, about a hundred of these brigades cover the main routes of

transport and they have all received the appropriate training.

At a second level of intervention, more specialized teams from the

Ministry of Interior, would be put in action, if necessary. They are also

firemen, but equipped with more sophisticated detection devices, suitable for

peace-time risks. These devices are more adapted to low radiation dose rates

and external contamination.
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There are at the moment 23 mobile teams of this type, covering the

whole territory. However, they are more numerous in the areas where the

density of nuclear plants, or radioactive transport, is greater. These teams

can be transported by helicopters from 18 bases of Civil Security, under the

direction of officers trained in radiation protection by the CEA. Also, the

important teams of the national organizations like "Commissariat a l'Energie

Atomique" and "Service Central de Protection Contre les Rayonnements

Ionisants" located in Paris, should be mentioned as it is they who assess the

radiological consequences of an accident.

Systea Efficiency

Fortunately the problem is the lack of severe accidents, and this means

that the fire brigade, even though well equipped, have very little experience

in such accidents. Their leaders are well trained and regularly move around

within the CEA, but their daily occupations are almost uniquely addressed to

conventional risks. Therefore, it is important to have exercises combined

with training to maintain technical knowledge. However, it has been found

that the teams intervene very rapidly, and during the last years they have had

the opportunity to attend minor incidents, and also to demonstrate the lack of

radiological hazard.

C.3.2. Data on Incidents and Accidents in Transport

The examination of incidents and accidents involving radioactive

material in transit as listed by the Transport Safety Commission of the CEA,

lead to the conclusions listed below.

(1) The number of incidents or accidents involving radioactive material is

very low; only a few cases per year on average.

(2) The radioactive material consignments involved are generally in

exempted (excepted), LSA, or sometimes Type A categories, mainly

because these shipments constitute the greatest part of radioactive

material traffic.

(3) Most mishaps and accidents do not entail the spread of radioactive

material, although the packaging for LSA, excepted or Type A

activities, are not designed to withstand accidents.
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(4) When a leakage of radioactive material occurs it does not lead to

noticeable radiological consequences, because the radioactive contents

are limited.

(5) No accident or mishap led to damage of any package/ containing high

activities of fissile material (Type B or fissile package).

(6) When an accident involving radioactive material in transit occurs,

teams are mobilized in order to check the packages, the vehicles and

the environment, to check and clear the persons persent, to assure the

recovery and security of the packages and possibly the clearing of the

accident site.

(7) Among the causes of incidents and accidents, most have been due to

human errors, far more than failure of material and external events

(for instance inclement weather).

This can be illustrated by two typical accidents which occured during

the last few years.

(1) On the 21 September 1983 in the railway station of Montpellier, a

locomotive struck a luggage trolley and destroyed a Type A package

containing a technetium 99m generator. The radioactive contents of the

generator was of the order of 37 GBq (1 Ci) and hence if all the

contents had been spilled, would not have created a great hazard.

Nevertheless, it took one day to decontaminate the locomotive and

railway track and to check 291 people for contamination.

(2) The wreckage of the French cargo boat Mont Louis in the North Sea on

the 25 August 1987, after a collision with a car ferry, entailed the

immersion of 30 industrial packages consisting of cylinders each

containing 12 tonnes of uranium hexafluoride enriched to less than 1%.

The cylinders withstood the external aggressive action of the sea, and

as a result there was no health or pollution damage.

The recovery campaign was delicate and long because of the sea

conditions and the packages needed to be very carefully checked before

going back to Pierrelatte. In addition, checking of the environment

required the implementation of teams from the "Commissariat a l'Energie

Atomique".
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These incidents also show that for packages of excepted and LSA

material, damage to goods and persons are essentially caused by the traffic

accident itself. The presence of the radioactive material only makes the

clean-up operations harder after the accident.

However, the analysis of actual events may lead the authorities to

request some improvements in package design. In the case of the Mont Louis

accident these recommendations were aimed at protecting the valves of the

cylinders, together with the consideration of the chemical hazard relating to

the transport of urnium hexafluoride and the conditions of stowage of

cylinders on the ships.

Although there have not been any very severe accidents involving Type B

or fissile packages in France, examination of American statistics embracing

about 50 cases, leads to the conclusion that packages of Type B would not be

seriously damaged in such accidents. However, the "Institut de Protection et

de Surete Nucleaire" (IPSN) engaged studies in order to assess the safety

margins of these packages, to identify their possible weak points, and to

analyze the conditions of their recovery after an accident, pointing out the

possible adverse effects induced by specific actions (water spreading,

handling, thermal insulation).

Finally, the case of mishap involving the loss of packages must be

pointed out. Fortunately, these incidents only involve a very small number of

packages, and have been industrial or Type A types, whose contents are

limited. These events are always a problem, because of the possibility of a

member of the public finding the package and not recognizing the radioactive

sign on the label. Actions must be made, on the one hand to lessen the

frequency of such incidents, on the other hand to educate the public on the

labelling of radioactive packages.

C.3.3. Data on Exposures to Ionizing Radiation

One of the functions of radioactive material packages is to ensure the

protection of workers and persons of the public against the ionizing radiation

emitted by the transported material.

The results of the measurements carried out in France by the main

companies involved in the field are given in Tables C.10 and C.ll.
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Table CIO

Exposure of Workers in Transport of Material of the Fuel Cycle

Carried Material

Natural Uranium

Irradiated Fuel

Plutonium, (g\
Enriched Uranium
Wastes (a)

Exposure of Workers in Transport
of Material of the Fuel Cycle

Dose Equivalent
mSv/year (rem/year)

Maximum

3 (0.3)

8 (0.8)

2 (0.2)

8 (0.8)

Average

0.4 (0.04)

1.0 (0.10)

0.2 (0.02)

2.0 (0.20)

(a) includes exposure during handling.

Table C. l l

Exposure of Workers During the Transport

of Radioisotopes for Medical Use

Workers Category

Shipment Agents

Drivers (b)

Exposure of Workers During the
Transport of Radioisotopes for
Medical Use

Average Dose Equivalent
mSv/year (rem/year)

1974

13 (1.3)

17 (1.7)

1984

9 (0.9)

13 (1.3)

(b) includes exposure during handling.

The collective dose equivalent to workers from the transport of

radioactive material in the fuel cycle is estimated to be about 0.1

person-sievert per year (10 person-rem) which represents a small fraction of

the exposure of workers for the entire fuel cycle.

The collective dose equivalent to workers from the transport of

radioisotopes for medical use is estimated to be 0.46 person-sievert in 1974

and to be 0.29 person-sievert in 1984. However, the number of shipped
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packages was three times as great in 1984 compared to 1974 (about 125,000

packages of Type A in 1984).

No worker has received a dose of radiation greater than tiie limits laid

down in the regulations. In addition, there has been a decrease in the

individual and collective doses received as a result of transport of

radioisotopes, which is the main source of exposure. This is despite the

great number of packages shipped. However, it should be pointed out that the

number of workers involved in the shipment of radioisotopes is only about 30

persons.

