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FOREWORD

The Stockholm Symposium on the Maritime Carriage of Nuclear
Materials, held on 18-22 June 1972, could not have been held at a more
propitious time nor at a more suitable place. Following directly after the
United Nations Conference on the Human Environment, it was a striking
example of the awareness which has always existed in the nuclear field of
the necessity of ensuring adequate protection to the public and to the en-
vironment in every aspect of the peaceful uses of atomic energy. The
Symposium, which was attended by 167 experts from countries in every
partofthe world, including representatives from a number of intergovern-
mental and other international organizations, was organized jointly by the
IAEA and the OECD Nuclear Energy Agency, with the collaboration \of
FORATOM. Up to 17 May 1972, the Nuclear Energy Agency was known as
the European Nuclear Energy Agency, and both designations are used in
the present volume.

The Symposium was a culmination of work carried out during the past
several years by the IAEA and ENEA in close collaboration with the Inter-
governmental Maritime Consultative Organization (IMCO) and the Inter-
national Maritime Committee (IMC), with the co-operation of nuclear and
maritime insurers. The joint IAEA/ENEA Monaco Symposium on Third
Party Liability and Insurance in the Field of Maritime Carriage of Nuclear
Substances, published by OECD, had taken place in October 1968. This
symposium, held at an initial stage in the work, had revealed that the
technical uncertainties which existed in some quarters with regard to the
maritime carriage of nuclear materials could prevent the normal develop-
ment of such carriage and that continued efforts were required to remove
these uncertainties. Further, the symposium had brought to light the legal
problems which arose from the possible simultaneous application of nuclear
and maritime law to an accident involving nuclear material in sea carriage
and that this, in turn, created difficulties in respect of insurance cover for
such carriage. Work undertaken as a sequel to the Monaco Symposium led
to the adoption, in December 1971 in Brussels, of the Convention relating
to Civil Liability in the Field of Maritime Carriage of Nuclear Material. *

In the words of Minister Carl Lidbom, who opened the Stockholm
Symposium on behalf of the Swedish Government: '"The new Convention
represents a considerable step forward and it is hence desirable that a
great number of States should ratify it soon. It will create a new situation
in the legal field as well as the field of maritime insurance."

Technical problems related to the carriage of nuclear material were
also under review in the period preceding the Stockholm Symposium. A
comprehensive revision of the IAEA Regulations for the Safe Transport of
Radioactive Materials (IAEA Safety Series No.6, 1967 Edition) was begun
inFebruary 1970 and completed in 1972. These revised Regulations, which
are in press, were approved by the Board of Governors of the IAEA on
22 September 1972 as part of the IAEA's Safety Standards, and as a re-
commendation to Member States and appropriate international organizations.



The Stockholm Symposium thus had a two-fold objective: a review of
technical and regulatory developments, and an analysis of the new legal
position resulting from the 1971 Brussels Convention.

The first half of the Symposium opened with discussions of the specific
problems and hazards involved in the maritime carriage of nuclear
materials. Regulatory aspects were then reviewed both on international
and national levels, including the revised IAEA regulations and new con-
siderations arising out of the expanded application of IAEA safeguards as
a result of the Treaty on the Non-Proliferation of Nuclear Weapons. A
number of papers were also presented dealing with practical experience in
the actual shipment of nuclear material by sea.

The second half of the Symposium was devoted to problems of nuclear
third party liability and insurance. The effects of the 1971 Brussels Con-
vention were analysed both from the standpoint of their influence on the law
governing nuclear third party liability and on insurance for nuclear damage.
Finally, comparisons were drawn between liability for nuclear damage in
maritime carriage and in other types of carriage.

The present volume contains the full text of all papers presented, the
reports of the rapporteurs, the panel discussions’ and the general dis-
cussions. It also includes, in annexes, the text of the 1971 Brussels Con-
vention as well as the current status of various nuclear and maritime
conventions.

EDITORIAL NOTE

The papers and discussions incorporated in the proceedings published
by the International Atomic Energy Agency are edited by the Agency's edi-
torial staff to the extent considered necessary for the reader's assistance.
The views expressed and the general style adopted remain, however, the
responsibility of the named authors or participants.

For the sake of speed of publication the present Proceedings have been
printed by composition typing and photo-offset lithography. Within the limi-
tations imposed by this method, every effort has been made to maintain a
high editorial standard; in particular, the units and symbols employed are
to the fullest practicable extent those standardized or recommended by the
competent international scientific bodies.

The affiliations of authors are those given at the time of nomination.

The use in these Proceedings of particular designations of countries or
territories does not imply any judgement by the Agency 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
International Atomic Energy Agency.
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IAEA-SM-161/32

THE IMPORTANCE OF MARITIME CARRIAGE
OF NUCLEAR MATERIALS FROM

THE ECONOMIC VIEWPOINT

Present situation and development

A. WARRIKOFF
RBG Reaktor-Brennelemente GmbH,
wolfgang/Hanau, Federal Republic of Germany

Abstract

THE IMPORTANCE OF MARITIME CARRIAGE OF NUCLEAR MATERIALS FROM THE ECONOMIC VIEWPOINT:
PRESENT SITUATION AND DEVELOPMENT.

The values of the various segments of the nuclear fuel cycle do not correspond with the value of the
respective maritime camriage. This is due to the very different safety and packaging requirements for the
specific hazards. Therefore the shares of freight, insurance and containers of the total cost of maritime
carriage differ significantly for the various types of nuclear material., A forecast for the monetary volume
of maritime carriage for Western Europe is made from 1975 - 1985.

To start out with a triviality: the importance of the maritime carriage
of nuclear materials very much depends on the extent to which nuclear
materials contribute to our economy.

It would be futile to even attempt to cover all possible peaceful applica-
tions of nuclear materials, ranging from the many different medical and
materials testing uses to the generation of nuclear power. This presentation
can be limited to the latter use because the application of nuclear materials
for power generation is the largest in absolute terms. It has also the
largest growth factor and — equally important — maritime carriage for this
type of nuclear materials by far outweighs its importance for other
substances?,

Shipments of nuclear materials for energy generation concern exclusively
uranium in its various forms, which I will discuss later, and, to a much
smaller degree, plutonium. Most of these shipments are related to the
fuel cycle of the light water reactors (boiling and pressurized water reactors),
which use low-enriched uranium as a fuel. The substantial British and
French programs with natural uranium reactors will not be considered be-
cause it appears that reactors with low-enriched uranium will probably
predominate in the future.

Table I shows the growing importance of low-enriched uranium versus
high-enriched uranium in the European Community.

A meaningful evaluation of the maritime carriage of nuclear materials
for the purpose of power generation in light water reactors can only be
made in relation to the various segments of the nuclear fuel cycle.

From the many possibilities concerning the international distribution
of the various functions within the fuel cycle I should like to concentrate
on two alternatives chosen from a European point of view. I am aware that

! VOGG, GERVE, GEBAUHR, GOTTE, Atomwirtschaft 8-9 (1971) 47'8, show that the trade in

radionuclides is mostly confined to Europe.
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TABLE I. GROWING IMPORTANCE OF LOW-ENRICHED URANIUM
IN THE EUROPEAN COMMUNITY

Enrichment
235
Year v up 10 4.50 4.51-85.00 85.01-99.99
1068 kg 971.4 159.6 507.0 1638.0
(%) 59.3 9.7 31.0 100
1969 kg 2290.5 259.3 705.7 3255.5
(%) 70.4 8.0 21.6 100
170 kg 4395.0 201.5 401.8 5004.1
(%) 87.8 4.0 8.2 100

Quoted from: Statistisches Amt der europaischen Gemeinschaften Luxemburg, Versorgung der
Gemeinschaftsldnder mit angereichertem Uran und mit Plutonium ~ 1970 (June 1971).

many of you come from other parts of the world. My excuse for limiting
the outlook to Europe is that otherwise too many alternatives would have
to be considered and — much more important — the necessary information
was not available to me. I hope that my conclusions will be useful from
a non-European point of view, at least as an indication of orders of
magnitude.

The first of my alternatives concerns a nuclear power station situated
in Continental Europe. The second alternative concerns a nuclear power
station overseas and a fuel-manufacturing operation in Europe.

In both cases it is assumed that the enrichment service will be per-
formed in the United States of America. For a nuclear power station in
Continental Europe it will be assumed that 50% of the reprocessing of
spent fuel will be performed in the United Kingdom and 50% on the Continent,
For a nuclear power station overseas it will be assumed that the spent
fuel will be reprocessed in Europe,

In both alternatives it is further assumed that the 50% of the supply
of uranium concentrates will originate from North America and 50% from
other overseas countries. For overseas countries other than North
America the conversion of uranium concentrate to uranium hexafluoride
(UF) will be performed in Europe. For North American uranium con-
centrate this step will be performed in North America, thereby eliminating
the necessity of maritime carriage in between. Uranylnitrate will be
shipped to the United States for conversion to UF; and re-enrichment.

(I am sorry to bother you with so many assumptions but they have to be
made to arrive at meaningful conclusions.)

Figure 1 demonstrates the cost of the various segments of the light
water nuclear fuel cycle per kg of enriched uranium compared with the costs
of maritime carriage associated with these segments. (Plutonium fuel
fabrication has been eliminated since it does not require coverage because
the cost of plutonium maritime shipping is no more than a maximum of
0.5% of the total cost of all shipments. )
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FIG.1. Relative value of components in the nuclear fuel cycle and of maritime carriage.

It is immediately obvious that the costs of the various segments of the
fuel cycle are very different in their relation to the costs of the related
maritime shipments. This is simply a consequence of the fact that the
various substances are different from a safety point and, therefore, re-
quire very different packaging and safety precautions. It is possible to
ship uranium concentrate in ordinary steel drums (Fig. 2), whereas enriched
uranium requires an expensive protective package (Fig. 3). Finally,
the value, size and weight of packaging exceeds the value and weight of

, the cargo by far in the case of irradiated fuels (Fig. 4).

The relationship between the weight of the packaging and the net weight
is illustrated in Table II. This chart shows that nuclear materials have
to be distinguished in three categories from a safety point of view:

(a) Materials that are as harmless as chemicals or ore concentrates;
these materials have a favourable tare: net ratio, namely uranium
concentrate and natural UF;

(b) Materials that are harmless but where a mass that could possibly
cause a critical reaction must be prevented: enriched UFg and
fresh fuel elements;

(c) Materials that are hazardous because of their toxicity (plutonium)
or radiation (spent fuel) and have to be packaged accordingly.

T would like to emphasize from both past experience and the extreme

safety precautions taken that the carriage of nuclear materials does not
present the least real hazard to the ship and her crew or to other cargo.
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FIG.2. Steel drum for the shipment of uranium concentrate.
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FIG.3. Protective package for the shipment of enriched uranium.

Figure 1 showed the cost of maritime carriage for therespectivesegments
of the fuel cycle. These costs involve three major cost factors, which
are demonstrated in Fig, 5 on the basis of the second alternative.

This figure shows that uranium concentrate is the closest to ordinary
cargo, the freight component by far exceeding the other cost factors.
The insurance cost for enriched uranium is high. As far as loss and
damage insurance is concerned, this is a consequence of the high value
of the material, Third Party Liability insurance is high because the various
national and supranational laws require a coverage that in my opinion is
unnecessary in relation to the real hazards of enriched uranium. Moreover,
the insurers will have to evaluate the hazards realistically on the basis of
the continuously growing experience and will have to adjust their premiums
accordingly. In the case of spent fuel the major cost factor is packaging for
the reasons mentioned before.

An analysis of the importance of maritime carriage of nuclear materials
would be incomplete without estimates of the present and future volume
of this business. At present light water reactors are in operation or under
construction in Western Europe. These reactors represent approximately
25000 MW(e). According to forecasts 70 000 MW(e) will be installed in
Western Europe in 1980 and 160000 MW(e) in 19852‘ The growing im-
portance of nuclear energy, using Western Germany as an example, is
shown in Fig. 6.

? Europiische Gemeinschaft, Forschung und Technologie, 7.3.1972.
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TABLE II. RELATION OF WEIGHT OF PACKAGING TO NET WEIGHT

Ay

, Wweight of to Net weight
packaging

Uranium concentrate (U3 Og) 1 5
Natural uranium hexafluoride (UF¢) 1 3.5
Enriched UFg 1 1.5
Fuel elements 1 1.2
Spent fuel 1 0.045
Plutonium nitrate solution 1 0.019
UNH niuate solution 1 3.8

IR
SRIRRLLKILKKKK
S IIIEIIKILS
SOCICRRKLLE
XRXRE 38 ol RS
LEXAIR L%

Uranium concentrate Enriched UFg Spent tuel

\
\

Packaging
NN Insurance
BOEXRY  Ocean treight

Vs

FIG.5. Cost of packaging, insurance and ocean freight per kg of enriched uranium,
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FIG.6. Distribution of energy sources in the Federal Republic of Germany.

TABLE III. FORECAST OF MARITIME CARRIAGE
FOR WESTERN EUROPE

Enriched uranium Maritime carriage
(1) (Us$)
1975 2000 20000000
1980 5000 50000000
1985 10000 100000 000

Annual requirements of nuclear fuel in kg of enriched uranium can be

estimated along the following orders of magnitude:
1975 2000t U
1980 5000tU
1985 10000t U

It is interesting to know what this means in terms of maritime carriage.
For this purpose I have made an estimate of the monetary volume of
maritime carriage under the present conditions and under the assumptions
given earlier, A total of approximately $ 10, 00 will be spent per kg of
uranium for maritime carriage, including freight, insurance and containers,
as an average for the first alternative, namely a power station in Europe.
On this basis the volume can be estimated as shown in Table III (these
figures do not include nuclear power stations overseas for which fuel manu-
facturing or reprocessing is performed in Europe; a reasonable forecast for
this area is impossible).

These figures for maritime carriage of nuclear materials are based on
the assumption that the overseas shipments will be carried by surface
transport. This assumption is not necessarily realistic, in the past consi-
derable amounts of nuclear materials have been shipped by air.
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Air shipment offers two important advantages. First its speed, which
is of particular importance in view of the high value of some of the nuclear
materials, such as enriched uranium or fuel elements containing enriched
uranium. In these two cases the interest burden is as much as 8 cents per
day and kg U. The second important factor in favour of air transport is
the smaller amount of necessary containers because of the reduced number
of containers in transit and the shorter turn-round time. These advantages
are compensated by attractive freight rates for maritime carriage, in
particular on the most important North Atlantic routes.

At present for shipments of fresh fuel elements to overseas couniries
the advantages of air shipment prevail. Part of the problem is that the
freight rates for such shipments are not based on the weight or volume
of the packages but are calculated instead on the basis of value. Freight
rates of a few per cent of the value, which are probably realistic for other
cargo, make maritime carriage totally uneconomic for nuclear material
with a high value and a relatively small volume,

It is safe to forecast that in certain important areas of the shipping
of nuclear materials air transport will never be more economic, namely
for uranium concentrates on one side of the fuel cycle and spent fuel on
the other, for uranium concentrate because of the relative low value of the
material and packaging, and for spent fuel because of the very high
weight of the packaging.

Let me finish with the comment that the maritime carriage of nuclear
materials has made a significant contribution to the development of
nuclear energy in the past and will have to make an ever-growing contribu-
tion in parallel with the growing importance of nuclear materials as the
source of energy for the future.
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THE APPLICATION OF RADIOLOGICAL
PROTECTION PRINCIPLES TO THE
TRANSPORT OF RADIOACTIVE MATERIALS

A.M. FREKE

National Radiological Protection Board,
Harwell, Didcot, Berks.,

United Kingdom

Abstract

THE APPLICATION OF RADIOLOGICAL PROTECTION PRINCIPLES TO THE TRANSPORT OF RADIOACTIVE
MATERIALS.

The paper outlines the nature and origins of radioactivity and considers the possible radiation hazards
which may accompany the use of radioactive material by man, in relation to external and internal radiation
exposure. The basic concepts in the field of radiological protection are introduced leading to the derivation
of permissible levels, limiting exposure to radiation, and the embodiment of numerical limits in the re~
commendations of the International Commission on Radiological Protection, The detection and measurement
of radiation and methods of control with particular reference to the transport industry are discussed.

1. NATURE OF RADIOACTIVITY

The majority of the 92 elements which occur naturally are stable
and retain their individual identity indefinitely. A stable element
may be converted into any number of compounds by chemical processes,
but the properties of the element itself remain unchanged and it may
be recovered in its original state by further chemical processes. A
naturally occurring stable element may be a mixture of isotopes of that
element but each isotope is chemically identical and differs only in
respect of its mass.

A small number of natural elements, however, are not stable and
radium is perhaps the classic and best known example. The atoms of
radium disintegrate spontaneously giving rise to new atoms which are
completely different chemically and, in this case, form another
chemical element called radon. Uranium is another well known example
of this type of element which by disintegration gives rise tc an
isotope of a different chemical element called thorium. This process
of atomic disintegration which transforms one element into another is
the phenomenon of radioactivity and such elements as radium and uranium
are said to be radioactive. This process of transformation by atomic
disintegration is called radiocactive decay. The element undergoing
radioactive decay is called the parent substance whilst the element
into which it is transformed is called the daughter product or decay
product. The latter may itself be radiocactive and as a consequence
of further decay give rise to yet another daughter product. It is
thus possible for a single parent substance to give rise to a whole
series of radioactive daughters.

The measure of radioactivity is based upon the number of atomic
disintegrations which occur each second. For historical reasons, the
unit of measurement is based upon the number of disintegrations which
1 g of radium undergoes in one second and corresponds to 37 thousand

15
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million (3.7 x 1010) disintegrations per second. The name given to
this unit is the curie. The following units are convenient terms used
for multiples and fractions of a curie (abbreviated to Ci):

Megacurie MCi 1 900 000 curies
Kilocurie  kCi 1 000 curies
Curie Ci 1 curie
Millicurie mCi 0.001 curie
Microcurie uCi 0.000001 curie
Nanocurie nCi 0.000000001 curie

Picocurie pCi 0.000000000001 curie

For most transport purposes the range of interest is from kilocuries
down to millicuries.

The quantity of any radicactive element will diminish with time as
its atoms disintegrate unless, as in some cases, it is replenished
from a parent substance. This rate of radioactive decay varies
considerably from one radioactive element to another but in any case
the rate of decay is inexorable, that is, the rate for a given element
cannot be increased or reduced. The rate of decay is conveniently
measured by its half-life which is the time taken for one half of the
atoms to disintegrate. In numerical terms this means that after one
half-life there will be half the number of atoms left that were
originally present. At the end of the second half-life one quarter
of the atoms originally present. This may be illustrated by reference
to radium which has a half-life of 1600 years. Thus, starting with 1 g
of radium which, by definition, has an activity of 1 Ci, at the end of
1600 years it will have decayed to 4 g with an activity of % Ci. After
another 1600 years a 4 g with an activity of 4 Ci will remain and the
process continues until at the end of 10 half-lives, or in this case
16,000 years, both the weight and activity will have been reduced to
- approximately one~thousandth of that originally present, i.e. 1 mg and
1 mCi respectively. Half-lives vary from millions of years to
fractions of seconds. Radioactive substances with short half~lives
have a high specific activity, measured in curies per gram, compared
with long-lived substances. Radium with a half-life of 1600 years has
an activity of 1 Ci/g, whereas uranium with a half-life of 4500 million
years would require over 1 tonne (1000 kg = 19.68 cwts) of uranium to
give an activity of 1 Ci. Therefore, the specific activity, curies
per gram, of uranium is very much smaller than that of radium.

Specific activities vary so widely that the physical size or
weight of a consignment of radiocactive material is, by itself, no
guide whatever to its radiocactivity. For radioactive materials with
very short half-lives any delay in the delivery of such material to a
customer will result in the customer receiving a smaller quantity than
he ordered. For transport purposes any material with an activity of
less than 0.002 uCi/g (2 thousand millionth of a curie per gram)
is regarded as non-radioactive.

24 SOURCES OF RADIOACTIVE MATERIAL

Until very recent times in the history of mankind the. presence of
radiocactive materials, and radioactivity, throughout the world derived
from natural sources. Latterly man has added a vast range of
artificially produced radiocactive materials.
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2.1 Naturally occurring radiocactivity

Several radioactive materials which occur naturally have already
been mentioned, radium, uranium and thorium. The two most abundant
are uranium and thorium and the ores which give rise to these metals
are widely distributed in the earth's crust. By natural weathering
and geological processes both these parent substances and their
daughter products contribute natural activity to the seas of the world.
In addition, due to the formation of daughter products which are
gaseous, natural radiocactivity is also present in the earth's
atmosphere.

2.2 Artificially produced radioactivity

Uranium metal, extracted from its ore, is currently the most
common form of fuel used in nuclear reactors. Although the specific
activity of uranium is low when the fuel is irradiated in a reactor it
undergoes the process of nuclear fission. In this process a
proportion of the uranium atoms split into fragments of roughly equal
size; at the same time a considerable amount of energy is liberated
which can be used for power productione. The resultant fragments are
called fission products, many of which are highly radiocactive. In‘all
a series of species of nearly 40 different chemicals are formed and
specific activities may be up to several hundreds of thousands of
curies per tonne of fuel. Consequently the transportation of
irradiated fuel poses entirely different problems, both in type and
magnitude, when compared with unirradiated uranium.

Many stable elements can be converted into radiocactive species of
the same or different elements when irradiated in a reactor, and
materials formed in this way, together with the natural radioactive
elements and fission products chemically separated from reactor fuel,
are collectively called radipisotopes. The term radionuclide is
probably a better term since the manifestation of radiocactivity derives
from fundamental changes in the nucleus of the atom. Radionuclides
have an increasingly wide application in science, industry and medicine.
Associated with their use will be the necessary precautionary measures
involved in the transportation of such materials. The activities
used can range from a few microcuries to megacuries.

3. RADIATIONS EMITTED BY RADIONUCLIDES

Radioactivity, the process of atomic disintegration, gives rise to
the emission of radiation from the disintegrating atom. Radioactive
substances may emit one or more of three types of radiation,which are
distinguished as alpha and beta particles and gamma rays.

3.1 Alpha particles

An alpha particle is a sub~atomic particle positively charged and
travelling at high speed. It has a relative mass about 7000
times greater than a beta particle. The penetrating power of an alpha
particle is very low, it travels but a few centimetres in air and is
easily stopped by solid materials. A sheet of paper will absorb alpha
radiation completely so that virtually any packaging material will
prevent the escape of alpha particles.

17
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3.2 Beta particles

These are negatively charged sub-atomic particles of very small
mass and, like alpha particles, travelling at high speed. Beta
particles are more penetrating than alpha and, depending on their
energies, may travel up to a few metres in air. A few millimetres
of solid material is sufficient to reduce even the most penetrating
beta radiation to negligible proportions.

3.3 Gamma rays

Gamma radiation, unlike alpha and beta radiation, is not
particulate but consists of electromagnetic waves and, therefore, is
uncharged and has no mass. Visible light, wireless waves and X-rays
are also electromagnetic waves. Gamma rays are extremely penetrating
and substantial thicknesses of solid material are required to make a
significant reduction in the intensity of the radiation. The denser
the material the more effective it is for shielding purposes for a
given thickness. Lead is commonly used in the construction of
containers for gamma-emitting nuclides. The usefulness of lead may
be assessed by comparing the thickness required to produce a tenfold
reduction in the gamma radiation of cobalt-60 with the thicknesses of
other materials to produce the same reduction. Approximately 4.5 cm
of lead is equivalent to 9 cm of steel, 33 cm of ordinary concrete
and 51 cm of brickwork.

In calculating segregation distances during the transportation of
radioactive material advantage may be taken of the inverse square law.
The intensity of radiation falls off rapidly as the distance from the
source increases, provided the physical dimensions of the source are
small, in accordance with the inverse square law. This means that
by doubling the distance from the source, the intensity of radiation
is reduced to one quarter. Increasing the distance tenfold produces
a one-hundredfold reduction in intensity of radiation. By increasing
the distance from a source a little over threefold, say, 1 m to
slightly over 3m, a tenfold reduction in intensity of
radiation is effected and is equivalent to, that produced by 4.5 cm
of lead shielding.

3.4 Neutrons

This section on radiation would not be complete without some
mention of neutrons which are chargeless sub-atomic particles, mass
one quarter of an alpha particle, of high penetrating power.

Neutrons are not produced in the course of radiocactive decay but can
be generated by special techniques and processes. The neutron has

the ability to produce nuclear fission when it collides with an atom

of fissile matetial. This property is fundamental to the production
of nuclear energy and the two best known fissile materials are uranium-235
and plutonium-239. The former occurs to a small extent in natural
uranium but the proportion of uranium-235 may be artificially increased
so that the uranium is said to be enriched. The plutonium-239 is not
found naturally and is artificially produced in a nuclear reactor.

The special problems associated with the transport of fissile material
will be discussed in another paper.
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4. THE DETECTION AND MEASUREMENT OF RADIATION

Jonising radiation, unlike heat, light and sound, cannot be
detected by any of the human senses. Fortunately, however, the
properties of ionising radiation are such that relatively simple
equipment, or instrumentation, can be used both to detect its presence
and measure its intensity.

Film exposed to radiation is found to be blackened after
development in the same way as after exposure to ordinary light. The
degree of blackening is proportional to the quantity or 'dose' of
radiation to which the film has been exposed. Fast X-ray film is
particularly sensitive to radiation and canbe used to measure the
radiation dose. The sensitivity of film, particularly X-ray film, -
‘is a consideration in the transportation of radioactive material which
might share the same mode of transport as unprocessed films.

Films, although a sensitive indicator of radiation, are not
amenable to rapid measurement because of the processing time required
before a value can be obtained. Rapid measurement can be made by using
the phenomenon that some materials which do not normally conduct an
electric current will do so when exposed to ionising radiation.
Electronic instruments, such as geiger counters and ionisation chambers,
have therefore been designed to detect and measure radiation. These
instruments can be made portable, are simple to operate, and require
little training in their use.

5. RADIATION UNITS

Basically there are three radiation units, the roentgen, the rad
and the rem. The true nature of the distinction between these units is
outside the scope of this paper and here we need only be concerned with
the first and the last. The roentgen may be regarded as the physical
unit of quantity of radiation or, as it is usually called,the radiation
dose. Strictly this unit should be applied to the measurement of
gamma radiation or X~radiation only, and this applies in transport
(beta radiation is measured in rads). For transport purposes the
roentgen is a large unit and the milliroentgen, one thousandth of a
roentgen, is more frequently used. Roentgen is often abbreviated
to 'R' and milliroentgen to 'mR’. Interest is not confined to the
total dose of radiation to which a film or a person may be exposed but
also to the rate at which the dose is received. Dose rates are
expressed in roentgens per hour, R/h, or more usually in milliroentgens
per hour, mR/h. Instruments are available for the direct measurement
of both dose and dose rate.

The biological effect of a given dose of radiation varies with
the type of radiation delivered and to deal with this situation a
unit called the rem has been introduced. In terms of practicalities
in the fileld of transport this need cause no confusion, since most
measurements are concerned with gamma radiation and a dose in roentgens,
the unit for gamma radiation, can be taken as equal to the same dose
expressed in rems.

6. RADIATION HAZARDS

‘The philosophy of radiological protection, and its application,
is primarily concerned with safeguarding the human organism from the
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potentially damaging effects of exposure to ionising radiation. In
;onsidering these effects it is necessary to examine the modes of
exposure and their short and long-term consequences.

6.1 Effects of radiation on man

Throughout the whole period of evolution, man, and his precursors,

have been exposed to radiation. The advent and growth of the nuclear
energy industry, over the past three decades, has merely added
additional sources of exposure over those which have always existed.
Man has always been exposed to radiation from cosmic rays reaching the
earth from outer space, from the natural radioactivity in the ground
beneath him, from the food he eats, the water he drinks, the air he
breathes, and from the materials used to shelter him. The dose of
radiation received by each individual throuchout his life from natural
sources, called background radiation, depends upon where he lives.
In the United Kingdom this background radiation dose is about 100 mR
per year, but will vary in different parts of the world, and in some
places may be as high as 4 R per year (that is 40 times greater than
in the United Kingdom). Any dose which an individual receives from
man-made sources is additional to the background dose, to which he is
always subjected, but not different from it in kind.

The basic effect of radiation on living organisms is through its
interference with the normal functioning of the individual living cells
which an organism contains. The effect varies widely with the type of
cell involved, the type of radiation, the total dose of radiation to
which the cell is exposed and the rate at which that dose is received.
Because of the natural repair processes which operate within a living
organism, small doses, or even large doses delivered over a sufficiently
long period of time, may have no apparent effect. On the other hand,
large doses of radiation delivered in a short period of time may cause
irreparable damage to living cells.

Similarly the effects on the whole organism, and man in particular,
depend upon a variety of factors, principally the magnitude of the
dose and the rate of delivery and whether the dose is given to the
whole body or only part of it. Variations will also occur from one
individual to another, including differences due to age, sex and state
of health.

To the extent that it is possible to generalise, no effect would
be discernible by individuals receiving whole body doses of gamma
radiation below 25 R even if the dose were delivered over a
short period of time. With increasing dose some individuals would be
ill, with perhaps fatigue, vomiting and blood discrder until at doses
over 10R delivered over a short period, symptoms might be expected in
most of the individuals exposed. Some fatalities would be expected
at doses of 300-500R. Again as a generalisation, the effects of a
given dose of radiation will increase with the increasing biological
complexity of the living organism. For example, whilst a dose of
500 R might cause fatalities among humans it would have little
observable effect on lower forms of life and none whatever on the most
lowly forms.

If the dose is localised, that is if it is delivered only to a
small part of the body and not the whole body, then doses of several hundred
roentgens or more, again delivered over a short period, might produce
reddening, inflammation or actual burning of the skin and loss of hair.
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Effects from beta radiation would be confined to the skin and tissue
close to the body surface because of 1ts lower penetrating power. As
. a result of its very low penetrating power, alpha radiation would not
pass through the outer layers of the skin and would produce little or
no effect.

The effects so far discussed are those which manifest them-
selves within a short period, hours, days or weeks, following exposure
to a large single dose of radiation. Such effects are called acute
effects. The damage which may accompany these effects is called
somatic damage and affects only the individual subjected to the
radiation exposure.

* If the same doses were spread over a long period these acute
effects would not appear, but there would remain a possibility of
delayed effects after many years. These delayed effects may take the
form of malignancies such as leukaemia, skin and bone cancers which
have been observed at times ranging from about 10-50 years after
the exposure. ’

An entirely different type of damage can occur when the special
germ cells involved in the reproductive processes are exposed to
radiation. In this case effects may appear, not in the individual
who has been exposed, but in his descendants, perhaps several generations
later. Effects of this type are called genetic damage. Here, the
important factor is not so much the radiation dose received by
individuals, but the dose to the population as a whole, since it is
this which will determine any change in the incidence of genetic
abnormalities from that which occurs naturally. © Thus, in the field
of radiological protection it is necessary not only to restrict the
radiation exposure of individuals but also to control the radiation
dose to the population as a whole.

6.2 Modes of exposure

Having considered the effects of exposure to radiation it is
necessary to consider the modes of exposure which may lead to
irradiation of the whole body or part of it. In doing so particular
emphasis is laid on the possiblities which may arise during the
transportation of radioactive materials.

External radiation

Persons who are in the vicinity of a source of radiocactive
material may be subjected to a direct radiation dose, and this is
classified as external radiation exposure. If the source emits alpha
particles only, the radiation will be completely absorbed either by
the packaging material of the source or the inert outer layers of the
skin, and hence no exposure of persons will resulta Where the
packaging material of a source emitting beta radiation exceeds
1 or 2 mm depending on the actual source involved, a large
proportion of the radiation emitted will be absorbed. Several
millimetres of material will reduce, by absorption, beta radiation ta
negligible amounts. The range of beta particles in air is a few
metres at most, and ordinary clothing provides considerable absorption.
Under normal transport conditions external exposure to beta radiation
is unlikely, but if it were to occur the exposure would be to the skin
and the immediately underlying tissues.
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If the source emits penetrating radiations as in the case of
gamma radiation or neutrons, the body as a whole will sustain a
radiation dose. The magnitude of the dose will depend upon the
strength of the source, the thickness of its shielding material, its
distance from the body and the duration of exposure.

Under normal circumstances of transportation, when the
radioactive material is adequately packaged, exposure to external
radiation is the only factor to be considered.

Internal radiation

Under normal conditions of transport radiocactive material will
be contained within its packaging; however, in an accident situation
the containment may be breached and radiocactive material released. In
this situation quite different considerations arise.

Tt is necessary to distinguish between radiation and
contamination, the latter term is reserved for the situation in which
radiocactive material is physically present where it is not wanted.
Thus, if radioactive material escapes from its packaging during
transit the outer surface of the package and the transport vehicle
itself may be contaminated. If the radioactive material is in a form
in which it is readily airborne, not only does the surrounding air
become contaminated, but the contamination can become widespread by
subsequent deposition on neighbouring surfaces which may include the
clothing and skin of persons in the vicinity. Contamination, which
involves the physical presence of radioactive material is measured in
curies, or more usually microcuries. Air contamination may be
expressed in microcuries per cubic centimetre of air and surface
contamination as microcuries per square centimetre of surface.

The contamination of air and surfaces can obviously lead to
external radiation exposure of the body in exactly the same way as for
a radioactive source. However, contamination may lead to a more
insidious type of radiation exposure if radiocactive material gains entry
into the body; the individual concerned is exposed to what is called
internal radiation. In these circumstances materials emitting alpha or
beta particles have increased significance since they are in direct
contact with body tissue and, despite their lower penetrating power,
local body cells are within the range of these particles.

Entry of material into the body may occur by any, or all, of
four routes. Eating food with contaminated hands, or drinking
contaminated liquids, can lead to the entry of radioactive material
through the mouth and is called ingestion. Breathing contaminated air,
radioactive material can be taken into the lungs and this route is called
inhalation. If contamination occurs on, or near, an area of skin which
is punctured, cut or abraded, then material can gain entry into the body
through the broken skin and is termed wound injection. The last, and
probably least common, form of entry is by direct passage through the
unbroken skin and is known as absorption.

Once inside the body the behaviour and effect of the radioactive
material will depend upon a number of factors. The principal ones are
its chemical and physical characteristics and its role in, or
interference with, the normal physiological and metabolic processes of
the body. The dose to the body, or a particular organ within the body,
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will depend upon the radiation characteristics of the radionuclide and
its residence time. The activity will decrease with time due to
radioactive decay of the radionuclide, and physical elimination from the
body by natural bodily processes. The overall rate of reduction in
activity will Be a combination of these two factors from which the
exposure time may be calculated and hence the delivered dose.

Some fraction of any soluble material will find its way into the
bloodstream, whatever the mode of entry into the body, and may ultimately
concentrate 'in one or more particular body organs. The body organ at
greatest risk from a given radionuclide is termed the critical organ for

-that particular radionuclide. The critical organ is generally regarded
as the body organ which accumulates the greatest concentration of the
radionuclide considered and, except for a few radionuclides, this is true.
For example, the critical organ in the case of radium is bone, whereas for
ioedine it is the thyroid.

In the case of ingested inscluble radionuclides the passage
through the body is fairly rapid and irradiates the digestive system which
becomes the critical organ. When insoluble radicactive material is
inhaled a proportion will remain in the lung and this, for many
radionuclides, is the critical organ.

Although the processes involved in the uptake, movement,
deposition and elimination of radionuclides from the body are complex,
nevertheless the internal radiation exposure of an individual can be
properly evaluated.

T PERMISSIBLE LEVELS
The formulation and implementation of controls in order to
ensure the safe transportation of radiocactive materials cannot be

satisfactorily derived without the establishment of permissible levels
of exposure to radiation designed to safeguard the individual.

7.1 Derivation of permissible levels

Exploitation of nuclear energy cannot be achieved without some
exposure of people to radiation. The medical use of X-rays in
diagnostic and therapeutic applications has fairly obvious benefits but,
at the same time,, is necessarily accompanied by some degree of radiation
exposure. Whether we use man-made sources of radiation or not, people
receive a dose of approximately 100 mR/y from purely
natural sources. The question therefore is how much additional
radiation exposure is permissible without incurring the risk of the types
of injury which we know to be possible with excessive doses.

There is considerable evidence available to resolve this
question. There is the experience of the early scientific workers
with radiation, particularly X-ray workers, who suffered ill effects
at a time when radiation hazards were not understood and when inadequate
precautions were taken. Another source of information is the early
industrial experience with radioactive material, particularly from the
cases such as the radium dial painters of the First World War. These
people worked under conditions which bear no relation to modern
standards, and were in the habit of moistening contaminated brushes
with their mouths, leading to ingestion of radium. Subsequently, in
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later years, many of these workers developed bone cancer. Study of
these cases has given an insight of the quantitative relationship
between ingestion of radioactivity and the risk of injury. More
recently there are the lessons learned from the effects of the explosion
of nuclear fission bombs in Japan at the conclusion of the Second World
War. The populations exposed to these weapons have been the subject of
intensive and continuous study and have provided information on the
relationship between exposure to radiation and the risk of injury.

On a smaller scale, there is the evidence of the relatively few radiation
accidents which have occurred in nuclear energy programmes; among these
are the criticality accidents in the United States and elsewhere. A
large amount of directly valuable evidence comes from the use of radio-
nuclides in medicine, a field in which radiocactive material is often
deliberately introduced into the body for the treatment of malignancies. ~

Finally, all this direct evidence on man is reinforced by the
results of a vast number of experiments involving the exposure of
animals to radiation.

The task of keeping all evidence of this nature under review,
and of using it as a basis for recommendations on permissible exposure,
is undertaken by the International Commission on Radiological
Protection (ICRP) a body of experts with worldwide recognition,
drawn from several countries.

The published recommendations of ICRP are comprehensive,
and are widely used as the basis of radiological protection. ‘Dose
limits are given for workers who are regularly exposed to radiation as
a result of their employment, generally referred to as radiation workers,
and for ordinary individual members of the public. Differing limits
are to be expected for these categories since, as mentioned before,
the effects of radiation exposure depend not only on such factors as
age, sex and state of health, but, as far as genetic considerations are
concerned, on the proportion of a population which receives particular
doses.

The ICRP give numerical limits in regard to both external and
internal radiation exposure. In the case of external exposure the
limits are expressed simply as permissible doses related to given periods
of time. For internal exposure the limits are expressed primarily in
terms of the quantity of each radionuclide which may be accumulated in
the body without exceeding the permissible dose to the organ which is
critical for the particular radionuclide concerned. These quantities
are known as maximum permissible body burdens, and are expressed in
microcuries. These body burdens may vary widely between radionuclides
of radiation emitted and the manner in which radionuclides are
distributed within the body.

7.2 Some ICRP Recommendations

For radiation workers, that is, adults regularly working with
radiocactive materials or exposed to radiation and who have available
regular medical supervision, film badge monitoring and other services,
the permitted whole-body dose is 5 rems per year. (This dose strictly
applies to the gonads and red bone marrow, which are considered to be
the critical organs when the whole-body is exposed uniformly and the
same limit therefore applies to uniform irradiation of the whole-body.)
One half of this annual dose, rounded up to 3 rems, is allowable in
any period of a quarter of a year. The Commission recognises that
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some flexibility in the permitted dose may be necessary and that in
some circumstances it would be justifiable to permit the quarterly
dose to be repeated in each quarter of a year. Thus it would be
possible to allow a dose of 12 rems in a full year. However, a
restriction is applied in that the total dose accumulated at any age over
18 years (the assumed age at which radiation work might begin) should
not exceed an average of 5 rems per yeare. It is, perhaps, worth
noting that an annual dose of 5 rems corresponds to an average dose
rate of 2.5 millirems per hour based on a 40-hour week. For other
organs, and the extremities of the body, larger dose limits are
recommended.