The exposure of the public as a result of the transport of radioactive

material is difficult to estimate. However, the few studies which have been

carried out seem to show that the individual dose equivalent, even in the most

exposed groups, do not present any hazard.

C.3.4. Conclusions

The information presented in this section shows the high standards of

safety during the transport of radioactive material in France.

The examination of incidents and accidents which have occured does not

reveal any major deficiency in the Hazard Class 7 Regulations.

However, particular attention should be given to the following:

(1) education of drivers and handling agents;

(2) listing of infractions against transport and traffic regulations;

(3) the necessity for declarating significant events;

(4) emergency action in the case of an accident, and consideration of the

adverse effects;

(5) transport of small packages and public education on labelling; and

(6) the necessity for continuing cost-effective studies on alternative

safety actions.
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There have been very few incidents involving radioactive material in

France, and none have caused a radiological hazard to the public. However, it

is important not to relax vigilance. There are still improvements which can

be made in the future. These include:

(1) improvements in the technical description of the contents;

(2) improved procedures for the calculation of the contents;

(3) improved checking and maintenance of packages;

(4) use of other transport modes, such as inland waterways, for large items

such as irradiated fuels.

C.4. Federal Republic of Germany

In the Federal Republic of Germany shippers of radioactive material in

amounts exceeding defined limits are obliged by the Radiation Protection

Ordinance (Strahlenschutzverordnung) to provide for an emergency service in

accident and emergency situations. These provisions can be guaranteed by a

contract with a specialist institution. The Kerntechnische Hilfsdienst GmbH

(KHG) is the only company in the Federal Republic of Germany which carries out

the special services.

KHG was founded in September 1977 as a joint private organization of

the electric utility companies, the companies for nuclear fuel fabrication and

recycling, and the nuclear research centres.

The declared aim was to establish a firm which would be able to render

emergncy services in case of accidents, by providing the required equipment

and specially trained staff. Up till now, the permanent company staff of 13

persons have given special training and instruction to 130 employees of other

firms. The persons who receive this special training are called specialist

staff and normally work as maintenance contractors in nuclear facilities.

This particular structure, i.e. a small permanent crew and a large pool of

outside staff requires a graded emergency call service. KHG operate an

around-the-clock telephone service. Three persons of the permanent crew and

nine persons of the specialist staff can be called up within an hour. Half of

the remaining specialist staff can be called up within 8 hours and the other

half within 24 hours and sent directly to the site of the accident.
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Modern equipment alone does not guarantee an efficient emergency

service. That is why emphasis is primarily put on staff training and

instruction. At present, several training courses are held on various

subjects such as radiation measuring programmes, nuclide specification

analysis, operations in highly contaminated areas and the required radiation

protection measures as well as the use of remote controlled manipulator

vehicles. Practical training during these courses is assured by field and

laboratory exercises.

During the past 10 years the company has provided basic equipment and

devices which include:

(1) a Communication centre;

(2) radiation measuring laboratories;

(3) four wheel drive sampling vehicles;

(4) equipment for measuring the incorporation of radioactive material (body

counter);

(5) a container for maintenace and storage of respiration equipment and

protection clothing;

(6) containers for decontamination of staff;

(7) a container equipped with chemicals and devices for decontamination of

rooms;

(8) remote controlled tracked vehicles (cable and radio controlled) which

are provided with manipulator arms and television cameras; and

(9) a radio controlled shovel loader.

This equipment is installed either within special vehicles or in

containers which can easily be transported by lorries or by train to the site

of any incident.
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Appendix D

COURSE SCHEDULE EXAMPLE

The purpose of this appendix is to provide an example of how this

material may be taught in a three week time period in a course which has

significant time allocated for exercises and visits to suitable facilities.

This is an example only and will need to be appropriately tailored for each

course/ making due allowance for the facilities available and distances to the

tour locations.

Week 1 Text

Monday am: Welcome, Logistics, Introduction

pm: Review of Radioactivity and Radiation

Tuesday am: Review of Radiation Protection Principles

pm: Radioactive Material Transport Terminology

Ch.

Ch.

Ch.

Ch.

1 .

2 .

3 .

4 .

Wednesday am: Typical Radioactive Material in World-Wide Use Ch. 5.

pm: IAEA Radioactive Material Transport Regs. Ch. 6.1.-6.2.

Thursday

Friday

am:
pm:

am:

pm:

IAEA Radioactive Material Transport Regs. Ch. 6.3.

IAEA Regulations Exercise App. K.I.

IAEA Radioactive Material Transport Regs. Ch. 6.4.-6.7.

IAEA Support Documents Exercise App. E.2.

Weekend Free Tourist Time
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Week 2 Text

Monday am: Review Week 1 Material, National

Competent Authority and National

Examples o£ Competent Authority

Implementat ion

pm: International Modal Organizations and

Agreements

Ch. 7.

App. A.

Ch. 8.

Tuesday am: International Liability and Insurance Ch. 9.

pm: Introduction to Major Exercises App. E.3. and E.4.

Wednesday am: Administrative Procedures - Preparing

Radioactive Material for Shipment

pm: Tour of Shipping Facility/Film

Ch. 10.

Thursday am: Control of Material in Transit,

Special Arrangements

pm: Tour of a Carrier's Organization

Ch. 11.

Ch. 12.

Friday am: Package Design

pm: Exercise Work Time

Ch. 13.

App. E.3.

Weekend Self-Scheduled Work Groups on Major Exercise.
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Week 3 Text

Monday am: Review Weeks 1 & 2/ Package Testing

pm: Tour of Package Testing Facility

Ch. 14.

Tuesday am: Quality Assurance and Compliance Assurance Ch. 15.

pm: Major Exercise Work Time App. E.4.

Wednesday am: National Examples of Regulatory Implementation App. B.

pm: Major Exercise Presentations and Disc. App. E.3. & E.4.

Thursday am:

pm:

Friday am:

pm:

Transport Data (Including exercise in data Ch. 16.

form completion)

Emergency Planning and Preparedness, Ch. 17.

and National Examples of Emergency Response

Planning Implementation App. C.

Emergency Planning Exercise App. E.5.

Course Review and Critique
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Appendix E

EXERCISES

B.I. Use of the Regulations and Supporting Documents

Course participants should prepare responses to the following

questions. Answers should include a notation of the paragraphs used in each

document (SS 6, SS 7, SS 37, SS 80) in answering the questions.

E.I.I. Questions

Question 1

Only certain types of materials, shipments and package designs are

required to have competent authority approval.

(1) What types of materials require competent authority approval?

(2) What types of shipments require competent authority approval?

(3) What types of pack&je designs require competent authority approval?

(4) Why don't all types of materials, shipments and package designs require

competent authority approval?

Question 2

A vehicle is dedicated to the shipment of radioactive material

packages. No other commodities are ever carried in the vehicle. The

owner/operator of the vehicle (that is the carrier) picks up packages from

various suppliers and delivers them to various users.