For individual members of the public the annual dose limit is
set at one-tenth of that for radiation workers; for example, in the
case of whole-body exposure the limit is 4 rem per year. From the
point of view of transport, this dose limit is the appropriate one to
apply when considering the exposure of passengers who share the same
means of transport as consignments of radiocactive materials.

The Commission has suggested that for administrative purposes it
is convenient to divide workers who are exposed to radiation into two
categories; those in which workers might be exposed to doses in
excess of three~tenths of the annual permissible doses, and those who
are most unlikely to be exposed to greater than this three-tenths
value. It is recommended that the former group should be subject to
special health supervision and personnel monitoring, whereas for the
latter group this need not applye. Three~tenths of the annual
permissible dose, for the whole-body uniformly exposed to radiation,
is 1.5 rems and this is equivalent to a dose rate of 0.75 millirem per
hour for a 40-~-hour week. This particular dose limit of 1.5 rems per
year may be taken as appropriate for transport workers who are involved
in the storage and carriage of radiocactive materials from time to time
but for whom radiation worker status, with all it entails, is either
. impracticable or unnecessary. In this sense, the term transport workers
will include such people as aircraft crews, lorry drivers, some ship
personnel, dock workers, storekeepers and others. '

All the ICRP recommendations so far discussed have been concerned
with what one might call the routine day-to-day exposure of individuals
to radiation. It is, however, recognised that there may be circumstances
when an accident or some other kind of emergency requires a limited number
of workers to receive exposures in excess of the quarterly limits. In
such circumstances, subject to certain restrictions, exposures or intakes
of radioactive material may be permitted provided the dose commitments
do not exceed twice the annual dose limit in any single event and, in a
lifetime, five times this limit. The occasions in which this exception
would be applied are, of course, very infrequent.

8. METHODS OF CONTROL

Our concern with radioactive materials and the radiations they
emit should now be apparent. We now know something of their properties
and hazards, and how ICRP recommendations may be used as a basis for the
control of these hazards in all fields of radiological protection,
including the transport industry. An adequately packaged consignment of
radiocactive material will in normal circumstances present only an external
radiation hazard, and the extent of that hazard may be conveniently
assessed by dose-rate measurement. If the measured dose rate is high
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enough to justify precautionary measures then segregating or shielding
the radiocactive material becomes necessary so that it will cause no
hazard to persons and no damage to film. The segregation distances for
persons must be calculated so that appropriate ICRP dose limits are not
exceeded when due allowance is made for the time of exposure.

The problem of internal radiation will only apply if there is some
spillage or leakage of radiocactive material from a package as a result of
an accident. The essential control for this hazard is a combination of
a high standard of packaging and the specification of upper limits in the
amount of radiocactive material that may be permitted in various classes
of packaginge. The resulting rules provide a high standard of safety and
considerable flexibility. To achieve this, they are necessarily complex,
but the main complexity is dealt with by the dispatching organisation and
the rules governing the transport operations are kept as simple as possible.

The .widescale application and use of radicactive materials in
medicine, science and industry in many countries brings tens of thousands
of people daily into contact with radiation. By the application of modern
safety standards, which are rigorous but practicable, the use of radiocactive
materials makes an almost negligibly small contribution to the total of risk
which is present from other and more familiar causes. There is no reason
why this should not be true for the transport industry.
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Abstract

THE SPECIAL PROBLEMS INVOLVED IN THE MARITIME CARRIAGE OF FISSILE MATERIALS.

An outline of the types of packaging and test requirements is given. Fissile material likely to be
wansported is discussed together with fissile characteristics and the classification of fissile packages. Reference
is made to the use of Transport Indexes and how they are derived, and conclusions are given. Because of
the care and attention given to the design of packaging, the problems encountered in the maritime carriage
of fissile materials should seldom be more than those commonly associated with the shipment of heavy and
bulky loads.

Introduction

1. Radioactive materials, including fissile materials can readily be
carried in sea~going vessels. The practicalities of this form of trans-
port are such that great quantities of non-radioactive and radioactive
materials can be brought together in one ship. This seems to suggest
that there are special problems and that a carrier needs to take parti-
cular precautions against possible hazards. The dangers associated with
radioactive materials have been given great publicity, and it is known
that they cannot be detected by the normal senses, they cannot be seen,
neither can they be felt. They can be detected by instruments, but lay
people do not have access to such instruments; consequently there is an
understandable fear of the unknown. On the other hand, however, little
publicity is given to the usefulness of radiocactive materials, in
medicine for example, where it is fully controlled and can be a valuable
tool in man's hands.

2e Another problem that a shipper encounters is that of the complexity
of the regulations which, paradoxically, have been created to ensure
that radioactive materials can be transported safely. Regular users of
the regulations still find them to be complicated, but experience eases
this problem.

3. The regulations for the safe transport of radiocactive materials are
published by the International Atomic Energy Agency [1]. They cater
for all types of radioactive materials, including those which are fissile
and they cater for all modes of transport including that by sea-going
vessels. .

4, Radioactive materials cannot be transported until several actions

have been carried out. A designer is required to produce a design of
packaging which meets the requirements of the regulations. He must
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carry out tests and prepare a safety case for submission to the competent
authority. The competent authority will meke a careful and independent
assessment of the design, and when satisfied with its safety will issue
a formal Package Design certificate of approval. If the design is to
carry fissile material he will also issue a Fissile Package Design certi-
ficate of approval. Before a package of fissile material can be shipped
abroad it must have received approval, or validation, of the fissile
characteristic, in addition to any other approval which may, or may not,
be necessary on radiological grounds, from the competent authority of
each of the different countries through or into which it must pass. This
also means from the country of the flag of the ship concerned.

5. Prior to first use, the user must carry out tests to show that the
shielding of the package is adequate and where, for nuclear safety,
neutron poisons are used that they are present and properly distributed.
The consignor carries out leakage tests and shielding tests before every
use.

6. From this it can be seen that the hazards associated with radio-
active materials, and fissile materials, have been given recognition from
the start. Whenever radioactive materials, whether fissile or not, are
offered for transport and are accompanied by a certificate of approval
and a consignor's certificate they can be accepted with the knowledge
that the well-being of all concerned with its handling and its transport,
together with any passengers and other cargo that may be carried on the
same vessel, has been taken into consideration in the packaging design
and in the stowage arrangements on board ship.

Standards of Packaging and their tests

7. All radioactive materials do not have the same hazard and so
different standards of packaging, appropriate to the hazard, are per-
mitted by IAEA regulations. Depending on the curie content, ''strong
industrial®,"Type A", or '"Type B" packaging would be used. They can all
be used for the carriage of fissile material, but Type A and Type B
packaging would be the ones most widely used.

8. The packaging must be subjected to, and must pass, the requirements
of the different standards of tests. Basically, these ensure that the
radioactive material-is adequately contained, and that there is not a
significant loss of radiation shielding. These tests can be briefly
summarised as follows.

9. The Type A tests are intended to simulate the normal conditions of
transport. Saturation by rain (water spray test), stacking (compression),
being carelessly handled (a drop from 1.2 metres) and a penetration test.
The packaging must be shown capable of meeting the cumulative effects of
these tests.

10. Type B packaging must survive the Type A tests, and then survive a
further series of tests, which are intended to simulate a most severe
accident in transit. They are referred to as the Type B tests which again
are cumulative. The tests consist of a free drop from a height of 9
metres onto a rigid and unbreakable target, a drop onto a punch from a
height of 1 metre, a thermal test in a fire of 800°C for 30 minutes
(cooling is not allowed thereafter until a further 3 hours have elapsed)
and immersion in water under a head of 0.9 metres for not less than

8 hours.
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Pissile Packaging

11. The main fissile materials likely to be encountered in the carriage
of radioactive materials are uranium=-235 and plutonium-23%9. These could
be used to enrich new nuclear fuel; they would be in irradiated nuclear
fuel as a result of fission; the materials could become available as a
result of reprocessing irradiated nuclear fuel in a separation plant.

12. These materials are different from other radiocactive materials.
Their atomic structure is such that if a neutron was to collide with one
of its nuclei then fission would take place, the atom would be split.
Considerable heat would be generated, fission products would be produced
and more neutrons would become available to cause more collisions. This
could continue as a chain reaction and the fissile material in its envi-
ronment would be in a Y"ecritical" state.

13. For this to occur a number of requirements must be met.

i. There must be sufficient fissile material present. If there
was not sufficient material, then the neutrons initially
formed would find no more material with which to continue
the reaction.

ii. The material must be arranged in a particular spacing. If
it was too widely spaced then the neutrons could miss the
fissionable material, and the reaction would die away.

iiji. The interaction of a neutron with the nucleus of another
atom occurs best when the neutron has been slowed down or
moderated. If a neutron is travelling too fast, it will
pass through the nucleus without causing change. If it is
slowed down to an appropriate speed it will readily break
up the nucleus, causing fission to occur. A moderator is
thus required for fission to take place.

14, If a critical state was allowed to come into existence, fission
could be stopped or controlled by the use of neutron absorbing material.
A critical state occurs in a nuclear reactor, and rods of neutron
absorbing material are used to control the neutrons and thus the amount
of heat generated. This material absorbs the neutrons harmlessly and
prevents them being available to cause further fission. The absorbers
mostly used in packaging for fissile materials are boron and cadmium.

15. The IAEA Regulations permit the carriage of fissile material in
either Type A or Type B packaging, even though there are different
standards of test for each type. It should be appreciated that the type
of packaging used is dependent upon the curie content of the material
alone, but if, however, the material is also fissile, then the regulations
call for the Type A package to be subjected to the Type B tests, the
severe accident conditioms.

16. From the radiological point of view the package need not pass
these tests. From the nuclear safety point of view the result of the
test must be known to the criticality specialist who may be able to
accept it as damaged or, if not, insist on it being reinforced so that
it would meet the tests.
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Classification of Fissile Packages

17. Depending on the quantity of fissile material and the package
design, so the criticality specialist will place it in a specific
category or classification of package, as defined by IAEA regulations
as follows:

i. Exempt

Small quantities, concentrations and forms of fissile
material which cannot be made critical under all fore-
seeable circumstances of transport are exempt from the
additional regulatory requirements for fissile material.

ii. Fissile Class I

This package design ensures that no neutrons can escape
from it to cause fission in the next package. In conse-
quence these are nuclearly safe in any number and in any
arrangement under all foreseeable circumstances of
transport.

iii. Fissile Class II

In this case nuclear safety, under all foreseeable cir-
cumstances of transport, is achieved by limiting the
number of such packages in transport.

iv. Fissile Class III

This is a special case where control in transport may
. be required to ensure nuclear safety. Movements will be
approved only as a "Special Arrangement Transport Operation'.

18. All the three fissile classes shown above achieve nuclear safety
to a similar degree. The method used to achieve it varies from one
class to another.

Transport Index

19. Any package of radioactive material will have a Transport Index.
This consists of a simple number which can be derived in one of two

ways. For other than fissile material, the number would be the same

as the figure expressing the maximum radiation dose rate at 1 metre
from the centre of the package. (When the IJAEA revised regulations are
published later this year this figure will become the maximum radiation
level at 1 metre from the surface of the package.)

20. When a Transport Index is required for a Fissile Class II package,
the larger of the following numbers is used:

i. The number expressing the maximum dose rate or radiation
level as indicated above, or

ii. The number obtained by dividing 50 by the allowable number
of such packages.

iii. The number representing the Transport Index is to be rounded
up to the first decimal place.
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21. The IAEA Regulations place a limit on the radiation originating from
packages of radioactive materials and, depending on the radiation, so the
package would be put into different categories. Fissile Class II packages
are allowed in two categories: Category II Yellow in which the dose rate
must not exceed 0.5 mR/h at 1 metre from the centre, or Category III
Yellow in which the dose rate must not exceed 10 mR/h at 1 metre from the
centre. The latter dose rate could be exceeded if the package was trans-
ported under "full load conditions'.

22. A Fissile Class II package of unirradiated nuclear fuel would be
unlikely to emit much radiation and so its transport index would be based
on the criticality allowable number. This could be up to a maximum of
500, in which case its transport index would be 0.1. A Figsile Class II
package of irradiated nuclear fuel could have a criticality allowable
number of 500, but it may in addition have a high dose rate of 10 mR/h or
more in which case its transport index would be 10 or more.

Use of Transport Indexes

23. Transport indexes are of value when arranging transport of radio-
active and fissile materials by sea-going vessels. The IAEA Regulations
simply state that the number of Category II - or III - Yellow packages
shall normally be so limited that the sum of the transport indexes on
them shall not exceed 200, and that they must be divided into groups of
packages such that the total of transport indexes in each group does not
exceed 50, and that each group must not be stowed closer than 6 metres to
any other group. There are no extra requirements for labelling of fissile
materials, these controls and provisions are the same whether the radio-
active material is fissile or not. Because of this the carrier would not
know, neither should he need to know, by simple examination of the
labelling, whether or not he was to carry fissile material.

2. From the administrative point of view this method of adding numbers
is simple and requires no specialist skill to arrive at a safe conclusion
as to how many packages can be stowed on board ship and in what grouping.

25. The system of transport indexescovers two important aspects of
safety. It controls:

i. The radiation levels and the segregation of packages
relative to persons and photographic films.

ii. The number and segregation of Fissile Class II packages.

26. When mixed shipments of radicactive materials are considered this
degree of simplicity, unfortunately, has shortcomings. As written the
regulation is rigid and inflexible. Consider the examples of Fissile
Class II packages at paragraph 22 above. The package of unirradiated
fuel has a transport index of 0.1; 500 such packages could be collected
together in one group with a total of 50 transport indexes, they would be
nuclearly safe. This is very adequate and has, so far, caused no diffi-~
culty to BNFL when shipping new fuel abroad. Packages of irradiated
nuclear fuel could also be collected together in one group of 500, they
too would be nuclearly safe. However, from the radiation level point of
view they have a transport index of 10 or more, and in consequence five
or fewer packages only can be grouped together.

27. It is important that radiation is kept to minimum limits, but this
method of using transport indexes does not, and cannot of course, take
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into account the considerable self shielding that is created by this type
of packaging. The packages are massive, and if more than two are stowed
on board the outer ones would shield personnel from the radiation
originating from the innér ones to a very great extent.

28. This problem may be overcome by the use of other international codes
or conventions. International Maritime Dangerous Goods Code [ 2], for
example, gives three methods of ensuring that segregation distances are
safely met. The simple table similar to the IAEA table of segregation
distances, using the transport index is given. In addition a nomograph
is given which also uses the transport indexes. The third method is one
of direct measurement. This is a specialist requirement and it is always
essential to have a calculative assessment carried out by a shielding
specialist before loading the vessel to ensure that the radiation, when
measured, will be within the allowable figure. The Code gives a limita~
tion of dose rate at regularly occupied working spaces on board ship as
a measurement of not more than 0.75 mR/h.

29. From experience it has been found that practical measurements have
never approached this particular limit.

Summary

30. Provided that the IAEA-Regulations are followed, insurmountable
problems associated with the transport of fissile materials by sea should
not arise. The regulations give a specification for the package design
and call for tests to prove that the design meets that specification.
The designer has intimate knowledge of the regulations and has based the
design on that knowledge. He has prepared a safety assessment which is
submitted to the competent authority. The competent authority will give
a formal certificate of approval when he is satisfied that the design
meets the requirements of the regulations. When the packaging is being
manufactured, the competent authority is entitled to examine the work
and assure himself that it is proceeding properly. When manufacture is
complete the packaging must be subjected to practical tests before first
use, to ensure that there is adequate shielding and that neutron
poisoning, if it is used, is correctly positioned.

31. Prior to each shipment the consignor must carry out leakage and
radiation tests. He must also ensure that the administrative actions of
providing certificates of approval, meking prior arrangements with the
carriers and giving prior notification to all competent authorities con-
cerned are properly completed.

32. The consignor must finally complete a certificate which names the
radioactive material, specifies its transport group and activity in curies,
and gives the transport index, the type of packaging being used, and if
fissile material the quantity or enrichment together with its Fissile
Class I, II or III. That certificate must also include a statement
certifying that the goods are properly described, packed, marked, and
labelled in accordance with the appropriate regulations, and are in proper
condition for transport. This is a most important document and it is
given to the carrier. It must be completed by a competent person such
that it can be accepted by the carrier as being a reliable document.

Conclusions

2?3. Packaging for radicactive and fissile material is designed with
specialist attention to meet stringent regulatory requirements. The
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requirements are such that tests simulating a most severe accident must
be safely met. The packaging must be proved to the satisfaction of an
independent body, the competent authority, that the design does meet
those regulations.

34. Because of the care and attention given, the problems encountered in
the maritime carriage of fissile materials should seldom be more than
those commonly associated with the shipment of heavy and bulky loads.

REFERENCES

[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Regulations for the Safe Transport of Radioactive
Materials (1967 Edition), Safety Series No.6, IAEA, Vienna (1967),

{2] INTER-GOVERNMENTAL MARITIME CONSULTATIVE ORGANISATION, International Maritime
Dangerous Goods Code, Radioactive Substances, Class 7, IMCO, London (1971).






DISCUSSION

ON PAPERS 161/7 AND 161/22

Lidia FAILLA: I should like to make a small contribution in connec-
tion with Mr. Freke's interesting remarks. The problems of radiological
protection associated with the transport of radioactive materials have been
largely solved to the extent that they fall within the scope of the IAEA
regulations; this is something which I think should be emphasized here,
where technical and administrative people are gathered together. There
has been a problem of radiological protection in transport, but at the present
stage it may be regarded as a problem belonging mainly to the past. Even
so, it will remain important to keep a watchful eye on these things, because
the danger to human beings inherent in the transport of radioactive materials
depends on a number of factors, above all on the number of packages being
carried. It is worth remembering that under the present IAEA rule the
radiation dose at the surface of a package may be as high as 200 mR/h, or
about 100 times the dose permitted for workers in the nuclear energy field.
This limit has not so far given rise to any real human exposure problems
because of the short times during which workmen remain in the vicinity of
such packages, the distance at which they generally stand from the packages,
and, above all, because of the numbers of packages being transported.
However, as I say, the matter should be kept consistently under review
because changes in the parameter — especially in the numbers of packages
transported — might eventually create problems of human exposure. Should
that happen, the 200 mR/h limit on the surface of packages would have to
be reconsidered. I know that the IAEA is giving careful attention to this
problem and that we can have full confidence in its judgement,

A. GEORGACOPOULOS: Are the documents of safety issued by the
competent authority sufficient for the carrier (e.g. the captail of the ship)
or will he be required to exercise any control during the voyage and if so
must he have a special knowledge?

S. WILLIAMSON: Depending on the number of curies contained in a
package of radioactive material so the materials would be carried in
"industrial' packaging, for example uranium ore in steel drums, "Type A"
or "Type B" packaging. It is unlikely that any control, other than ''full load"
(qv), would be applied. The carrier would be informed of what would be
required of him.

If the package was a 'large radioactive source' (qv) it is possible that
other additional controls during transport may be required. If they were
required the shipment approval certificate would specify exactly what must
be done. Depending upon this, no negotiations would be made with the
carrier in order that he could be made aware of the situation and what
would be required of him. If special knowledge was required he would then
know and make suitable arrangements. Onerous controls are unlikely to
be applied to the normal shipment of radioactive materials.

E. MAURER: As a layman I would like to ask Mr. Freke a question.
You have talked of alpha, beta and gamma radiations as being dangerous
to the body. What, in a general way, does radiation do to the body cell?

A.M. FREKE: In general when the track of ionizing radiation
terminates in a body cell it deposits its remaining energy within the cell,
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The deposition of this energy, or its mass equivalent, can damage or alter
the structural composition and function of the cell, This may kill the cell,
impair its normal function or change its replicating properties. In the
latter case if the effect is somatic, i.e. damage to the individual, it may
lead to the production of cancerous cells. If the effect is genetic it may
give rise to mutations in the germ cells which could produce deleterious
effects in future offsprings of the individual but does not impair the indi-
vidual irradiated.