(1) Are there any conditions under which these shipments in this vehicle

can be made under exclusive use?

(2) What are these conditions?

(3) What advantages are there to shipping under exclusive use?
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Question 3

Plutonium-238 is a fissionable nuclide, yet the Regulations list this

nuclide as being fissile. Why does this apparent discrepancy exist in the

Regulations?

Question 4

A package is being prepared for transport. It is checked for non-fixed
2

contamination by taking a dry wipe of 300 cm of the package surface with a

piece of filter paper. The beta and gamma activity measured on the wipe is

900 Bq. Assuming this value is as low as practicable, does the package comply

with SS 6 requirements for shipment

(1) as an excepted package?

(2) as other than an excepted package?

Question 5

As part of a facility decommissioning action, two pipes are cut from

the facility. These pipes are to be properly prepared for shipment to a

disposal facility.

The non-fixed contamination on the outside surfaces of the pipes is

;d and deteri

to alpha emitters.

2
measured and determined to be no higher than 0.2 Bq/cm , all of it related

It is determined, by considering the previous history of the pipes that

the pipe material is not activated, and that there is no fixed contamination

on either the inside or the outside surfaces of the pipes.

The non-fixed contamination on the inside of the pipe is measured using
2

a wipe over 300 cm of the inside surface at one end of the pipe.

For pipe A, the inside measurement indicated that the non-fixed

contamination (all alpha emitters) is 1000 Bq/cm . For pipe B, the inside

measurement indicated that the non-fixed contamination (also alpha emitters)

is 10,000 Bq/cm .
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(1) For pipe A, can the pipe be modified so it satisfies SCO requirements,

and if so:

(a) what modifications must be made?

(b) when modified, is it SCO-I or SCO-II?

(c) what are the minimum packaging requirements for this modified

pipe?

(2) For pipe B, can the pipe be modified so it satisfies SCO requirements,

and if so:

(a) what modifications must be made?

(b) when modified, is it SCO-I or SCO-II?

(c) what are the minimum packaging requirements for this modified

pipe?

Question 6

You have a non-fissile, Type A package with radiation levels which

measure 2.4 mSv/h at the package surface and 0.09 mSv/h at 1 m from the

package surface.

(1) What is the transport index?

(2) What category of label shall be applied?

(3) May you offer this package for transport along with other packages you

wish to ship at the same time?

(4) May the carrier pick up other packages from other consignors en route

to the package's destination?
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Question 7

You wish to ship 150 grams of uranium dioxide (UO ) which is enriched

to 11.0 percent in U-235.

(1) What type of package must you use?

(2) Is competent authority approval needed for the package design?

(3) Does the package design require unilateral or multilateral approval?

Question 8

You are developing a Type A packaging to transport 10,100 kg of low

level solid waste The solid is in granular form. The packaging is to be

constructed of steel and will be cylindrical in shape.

(1) What drop test or tests must be performed on the package (or otherwise

evaluated) before this package can be called a Type A?

(2) Assuming that the package is to be evaluated by testing, describe the

approximate minimum size, weight and construction of the target to be

used for this test.

(3) During the drop test, what should the packaging contain?

(4) Following the drop test, what allowable leakage rate criteria must be

met, and how might you demonstrate, satisfactory containment?

(5) How long must you subject the package to a water spray?

(6) After initial development of this packaging, it is decided to also use

it for transporting low level liquid wastes.

(a) What structural modifications must be made to the package design

to allow shipment of liquids?

(b) Once these modifications have been made to the package design,

what additional drop tests, if any, must be performed?
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Question 9

It is desired to transport 12,000 kg of unprocessed uranium ore.

(1) How is the material to be classified for transport?

(2) How must the material be packaged for transport?

E.I.2. Questions and Answers

This section may be omitted from the initial course material distribution.

Question 1

Only certain types of materials, shipments and package designs are

required to have competent authority approval.

(1) What types of materials require competent authority approval?

Answer to Question 1 - Part (1)

In answering these questions, you may wish to start by looking at the

index of SS 6, under "Approval - General". This directs you immediately to

Section VII of SS 6.

Para 701 indicates that special form radioactive material must receive

competent authority approval.

Para 702 indicates that the approval is to be unilateral.

(2) What types of shipments require competent authority approval?

Answer to Question 1 - Part (2)

Paras 701, 716 and 720 indicate that the following shipments need

competent authority approval:

(i) Type B(M) packages with controlled venting;
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(ii) Type B(M) packages containing activities greater than 3000 A ,

3000 A or 1000 TBq, whichever is lower;

(iii) packages containing fissile material where the sum of TIs of the

individual packages exceed 50; and

(iv) consignments shipped under special arrangement.

Also as noted in para 716, these approvals generally must be

mult ilateral.

(3) What types of package designs require competent authority approval?

Answer to Question 1 - Part (3)

Para 701 indicates that the following packages require competent

authority approval:

(i) all packages containing fissile material; and

(ii) all Type B packages.

Packages containing fissile material require multilateral approval

(para 710).

Type B(U) packages require unilateral approval unless it also contains

fissile material (para 704).

Type B(M) packages require multilateral approval (para 707).

However, as noted in paras 559/ 560 and A-701.2, packages containing

very small qunatities of fissile material may be regulated as non-fissile

material packages. Should they not be Type B packages, they then do not

require competent authority approval.

Para E-560.1 indicates that a package containing fissile material which

satisfies one of the requirements of para 560 will have subcriticality assured

without constraints.
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Also, relative to competent authority approval of packages, it might be

thought that a package which is being shipped under special arrangement needs

to have competent authority approval of the package design itself.

However, para A-720 states that "Although an approval of a shipment

under special arrangement will require consideration of both the shipment

procedures and the packaging design, the approval is conceptually a shipment

approval. The package design itself is not given any special approval".

(4) Why don't all types of materials, shipments and package designs require

competent authority approval?

Answer to Question 1 - Part (4)

Explanatory information on approvals would logically come in SS 7, at

the beginning of Section VII. However, once explanatory or advisory

information has been provided (in SS 7 or SS 37) it is not repeated, but in

later parts of the document reference is made back to the earlier

information. Thus, para E-701 refers back to paras E-113.1 to E-113.3 and

E-114.

Para E-113.1 provides the answer to our question as follows: "The

approval requirements in the Regulations have been graded according to the

hazards posed by the radioactive material to be transported. For example,

most shipments of radioactive material are of small quantities for which

routine controls are adequately specified in the Regulations, and therefore

minimum review and approval requirements apply".

Additional detailed explanation is provided to help in answering this

question.

Question 2

A vehicle is dedicated to the shipment of radioactive material

packages. No other commodities are ever carried in the vehicle. The

owner/operator of the vehicle (that is, the carrier) picks up various packages

from various suppliers and delivers them to various users.
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(1) Are there any conditions under which these shipments in this vehicle

can be made under exclusive use?