A.R.W. WILSON: Your paper focuses on individual dose limits and
makes only a passing reference to population dose. Is this because you
do not see the transport of radioactive materials making a significant contri-
bution to population dose within the next few decades? If so, what is the
evidence to support this assumption?

A.M. FREKE: Passing reference to genetic dose in my paper was
not intended to imply that it was. of little consequence, The assessment
of any contribution to the population dose, from whatever source, is rather
specialized and detailed consideration of the subject was outside the scope
of the paper. However, based on the conditions imposed on the transport
of radioactive materials, and experience over the years, it would suggest
that the population dose, resulting from a sufficiently large number of
individuals in the general population being exposed to this particular source
of radiation, would be very small,
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Abstract

DESCRIPTION OF HAZARDS SPECIFIC TO MARITIME CARRIAGE,

The paper discusses the maritime transport of radioactive materials from the practical point of view
considering that types of ships, other dangerous goods aboard the same ship, influences of the sea and
environmental aspects could affect the carriage of these materials,

The aim of this Symposium, briefly expressed as far as I understand
it, is to exchange information to enable an almost unrestricted sea trans-
port of radioactive substances, which actually means that in the light
of new legal, insurance, safety and technical developments maritime
carriage could be handled in future much more smoothly than at present.
This aim is much appreciated since the carriage of these goods is still
laden with some elements of uncertainty and this Symposium will doubtless
help to reduce the present difficulties. The following is limited to a very
comprehensive general view of the specific hazards of maritime transport.
From the practical point of view, as far as nautical/technical matters
are concerned, the carriage of radioactive materials as cargo on board
sea-going ships can only be seen within the scope of the carriage of
dangerous goods in general.. The topic of my lecture therefore is related
to the sea-transport of all dangerous goods, among which, however,
radioactive materials have their own important position.

TYPES OF SHIPS CONCERNED

The assertion in this simplification is not quite correct; therefore,
let me say a word about the types of ships I have in mind when discussing
maritime carriage. This is not intended to cover the transport of these
substances on warships but only on commercial ships. Since radioactive
substances will hardly be carried by ships designed for the transport of
bulk liquids, bulk ores or bulk grain, or those designated solely for
passenger traffic (ferries, passenger ships), we need only consider
general cargo freighters. These, however, also present a wide range
of types, from a small coastal freighter of, say 50 m in length and a
speed of 6 knots to a full container vessel of more than 300 m in length
and a speed of more than 26 knots. These ships may or may not also
carry passengers; the accommodation for the crew and/or passengers
may be situated on the fore or aft, amidships, or ona combination oftwo
or even three of these. Although these freighters may vary in size, speed
and design, their common purpose is to carry general cargo, which

.
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generally means packed cargo. This makes them able to carry radio-
active materials as well. However, and here we come to the point, not
only radioactive but all other kinds of dangerous cargo, too. It must
therefore be assumed that, besides radiocactive materials, in most of
the cases other dangerous goods are on board the same ship.

DANGEROUS GOODS IN GENERAL

Before proceeding further, it seems desirable to make some remarks
on dangerous goods and to recall the hazards, meaning any source of
danger, presented by these goods. )

The International Convention on Safety of Life at Sea, 1960, laid
down in Chapter VII, Regulation 2, the following classification of dangerous
goods, which has meanwhile found world-wide adoption:

Class 1 Explosives

Class 2 Gases: compressed, liquified or
dissolved under pressure

Class 3 Inflammable liquids

Class 4 (a) Inflammable solids

Class 4 (b) Inflammable solids, or substances,
liable to spontaneous combustion

Class 4 (c) Inflammable solids, or substances,

which in contact with water emit
inflammable gases

Class 5 (a) Oxidizing substances

Class 5 (b) Organic peroxides

Class 6 (a) Poisonous (toxic) substances

Class 6 (b) Infectious substances

Class 7 Radioactive substances

Class 8 Corrosives

Class 9 Miscellaneous dangerous substances,

i. e, any other substance which ex-
perience has shown, or may show,
to be of such a dangerous character
that the provisions of this Chapter
should apply to it.

This list of the different classes of dangerous goods is self-explanatory
and illustrates very clearly the various hazards existing when these goods
are carried,

It is far beyond the scope of this brief lecture to discuss and evaluate
the hazards that dangerous substances conceal, Casualties of course
occur in general only if the packing of the dangerous goods is damaged.
Numerous accidents, however, have shown that this happens quite frequently,
Some reasons for this will be discussed below,

The sea transport of classified dangerous goods has increased sub-
stantially in the last years to such an extent that because of stowage and
segregation problems the amount of these goods has already had to be
limited on occasion on particular ships. The production and overseas
trade of dangerous substances, however, are still increasing. The number
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of dangerous commodities has also increased and is still increasing. It
is practically impossible to anticipate all the possible reactions between
different chemicals, whether dangerous or not.

Although this seems to be a general problem it is in fact a specific
hazard of maritime carriage since a great number of these products have -
to be stowed together on board one single ship and a lot of different
chemicals even have to be loaded into the same hold.

It goes without saying that the relevant national and international
regulations and recommendations related to the carriage of these goods
have to be strictly followed. However, even if the far-reaching segregation
requirements are strictly complied with, it can still happen that safe
transport is not guaranteed. Without wishing to underrate the following,
this hazard would appear to be one of the most severe as it contains the
most imponderables for a captain and his crew.

PERILS OF THE SEA

Another hazard specific to the maritime carriage of dangerous goods
in general is the fact that these goods, as any other cargo, are exposed
to the influence of the sea. These influences can be divided into direct
and indirect ones, direct influence of the sea meaning the effect of salt
water coming into close contact with the cargo.

Heavy seas, e. g., can smash the packing of cargo stowed on deck,
releasing what may be very dangerous contents. During long voyages
the packing of dangerous goods, especially those stowed on deck, can also
be influenced by the salinity of the air or the salt-water spray that is
always present, with a possible leakage of the contents as a result, Al-
though in general the packing is resistant to both its contents and salt water,
material faults cannot be avoided and experience has shown that this in
fact does happen. .

The indirect influence of the sea — meaning the static and dynamic
mechanical strains caused by the ship's movement in heavy weather —
is considerable. The effect of these strains depends on where the cargo
is stowed. The static pressure on cargo stowed at the bottom of a hold
is comparable with the static pressure when the cargo is stowed ashore.
However, it must be kept in mind that the lower hold of a ship can have
a height of 6 to 8 m and the tween-decks a height of 2. 50 to 3.0 m, assuming
that the average specific weight of general cargo is 0.5 t0 0.6 t/m3, cargo
at the bottom of a lower hold must therefore be capable of carrying 3.0 to
4.8 t/m3, In individual cases these figures may be far exceeded [1, 2],

The dynamic influences on ship and cargo are, however, more im-
portant than the static ones. At sea a ship is oscillating around her centre
of gravity. Ship and cargo are continuously being accelerated and de-
celerated, The oscillations can be divided into the following components:

Shifting forwards and backwards parallel to the longitudinal axis (surge)
Shifting to port and starboard parallel to the transverse axis (sway)

Shifting up and down vertically to the longitudinal and transverse axes (heaving)
Oscillating about the longitudinal axis (rolling)

Oscillating about the transverse axis (pitching)

Oscillating about the vertical axis (yawing).
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The following accelerations were measured during trial shipments
to the Far East:

(a) Rolling: rolling angle: up to 40°
acceleration: up to 0.3 g!
frequency: 0.05 to 0.15 Hz.

(b) Pitching: acceleration: up t0 0.6 g

frequency: 0.01 - 0.2 Hz. :

Another dynamic strain is caused by vibration of the ship. Vibration
accelerations, mainly as a result of the propeller revolutions, have been
measured up to 0.5 g. Although these figures cannot be added, a cumulative
increase could be assumed as a ship may move in a single motion or in
any combination of all these motions [1, 2].

CLIMATIC ASPECTS

Very often ships pass through several climatic zones on a voyage.
The cargo is then exposed to widely differing temperatures and degrees
of humidity. The radiant heat of the sun, e.g., can warm the surface
area of cargo stowed on deck up to temperatures of 70 to 80°C.

The following maximum and minimum temperatures have been
measured during several voyages from Europe to the Far East in winter
time:

Maximum Minimum
Air 36°C -12°C
Water 34°C - 1°C
Main-deck 75°C -10°C
Tween-deck 52°C - 5°C
Lower hold 38°C - 2°C

The relative humidity of the air varied during these voyages between
12 and 99% [1,2].

Obviously such great differences in temperature and humidity will
affect both the goods and the packing. The consequences can be damaged
packages, the creation of dangerous substances and, possibly, reaction
of the contents with condensed water inside the packages, with each other
or with other materials in their vicinity.

FURTHER ASPECTS

Dangerous goods to be shipped by ocean-going vessels are subject
to further influences that increase the hazard of damage to the packages
and which are also specific to this kind of transportation. Goods may be
handled up to 8 or even 10 times before being finally stowed on board.
Each handling endangers the strength of a package. The longshoremen
in ports handling these goods are rarely well-trained labourers from the

1 1g =9, 81 m/s?,
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chemical industries. A knowledge of the various hazards of the dangerous
goods and corresponding 'soft' handling of these goods, therefore, cannot
be provided.

ENVIRONMENTAL ASPECTS

Finally, another aspect of the maritime carriage of dangerous goods
should be mentioned, the possibility of environmental pollution by these
substances. This aspect is gaining more and more importance. At
present a number of international organizations are preparing a conference
on this matter. Although very often marine pollution is related to

,casualties only where bulk cargoes, e.g. tankers loaded with crude oil,
etc., are involved, packed dangerous goods may produce enormous
hazards to the environment when involved in severe accidents like strand-
ing, foundering, collision or fire on board. One example may spotlight
this hazard.

On 30 October 1970 the Sudanese ship "Erkuwit'' was involved in a
collision off the Atlantic coast of Spain. She was being towed to La Corufia
harbour when the bilge system failed and so she was beached on sand off
Bastiagueiro. ]

The ship carried among other things 1800 drums of Dieldrin-Abavit,
a poisonous insecticide containing Dieldrin and a mixture of mercury and
iodine chlorides,

More than 200 drums were washed overboard poisoning parts of
La Corufna Bay, Ares Bay and Ferrol Bay. Due to the degree of poisoning
the Marine Authorities proclaimed these bays totally clesed to fishing
and shell-fish gathering. In addition, about 5600 tons of mussels were
destroyed. The total damage caused by this accident is estimated to
amount to US$ 3 500 000 [3].

Some of the afore-mentioned arguments refer only indirectly to
radioactive materials insofar as these may be involved in the accidents
of other dangerous cargoes and will subsequently increase the danger,
Possible environmental pollution by radiocactive materials is, however,

a very severe problem. Under the assumption of the worst case, e. g.

a large container ship carrying large radicactive sources colliding with

a chemical tanker and fire or explosion destroying the packing of the
radioactive material, claims other than from the effects to persons could
by far exceed 500 million Deutschmarks (US$ 154 million).

HELPLESSNESS OF SHIPS

Any shipper of any dangerous goods should always bear in mind that
if any accident happens to his cargo while the ship is at sea, noassistance
is available. The captain and his crew must solve the problems on their
own without expert knowledge of the dangerous substances concerned
and without having the facilities and equipment that normally could be
provided if the accident had occurred on shore. The grave requirement
to shippers is, therefore, to give the fullest information to help the
master to do the right thing.
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FINAL REMARKS

This discourse could only give a very general overall view of the
hazards specific to the maritime carriage of dangerous goods., It is not
intended to assess the difficulties that the transport of these goods
presents. I have no doubt that in practice most of the difficulties con-
cerning the maritime carriage of radioactive substances will be eliminated,
provided that all parties concerned work on a foundation of good will and
that the outstanding insurance problems can be solved. This Symposium
shows such an intention and I am quite sure that it will be a success and
bring us a great step forward,
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Abstract—Résumé

ANALYSIS OF THE MAIN TECHNICAL PROBLEMS RELATING TO THE MARITIME CARRIAGE OF
RADIOACTIVE MATERIALS.

The measures that have to be taken in connection with the transport of radioactive materials differ
widely, depending on the nature of these materials, which vary to a very great extent. This explains the
apparent complexity of the regulations on the subject, the provisions of which have been drafted in a manner
to ensure that, regardless of the conditions of transport, there can be no radiological consequences either for
the public or for the carrier. This has led to the development of special equipment (protective covers,
dampers, insulating material), which enable the packaging for large amounts of radioactive material (type B)
to pass a series of very stringent tests (including falls from a height of 9 m and exposure to fire for half an
hour). These tests also cover maritime accidents in which the decelerations are comparable with these
occurring in land accidents and which may involve fires lasting longer but having lower temperatures, The
fact that the safety of transport depends on packaging, which is expressed as a function of the material and
quantities transported, does not alter the fact that certain types of transport may require special guidelines,
Particular attention will have to be paid to the stowage and handling of heavy packages. Clear confirmation
of the validity of the rules adopted is provided by the fact that no accident involving radioclogical consequences
has ever occurred, even in the case of land transport, the statistics for which are much more significant in view
of the large number of such shipments.

ANALYSE DES PRINCIPAUX PROBLEMES TECHNIQUES RELATIFS AU TRANSPORT MARITIME DES
MATIERES RADIOACTIVES. .

Les mesures 3 prendre pour transporter des matiéres radioactives sont trés différentes suivant la nature
de ces matiéres du fait de leur trés grande variété. De 13 découle 1'apparente complexité des réglements.
Leurs dispositions ont &té arrétées de fagon 3 ce que quelles que soient les conditions de transport il ne puisse
se produire aucune conséquence radioactive ni pour le public ni pour le transporteur. Ceci a entrafné la
mise au point de dispositifs spéciaux (capots de protection, amortisseurs, utilisation de matériaux isolants)
qui permettront aux emballages transporteurs des quantités notables de matiére radioactive (type B) de résister
3 une série d' épreuves trés sévéres (notamment chute de 9 m et feu d'une 4 h). Ces tests couvrent également
les accidents maritimes dans lesquels les décélérations sont comparables 4 celles des accidents terrestres et
pour lesquels les incendies peuvent &tre plus longs mais avec des températures inférieures. Le fait que la
sécurité du transport repose sur 1'emballage, congu en fonction de la matiére et des quantités transportées,
n'exclue pas que certains transports'peuvent demander 1'application de consignes spéciales. Une attention
particuliére devra &tre accordée 4 l'arrimage et 4 la manutention d'emballages lourds. La validité des régles
adoptées est bien prouvée par le fait qu' aucun accident ayant des conséquences radiologiques ne s'est jamais
produit et cela méme pour les transports terrestres, pour lesquels les statistiques sont beaucoup plus significatives
compte tenu de leur nombre,

INTRODUCTION

Le transport des matiéres dangereuses qu'il s'agisse de produits in-
flammables, explosifs, toxiques, est habituel, accepté par tous. Il semble
méme que 1'on ne se soit jamais tellement posé de questions a leur sujet.
Il y a eu des accidents, parfois m&me des accidents importants, certaines
régles de sécurité ont eté précisées, renforcées mais on ne s'est jamais
tellement préoccupé a leur sujet.

43
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La situation est toute difféerente pour les matiéres radioactives, Dés
les premiers cas de transports, elles n'ont été acceptées qu'avec réticence
par les transporteurs, les assureurs. Et la situation n'évolue que lentement
malgré 1'absence compléte d'accident sérieux lors de ces transports. Certes,
la nature du danger d'un caractére moins facilement accessible que les
autres dangers doit intervenir mais il est probable que la complexite, au
moins apparente, des réglements intervient également. Ils semblent
complexes parce que tout y est, parce qu'il y a de nombreux réglements
(Agence de Vienne, IMCO, réglements nationaux, réglements des ports,
etc.), chacun ayant sa propre optique, mais en fait ils ne sont qu'apparem-
ment complexes et c'est plutdt le manque d'informations ou de notions de
base qui sont a la source du probléme.

11 est certain que les matiéres radioactives représentent intrinsé-
quement un danger potentiel - comme toutes les autres matiéres
dangereuses - mais les précautions prises, 1'ordre de grandeur des
sécurités retenues sont tels, qu'en pratique leur transport présente
beaucoup moins de danger que nombre d'autres matiéres dangereuses,

C'est ce que nous allons voir en reprenant d'abord sommairement la
nature des risques potentiels.

1. RISQUES PRESENTES PAR LES MATIERES RADIOACTIVES

Ils ont eté explicités par les exposés précédents. Aussi, plutdt que
d'y revenir, voudrais-je insister sur trois points: ‘

1,1. Variété des matiéres radioactives

Les matiéres radioactives transportables présentent une trés grande
variété: concentrés uraniféres, matiéres fissiles, combustibles irradiés,
sources isotopiques, etc. Trés differents par leurs activités spécifiques,
la nature des rayonnements émis, la forme physique et chimique, les
risques potentiels qu'elles représentent ne sont évidemment pas les mémes
et par suite les précautions que l'on prendra seront plus ou moins
rigoureuses.

1.2. Dans les conditions normales de transport, c'est-d-dire si les colis

ne sont pas impliqués dans un accident, les risques sont pratiquement nuls.
Les valeurs admises pour le débit de dose d'irradiation provoquée par un
emballage sont extrémement faibles: 10 mrads/h & 1 m de la surface
externe (& titre de comparaison, l'irradiation que 1'on regoit lors dfun
voyage intercontinental en jet est de l'ordre de 0, 5 mrems/h) et trés
eloignées des valeurs qui pourraient conduire 4 un quelconque effet
biologique. Quant d la contamination entransport normal, elle ne serait
susceptible de se produire que pour les matiéres de faible activitée :
specifique.

1.3. En cas d'accident, si les conséquences sur les emballages et 1'etat
des produits transportes peuvent paraitre trés differents, c'est justement
parce que les risques ne sont pas les m&mes. Autrement dit, les
emballages auront €té calculés en fonction de la matiere transportee et de
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fagon que les conséquences dtun accident n'entrainent pas de possibilités

de dommages sensibles de nature radiologique. Et c'est pour cela que le
réglement parait complexe; on ne transportera pas de la mé&me fagon un
produit trés peu irradiant et une source trés radioactive, de méme qu'une
matiére trés «dispersable» demandera des précautions supérieures a celles
d'un produit massif.

2. PROTECTION CONTRE LES RISQUES POTENTIELS
De tout cela vont découler les principes de protection adoptés pour
le transport maritime et qui sont d'ailleurs les m@mes pour le transport

terrestre.

2.1, Principes de protection pour les conditions normales de transport

La protection contre l'irradiation est assurée par 1'emploi d'un
matériau absorbant les rayonnements vy en général, le plomb. On peut
utiliser d'autres matériaux, fonte ou uranium appauvri, mais le plomb
concilie efficacité de protection, prix assez bas et bonne tenue mécanique
en cas d'accident, point sur lequel nous reviendrons. V

Certaines matiéres et, en particulier, les combustibles hautement
irradiés nécessitent en plus une protection neutronique qui est réalisée par
1'adjonction dtun matériau absorbant adéequat. On utilise des substances
contenant de 1'hydrogéne et du bore.

Par contre, les matiéres n'émettant que des rayonnements a tels que
le plutonium ne demandent aucune protection de plomb, ce qui est bien
entendu un avantage indéniable mais demandent que d'autres precautions
soient prises par ailleurs.

De m&me que la protection contre les risques d'irradiation est trés
differente suivant la nature du rayonnement émis par la matiére radioactive,
la protection contre le risque de contamination va dépendre beaucoup de la
forme physique de cette matiére et évidemment aussi de sa nocivité radio-
logique. Si dans tous les cas, le réglement prévoit que 1'emballage doit
comprendre une enceinte de confinement qui doit permettre justement de
garder la matiére confinée 4 l'intérieur de l'emballage, la realisation
pratique en sera trés differente selon qu'il s'agisse d'une source de cobalt-60,
constituée par du cobalt métallique gainé d'acier inoxydable, ou dtoxyde de
plutonium en poudre. La premiére peut juste tre placée dans une cavite
d'un emballage en plomb; le second sera placé dans un cylindre d'acier
inoxydable insére dans un sac en plastique soudé placé lui mé&me dans un
second récipient d'acier inoxydable qui sera mis enfin dans la cavite de
1'emballage.

Enfin, en transport normal, on doit se protéger contre un dernier
risque, celui de criticité. On en a abondamment parle au cours de l'exposé
préceédent et je n'y reviendrai pas.

2.2. Resistance des emballages en cas d'accident

Plus difficile gemble &tre de maintenir toutes les conditions précée-
dentes en cas d'accident; maintien de la protection biologique, maintien
du confinement, maintien de l'espacement et de 1'étancheité dans le cas
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de matiéres fissiles, Mais il faut alors ne pas perdre de vue que les
nécessités ne sont pas les m&mes suivant ce que l'on transporte. Les
réglements ont donc, & juste titre, prévu des degrées de résistance des
emballages, differents suivant la matiére transportée et la quantite
transportée en terme d'unité radioactive,

Suivant le cas, le réglement prescrira l'tutilisation d'un emballage de
type industriel sans critéres particuliers de résistance pour les matiéres &
faible radiotoxicité et pour des radioactivités réduites. A partir dun certain
seuil les emballages devront &tre du type A et capables de résister aux
accidents se produisant dans des conditions habituelles de manutention.
Enfin, au deld d'un autre seuil, les emballages seront du type B dont les
tests de résistance ont été choisis pour que, aprés accident, le confinement
soit maintenu et 1'irradiation maintenue dans des limites raisonnables, ce
qui veut pratiquement dire que ces emballages devront résister dans tous
les cas d'accidents. En pratique, les tests de résistance choisis dans le
réglement de Vienne sont deux épreuves de chute de 9 m sur une surface
indeformable et de 1, 20 m sur un poingon, une épreuve thermique, feu de
30 min et une épreuve d'immersion.

On a pu se poser des questions sur la validité de ces épreuves et s'il
n'était pas possible que se produisent des accidents plus sévéres et dont les
conséquences seraient plus dommageables pour l'emballage. Nous
reviendrons sur ce point, en particulier en ce qui concerne les accidents
maritimes, mais on peut, dés & présent, noter que ces épreuves sont trés
sévéres, particuliérement les épreuves de chute par comparaison i des
chocs normaux ou une grande partie de 1'énergie est absorbée par le
vehicule, l'arrimage, etc., et de méme, 1'épreuve thermique par
comparaison d un incendie réel au cours duquel la température d'ambiance
est loin de garder une valeur élevée constante,

2.3. Realisation pratique d'emballage et résistance réeelle

Nous avons déja noté que la protection biologique, en particulier dans
le cas de plomb enserré entre deuxtdles d'acier, constitue un ensemble d*une
résistance mécanique élevee, L'eépaisseur des tdles dlacier, quipeut &trede
l'ordre de 20 mm pour les gros chiteaux de transport de combustibles irradiés,
jointe 4 la plasticité relative du plomb entraine que ce sont les structures
externes qui absorbent toute 1'énergie cinétique et que les structures
internes des chiteaux restent intactes lors d'une chute ou d'un choc
équivalent,

On peut d'ailleurs, si nécessaire, renforcer encore les résistances
méecaniques, en particulier, par 1'emploi de structures externes congues
pour absorber une quantité élevée d'énergie cinétique; structure en nid
dtabeille, ailettes utilisées aussi pour le refroidissement, tubes accolés
constituent de tels amortisseurs. Bien entendu, toutes les parties
mécaniques (robinets, soupapes, orifices de vidange, etc.) seront protéges
de fagon d rester intactes dans les chocs; en particulier, on peut les loger
dans des cavités et aussi les protéger par des capots protecteurs,

La protection thermique ne semble pas a priori poser de graves pro-
blémes et 1'on dispose, en effet, d'une gamme étendue de produits isolants,
capables mé&me avec des épaisseurs réduites d'assurer une protection aussi
compléte que 1'on veut. Cependant, la question se complique, en général,
par suite dtun autre phénomeéne qui est la chaleur dégagée par le contenu
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radioactif. En effet, une certaine partie de l'énergie de rayonnement se
transforme en énergie calorifique., Ce dégagement de chaleur peut &tre

éleve; c'est ainsi qu'une tonne de combustibles irradiés pourra dégager de
l'ordre de 10 4 15 kW. En conditions normales, cette chaleur doit &tre
eévacuée et les difféerentes structures de l'emballage congues pour assurer

une bonne conductivité., Par contre, au cas od l'emballage se trouve pris
dans un incendie, il faut éviter que le plomb atteigne sa température de fusion.

Un certain nombre de solutions permettent de résoudre ces exigences qui
semblent a priori contradictoires. Citons, en particulier, 1l'utilisation d'une
couche de pladtre humide qui, dans les conditions normales, assure l'evacuation
de la chaleur et qui lors d'un incendie perd son eau et se transforme en
isolant efficace. -

Dans certains cas, on peut séparer les difféerentes fonctions d'un
emballage et reporter dans une enveloppe exterieure, dans une coque, les
fonctions de résistance aux chocs et aux incendies. Cette derniere
technique permet de disposer d'emballages plus simples et plus faciles &
manutentionner, ce qui peut étre intéeressant dans certains laboratoires
radioactifs tout endisposant d'un emballage offrant toutes garanties en
matiére de résistance.

Mais 1'on peut quand m@&me se demander si les épreuves fixées par la
réglementation sont bien représentatives et si, en particulier, dans le cas
des transports maritimes, les accidents réels ne sont pas plus sévéres; ce
qui le fait probablement supposer, ce sontles énormes dégits qu'entraine la
collision de navires. Mais en fait, ce qui compte pour la résistance dtun
emballage, c'est la valeur de la décéleration. Dans le cas de la chute
reglementaire, la decélération atteint des centaines de fois la valeur de g
i cause, bien entendu, de l'indeformabilité de la cible. Alors que, dans le
cas de collisions de navires, les décélérations ne sont que de l'ordre de 1 g.
Cela a &té la conclusion d'etudes menees avant la mise en service des .
premiers navires nucléaires et cette conclusion montre que les dommages
pour unconteneur du typeB seraient pratiquement nuls lors d'une collision.

Quant au cas d'un impact direct, les mémes études ont pu montrer que
le seul cas ol des degAt importants risquent de se produire aux conteneurs
est celui oll 1'emballage est pris de plein fouet par 1'étrave d'un autre navire,
mais me&me dans ce cas extréme l'emballage sera probablement entrainé
dans la mer si ce n'est le navire transporteur lui-méme,

Des conclusions analogues ont pu &tre tirées de 1'etude des incendies
de bateaux. En pleine mer, on a pu noter des incendies de trés longue duree
mais il s'agit d'incendie prenant naissance et continuant dans une cale et la
température ne dépasse guére 400°C, De plus, les réglements prévoient
1'interdiction de chargement en commun dans les cas ou les incendies
pourraient &tre sévéres.

Mais de toutes fagons, l'utilisation d'isolants dans les emballages de
type B donne une garantie trés €levee et est susceptible de maintenir la
température interieure de l'emballage a4 des valeurs basses méme en cas
d'incendie de trés longue duree,

3. PROBLEMES SPECIAUX

. On voit donc que les précautions prises et les solutions techniques
retenues permettent de garantir le maintien du confinement de la matiére
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radioactive et de I'écran de protection et donc d'affirmer qu'un accident ne

pourrait se traduire par des conséquences radioclogiques graves. Cela ne

veut toutefois pas dire qu'il n'y ait pas certaines précautions 4 prendre ou
N

certains problémes a résoudre lors du transport maritime de matiéres
radioactives.

3.1. Dégagement de chaleur

Nous avons vu que certains emballages et, en particulier, les embal-
lages de combustibles irradiés degageaient une puissance calorifique non
négligeable, On devra en tenir compte, le cas échéant, pour choisir
1'emplacement de ces emballages qui pourront demander & &étre chargeés en
pontée. En général, cela ne pose pas de difficultés majeures car il s'agit
dtemballages lourds peu susceptibles de beaucoup de manutentions.

3.2. Radiolyse

Dans le cas ol 1'emballage contient un liquide, qu'il s'agisse du conte-
nu lui-m@&me ou du milieu caloporteur, des phénomenes de radiolyse, c'est-
d-dire de décomposition du liquide sous rayonnements avec apparition de gaz,
peuvent se produire. Bien entendu, les emballages sont alors munis de
dispositifs de decompression s'ils ne sont pas cong¢us pour résister a la
pression maximale susceptible d'&tre atteinte, Il s'agira alors simplement
de consignes €lementaires 4 respecter pour assurer 4 intervalles precis
cette decompression.

3.3. Arrimage

Le probléme est plus délicat si 1'on ne perd pas de vue le poids que
peuvent atteindre certains emballages., De l'ordre de 50 a 60 t dans le cas
de combustibles irradiés, Les emballages sont toujours etudiés et
réalisés de fagon qu'un arrimage efficace puisse &tre assuré, mais la
question devra &tre examinee et réalisée soigneusement dans le cas d'un
transport maritime.

3.4. Manutention

Au cours des manutentions, des accidents sont susceptibles de se
produire, qui peuvent paraitre plus sévéres que ceux prévus dans les
réglementations, On pense a une chute de plus de 9 m de haut. En fait,
en cas de chute sur le bateau par suite de rupture dtun cble ou de frein
de clble, les conséquences seraient plus nuisibles pour le bateau que pour
l'emballage., Mais en cas de chute sur le quai, on peut, en effet, penser
que les dommages seraient supérieurs & ceux qui se produisent dans les
essais réglementaires. Mais cela veut simplement dire que certains
déghts pourraient se produire qui entraineraient par exemple des valeurs
d'irradiations supérieures i celles admises par la reglementation, Il faut
alors se rappeler que le réglement admet seulement une valeur de 1 R/h
aprés accident alors que la valeur de l'irradiation au dela de laquelle
peuvent apparaitre des risques mortels est de 1'ordre de 400 R et 1'on
voit que 1'on dispose d'une grande marge de sécurite.
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4. MATIERES RADIOACTIVES SUSCEPTIBLES D'ETRE TRANSPORTEES
PAR VOIE MARITIME

En fait, on ne peut guére envisager de transports maritimes pour toutes
les matiéres radioactives. Si l'on tient compte des valeurs des matiéres,
du developpement actuel et prévu de 1'énergie nucléaire, continueront a
étre surtout transportées les catégories de matiéres suivantes.:

4,1, Concentres

I1 s'agit de la forme marchande de I'uranium, C'est le produit qui sort
des usines de traitement de minerais. Ce dernier, sauf cas exceptionnel,
n'est pas transporté vu sa concentration en uranium trop faible. Les
concentrés ne contiennent pas de radium et le risque potentiel est surtout
d'ordre chimique et non radioactif. Eu égard & la faible valeur du produit -
et 4 sa faible nocivité - on le transporte dans des emballages assez rustiques
et des incidents de contamination sans gravité ont pu se produire. Il est
evident qu'il faut quand m&me alors prendre un certain nombre de precautlons
simples (nettoyage, etc.).

4,2, UFg

Matiére premiére des usines d'enrichissement, c'est aussi leur produit
final, mais c'est plutdt 1thexafluorure d'uranium naturel qui sera transporté
par voie maritime, compte tenu des volumes a transporter et de la valeur
relativement faible du produit.

Ce cas est assez particulier, Sur le plan radiologique, ce corps ne
présente pas de danger: c'est de l'uranium sans radium. Sur le plan
chimique, 1'UF, en tant que tel non plus, mais ce corps est trés instable
et, en cas de fuite, se transforme au contact de 1'air en UQ,F, et HF. Et
le danger viendrait alors, bien entendu, essentiellement de 1'acide
fluorhydrique. Les précautions d prendre seraient celles pour les
transports d'acide.

4.3. Combustibles irradiés

Il s'agit 14 d'une autre matiére susceptible d'étre transportéee par voie
maritime, compte tenu de 1'énorme poids des emballages. Il y a assez peu
de transport de combustibles irradiés car le nombre de réeacteurs de
puissance en service n'est pas encore considérable. Dans le futur, le
nombre d'usines de retraitement se multipliera et les transports ne seront
peut-&tre pas fréquents non plus, mais il est probable que dans des
périodes intermédiaires un nombre relativement élevé de ces transports
auront lieu par voie maritime. Nous avons vu les problémes pratiques
risquant de se poser: radiolyse et degagement de chaleur et surtout
problémes dtarrimage.

Il est certain que ce sont les transports qui présentent le plus de
risques potentiels mais, comme on 1'a vu, ce sont aussi ceux qui utilisent
les conteneurs les plus €laborés et présentant les facteurs de sécurite les
plus €éleveés.
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4.4. Radioéléements et générateurs isotopiques

Les grandes quantités de cobalt-60, de strontium-90 ou de céesium-137
se transporteront siirement dans l'avenir par voie maritime, soit sous
forme brute, soit sous forme de générateurs 1sotop1ques dont 1'emploi va
probablement se déevelopper.

Les problémes ne différent pas essentiellement de ceux posés par les
combustibles irradiés avec, cependant, la présence du plutonium en moins et,
en général, du moins actuellement, une activite sensiblement plus faible.

CONCLUSION

Une telle revue des principaux problémes susceptibles de se poser au
cours du transport maritime de matiéres radioactives ne pouvait &tre, bien
entendu, que rapide et générale. La grande variété des matiéres transportees
demande évidemment une gamme variée de moyens et de précautions. Et
c'est pour cela que les réglements ont une apparence complexe. Cependant,
ceux qui les pratiquent finissent par les trouver simples et n'y voient finale-
ment méme qu'un recueil de régles de bon sens. En tout cas, on ne peut
que constater leur efficacité.

Aucun accident sérieux ne s'est jamais produit entratnant irradiation ou
contamination appréciable lors de transport maritime. Certes, de tels
transports ont &té encore relativement peu nombreux et on pourrait objecter
que les statistiques ne sont pas suffisantes. Elles le sont plus pour les
transports terrestres et les conclusions sont les mémes. En France, en
trois années et pour prés de 9 millions de kilomeétres parcourus, il y a eu
seulement quatre incidents mineurs ayant occasionne, soit une trés faible
contamination, soit m&me uniquement une désolidarisation de la charge par
rapport au véhicule,

On peut alors conclure de la validite des solutions techniques. Assurée-
ment, un certain nombre de précautions devront continuer a &tre prises,
mais on doit, de plus en plus, considérer les matiéres radioactives comme
une classe relativement banale des matiéres dangereuses, pour laquelle les
efforts faits ont permis d'arriver & des solutions techniques sfires, efficaces
et entiérement fiables.



DISCUSSION
ON PAPERS 161/11 AND 161/25

W. KOLB: I am surprised about the rather high temperature of 38°C
in the lower hold mentioned in Mr. Rolfs! paper. In a document of the
U.K. Authority Health and Safety Branchl, dealing with heat dissipation of
large source packages, an environment temperature of — if I remember
correctly — 20° C is assumed, if a package is stowed below the waterline.
My question is, whether this assumption is justified after Mr. Rolfs?
experience.

K. ROLFS: The temperature of 38°C has been measured during
several voyages Europe/Far East as a maximum temperature which, how-
ever, could stay for some days. Test temperatures have been measured
on various points in the lower hold even bel ow the waterline. I don't know
what the 20° C of the British document is based on, but I guess it is based
on an average temperature for a certain period. Average temperatures
are relative to the time, so both temperatures could be correct: 20°C, e.g.
for the time of a whole voyage and 38°C for a period of some days in
tropical zones with water temperature of 34°C and high air temperature.

G. DE VRIES: (a) In case of a collision/explosion on board the carrying
vessel, what do you, Mr. Rolfs, recommend a captain to do with radioactive
cargo?

(b) Measuring instruments are not expensive. What is your opinion
to supply ocean vessels with measuring instruments to check whether
packing is still undamaged?

(c) Container-ships have often containers on board without any symbols
or warnings, which can have dangerous consequences.

K. ROLFS: (a) If the radioactive material is involved in the fire from
the beginning, the captain should try to extinguish the fire; if that is im-
possible, I see no other chance than to leave the ship. If the radioactive
material is not involved in the fire from the beginning and is stowed in an
accessible place, I would jettison the material if I could not extinguish the
fire before it reaches the material,

(b) Yes! This has been required by German Law in the past and from
the nautical point of view it is absolutely necessary to have approved
instruments aboard.

(c) -All relevant regulations (IMCO as recommendation and national
regulations) require to label containers loaded with dangerous goods
properly; e.g. if a container loaded with dangerous goods is not labelled
this is obviously a violation against regulations.

H. BOISSON: I find Mr, Rolfs! exposé very pessimistic. Ordinary
radioactive products (uranium ore) are much less dangerous than chemical
products. Dangerous radioactive products are in such good condition that
there is no possible risk. The influences of the sea, direct effects,
vibration, rolling, temperature, humidity, breaking of the container, have
not so much influence as the speaker said.

! AHSB(S)R 193, Stowage provisions to ensure safe dissipation of heat from radioactive material during
transport (paras 77 et seq.)
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Mr. Sousselier's paper made the point very well and puts things in
perspective. It should be understood that radioactivity is not as dangerous
as one thinks and shipowners and insurers must leave this meeting with
clear and sound ideas on the problem.

K. ROLFS: There must be a misunderstanding. It was not intended
to give a pessimistic picture. On the contrary, I tried to emphasize that
the main risks are not related to the transport of radioactive substances
but to the fact that other dangerous goods may cause an incident. Then,
however, the radioactive material could increase the damage. 1 tried to
explain that radioactive substances will mainly be carried on ships carrying
all kinds of dangerous goods and this seems to be the real source of danger.
I do not understand the flat statement that vibration, rolling, etc., shall
not have so much influence as mentioned. All packaging tests try to simulate
real transport conditions and the data I mentioned in my paper were the
latest data from actual ship's voyages which I found.

E. MAURER: I had difficulty following the translation of Mr, Sousellier's
statement on Captain Rolfs! accident involving collision with a chemical
tanker. Assuming that the radioactive sources were in Type B containment
with all requisite certificates, are Captain Rolfs! concerns justified?

Y. SOUSSELIER: The concern expressed by Captain Rolfs about the
dangers resulting from the collision between a ship carrying radioactive
materials and a ship carrying dangerous inflammable materials do not seem
to be justified — this particularly because of the quality of the packaging of
radioactive materials. Consequently, the Type B containers would resist
even in the case envisaged by Captain Rolfs, and the consequences would
be only minimal from the radiological point of view if the packages are of
Type B.

But with respect to the immediate consequences of the collision itself:
if it is of a relatively minor nature, the ships will remain intact and the
only consequence for the radioactive packages could be their loss by
immersion. If the collision is very heavy and the ship breaks apart, it is
difficult to imagine that the containers of radioactive materials would have
been transported amongst dangerous inflammable materials; but even in
that case the containers of Type B would resist.

W. KOLB: I'm not quite satisfied with the answer of Mr. Rolfs relating
to the container problem. In my opinion the 1967 IAEA Regulations for
the Safe Transport of Nuclear Materials do not allow shipment of radioactive
material within containers. At least, there is a gap. This gap will be
closed by the 1972 TAEA Regulations,

* K. ROLFS: IMCO however deals with this matter and is presently
revising the section ''Containers'. On principle, freight containers are
deemed to be suitable for the transport of all dangerous goods including
radioactive ones.

F.C.J. TILDSLEY: 1. Type A package standards are based, I believe,
on the concept of the median accident, i.e. 10°% of the contents escape and
of this fraction, 10-3 may be incorporated in a person. This concept was
based on such evidence as was available at the time, in the early 60's.

(a) Is this concept truly applicable to the marine environment,
the limiting circumstances of ship-board life?
" (b) Has any further evidence become available in the intervening
years to support or refute the agssumption of the median accident?
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2. Is Mr. Rolfs suggesting that spray tests for packages should be
carried out using brine solution?