Answer to Question 2 - Part (1)

Referring to para 128, since the carrier in this case would not be the

consignor, these shipments could not generally be made under exclusive use.

However, reference to para A-128 indicates that there is one condition

where shipment under exclusive use is possible.

(2) What are these conditions?

Answer to Question 2 - Part (2)

One condition under which the shipments could be made under exclusive

use is defined in para A-128 as follows: "this does not preclude a carrier who

is consolidating shipments from more than one source from taking on the

responsibilities of the consignor for these shipments and from being so

designated".

Thus, if the carrier takes appropriate actions to accept the legal

responsibility of being consignor for each consignment picked up, then the

shipments can be under exclusive use.

(3) What advantages are there to shipping under exclusive use?

Answer to Question 2 - Part (3)

Para E-128.2 indicates that the advantages of exclusive use are:

"... use of a lower integrity industrial package type for LSA materials;

... shipment of packages with radiation levels exceeding 2 mSv/h

(200 mrem/h) at the surface or a transport index exceeding 10; and

... the total number of transport indexes for fissile material

packages to be increased in a number of cases by a factor of 2".
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Many consignors find that it is advantageous to make the necessary

arrangements with the carrier to provide transport under exclusive use so that

the consignor can utilize one or more of the above provisions".

Question 3

Pluton.ium-238 is a fissionable nuclide, yet the Regulations list this

nuclide as being fissile. Why does this apparent discrepancy exist in the

Regulations?

Answer to Question 3

Fissile material is defined in SS 6 in para 129. This definition

includes the statement that plutonium-238 is fissile (for the purposes of the

Regulations).

Para A-129.1 provides insight into this apparent discrepancy. In part,

it states: "the distinguishing characteristic of the fissile nuclides named in

the definition is that they are capable of initiating self-sustaining neutron

chain reaction bv only the accumulation of sufficient mass. Plutnium-238 is

therefore, fissionable rather than fissile. Since the former term is not

recognised in the Regulations, it is classed as fissile.

This can be used as an example of where, to simplify the Regulations,

they have been made conservative.

Question 4

A package is being prepared for transport. It is checked for non-fixed
2

contamination by taking a dry wipe of 300 cm of the package surface with a

piece of filter paper. The beta and gamma activity measured on the wipe is

900 Bq. Assuming this value is as low as practicable, does the package comply

with SS 6 requirements for shipment

(1) as an excepted package?

(2) as other than an excepted package?
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Answer to Question 4

In addition to satisfying the requirements of para 408 (i.e. of Table

III), the guidance provided in All.3, page 113 of SS 37 should be considered.

According to the SS 37 guidance; it should be assumed that only 10% of

the non-fixed contamination on the surface is removed by the wipe (3rd para on

page 113).

2
Thus, for the 300 cm wiped it must be assumed that the activity of

non-fixed contamination is 9000 Bq.

(9000 Bq)/(300 cm2) = 30 Bq/cm2

Referring to para 408 and Table III of SS 6 the activity level is too

high for either type of package (0.4 Bq/cm and 4 Bq/cm ). Without the

factor of ten adjustment however, it would have appeared that the package was

"other than excepted".

Question 5

As part of a facility decommissioning action, two pipes are cut from

the facility. These pipes are to be properly prepared for shipment to a

disposal facility.

The non-fixed contamination of the outside surfaces of the pipes is

;d and detei

to alpha emitters.

2
measured and determined to be no higher than 0.2 Bq/cm , all of it related

It is determined, by considering the previous history of the pipes that

the pipe material is not activated, and that there is no fixed contamination

on either the inside or the outside surfaces of the pipes.

The non-fixed contamination on the inside of the pipe is measured using
2

a wipe over 300 cm of the inside surface at one end of the pipe.

For pipe A, the inside measurement indicated that the non-fixed
2

contamination (all alpha emitters) is 1000 Bq/cm . For pipe B, the inside

measurement indicates that the non-fixed contamination (also all alpha
2

emitters) is 10000 Bq/cm .
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(1) For pipe A, can the pipe be modified so it satisfies SCO requirements,

and if so:

(a) what modifications must be made?

(b) when modified, is it SCO-I or SCO-II?

(c) what are the minimum packaging requirements for this modified

pipe?

Answer to Question 5 - Part (1)

The pipe can be classified as SCO-I if the inside surfaces can be made

inaccessible (see para 144(a)).

The inner surfaces of the pipe can be made inaccessible by closing off

the ends with welded flanges, etc. (para A-144.2).

The modified pipe can be transported either unpackaged or packaged.

If unpackaged, it must satisfy the requirements of para 425.

If packaged, the packaging must satisfy the requirements of an IP-1

package (para 426).

(2) For pipe B, can the pipe be modified so it satisfied SCO requirements,

and if so:

(a) what modifications must be made?

(b) when modified, is it SCO-I or SCO-II?

(c) what are the minimum packaging requirements for this modified

pipe?

Answers to Question 5 - Part (2)

The pipe can be classified as SCO-II if the inside surfaces can be made

inaccessible (see para 144(b)).
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The inner surfaces of the pipe can be made inaccesible by closing off

the ends with welded flanges, etc. (para A-144.2).

The modified pipe can only be transported packaged.

The packaging must satisfy the requirements of an IP-2 package (para

426).

Question 6

You have a non-fissile, Type A package with radiation levels which

measure 2.4 mSv/h at the package surface and 0.09 mSv/h at 1 m from the

package surface.

(1) What is the transport index?

Answer to Question 6 - Part (1)

Following the requirements of para 42B(a) the transport index is

determined by multiplying the radiation level measurement by 100, i.e.

TI = (0.09) x 100 = 9

(2) What category of iabel shall be applied?

Answer to Question 6 - Part (2)

The category of the package is determined using para 435 (Table IX).

The package is Category Ill-Yellow, and must be transported under

exclusive use since the surface radiation level exceeds the 2 mSv/h level.

(3) Hay you offer this package for transport along with other packages you

wish to ship at the same time?

Answer to Question 6 - Part (3)

As noted in the answer to question 6 - part (2), this package must be

transported by the carrier under exclusive use.
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The constraints of exclusive use (see paras 12B and A-128) allow you as

the consignor to ship other packages with it.

(4) May the carrier pick up other packages from other consignors en route

to the package's destination?

Answer to Question 6 - Part (4)

Because it is a shipment under exclusive use, the carrier may not pick

up other packages from other consignors. Para 128 states "exclusive use shall

mean the sole use, by a single consignor...".

Question 7

You wish to ship 150 grams of uranium dioxide (UO ) which is enriched

to 11.0 percent in u-235.

(1) What type of packaging must you use?

Answer to Question 7 - Part (1)

To determine the type of package required, you must first determine the

activity of the contents and compare it with the A value for that mixture

of radioisotopes. This will determine whether it should be an excepted, Type

A or Type B package. It might also qualify as an LSA material so this should

be verified. Also, you must verify whether it is a fissile package or fissile

excepted.

The effective mass of the U mixture is:

0.11 x (235.1) + 0.89 x (238.1) = 237.8

(150 g UO2) (237.8)/(237.8 + 32) = 132.2 g U

11% of U is U-235 = 14.5 g 0-235

89% of U is U-238 = 117.7 g U-238
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From Appendix I of SS 37, obtain specific activities.

U-235: Spec. Act. = 80010 Bq/g

U-238: Spec. Act. = 12440 Bq/g

Total activity = (14.5 g)(80010 Bq/g) +

(117.7 g)(12440 Bq/g)

= 2.62 x 106 Bq

= 2.62 x 10~6 TBq

From Table I, A for uranium enriched more than 5% is 1 10 TBq.

The limit for excepted packages is 10 A (see Table IV), and

10~3 A = (10~3) (10~3) TBq = 10~6 TBq

Thus the activity is greater than the excepted package limits, and

unless it qualifies for LSA, a Type A package will be required.

In terms of A ,

(2.62 x 10~6 TBq/150) (A2/10~
3 TBq) = 1.7 x 10~5 Aj/g.

-4
This is less than 10 A /g (see para 131(b)), and, therefore, the

material qualifies as LSA-II material.

From Table V of SS 6, it must be shipped in at least an IP-2 package.

(2) Is competent authority approval needed for the package design?

Answer to Question 7 - Part (2)

The U-235 is fissile, but the U-238 is not (see para 129).

Although the material is classified as fissile material, the quantity

of fissile material (i.e. the quantity of U-235) is less than 15 g.

Therefore, according to para 560(a), the material can be shipped as fissile

excepted and competent authority approval is not required.
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(3) Does the package design require unilateral or multilateral approval?

Answer to Question 7 - Part (3)

Competent authority approval is not required (see 7(b) above).

Question 8

You are developing a Type A packaging to transport 10,100 kg of low

level solid waste. The solid is in granular form. The packaging is to be

constructed of steel and will be cylindrical in shape.

(1) What drop test or tests must be performed on the package (or otherwise

evaluated) before this package can be called a Type A?

Answer to Question 8 - Part (1)

A drop test of 0.6 m is required (para 622 and Table XIV).

(2) Assuming that the package is to be evaluated by testing, describe the

approximate minimum size, weight and construction of the target to be

used for this test.

Answer to Question 8 - Part (2)

Para A-618 indicates that the target should be approximately cuboid in

shaie, with a total mass of at least 101,000 kg, and should consist of

concrete with a steel surface at least 4 cm thick.

(3) During the drop test, what should the packaging contain?

Answer to Question 8 - Part (3)

Para 601(a) indicates that the packaging should contain material which

"shall simulate as closely as practicable the expected range of radioactive

contents..."

(4) Following the drop test, what allowable leakage rate criteria must be

met, and how might you demonstrate satisfactory containment?
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Answer to Question 8 - Part (4)

The criteria is that the package would "prevent loss or dispersal of

raioactive contents" (para 537(a)).

Para A-537.4 indicates that for "solid, granular and liquid contents,

one way of satisfying the requirements for 'no loss or dispersal' would be to

monitor the package (containing a non-active, control material) on completion

of a vacuum test or other appropriate tests to determine visually whether any

of the contents have escaped".

(5) How long must you subject the package to a water spray?

Answer to Question 8 - Part (5)

Since the packaging is to be constructed of steel, no water spray test

is required. "Reasoned argument" that the water spray would not affect the

packaging materials may be used (para 601(d)).

(6) After initial development of this packaging, it is decided to also use

it for transporting low level liquid wastes.

(a) What structural modifications, if any, must be made to the

package design to allow shipment of liquids?

(b) Once these modifications have been made to the package design,

what additional drop tests, if any, must be performed?

Answer to Question 8 - Part (6)

Para 539 (c) indicates that either absorbent material or a two-level

containment system must be provided.

For Type A packages containing liquids, a drop test of 9 m is required

(paras 539 and 625).

Question 9

It is desired to transport 12,000 kg of unprocessed uranium ore.

(1) How is the material to be classified for transport?
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Answer to Question 9 - Part (1)

Because of the large quantities of this material handled and the low

hazard posed by it, such ores can be treated in a relatively simple fashion.

Para 131(a)(i) clearly indicates that uranium ore is LSA-I.

(2) How must the material be packaged for transport?

Answer to Question 9 - Part (2)

Section IV, paras 422 to 427 deal with the requirements and controls

for the transport of LSA materials.

Para 425 indicates that the unprocessed uranium ore can be transported

"unpackaged".

The constraint of para 425(a) does not apply.

The constraint of para 425(b) does apply, specifically, the conveyance

used for transport must be under exclusive use.

E.2. Use of the Schedules

E.2.1. Problem Statement

Assume that you are in the role of an official charged with

responsibility for assuring compliance with IAEA Regulations.

Approximately 10 tonnes of low-enrichment uranium oxide in the form of

unirradiated fuel for a pressurized-water reactor is packed in freight

containers and will be leaving a sea port. A consignment note accompanied by

a declaration giving the following information about the consignment has been

received.

(a) Proper shipping name: Radioactive material,

fissile, n.o.s.

(b) UN Class number: 7
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(d) UN Number 2918

(e) (For LSA material): LSA-II

(g) Name or symbol of each

radionuclide: U (enriched 3%)

(h) Description of the physical

and chemical form: Solid, uranium oxide

(i) Mass of fissile material

in kilograms:

(j) Category of the package:

27 kg (uranium-235)

Ill-Yellow

Transport Index:

(n) Identification Mark: GB/9991A/1F

(o) Package/freight container

of contents:

Package contents - 1 tonne

enriched uranium oxide in the form

of sintered pellets contained in

sealed metal cladding.

Freight container contents: Two

freight containers each holding 5

packages.

Determine the applicable schedule and use it to check as many items as

possible. Generate a list of compliance checks which should be made for this

shipment.

E.2.2. Solution Discussion

This section may be omitted from the initial distribution of course material.

From item (a)/ in this list, and the contents of Safety Series No. 80,

it is evident that Schedule 12 is applicable. Consulting Schedule 12, the UN

number 2918 shown under the title confirms that item (d) in the transport

document is correct. Furthermore, the descriptive passage which opens

Schedule 12 tells us that another schedule is also involved.
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Paragraph 1 of Schedule 12 tallies with items (9) and (i) and tells us

the fissile material is uranium-235. Paragraph l(b) of Schedule 6, which must

apply for solid materials, show that the distribuced activity of the material
-4

must not exceed 10 A?/'9" T a b l e 1 o f Safety Series No. 6 could be

consulted at this point to confirm (see page 28 of Safety Series No. 6) that

A is unlimited for uranium enriched below 5%,

can always be classified as LSA-II if desired.