Y. SOUSSELIER: 1(a) I don't see why this concept could not apply
to the maritime carriage. When ICRP recommends that the absorption or
inhalation of specific quantity of radioisotopes does not give rise to any
problem then there is no need for special measures after such an accident.
This accident may occur aboard a ship or during overland transport but
the situation is the. same.

1(b) The security margins by ICRP are so high that in case of accidents
we would be still below the admissible limits. If ICRP would change its
recommendations this would have consequences for the Type A packages,
the standards of which are based on those recommendations.

K. ROLFS: Iam no expert in testing packages and I do not know enough
of the basis of the criteria for the different tests to answer your question.
From the practical point of view, I am not quite sure if the spray test is
actually simulating the fact that these goods being stowed on deck could be
influenced by water, and not only waterspray, for a couple of days or even
weeks if the carrying ship is doing a real ''bad weather'' voyage.

A. GEORGA COPOULOS: Mr. Rolfs, in his previous speech, alluded
to the fact that no assistance is to be offered to a ship loaded with radio-
active material and having collided or stranded or suffered any other sea
accident., Is this to be taken in an absolute sense, namely, that any SOS
from that ship will be denied, and in case of abandoning the ship crewmen
will be helpless and not allowed to be rescued by conventional ships?

K. ROLFS: No. The first measures which have to be taken in case
of an accident are the most important ones. They have to be taken within
the first minutes or at least first hours after an accident. Within this time,
however, it iz practically impossible for a ship's command to receive
advice of experts in dangerous goods or any further information which will
enable the captain to undertake the right steps. In this sense it was
mentioned that there iz no assistance available when an accident occurs at
_sea, and this leads to the request that all possible information must be
given to the captain prior to the shipment.

N. KIHLBOM: Capiz'n Rolfs' advice to jettison nuclear cargo
threatened by an inextinguishable fire raises a whole series of problems.
A 1ot of people would have good cause to be angry with the captain if he
ordered the nuclear cargo to be jettisoned without providing for both an
accurate log note of the position and a marker buoy in order to simplify
localizing and salvaging that container later. What are your views on
this and would you favour a general rule requiring all deck-loaded nuclear
packages to be equipped with automatic marker buoys?

K. ROLFS: My answer was a general answer to a general question.

I did not undertake to specify all steps which have to be taken in case of
emergency. Without any doubt, it would be recommendable to notify the
competent authorities (whoever they are and wherever they are located)
about this accident as well as to mark the exact position of the jettisoned
nuclear substance. I would not go so far as to require any further equip-
ment of nuclear cargo, but I think that installing an international notifying
system for incidents or accidents involving dangerous cargo, including
radioactive material, is highly desirable.

W.DE L.M. MESSENGER: Captain Rolfs, at the beginning of his paper,
appears to exclude ferries. In the United Kingdom we regard use of
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vehicle ferries (road or rail) as very sound as it reduces handling of the
cargo (transhipment) and simplifies the application of full load conditions.

K. ROLFS: In order not to complicate things I excluded in fact ships
solely designed for the transport of persons, e.g. ferries, from my lecture.
Ferries could be used to ship radioactive material provided this will be done
under conditions complying with all relevant regulations or recommenda-
tions. In practice, however, it may become difficult to comply with safety
distances to persons if the cargo holds or decks are too close to accommo-
dations for persons or working places.
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Abstract

1AEA REVISED REGULATIONS FOR THE SAFE TRANSPORT OF RADIOACTIVE MATERIALS.

A brief account is given of the initial preparation and approval in 1961 of the IAEA Regulations for
the Safe Transport of Radioactive Materials and of the subsequent revisions in 1964 and 1967. The Regula-
tions form part of the IAEA Safety Standards and are mandatory for the Agency’s own work and for assisted
projects in Member States. They have also been adopted by almost all international organizations concerned
with the transport of dangerous goods and have been taken by many Member States as the basis of their
national regulations. The Regulations underwent an additional extensive review starting in 1970, A des-
cription is given of the main changes that are proposed in the technical requirements for packaging, in the
administrative requirements and in other general requirements for stowage and carriage. The proposed
timetable is outlined for future revisions of the Regulations and of the new companion volume of advisory
material.

INTRODUCTION

The IAEA Regulations for the Safe Transport of Radioactive Materials

were first published in 1961, They had been prepared by panels of experts
in response to a request by the Economic and Social Council of the United
Nations, and were approved by the Board of Governors of the Agency.
In approving the Regulations, the Board authorized the Director General
to promulgate them as a component of the Agency's Safety Standards and
to recommend to Member States and appropriate organizations that they
be used as a basis for national and international regulations.

In the first place therefore the Regulations are mandatory only for
work performed by the Agency itself and for work in Member States to
which substantial assistance is provided by the Agency under the terms of
an agreement. During the succeeding years, however, they have been
adopted by almost every international organization concerned with the
transport of goods and are incorporated in the national regulations of many
individual countries. At this time they form the essential basis of the
regulatory requirements for the transport of radioactive materials on
land, on water and in the air, throughout the world.

The Regulations were reviewed at intervals between 1963 and 1966 by
consultants and by panels of experts. Many additional requirements
were added, relating in particular to the packaging performance tests
and to the transport of large radioactive sources. These reviews led to
the publication of revised editions of the regulations in 1964 and 1967.

The principle adopted in the Regulations is that the packaging should
provide adequate shielding and containment, When the radicactive material
is in the appropriate packaging and the carrier follows a few simple rules
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for stowage and segregation from persons and photographic film, based
on information provided by the package labels, it can be carried at least
as safely as other potentially dangerous goods that are continuously being
transported throughout the world.

On this basis the 1967 regulations contain provisions for:

(a) small quantities of radioactive materials which can be exempted from
the packaging and labelling requirements;

(b} simple packing requirements for low specific activity material;

(c) design criteria and performance tests for packaging for normal and
special form radioactive and fissile materials;

(d) labelling and placarding;

(e) storage of packages, and their carriage by rail and road vehicles,
inland waterway craft, sea-going vessels, and aircraft;

(f) administrative controls, including competent authority approval of
package design and shipment, transport papers, information for
carriers and notification of any necessary authorities,

LATEST REVISION OF THE REGULATIONS

In 1969 the decision was taken to carry out the first completely com-
prehensive review of the Regulations as a whole., This decision was not
forced on the Agency by the recognition of any particular inadequacy
of the existing Regulations. It was prompted by the desire to review the
requirements in the light of the extensive operating experience that had
accumulated at that time and to clarify and simplify them in so far as this
could be done without any reduction in the standard of safety provided.

As a first step in the review, all Member States and those international
organizations that are concerned with the international transport of
radioactive materials were invited to comment on the existing regulations
by pointing out any difficulties that they had experienced in following
the requirements and, if they so wished, by making concrete proposals
for changes in the content or in the presentation of the regulations.

A large number of proposals were received which were designed to
rationalize and simplify the technical and administrative provisions.

These proposals were then compiled and studied by panels of experts,
starting in December 1969. The first of these, a small panel comprising
mainly criticality experts, reviewed the specialized requirements for
the transport of fissile materials and prepared a report for the main re-
view panel, The administrative requirements were also considered in
the light of the comments received by the Radioactive Transport Study
Group, an informal association of representatives of the competent autho-
rities of countries that are particularly active in the international trans-
port of radioactive materials, The report of this Study Group was also
later accepted by the review panel as a set of proposals concerning the
relevant parts of the Regulations.

The review panel met for the first time, under the Chairmanship of
Mr. Alan Fairbairn of the United Kingdom Atomic Energy Authority,
during two weeks in February 1970 to review the Regulations as a whole,
taking account of all the comments and proposals put before it. The panel
comprised 35 members and advisers recommended by 13 Member States
together with representatives of 10 international organizations. The
function of such a panel is to recommend to the Director General of the
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Agency those detailed provisions that should be incorporated in the
Regulations, The work of the panel was facilitated by the designation

of working parties to deal with specified topics and to prepare any revised
texts required. The procedures followed will be described in greater
detail by Mr., Alan Fairbairn who is present at this meeting and who will
say a few words on the recent revision procedures.

After co-ordination of the reports of the working parties, the revised
draft regulations were sent to all Member States of the Agency and to
interested international organizations, with a request that any comments
and proposals should be sent to the Agency within five months.

The comments received were again compiled, and they, together with
the revised draft regulations, formed the material to be considered by
the review panel at its second meeting in October 1971, The Radiocactive
Transport Study Group again reviewed the revised administrative re-
quirements and their report was again accepted as a set of proposals to
the panel,

The review panel met for the second time for two weeks in October
1971. The membership of the panel was substantially the same as that of
the 1970 panel and this had the valuable effect of ensuring continuity and
effective use of the very limited available time. Much of the work was
again entrusted to working parties, but more time was spent on open discus-
sion and on obtaining full panel approval of the working party proposals.
The panel issued a strong recommendation that the presentation of the
revised regulations should be simplified and that descriptions of technical
procedures for meeting the requirements should be deleted from the Regula-
tions and issued in a companion advisory-document.

The final draft revised text in a simplified format was prepared for
submission to the Board of Governors and it is hoped that translation into
all the working languages can be completed in time for the Board to be
able to decide on its approval at the meeting in June 1972 Lo approval
can be obtained at that time it should be possible to publish the revised
Regulations by the end of 1972,

The first draft of the basic material to be included in the advisory
document was prepared by a panel which met early in November 1971.

This document is now being redrafted and extended and the present intention
is that it should be published at about the same time as the revised
regulations. As it is purely advisory in nature it does not form a part of
the Safety Standards and hence does not require Board approval.

The purpose of the foregoing remarks is to draw attention to the fact
that the transport regulations are based on the best available technical
advice and on almost 10 years' accumulated operational experience.

They have also been subjected to detailed scrutiny not only by the panels,
but by many other experts in all Member States and in international
transport organizations. The review procedures have been carefully de-
signed to give due consideration to all the views expressed. )

The revised regulations therefore represent the final result of a major
internationally concerted effort to produce a set of technical and admi-
nistrative rules which will enable radioactive materials to be carried safely
and rapidly by any means of transport.

! The Revised Regulations for the Safe Transport of Radioactive Materials were approved by the IAEA
Board of Governors on 22 September 1972 (Editor's note).
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TECHNICAL REQUIREMENTS FOR PACKAGING

Two types of packaging, Type A and Type B, are specified in the regu-
lations. Type A packaging is intended to provide adequate shielding and
containment at all times under normal conditions of transport, including
the somewhat rough handling that packages must be expected to receive,

In an accident, however, the shielding and containment may be impaired;
the contents are therefore limited so that even in the event of total re-
lease the hazard will not be unacceptable, Type B packaging is intended
to retain adequate shielding and containment even in severe accidents,
Both types of packaging must be capable of passing a series of prescribed
tests intended to produce the damage that would be expected under rough
handling and accident conditions respectively,

In the revised regulations two upper activity limits, A; and A,, are
specified for individual radionuclides to be carried in Type A packages.

A, is the activity of the radionuclide in special form which is less likely to
be widely dispersed; Ag is the activity when the radionuclide is not in
special form. In the 1967 and earlier versions of the regulations upper
activity limits were specified for groups of radionuclides, These limits
were unduly restrictive on many of the radionuclides in each group. i

The concept of a large radioactive source has been dropped from the
revised regulations and there is now no regulatory upper limit on the
activity that can be transported in a Type B package., All Type B package
designs require assessment for competent authority approval and this
assessment covers the temperature and pressure within the containment
system. The concept of a containment system has replaced the containment
vessel and containment standards have been specified in terms of activity.
Two kinds of Type B package design, Type B(U) and Type B(M), are
provided for, The Type B(U) meets specified design criteria and its design
requires unilateral approval only, that is, approval by the competent autho-
rity in the country of origin of the design. Type B(M) does not meet all
the specified design criteria and may require supplementary operational
controls; its design requires multilateral approval, that is approval by
the competent authorities of all the countries involved in the transport.

A change has been made in the radiation levels separating Categories II-
and OI-YELLOW and the transport index is once again specified in terms
of the radiation level at a distance of one metre from the surface of the
package.

No substantial changes have been made in the performance tests for
Type A and Type B packaging, but attention is drawn to the fact that the
actual performance of tests on specimens may not always be required and
that equivalent methods of assessment are admissible.

More precise prescriptions have been introduced for the transport
of low specific activity material under simplified packaging requirements
and the concept of low level solid radioactive material has been added,
which should help to solve the problems associated with the transport of
solid radioactive wastes before storage or disposal.

ADMINISTRATIVE REQUIREMENTS AND OTHER GENERAL
REQUIREMENTS FOR STORAGE AND CARRIAGE

Approval by the competent authority is not required for Type A
packages unless they contain fissile materials. Unilateral approval is
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required for Type B(U) package design and multilateral approval is required
for Type B(M) package design and for specified types of shipments.
Competent authority approval is also required for special form material
and shipments under special arrangement.

Notification of the competent authorities of the countries concerned
is required before the arrival of packages containing activities greater than
specified values.

In the revised regulations significant simplifications have been intro-
duced in the requirements for certification and package identification
systems and it is hoped that a high degree of international uniformity of
certification can be achieved.

Examples have been included of Fissile Class package designs which
would require no further competent authority approval.

One of the significant innovations is the recognition of the usefulness
of large and small freight containers in the various modes of transport.
Provisions have been introduced for the loading of packages into such
freight containers, the specification of the transport index, and for labell-
ing and placarding.

A limit of 15 W/m? has been specified as the maximum surface heat flux
for a package which is to be carried in general cargo or within freight
containers without any requirements for special stowage. The general
cargo must not be in bags as that would impede the necessary small flow
of air, :

It is believed that the simplification of the administrative and other
related requirements will facilitate significantly the international transport
of radioactive materials.

FURTHER DEVELOPMENT OF THE REGULATIONS

It is obviously desirable that the general structure of the Regulations
should be as stable as possible and that further changes will be introduced
only in response to a real need. The present intention is that compre-
hensive reviews should be undertaken at intervals of ten years. Itis also
intended, however, that Member States and international organizations
should be invited at intervals of five years, starting in 1977, to state
whether they feel that an earlier review would be required, An additional
procedure has already been authorized by the Board of Governors under
which changes of detail necessary to keep the Safety Standards technically
up to date may be introduced, provided written notice is given to Member
States 90 days in advance and due account is taken of any comments sub-
mitted by them.

The advisory material document may well require to be brought up to
date more frequently and arrangements are being made to have it re-
viewed by panels of experts or consultants at intervals of 23 years.

The Radioactive Transport Study Group will continue to meet at appro-
priate intervals to consider any problems that arise in the application of the
administrative requirements and to encourage development of the confi-
dence necessary to secure wide acceptance of the unilateral approval
procedure,

Other meetings may be organized by the Agency either to attempt to
resolve specific difficulties encountered in applying the Regulations or
to provide a forum for the exchange of opinions and information.
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DISCUSSION

The following brief review of the revision of the IJAEA Regulations was
presented to the Symposium after Mr. Swindell's paper

A, FAIRBAIRN (UKAEA, Safety and Reliability Directorate):

1. The recent comprehensive revision. of the Regulations recommended
by the International Atomic Energy Agency for the Safe Transport of
Radioactive Materials is essentially based on a large number of proposals
from Member States and International Organizations concerned which reflect
some ten years' experience of the regulatory structure which was first
developed in 1959-60 and consolidated during the first complete revision
1963-66. The twenty-month interval between the Panel meetings of
February 1970 and October 1971 facilitated the careful examination of the
changes proposed at the first meeting and comments on these from Member
States and International Organizations formed a sound basis for discussion
at the second meeting. It is particularly important to note that the revision
has taken account of the increasing use of freight containers in the transport
field.

2. The presence of some 40-50 persons at both Panel meetings ena-
bled an effective use of Working Parties. Their unstinting work ensured the
depth and breadth of discussion necessary for Panel agreement on the
changes made. It is important to recognize that the decision by the Agency
to introduce and maintain an Advisory Document as a companion to the
Regulations has helped to simplify the regulations in accordance with the
basic principle that they should state ''what" is required, and omit material
concerning "how'" which should be given in the Advisory Document.

3. The proposal mainly responsible for sensible development of the
Regulations in accordance with this basic principle came from France,
This has resulted in the control of Type A package contents by what is
termed the "A;/Ao" system as opposed to the present Transport Group
classification system, A; being the quantity for radioactive material
in special form, that is material complying with specified requirements
to reduce the chance of its dispersion and resultant intake; Ay being the
quantity in non-special form, that is material which if released from a
package would be dispersed with consequent risk of intake. While from a
safety point of view the system is essentially based on the assumptions
and calculations made in respect of the radiation hazard from intake of
radioactive material to derive the Group system, it is important to note
that the modifications made take better account of the external radiation
hazard. While the A;/A,system has resulted in an increase in the Type A
package contents limits for most radionuclides, it should be appreciated
that its adoption has rationalized the activity limits prescribed in the
Regulations so facilitating the sound development of various important
sections which previously made use of the Transport Group limits. These
developments and rationalizations include:

(a) Discarding the large radioactive source package concept as a result
of the rationalization of the Type B package prescriptions, These
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prescriptions include the specification of quantitative containment
standards for Type B packages both in respect of normal transport
and accident conditions and the associated development of the concept
of "containment system'' as opposed to "containment vessel",

(b} The retionalization of upper limits prescribed for small quantities of
radioactive materials both as material and as component parts in
manufactured items, such as instruments, which because of their low
potential hazard can be exempted from many package prescriptions of the
regulations and hence are often referred to as "exempt'' quantities.

(c) Further development of prescriptions which enable material to be
transported as low specific activity material (L.SA), that is material
which is intrinsically safe both because of its low external radiation
hazard and because a sufficient mass could not be taken into the body
to give a significant radiation hazard.

(d) The extension of the low specific activity concept to a new ''low level
solid material (LLS)" concept which is intended to facilitate the safe
transport, prior to their storage or disposal, of solid wastes arising
from the nuclear industry.

(e) The formulation of consignment activity limits beyond which shipment
approval is required for Type B(M) packages.

(f) The formulation of consignment activity limits beyond which notifica-
tion to competent authorities concerned prior to shipment is required.

4. Besides helping to rationalize the activity limits prescribed in

the various parts of the regulations, it is important'to appreciate that the

adoption of the Aj/A, system has also contributed to an overall simplifi-

cation of the design basis for competent authority approval of package
design and shipment for packages whose contents exceed the Type A package
contents limits., This important development includes the correction of

a deficit in safety of previous regulations whereby a so-called ''"Type B

package' (i.e, a package whose contents exceeded that allowed for Type A

but was not a large radioactive source), did not require to be assessed

for competent authority approval in respect of conditions affecting the

temperature and pressure within its containment system. Above the

Type A package contents limit there are now two kinds of Type B packages;

the designs of both require such assessment, namely:

(a) Type B(U) - the approval of design of which is required by the original
competent authority only (i. e. unilateral); such approval being given
on the basis of implementation of design criteria specified so as to
obviate the need for supplementary operational controls during transport
in respect of temperature and pressure conditions inside the containment
system.

(b) Type B(M) - the design of which requires the approval of all competent
authorities concerned (i. e, multilateral) especially in respect of any
supplementary operational controls required during transport.

The specification in terms of A, quantities of containment standards for

Types B(U) and B(M) package designs for both normal transport and

accident conditions is in no way a relaxation of the qualitative standards

previously applying to the so-called "Type B packages'' and is essentially
based on the rigorous standards previously applied to large radioactive
source packages.
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5. Regarding effective heat dissipation from packages during trans-
port, the revised Type A contents limits are such that no special pre-
cautions are required to ensure safe dissipation of heat during the transport
of a Type A package. No upper contents limits are prescribed in the
regulations for Type B packages; there are, however, many Type B pack-
ages whose contents are small in relation to the theoretical "infinite"
upper limit. To obviate the need for their heat assessment, the revised
regulations prescribe a limit of 15-W/rn2 as the average surface heat flux
of a package that may be carried amongst general cargo (not bagged or
sacked) or within freight containers without any special stowage provisions’.

6. It is important to note that few and relatively minor changes
have been made to both the packaging test procedures which were devel-
oped during the first revision of the regulations and to the package design
prescriptions applicable to the transport of fissile material.

7. The main development concerning controls for transport and
administrative requiremeénts is the introduction of prescriptions enabling
freight containers to be used for the transport of radioactive materials.
Other developments include:

(a) reversion to measurement from the surface of the package, as opposed
to its centre, for purposes of external radiation control by the
Transport Index;

(b) adjustment of the threshold between radiation Categories II and III;

(c) prescriptions for Fissile Class III packages (''special arrangement"
not now required);

(d) simplification in certification and notification requirements relating
to package design and shipment,

all of which represent regulatory developments of significant practical ad-

vantage to all concerned without any detriment to the safety of transport

workers and the general public.

8. The revision of the whole of the Regulations by one Panel, as
opposed to sharing out the work between different Panels as was the case
for the previous Regulations, has also enabled the Secretariat to greatly
simplify the drafting. The prescriptions are now given in eight sections,
numbered in paragraph sequence. The Advisory Document will be drafted
to facilitate ready cross-reference between the two documents.

9. Summing up, on the basis of proposals resulting from considerable
experience of application of the previous regulations, the Revision Panel,
with unstinting support from all Agency staff concerned, has carried
out a review with the aim of ensuring that the revised Regulations are:

Safe: i. e. reduction of hazard to transport workers and the general

public to an acceptably low level.

Practical: i. e. in relation to what all parties concerned, designers,

consignors, carriers, competent authorities, are required to do.

Clear and concise: i, e, readily understandable and free of detail which

does not significantly add to safety.

1 BROOK, A.]., DIXON, F.E., "Stowage provisions to ensure safe dissipation of heat from radioactive
material during transport”, UKAEA Report AHSB(S) R 193,
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10, Because of the comprehensive nature of the review and the existence
of the "'90-day rule" procedure for amendment of specified provisions as
and when found to be necessary, the Panel considered that a 10-year period
of application could well elapse before the next review. As the revised
regulations prescribe ''what' is required, during such a period efforts
should be directed to ensure the continued development of the -Advisory
Document which essentially aims to give advice as to "how'' the prescrip-
tions may be met. Discussion at this Symposium may well indicate those
areas of the regulations for which advisory material relating to the
carriage of radioactive material by sea is required.
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Abstract

REGULATIONS LAID DOWN BY THE INTERNATIONAL CONVENTION ON THE SAFETY OF LIFE AT SEA
(1960) AND THE IMCO CODE OF PRACTICE FOR MARITIME TRANSPORT OF NUCLEAR MATERIALS.

The IMCO Maritime Dangerous Goods Code is designed to supplement, in a more specific manner, the
provisions of the 1960 SOLAS Convention relating to the maritime carriage of dangerous goods. Class 7
of the Code deals specifically with the maritime carmriage of radioactive substances. The regulations of
Class 7 are based on the IAEA Regulations and are amended and revised from time to time following revi-
sions to the IAEA Regulations. The provisions of the Code are prepared by experts representing Governments
and interested shipping and nuclear agencies and bodies, and then recommended by the IMCO Assembly
to Governments. The Code as such is not a binding legal instrument but it has been adopted and implemented
by the national legislation of over twenty countries. The Code is designed to ensure safety to ship, cargo,
persons and the environment. Every effort is made to avoid unnecessary restrictions and consequential
expenditure, Hence there are criteria and conditions for excepting certain classes from all or some of the
requirements of the Code, in circumstances where such exception will not invalidate the essential rationale
of the Code.

The Code contains requirements relating to stowage and segregation of radioactive substances for persons,
undeveloped film and other dangerous goods, procedures for dealing with nuclear contamination (and
decontamination), labelling and marking of packages, provision-and kinds of transport documents (including
certificates to be provided by the shipper), procedures for dealing with accidents and for avoiding exposure
of crew and supplies, and requirements for approval to be given for the shipping unloading and through-
transport of shipments of nuclear material. Class 7 deals with radioactive substances only; however, other
classes of the Code deal with other dangerous goods. Where a radioactive substance is exempt from the
provisions of Class 7, it may nevertheless be subject to other classes of the Code.

The International Convention on the Safety of Life at Sea prohibits the
carriage of radioactive substances '"except in accordance with' the pro-
visions of the Convention, especialiy as contained in Chapter VII of the
Regulations of that Convention. This provision is, of course, applicable
to all goods which are designated as 'dangerous'— a designation which is
extended to 'radioactive' substances by virtue of the enumeration contained
in Regulation 2 of Chapter VII of the Convention.
which radioactive substances (and other dangerous goods) may be carried,
are very general. The conditions they specify relate to such matters
as packing, marking and labelling, documentation and stowage requirements.
In the Convention and its Chapter VII no attempt is made to distinguish
between radioactive substances and other dangerous goods such as, for
example, inflammable substances or corrosives. Because of this, the
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requirements contained in these provisions are too general to be able to
provide sufficiently specific guidance as to what is required to be done in
respect of specific substances. Thus, for example, Regulation 7(a) of
the Convention merely stipulates that ""dangerous goods shall be stowed
safely and appropriately according to the nature of the goods''.

The Convention, however, does provide for a means of establishing
more detailed regulations for the carriage of specific cargoes. Regula-
tion 1(d) of Chapter VII states: ''To supplement the provisions of this
Chapter each Contracting Government shall issue, or cause to be issued,
detailed instructions on the safe packing and stowage of specific dangerous
or categories of dangerous goods which shall include any precautions
necessary in their relation to other cargo''.

Pursuant to this provision, the Safety of Life at Sea Conference of
1960 invited IMCO to undertake a study with a view to establishing a unified
international code for the carriage of dangerous goods by sea (Recommenda-
tion 56 of the Conference). The study was to be pursued in co-operation
with the UN Committee of Experts on the Transport of Dangerous Goods
and should take account of existing maritime practices and procedures.
The Conference further recommended that the unified code, which would be
prepared by IMCO as a result of these studies, should be adopted and
implemented by Governments parties to the SOLAS Conventionl,

In response to this invitation, IMCO embarked on the necessary work
for establishing an international code containing detailed regulations for
the carriage of specific classes of dangerous goods by sea. Under the
general direction of the Maritime Safety Committee of IMCO and in close
collaboration with the UN Committee of Experts on the Transport of
Dangerous Goods, a Code was finally prepared. This Code was submitted
to the Assembly of IMCO which in turn endorsed it and recommended
it to Governments.

The provisions of this Code are recommendations. Their purpose is
to aid Governments in complying with the generalized provisions of
Chapter VII of the SOLAS Convention Regulations. In particular, they are
designed to provide the detailed regulations in regard to specific types
of cargoes as envisaged in Regulation 1(d) of that Chapter. Whether any
Government adopts or does not adopt any of the provisions of the Code
depends, of course, on the wishes of that Government; but the idea behind
the Code is that it provides a uniform system which, if adopted by
Governments, would ensure, not only that the provisions of SOLAS are
implemented, but also that they are implemented in a way which ensures
uniform standards and procedures at the international level.

Thus, although the provisions of the Code are as such not legally bind-
ing on Governments (not even on Governments parties to the SOLAS
Convention), the fact that these provisions are the result of the work of
experts representing the whole of the international maritime community
and have, in consequence, received the endorsement of the Assembly of
IMCO, has made the provisions generally acceptable to Governments
and shipping interests all over the world. And the fact that, within IMCO,
there is a machinery for continuing studies in order to up-date the Code

! IMCO Maritime Dahgexous Goods Code: General Introduction, Preamble, paragraph 1,5.
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and thus ensure that due account is taken of technological developments
has increased the appeal of the Code and its acceptability to Governments
and shipping concerns?.

The Code lays down basic principles applicable to all dangerous goods.
These basic principles elaborate the provisions of Chapter VII of the
SOLAS Convention Regulations. The Code also defines in greater detail
the substances which fall within each of the classes enumerated in that
Chapter.

Class 7 of the Code deals with radioactive substances. The Code
defines the substances in this class as follows: "In this Code, Class 7
comprises substances which spontaneously emit significant radiation and
of which the specific activity is greater than 0. 002 micro curie per
gramme, "

REGULATIONS APPLICABLE TO RADIOACTIVE SUBSTANCES

The contents of the Regulations relating to the maritime carriage of
radioactive materials are based on the principles of the IAEA's Regulations
for the Safe Transport of Radioactive Materials, 1967 (Revised Edition)4.
The provisions of the Code relate, inter alia, to:

Stowage and segregation from persons and undeveloped film
Contamination

Liabelling and marking

Segregation from other dangerous goods

Transport documents

Shipper's certificate

Accidents

Exposure of the crew

1
2
3
4
5
6
7
8
9) Approval

P
N e i e e e e e

There are requirements for packaging of various radioactive substances
according to particular "transport groups'. Radioactive substances are,
for transport purposes, divided into eight groups ''depending on the radio-
toxicity and radiation hazard.' The quantity of radioactive material
allowed in a package is ''limited according to its group''.

2 The IMCO Dangerous Goods Code has been adopted either in its original form and/or as the basis

for national regulations by the governments of the following 21 countries: Australia, Belgium, Canada,
Chile, Denmark, Federal Republic of Germany, France, Greece, Ireland, Israel, Italy, Japan, Monaco,
Netherlands, New Zealand, Norway, Pakistan, Spain, Sweden, USSR, UK. For these countries, therefore,
the contents of the Code are more than mere recommendations.

3 General Introduction:, Paragraph 5, Class 7 (page 0011).

* IMCO Code Class 7: General Paragraph 1.1 (page 7002). The IAEA Regulations have now been
revised by the IAEA, with the active participation of IMCO. Following this revision of the IAEA Regulations,
Class 7 of the IMCO Dangerous Goods Code will be revised accordingly, It is expected that this revision
will be completed by the first part of 1973, This paper is, of course, based on the present (unrevised) Code.

® Class T, paragraph 2,1,
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There is a further division of specific radioactive materials into a
number of sub-categories, such as Fissile Materials (sub-divided into
sub-classes I, II and III)¢ '"Special Form' radioactive materials’,
explosive and pyrophoric radioactive materials®

The Code also provides a Transport Index, applicable only to certain
packages, designed to facilitate stowage and segregation®,

There are provisions for different types of packaging for different classes
of radioactive materials:

(1) There are materials to be packed in normal industrial or commer-
cial type packaging in such a manner that, under normal conditions of
transport, there can be no leakage of radioactive materials. This type
of packaging is for exempt materials. Under certain conditions, low
specific activity materials may also be packed in strong leak-proof in-
dustrial packagings which will prevent any loss of contents under normal
conditions of transport.

(2) Other radioactive materials are packaged according to the IAEA
Regulations in either Type A or Type B packagingl?

There are various exemptions to the requirements in relation to
specific classes of radioactive substances and itemsn, and special require-
ments in respect of large radioactive sources, i.e. radioactive material
in a single package having more act1v1ty than is allowed as a routine
shipment in a single Type B packaging!?

The Code contains a provision for spec1a1 arrangements for transport-
ing consignments of radioactive materials which do not satisfy the rele~
vant parts of the regulations. Paragraph 6 of Class 7 states: "'A consign-
ment of radiocactive materials which does not satisfy all relevant parts
of these regulations may only be transported with the prior approval of the
competent authorities of all countries affected by the movement. In such
a case the competent authority or authorities may impose conditions
adequate to ensure that the transport of the consignment is no less safe
than if all the relevant provisions of these recommendations had been
satisfied,"

STOWAGE AND SEGREGATION FROM PERSONS
AND UNDEVELOPED FILM

Due to the relatively longer duration of transport by sea and the fact
that crew members and ships' personnel are, during the voyage, in
relative proximity to the consignment, particular importance has been

Class 7, paragraph 2.8.
Class 7, paragraph 2.9. -
Class 7, paragraph 2. 10,

Class 7, paragraph 2.3.

¥ -Class 7, paragraph 2.4.

! Class 7, paragraph 7.

2 Class 7, paragraph 5.
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given to stowage and segregation of radioactive consignments from persons
and undeveloped film. The requirements specified in the Code are to

be applied in the light of the length of the voyage and magnitude of the
consignment., The general rule is to require that radioactive substances,
with the exception of certain specified ''low specific activity materials',
shall be kept ''separated from living accomodation and from regularly
occupied working spaces and from spaces that may be continually occupied
by persons''. Similar requirements apply in relation to segregation of
radioactive substances from undeveloped film.

There are also requirements about the stowage of ''large source
packages which emit significant heat'. These must be stowed in such a
way that ''the heat generated may be freely dispersed''., And there is
prohibition against stowage of such packages 'in adjacent compartments
or in holds without suitable ventilation or cooling of the hold occupied
by the large source'®,

The Code stipulates ''required segregation distances' in respect of
various substances and packages. These are distances to which the
materials and packages should be séegregated from persons and undeveloped
film. These segregation distances in relation to persons are based on
the maximum annual dose recommended by the International Commission
for Radiological Protection. Figures for segregation from films or
plate are based on the receipt of a maximum total exposure for the whole
voyage of a given level of radiation (10 mR or equivalent)M.

CONTAMINATION

The Code provides for minimum levels of ''non-fixed contamination"
on the surface of packages. There are also provisions relating to the
decontamination and re-use of conveyances or equipment which have
become contaminated in the course of carriage of radioactive substances.
Included in this part are various requirements for declarations by the
appropriate competent authority that a conveyance or equipment is safe.
The requirements do not apply to ''low specific activity' materials.
However, where conveyances and compartments have been used for the
transport of such materials in full load, they shall not be used for other
goods until théy have been decontaminated??,

LABELLING AND MARKING

The Code contains requirements for labelling various radioactive
consignments, Consignments are required to be labelled separately and
according to the categories to which they belong. The Code provides
for three categories. In respect of materials in category I (White Label)
the consignor is obliged to specify on the label the principal radioactive

** Class 7, paragraph 7.

“ Class7, paragraph 7.6,

55 Class 7, paragraph 8,
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content and the activity. In respect of the second and third categories
(Yellow Labels) the consignor is required in addition to specify the Trans-
port Index of the consignment™,

Packages over 1 cwt (50 kg) should have the exact weight "'plainly and
durably marked on the outside''!”. Also required are the "Type" identifica-
tion and the competent authority's identification marks and serial numbers

These requirements are not applicable in full to exempt materials,
empty packages or low specific activity materials; although there are
various marking and labelling requirements in respect of certain consign-
ments of these items™>,

SEGREGATION FROM DANGEROUS GOODS

The Code states that ''as other dangerous goods may under accident
conditions affect the integrity of a package containing radicactive materials,
segregation from such goods is necessary'. In general, the Code pro-
vides that radioactive materials should be away from non-inflammable
gases, inflammable solids and oxidizing substances (Classes 2, 4 and 5)20.
For the purposes of the Code, a material is ""away from'' another when it is
"effectively segregated so that incompatible substances cannot interact
dangerously in the event of an accident; (although it) may be in the same
hold or compartment or on deck''?!, )

On the other hand, radicactive materials are required to be SEPARATED
FROM explosives, inflammable gases, inflammable liquids, organic
peroxides and corrosives (Classes 1, 2, 3, 5 and 8)22. For the purposes
of the Code materials are separated from each other if "'they are in different
holds or compartments when stowed under deck. If the decks are not
resistant to fire and water, then only a longitudinal separation involving
an intervening bulkhead is acceptable"?,

TRANSPORT DOCUMENTS

To enable the ship's master to take all necessary and appropriate
action, the Code specifies the following requirements for transport
documents: A

All radioactive materials must be declared as such in the transport
documents. For all consignments other than those exempted the following
information shall be given:

Class 7, paragraph 9.4,

" Glass 7, paragraph 9.4.1.

B Class 1, paragraph 9.4.2.
Class 7, paragraphs 9.1-9.3,

2 Class 7, paragraph 10.1.

% Class 7, note at page 7019,
Class 7, paragraph 10, 1.

** Note at page 7019.
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() The transport group;

(b) The name of the radioactive material, its physical and chemical
form, whether it is a special form (massive solid or capsule);

(c) The activity in curies (or millicuries);

(d) The external radiation category of the package (i.e. whether

' Category I WHITE or Category II YELLOW or Category III

YELLOW);

The Transport Index (for YELLOW labelled packages only);

The type of packaging (whether Industrial, Type A or Type B);

For a consignment of fissile material:

(1) if exempted under IAEA Regulations C-5. 1.2, the guantity in
grams, the concentration and the enrichment in 2350, where
appropriate;

(ii) in other cases, the fissile class of the package;

(h) Any other necessary instructions.
Exempt non-fissile materials must be declared as exempt.

—~——
qq o
—

The transport documents for empty packages transported under the
exemption provision of the Code are required to show that the packages
have contained radioactive material, and the consignor shall certify that
the relevant requirements of the Code have been met?4,

SHIPPER'S CERTIFICATE

It has also been found useful to accompany all consignments with addi-
tional shippers' certificate, The shipper's certificate contains detailed
instructions to the shipmaster with regard to special action to be taken in
relation to the consignment. The Code requires that the documents
accompanying the consignment must include "a certificate from the con-
signor or his agents that the goods are properly described and are packaged
in accordance with the relevant requirements and are in proper condition
for transport'?®, Copies of the "competent national authority's approval
or reference number' are required to accompany the documents in a
number of cases. Similarly, in relation to ''large radioactive sources"
there is also required ''a copy of the package design certificate supplied
by the competent authority of the country of origin to the design validated,
if necessary, by the competent authorities of the other countries affected
by the shipment"zs. In this connection, the Code further provides that
"If a large source is to be irradiated fuel, the consignor in his application
for package design approval must supply the appropriate competent
authority(ies) with a certificate from the competent authority of the country
in which the fuel has been irradiated, confirming on the basis of that
authority's knowledge of the fuel after irradiation, any assumption in the

% Class 7, paragraph 11,

* Class 7, paragraph 12, 1.

% Class 7, paragraph 12,2,
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safety analysis relating to the behaviour of the fuel'?. In addition, the
shipment of "a large source package' or a fissile Class III package or a

. "special arrangement package' requires the approval of the appropriate
competent authority and the shipper is required, in such a case, to attach
a copy of the '"certificate of approval of shipment'' to the documents
mentioned above. In this case the shipment certificate must also indicate
the "maximum heat emission expected from the package during transport”?"g.

ACCIDENTS

The Code states that the packaging requirements stipulated in respect
of various types of radioactive materials are so designed to withstand
the normal conditions of transport, including minor mishaps and, in some
cases, even severe accidents, ''without loss of the contents or reduction
in radiation shielding efficiency"?’, Where material is released or
shielding efficiency is lost, it is expected that this would not give rise to
"such hazard as to interfere with normal fire-fighting or rescue operations''.
In spite of this, the Code contains provisions on accident procedures3’,
These include:

(1) Procedure for fire-fighting (and use of fire-fighting equipment)
designed to assist in ''preventing the melting of radiation shielding materials
such as lead',

(2) The use of fire-fighting clothing, particularly respiratory pro-
tection, to prevent or reduce contamination, as well as procedures to be
followed on completion of fire~fighting in order to protect persons and
isolate clothing which may have been contaminated.

(3) The prevention of indiscriminate access or movement in the vici-
nity of'' broken or leaking packages or radioactive material, pending
appropriate examination and advice by competent national authority or at
first possible opportunity.

(4) The treatment of foodstuffs and drinking water which may have
been contaminated as a result of accidents.

The Code also provides guidance on procedures to be followed in cases
of accidents in ports involving damage to radioactive packagesal.

EXPOSURE OF CREW

The Code states that the "'present low frequency of transport of radio-
active materials by sea does not justify members of the crew wearing film
badges, nor need the ship carry any special instrument for measuring radia-

¥ Class 1, footnote page 7021.