A is unlimited for uranium enriched below 5%, so the material so consisting

The material is clearly not being declared as "Fissile Excepted", so

paragraph 2(b) of Schedule 12 tallies with paragraph 2(b) of Schedule 6 to

tell us that IP-2 or IP-3 would be appropriate packaging. Table 6.1 of

Schedule 6, however, indicates that IP-2 is required.

Note that should we have gone to Schedule 6 initially, instead of

Schedule 12, the cross-reference in that schedule would have led us also to

consult Schedule 12. There is, therefore, a built-in protection against

overlooking either set of provisions.

Paragraph 2(d) of Schedule 12 now tells us that multilateral competent

authority approval for package design is required. This tallies with

paragraph 10(c) of Schedule 12 which refers to the approval certificate. Note

that as trans-shipment is involved, according to paragraph 454 of Safety

Series No. 6, we are entitled to expect a copy of the approval certificate to

be provided.

Paragraphs 3, 4, 5 and 6 of both Schedules 6 and 12 apply and the

external radiation levels and contamination of both packages and freight

containers could be checked for compliance if considered necessary. For the

material in question external radiation and contamination may not be likely to

be a problem, however, a check might at least serve to indicate that the

package contents have not been incorrectly described.

The segregation requirements of paragraph 7 could be checked

particularly as regards inward shipment.

Paragraph 8 of Schedule 12 and Schedule 6 indicates that both the

packages and the freight containers would need to carry the prescribed numbers

of Yellow-III labels. These labels must bear the names, of the most

restrictive nuclides, i.e. "U-235" followed by MLSA-IIB. Note that according
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to Safety Series No. 6, paragraph 442(a) "U (enriched 3%)" would also be an

admissable description.

According to paragraph 8(a)(ii) of Schedule 6 the labels must indicate

the maximum acitivity of the contents. Therfore "0.2 GBq" (6 mCi) in each

package, and "1.1 GBq" (30 mCi) on each freight container, would be acceptable

entries. Alternatively, however, paragraph 442 (b) of Safety Series No. 6

allows the mass of fissile material to be shown instead of activity.

Therefore, values of "27 kg" for packages and "13.5 kg" for for freight

containers would be appropriate if "U-235" had been entered on the line above.

For "Transport Index" each package label must bear "8". Each freight

container label must show "40".

As required by paragraph 8(ii) and (iii) of Schedule 12, and 8(iv) of

Schedule 6, each package must bear the markings "IF", "GB/9991A/IF and

"120 kg" (say). These markings must of course be legible and durable.

Paragraph 9(a) of Schedules 6 and 12 requires placards (or enlarged

labels) to be affixed to all walls of each freight container. Paragraph 9(b)

refers to all walls of each freight container. Paragraph 9(b) refers to

exclusive use shipments. To check if this is applicable it is necessary to

consult Annex II where it can be seen if a consignment of fissile material has

a total TI exceeding 50 it must be carried under exclusive use. Consequently

the freight containers must both carry the UN number "2918" either on the

placards or on the separate panel shown in figure 6 of Safety Series No. 6

(page 50).

Paragraph 10(a) of Schedules 6 and 12 refer to Annex II for approval

and notification requirements. The relevant entry is on page 98 of Safety

Series No. 80. It will be seen that multilateral approval of package design

and of shipment is required. There is, however, no requirement for

notification. Copies of both of the certificates of approval, from all

competent authorities concerned, should be available for inspection.

Paragraph 10(b) points out that the transport documents should be as

prescribed in paragraph 447 to 451 of Safety Series No. 6. We already have

the information specified in paragraph 447. It is necessary then to check

that the declaration of paragraph 448 has been duly given in the terms

required in paragraphs 448 to 451. The information for the carrier under
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paragraph 453 on Safety Series No. 6 must include instructions that this is an

exclusive use shipment and that no other goods should be loaded in the freight

containers.

The segregation requirements of paragraphs 11 and 12 may be checked.

Also the maximum radiation levels of the freight containers and of conveyances

can be monitored for compliance. A glance at Table 6.3 of Schedule 6 shows

that, A being unlimited, the requirement of paragraph 12(f) is satisfied.

Finally paragraph 13 serves as a reminder to look at Annex 1 of Safety

Series No. 80 in case any of the provisions there are specially relevant for

the purposes of the compliance check.

E.3. Plutonium Transport

E.3.1. Introduction

This exercise has been devised purely to illustrate the working of the

transport safety regulatory provisions. It is not based on any real transport

operations nor are aspects other than safety taken into account.

There will be two roles, that of consignor concerned with complying

with the Regulations, and that of competent authority responsible for

compliance assurance. These will be undertaken by two separate groups of

course members. In carrying out the assignments made to each group, the

course members can make use of any of the Agency documents which have been

provided as course material, including Safety Series No. 37, No. 7 and No. 80

and the various TECDOCs.

Towards the end of the course there will be an opportunity to present the

result obtained in this exercise, and to discuss both the detailed outcome and

more general aspects of the problems of compliance with the Regulations.

It is suggested that each group may wish to appoint one member as the

coordinator. The tasks in the list provided below could then be undertaken by

individual members of the group, working independently, with the guidance of

the coordinator.
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The exercise will be based on the following details:

(1) package contents: 3 kilograms of plutonium oxide;

(2) consignment details: Each consignment to consist of 10

packages; and

(3) modes of transport used: Air and road.

E.3.2. Consignor's Responsibilities - Group A

You are the responsible officer of the consigning organization who is

charged with ensuring that consignments of radioactive material from your

organization are properly prepared for transport in accordance with the

requirements of Safety Series No. 6 and other relevant international safety

rules. In particular, you are responsible for providing all necessary

instructions to those specialists inside (and if necessary outside) your

organization who will be concerned with questions such as engineering design,

criticality safety, and operational safety in transport.

To fulfill this responsibility you should carry out the following

actions, assuming the subject shipment of this exercise to be the first

consignment your organization has made:

(1) List all the relevant paragraphs of IAEA Safety Series No. 6 as they

apply to the following specialist functions:

(i) package designer;

(ii) criticality safety specialist;

(iii) shielding specialist;

(iv) packaging manufacturer;

(v) test engineer; and

(vi) carrier
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(2) Based on the list under (1) prepare instructions relating to the

following:

(i)

(ii)

package design, i.e. type of package (B(U) or B(M)), main

design parameters (desired transport index);

test requirements;

(3)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

(x)

Finally:

(i)

approval application procedure;

notification requirements for shipments;

instructions to carrier (segregation, stowage, etc.);

labelling, placarding and marking requirements;

transport documents (list all the information and papers

required for the shipment);

quality assurance;

accident emergency response; and

customs.

(ii)

Prepare specimen transport documents for the shipment

giving all the information which is required by the

Regulations.

Specify information to be given on labels/ and marked on

packages for the subject shipment.

E.3.3. Competent Authority's Responsibilities - Group B

You are the responsible official of the competent authority who is

charged with setting up a system fcr assuring compliance with the requirements

of Safety Series No. 6 and other relevant international safety rules. In
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particular, you are required to designate the functions which will need to be

undertaken by government or official bodies for this purpose, and provide

instructions for these bodies on the actions which they will need to take.

To carry out your task please comply with the following:

(1) List all the relevant paragraphs of IAEA Safety Series No. 6 which

apply to the following compliance functions:

(i)

(ii)

package design and manufacturer;

criticality safety;

(iii) stowage and segregation in transport;

(iv) monitoring of external radiation for freight containers and

conveyances;

(v) quality assurance;

(vi) package testing;

(vii) transport documentation;

(viii) labelling, placarding and marking of consignments;

(ix) customs;

(x) radiation protection; and

(xi) emergency response arrangements.

(2) Based on the lists referred to under (1), prepare instructions for

compliance assurance personnel to check these various aspects.
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E.4. Technetium Generator Transport

E.4.1. Introduction

This exercise has been set because it can involve all four possible

modes of transport. The requirements of the exercise are, nevertheless, not

as demanding as in the plutonium, and it is designed to enable you to put into

practice what you have learned from that exercise. It follows, therefore,

that you must complete the two exercises in the correct order I Unlike the

first exerecise, it is based on a real transport operation, but not one which

you are likely to meet in your own duties.

The exercise will be based on the following details:

(1) package contents: 15 technetium generators each of

100 GBq activity, and with a

transport index of 2.2;

(2) modes of transport used: Air, road, rail and maybe sea.

E.4.2. Consignor's Responsibilities - Group B

You have been sent to the UK by your Member State to gain first-hanJ

experience, and you are now working at Amersham International. You have been

made the responsible officer for consigning a shipment of the most highly

active technetium generators in the range, that is 100 GBq, from Amersham to

Palermo, in Sicily. From a previous visit to Amersham you will have learned

most of the basic requirements of consigning materials to Continental Europe,

and you will know that this particular consignment must go via Switzerland and

Italy. Now Italy has some slightly unusual domestic regulations, with

constraints on consignments, routes and the activities of carriers. You will

be told what these are, but only if you ask the right questions!! So, you

must think in what fields of the transport operation such constraints might

exist. You must also take into account all the usual pre-shipment

considerations.

Your presentation should therefore consist of:

(1) a summary of how you would approach the task of preparing the shipment,

referring to the appropriate paragraphs in Safety Series No. 6.;
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(2) the routes and modes you would use for each stage of the journey,

giving reasons; and

(3) any arrangement you would need to make on completion of the shipment.

E.4.3. Competent Authority's Responsibility - Group A

You have been lent by your Member State to the competent authority of

Italy, and you have been given charge of assuring compliance with the

provisions of Safety Series No. 6 with particular reference to the transport

of technetium generators from the UK (Amersham International) to Sicily.

(1) You will need to know the relevant paragraphs of Safety Series No. 6

which apply to the following compliance functions. Make a list of them.

(i) package design and manufacture;

(ii) stowage and segregation in transport;

(iii) monitoring of external radiation for freight containers and

conveyances;

(iv) quality assurance;

(v) package testing;

(vi) transport documentation;

(vii) labelling, placarding and marking of consignments;

(viii) customs;

(ix) radiation protection; and

(x) emergency response arrangements.

(2) Based on the list referred to under (1) above, prepare instructions for

compliance assurance personnel to check these various aspects.

E.5. Emergency Response Planning Exercise

(to be supplied later)
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Appendix F

LIST OF CONTRIBUTORS

This training manual was written and edited in 1989 by B. Dodd, while

on summer sabbatical from Oregon State University, Corvallis, OR, USA. The

work was performed under the guidance of R.A. O'Sullivan, Scientific

Secretary, IAEA, and is based on material presented at the Interregional

Training Course on the Safe Transport of Radioactive Materials during 6-23

October 1987, in Bristol, UK.

The speakers at the course, and hence the contributors to this manual

are listed below, together with their affiliations at the time of the course.

United Kingdom

P.F. Beaver

D.J. Blackman

C.R. Chapman

R.D. Cheshire

L. Cohen

D.M.P. Gazebrook

E.P. Goldfinch

H.F. Hacdonald

V.J. Madden

J. Horse

R.F. Pannelt

C.J. Pecover

C. Perry

G.C. Roberts

K.B. Shaw

R.W.T. Sievwright

C.G. Tapley

R.A. Vaughan

K.R. Warner

K.J. Westnot

C.N. Young

Health and Safety Executive

Department of Transport

Central Electricity Generating Board

British Nuclear Fuels

Atomic Energy Establishment Harwell

Atomic Energy Authority

Central Electricity Generating Board

Central Electricity Generating Board

Central Electricity Generating Board

Central Electricity Generating Board

Central Electricity Generating Board

Department of Transport

Securicor

National Radiological Protection Board

National Radiological Protection Board

UK Nirex Ltd.

Amersham International

Croft Associates Ltd.

Civil Aviation Authority

British Airways

Department of Transport
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International

F.W. Collin Physikalisch-Technische Bundesanstalt - FRG

A.W. Grella US Nuclear Regulatory Commission - USA

M. Grenier Commissariat a l'Energie Atoraique - France

H. Koponen Finnish Centre for Radiation and Nuclear

Safety - Finland

R.B. Pope Sandia National Laboratories - USA

S.H. van Gijn Netherlands Nuclear Insurance Pool -

Netherlands

International Organizations

Noraraly-bin Muslim International Atomic Energy Agency

R.A. 01Sullivan International Atomic Energy Agency

P. Schultze-Kraft International Atomic Energy Agency

H. Hardelmann International Maritime Organization
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V
ADN

ADNR

ADR

AGR

ALI

AN I

Appendix G

GLOSSARY OF ABBREVIATIONS

Type A package contents limits for special form arid

non-special form materials

European Agreement on the International Carriage of

Dangerous Goods by Inland Waterways

European Agreement on the International Carriage of

Dangerous Goods on the Rhine

International Agreement on Carriage of Dangerous Goods by

Road

Advanced Gas-Cooled Reactor

Annual Limit on Intake

American Nuclear Insurers

BC Code

BNFL

Bq

Bs

BWR

Code of Practice for Solid Bulk Cargoes

British Nuclear Fuels Ltd.

Becquerel

British Standard

Boiling Water Reactor

CCNR

CDG

CEGB

CFR

CIM

CMEA

Central Commission for Navigation on the Rhine

Sub-Committee on the Carriage of Dangerous Goods

Central Electricity Generating Board

Code of Federal Regulations

International Convention Concerning the Carriage of Goods

by Rail

Council for Mutual Economic Assistance

DAC

DGB

DGR

DOT

Derived Air Concentration

Dangerous Goods Board (IATA)

Dangerous Goods Regulations (IATA)

Department of Transportation (US)

ECE

ECOSOC

EmS

EVTRAM

EXTRAM

Economic Commission for Europe

United Nations Economic and Social Committee

Emergency Schedule

Events in the Transport of Radioactive Material Database

Radiation Exposure from Radioactive Material Transport

Database
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FRG Federal Republic of Germany

GE 15

Gy

Group of Experts on the Transport of Dangerous Goods

Gray

HMIR Hazardous Materials Incident Report (US)

IAEA

IATA

ICAO

ICRP

ILO

IMDG

IMGS

IMO

INFCIRC

IP

IPSN

ISO

ITC

International Atomic Energy Agency

International Air Transport Association

International Civil Aviation Organization

International Commission for Radiation Protection

International Labour Organization

International Maritime Dangerous Goods Code

International Medical Guide for Ships

International Maritime Organization

Information Circular

Industrial Package

Institute de Protection et de Surete Nucleaire (France)

International Standards Organization

Inland Transport Committee

KHG Kerntechnische Hilfsdienst GmbH (FRG)

LLRW

LSA

Low Level Radioactive Waste

Low Specific Activity

M

MARPOL

MFAG

MSC

Model Scaling Factor

International Convention for the Protection of Pollution

from Ships

Medical First Aid Guide

Maritime Safety Committee

N/A

NAIR

NRC

Not Applicable

National Arrangements for Incidents (UK)

Nuclear Regulatory Commission (USA)

OCTI

OECD

Central Office for International Railway Transport

Organization for Economic Cooperation and Development
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PACKTRAM

para(s)

PWR

Competent Authority Package Approval Certificate Database

paragraph(s)

Pressurised Hater Reactor

Q

QA

' V QC

Quality Factor of Package Content Limit Values

Quality Assurance

Package Contents Limit Values for external photon dose,

external beta dose, inhalation dose, skin and ingestion

dose due to contamination transfer, and submission dose

respectively

RAB

HAS

REDTRAM

RCO

RID

RMIR

RTSG

Restricted Articles Board (IATA)

Restricted Articles Regulations (IATA)

Research and Development in Radioactive Material Transport

Database

Railway Control Office (UK)

International Regulations Concerning the Carriage of

Dangerous Goods by Rail

Radioactive Material Incident Report (US)

Radioactive Transport Study Group

SAGSTRAM

SCO

SHIPTRAM

SI

SOLAS

SS 6

SS 7

SS 37

SS 80

SS 87

SSEB

STUK

Sv

Standing Advisory Group on the Safe Transport of

Radioactive Material

Surface Contaminated Object

Shipment of Radioactive Material Database

International System of Units

Convention for the Safety of Life at Sea

Safety Series No. 6

Safety Series No. 7

Safety Series No. 37

Safety Series No. 80

Safety Series No. 87

South of Scotland Electricity Board

Finnish Centre for Radiation and Nuclear Safety

Sievert

TECDOC

TI

Technical Document

Transport Index
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UK United Kingdom of Great Britain and Northern Ireland

UKAEA United Kingdom Atomic Energy Authority

UN United Nations

UPU Universal Postal Union

USA United States of America

WHO World Health Organization
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(1985).
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[8] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Limits for
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Pergamon Press, Oxford and New York (1980).
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1986 ed., ICAO, Montreal (1985).

[10] INTERNATIONAL AIR TRANSPORT ASSOCIATION, Dangerous Goods Regulations,
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[11] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Limits for
Inhalation of Radon Daughters by Workers, Publication 32, Pergamon
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[12] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Report of
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[ 13] INTERNATIONAL MARITIME ORGANIZATION, International Maritime Dangerous
Goods (IMDG Code),IMO, London.
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[14] UNITED NATIONS ECONOMIC COMMISSION FOR EUROPE (ECE), European
Agreement Concerning the International Carriage of Dangerous Goods by
Road (ADR) and Protocol of Signature, United Nations ECE, Geneva,
(1957).

(15] OFFICE CENTRAL DES TRANSPORTS INTERNATIONAL PAR CHEMINS DE FER,
Convention relative aux transports internationaux ferroviaires
(COTIF), OCTI, Bern (1980).

[16] INTERNATIONAL ATOMIC ENERGY AGENCY, INTERTRAN, A System for Assessing
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Arrangements and Special Form Radioactive Material, IAEA-TECDOC-389,
IAEA, Vienna (1986).

[21] INTERNATIONAL ATOMIC ENERGY AGENCY, Directory of National Competent
Authorities' Approval Certificates for Packages/ Shipments, Special
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IAEA, Vienna (1987).

[22] INTERNATIONAL ATOMIC ENERGY AGENCY, Assessment of the Radiological
Impact of the Transport of Radioactive Materials IAEA-TECDOC-398,
IAEA, Vienna (1986).

[23] INTERNATIONAL ATOMIC ENERGY AGENCY, Assessment of the Application of
the IAEA Regulations for the Safe Transport of Radioactive Material,
IAEA-TECDOC-399, IAEA, Vienna (1986).

[24] INTERNATIONAL ATOMIC ENERGY AGENCY, Competent Authority Regulatory
Control of the Transport of Radioactive Material, IAEA-TECDOC-413,
IAEA Vienna (1987).

[25] INTERNATIONAL ATOMIC ENERGY AGENCY, Recommendations for Providing
Protection during the Transport of Uranium Hexafluoride,
IAEA-TECDOC-423, IAEA, Vienna (1987).

[26] INTERNATIONAL ATOMIC ENERGY AGENCY, National Competent Authorities
Responsible for Approvals and Authorisations in Respect of the
Transport of Radioactive Material, IAEA-NCAL, IAEA, Vienna (annually
since 1967).

[27] UNITED NATIONS COMMITTEE OF EXPERTS ON THE TRANSPORT OF DANGEROUS
GOODS, Recommendations on the Transport of Dangerous Goods
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IAEA, Vienna (1988).

[29] INTERNATIONAL ATOMIC ENERGY AGENCY, Regulations for the Safe
Transport of Radioactive Material, 1985 Edition, Supplement 1986,
IAEA, Vienna (1986).

[30] INTERNATIONAL MARITIME ORGANIZATION, International Convention for the
Prevention of Pollution from Ships, 1973, modified by the Protocol
of 1978, MARPOL 73/Vj, IMO, London (1978).

[31] INTERNATIONAL MARITIME ORGANIZATION, Medical First Aid Guide for Use
in Accidents Involving Dangerous Goods (MFAG), IMO, London (1985).

[32] WORLD HEALTH ORGANIZATION, International Medical Guide for Ships,
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[33] INTERNATIONAL MARITIME ORGANIZATION. Code of Safe Practice for Solid
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1960.

[37] INTERNATIONAL ATOMIC ENERGY AGENCY, Vienna Convention on Civil
Liability for Nuclear Damage, CN-12/46, IAEA, Vienna (1963).

[38] NUCLEAR ENERGY AGENCY OF THE OECD, Convention of 31st January 1963
Supplementary to the Paris Convention of 29th July 1960 on Third
Party Liability in the Field of Nuclear Energy Incorporating the
Provisions of the Additional Protocol signed in Paris on 28th January
1964, OECD/NEA, Brussels, 16th September 1968.
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