% Class T, paragraph 12. 3.

¥ Class 1, paragraph 13,1.
Class 7, paragraph 13,2,

Class 7, paragraph 13,2,2,
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tion''. However, the Code requires compliance with the segregation
distances (of material) from living accommodation specified by the Code
or in national regulations, where these exist®Z,

APPROVAL

The Code specifies the cases in which approval of the capsule, packag-
ing or package design must be given by the competent authority33 Similarly
there are provisions indicating the types of consignments in respect of
which approval of shipment must be given and prior notification should be
given to certain specified authorities34, In respect of approval of designs,
the Code specifies for each type the competent authority for approval
purposes. For example, in the case of Type B package the competent
authority entitled to approve is the ''country of origin'' (i.e. the country
"'where the design originated'), whereas in the case of ''large source II"
type of consignment, the competent authorities are ''the country of origin
and all countries en route'.

In relation to approval and prior notification of shipments, the Code
specifies the competent authorities concerned in respect of various types
of shipments. As regards approval, the competent authority is in some
cases the country of origin (i.e. the country " from which the shipment
originated') and, in some cases, both the country of origin as well as
the "countries en route". In respect of ''large source II'' shipments,
approval has to be given by all the countries en route which ''by reason of
supplementary operational requirements', specify that approval is necessary.
As far as prior notification is concerned, the term competent authority
(where such notification is required) refers to ''all countries en route'.

The Code states ""For the purposes of transport any material with a
specific activity greater than 0.002 microcuries per gramme must be
declared as radioactive material. Nevertheless material coming within
that definition may be present in such small quantity or incorporated
in other material to such an extent, that its hazardous nature is very
much reduced and it may be exempted from certain packaging and labelling
requirements. All radioactive materials are dangerous to a greater
or lesser degree because they emit invisible radiation which may damage
body tissue. This damage arises either from external irradiation or
from internal irradiation following the intake of radioactive material into
the body. Two other properties of radiocactive materials are criticalit
and heat emission, the latter only arising with really large sources. '

The Code then adds that "'although certain radioactive materials may
be exempted from some or all of the provisions of Class 7, it must be
kept in mind that such substances may nevertheless be subject to the

Class 7, paragraph 14,1,
Class 7, paragraph 15.1.
Class 7, paragraph 15,2.
Class 7, paragraphs 1,1.1 - 1,2.1,
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provisions of other Classes of this Code'. Thus where a material is ex-
empted from the requirements applicable to radiocactive materials, it

may well be subject to the requirements of other classes such-as ""Corro-
sives (Class 8)"' or ""Oxidizing substances' (Class 5(a))%.

36

Class 7, paragraph 1,2.2.



, DISCUSSION

ON PAPERS 161/12 AND 161/24

R.W.S. BRADLEY: We appear to talk quite freely of ""competent
authorities' and/or ''competent courts"? Where is it laid down, or
accepted or determined and by whom — just what is a ''competent authority"
or a ""competent court'?

Furthermore, are these two definitions governed by an overall larger
one, i.e. a ''competent Government"?

I have in mind the large number of vessels registered in ''flag of
convenience countries''; does this fact have any bearing on the answers to
this whole question?

G.E. SWINDELL: ''Competent authority' is defined in Section I para-
graph 12 of the draft Regulations for the Safe Transport of Radioactive
Materials (1972) as "any national or international authority designated or
otherwise recognized as such for any purpose in connection with these
Regulations".

Competent courts are not referredto in the regulations. The Agency
distributes to Member States, at yearly intervals, a list of the national
authorities authorized to issue approvals in connection with the transport
of radicactive materials. The authorities are designated by the Govern-
ments of Member States and the Agency is informed of the name of the
appropriate office and its address.

W. BOULANGER: As Mr. Swindell stated, the JAEA asks Member
States for names and addresses of ''competent authorities'. If I am not
mistaken, a "List of Competent Authorities" is from time to time distri-
buted to governments of Member States. It seems up to them to make the
list available to interested national agencies, authorities or firms.

A. BAUER: Does the IAEA consider the establishment of rules pro-
viding that nuclear material is to be shipped only with such vessels and/or
other conveyances that meet certain quality requirements?

1 am thinking of a clause similar to the so called ''classification clause''
being used world-wide in the field of marine cargo insurance (ships must
be classified under approved shipping register).

G.E. SWINDELL: The JAEA transport regulations are concerned with
technical and administrative requirements regarding the packaging, labelling,
storage and carriage of the radioactive material. They do not include re-
quirements regarding the quality of the means of transport. I believe this
is as it should be. The IAEA regulations are taken over by the competent
international transport organizations and it seems more appropriate that
these organizations should specify quality control measures for the means
of transport.

T.A. MENSAH: The IMCO Code is part of the arrangements contained in
the SOLAS convention. Other parts of this arrangement deal with the con-
struction, equipment, manning, operation and loading of the ship. It is
only when a ship satisfies all the provisions of the Convention in relation
to these various matters that they may operate from or to Convention
countries. It is only when a ship is so authorised to operate that it becomes
necessary to consider, in relation to that ship, the requirements for the
carriage of specific cargoes — including the carriage of radiocactive
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material., Thus, seen in the wider context of the SOLAS Convention, atten-
tion is paid not only to the management of the radioactive material but also
to the suitability of the vessel to carry any cargo — or to operate at all.

A.M. FREKE: It is generally accepted that the proposed 're-
classification' of radionuclides in the 1972 regulations is a scientific
rationalisation.

However, what is the scientific rationalisation for reverting to measure-
ment of transport index from the surface of the package rather than from
the centre?

A. FAIRBAIRN: In my address I said that the Revision Panel worked
to ensure that the revised regulations are safe, practical, clear and concise
and aimed to reach a sensible compromise solution in the case of any
problem involving some measure of conflict between these aims. Regarding
measurement of transport index the segregation distances given in Annex I
of the current (1967) JAEA Regulations limit the exposure dose to 10 mR
and assume that the radioactive material was concentrated at a point at the
centre of the package so erring to safety. Unless devices are made to
facilitate measurement of dose-rate at 1 metre from the centre of the
package errors in measurements are likely., For large packages with an
overall dimension exceeding 2 metres a special definition of transport index
is, in effect, required. On the basis of proposals from Member states and
detailed examination made by a Working Party the Revision Panel decided
that on practical grounds, that is to promote accurate measurement of
transport index by a consignor, the revised Regulations should require the
index to be measured from the surface of the package, as was the case in
the 1961 TAEA Regulations. The Panel agreed that this change in transport
index would not detract from safety since the segregation tables would re-
quire to be recalculated to limitthe maximum exposure to 10 mR; the
various distances will require to be multiplied by a factor ranging from
1.2 to about 2.0. It should be noted that packages with a diametér less than
45 cm will not be affected by the change since from a radiation point of
view their contents are limited by this radiation limit of 200 mR/h at the
surface of the package which is unchanged. So, 2all in &ll, the change which
represents a simplification of the Regulations has been made on practical
grounds, with no detriment to safety.

B. DE NERCY: The JAEA Regulations for the Safe Transport of Radio-
active Materials, which form the basis of numerous international or national
regulations, have been revised in 1964, 1967 and 1972. Don't you think
that the users must know and apply these Regulations with a certain stability
if one intends to foster the future development of the transport of radio-
actives materials?

G.E. SWINDELL: I certainly agree with the speaker. It is for this
reason that after the current comprehensive review, which takes account
of almost 10 years operating experience, the Agency has announced its
present intention that no further extensive review should be undertaken for
ten years. However, after five years the Agency will ask its Member States
whether an earlier review would be required. Changes of detail could, of
course, be introduced under the 90-day amendment procedure authorized
by the Board of Governors.

A.R.W. WILSON: In his paper M. Swindell refers to the desirability
of keeping the Agency Transport Regulations as stable as possible, pre-
sumably primarily to reduce the legislation burden on States wishing to
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keep their national regulations consistent with the Agency recommendations.
Uniformity of national regulations would be facilitated if the Agency would
nominate a date of effect for each revision sufficiently far ahead to allow
States adequate time to amend their own regulations. A transition period
preceding the date of effect would further allow States a reasonable opportu-
nity to modify their containers to meet the new standards. Is their any
barrier to the Agency proceeding in this way?

G.E. SWINDELL: It is certainly desirable that those States who so
wish should be helped to keep their national legislations in conformity with
the revised IAEA Transport Regulations. If this would be facilitated by an
announcement that the revised regulations would take effect on a specified
date sufficiently far in advance, I do not see any strong objection to the
adoption of such a procedure. I do not see clearly, however, why the
Agency should defer the taking effect of its Regulations on its own work.
Would it not be better for the Agency to issue its Regulations as soon as
possible and to urge those Member States who wish to adopt them to do so
by some specified date, say after two years?

J.R. WILSON: This morning one of the delegates referred to the
difficulty of knowing which body was responsible for particular requirements
and referred to the position in the UK and the USA.

It is true that there is a division of responsibility in the UK, but the
Dangerous Substances Division of the Department of the Environment will
always be able to refer enquiries to the right quarter. As a matter of
interest the Ministry of Technology no longer exists, most of its functions
were taken over by the Department of Trade and Industry.

L. ALVAREZ DE BUERGO: In his comments on the revision of the
Regulations for the Safe Transport of Radioactive Materials, Mr. Fairbairn
pointed out that the main objective was to establish practical, clear and
concise regulations. Bearing this in mind I would like to suggest to
IMCO to include a standardized model of shipping certificate when class 7
of the code will come for revision after the regulations are approved. In
my opinion such certificate should indicate the necessary information to
enable an easy identification of each package and its content (fuel element
No., so many rods, weight of U-235, etc.). This will facilitate inspection
by the competent authority and by the IAEA inspectors in connection with
the application of safeguards. :

T.A. MENSAH: This would appear to be a very interesting suggestion.
It will be brought to the attention of the specialised bodies in IMCO which
will be dealing with the revision of the Code — possibly in 1973.

C. KUTTAN: I read sometime ago an article where you, Mr. Mensah,
have been quoted as saying that there are a great number of ihevitable
anomalies in the regulations and general principles of conventions — this
was in the context of pollution by oil at sea. However, do you hold the
same scepticism as regards regulations affecting the carriage of dangerous
goods and radioactive materials?

T.A, MENSAH: The point of my quoted observations regarding inter-
national agreements on oil pollution was that there are, and will be for
sometime, problems of enforcement of these agreements in respect of
contraventions thereto which take place on the high seas and/or involve
ships of States not parties to these arrangements. The same cannot be
said of the application of the IMCO Maritime Dangerous Goods Code. In
the first place, where a State has decided to adopt the Code or any part of it,
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that State can — and usually does — incorporate it in National legislation
which is then enforced in respect of all shipments originating from or
coming into its territory and, in most cases, for shipments passing through
its territory (or parts). In the second place, the provisions of the Code
represent procedures and rules generally accepted to be necessary to en-
sure safety of ship, personnel and cargo. For this reason, shipowners and
operators would naturally follow them — even without compulsion from
State authorities. For many such owners or operators these rules re-
present the requirements of common sense and commercial sense.



‘ IAEA-SM-161/26

APPLICATION OF INTERNATIONAL
REGULATIONS BY COMPETENT
NATIONAL AUTHORITIES

W.A. KOLB
Physikalisch-Technische Bundesanstalt,
Braunschweig, Federal Republic of Germany

Abstract

APPLICATION OF INTERNATIONAL REGULATIONS BY COMPETENT NATIONAL AUTHORITIES.

The paper reviews the national regulations of seven countries: Canada, Federal Republic of Germany,
France, Italy, Norway, United Kingdom and United States of America. With respect to their conformity to
international regulations, the following conclusions can be drawn: (1) The technical requirements of nearly
all of these countries are in accordance with the IMCO Code or the IAEA Regulations, as far as transport of
radioactive materials by sea is concerned; a few differences exist in the USA; (2) With regard to the
administrative procedures no difference between national and international regulations exists in France,
Norway, the United Kingdom and, for non-fissile radioactive material, in the Federal Republic of Germany;
(3) A special shipment authorization is required in Germany for fissile material in excess of exempt
quantities; in France for Fissile Class III shipments; and in Italy for radioactive materials in excess of 2000 Ci
and fissile materials in excess of 15 g; (4) Revalidations of foreign approval certificates are required by
Canada, Italy and the USA.

Everybody who is engaged with transport of radicactive material knows
that difficulties of an administrative nature often arise when a consignment
is destined for another country. This may even happen if the consignment
meets the JAEA Regulations for the Safe Transport of Radioactive Materials.
The reasons for this inconvenience may be different:

- -National Transport Regulations are not or not yet in line with the IAEA
Regulations which are in fact merely recommendations to the JAEA
Member States, or

- Regulations of international traffic organizations may require validations
of approvals given by non-Member States, or

- In addition to transport regulations, there may be other national laws
which must be taken into account.

Faced with these problems representatives of competent authorities
decided in 1968 on the foundation of an unofficial working group which was
called the Radioactive Transport Study Group (RTSG). Its main task is to
exchange information on existing national transport regulations and to
promote the introduction of the IJAEA recommendations in national legislation.,
The group also consults the JAEA with regard to administrative aspects. As
the present moderator of the RTSG I am glad to present this paper, and I
should point out that it is based on the group members' team work,
mentioned above. After this introduction, I will deal with the national
regulations — as far as sea transport of radioactive materials is concerned —
of the following countries: Canada, Federal Republic of Germany, France,
Italy, Norway, United Kingdom and United States of America,
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CANADA

At present there are different regulations and a different competent
authority for each mode of transport. In addition, there are separate
authorities for national harbours and for the St, Lawrence Seaway. All
Canadian regulations for the transportation of radioactive materials are
based on the JAEA Regulations. The Atomic Energy Control Board (AECB)
serves as an adviser to all of these authorities in the transportation of
radioactive materials. A federal government "Working Group on IAEA
Regulations' has been established to consider and make recommendations
on all aspects of the JAEA Regulations.

The competent authority for marine transport is the Chairman, Board
of Steamship Inspection, Department of Transport, Ottawa.

The Board of Steamship Inspection has ruled that, commencing
January 1, 1969, the packaging, labelling and stowage of radioactive
substances intended for movement by water shall comply with the JAEA
""Regulations for the Safe Transport of Radioactive Materials', 1967 Edition,
as modified by the "Report of the Technical Committee on Uniform
Regulations for the Transport of Radioactive Materials'' dated November 1,
1966. The main differences are

(a) all Type B, fissile, and large radioactive source packaging require
Canadian competent authority approval, and

(b) all Fissile Class III, large radioactive source, and special arrangement
packages are required to bear the yellow-III label.

Whilst shipment approval requirements are in accordance with JAEA
Regulations, Canada is not yet accepting the unilateral principles of IAEA
with respect to package or packaging approvals but it is expected that the
situation may change when the 1972 IAEA Regulations are introduced. An
intermediate step is the endorsement of foreign competent authorities'
certificates of approval; at present both UK and French certificates are
currently endorsed.

The above-mentioned "Working Group on IAEA Regulations' has
proposed to issue a single set of regulations for all modes of transport and
adopting the 1972 IAEA Regulations by reference., It is further expected that
IMCO Regulations will be accepted as an alternative to IAEA Regulations.

FRANCE

In France the competent authority for all modes of transport is the
Ministry of Transport. All applications or notifications should be addressed
to Ministére des Transports, Direction des Transports Terrestres,
Transport des Matiéres Dangereuses, 23, rue de Londres, Paris IXe, where
the necessary dispatching is made between the different specialized
Departments Surface-Air-Sea.

By decree of August 8, 1968 the Ministry of Transport stipulates that
the "packaging and stowage requirements provided in the IMCO Code are
considered to offer an equivalent safety as the national requirement'. That
means that in France the IMCO Code is recognized in this respect as
regulations and not only recommendations. A unilateral large source
package for instance, the design of which has been certified as being in
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compliance with the pertinent IMCO Code requirements by the competent
authority of the country of origin, may be loaded in a French flag ship
without any further application to the French competent authority. As far as
the shipment approval is concerned, the IMCO Code administirative procedure
may also be applied. That means, that the shipment approval may be given
by the competent authority of the country of origin of the shipment.

The only deviation from IAEA Regulations concerns Fissile Class III
shipments. For each of those shipments a movement authorization is
required instead of a package and shipment approval certificate.

FEDERAL REPUBLIC OF GERMANY

In the Federal Republic of Germany there has to be a distinction made
between general administrative regulations and special regulations for
various modes of transport.

The Atomic Energy Act, dated December 23, 1959 requires that each
shipment of fissile material must be approved by the Physikalisch-
Technische Bundesanstalt in Brunswick. After two amendments issued
April 23, 1963 and August 28, 1969, a permanent approval may be given to
the consignor for a period not exceeding 3 years. The main conditions of
the approval are

- reliability of the carrier

- conformity of the shipment with national or international transport
regulations

- financial security to cover all legal liability

- protection against interventions by third persons.

The First Radiation Protection Ordinance of June 24, 1960 — latest
amendment of October 15, 1965 — exempts shipments of fissile material
within the limits of IJAEA Regulations, Part B, from the general approval
requirement of the Atomic Energy Act. This ordinance includes, in
addition, general administrative regulations for the carriage of other radio-
active materials. As far as transport by sea-going vessels is concerned the
carrier must have a shipment approval if the consignment does not meet the
packaging requirements of the Ordinance on Dangerous Cargo. The latest
amendment of this ordinance, dated March 29, 1972, adopts class 7 of the
IMCO Code in total without any exceptions, That means that unilateral
approval certificates of foreign countries need no validation by the German
competent authority. Nevertheless I should repeat that the shipment
approval for fissile material is still required by the Atomic Energy Act and
so far no change is expected in the near future,

According to the First Radiation Protection Ordinance the competent
local authority has to be notified 24 hours before loading or unloading of
radioactive substances.

Approval applications should be addressed to the following competent
authorities:

For capsules and Type-B packagings:

Bundesanstalt fir Materialpriifung
Fachgruppe 1.2
D-1 Berlin 45
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For special arrangements: -

Bundesminister fur Verkehr
Abt, See 9

D-2 Hamburg 4

Postfach 260

All other applications as well as notifications on large source shipments
should be adressed to:

Physikalisch-Technische Bundesanstalt
Abt. 6

D-33 Braunschweig

Bundesallee 100

ITALY

As in Germany, there are two different kinds of regulations in Italy,
namely of administrative and of technical nature.

The Law No. 1860, dated December 31, 1962, establishes the principle
that the transport of radiocactive materials be subject to authorization by
Decree of the Minister of Industry together with the Minister of Merchant
Marine as far as sea transport is concerned. This law contains provisions
for issuing a permanent authorization to carriers who give guarantees about
their good safety standards.

The Law No. 1860 was amended by the Decree of the President of the
Republic, No. 1704, dated September 30, 1965 which provides, with the
aim of simplifying the heavy procedure, the possibility of occasional
transports, to be carried out without any authorization, if the radioactive
material is not fissile and its activity does not exceed certain limits, The
limits have been established by the Decree of the Minister of Industry,
dated July 27, 1966 and amended July 18, 1967 and depend on the mode of
transport. For sea transport the limit is 2000 Ci.

Subsequently the Law No. 1008, December 19, 1969, followed by the
Decree of the Minister of Industry and Public Health, December 15, 1970,
established a threshold also for fissile materials: Quantities not exceeding
15 g Uranium-233, 235 or Plutonium-239 can be transported without any
authorization,

Technical regulations for the national transport of radioactive materials
by sea have been issued by the Decree of the President of the Republic
No. 1008, May 1968. These regulations are in line with the IAEA Regula-
tions, 1967 Edition. For international transports, the IMCO Regulations
apply. Applications for approvals required by these regulations and for
validations of foreign approvals must be addressed to the National Nuclear-
Energy Committee (CNEN), Viale Regina Margherita 125, I-00198 Rome.

NORWAY

In Norway, Sjofartsdirectoratet issued Regulations for the Transpor-
tation of Dangerous Goods, dated March 10, 1971, by which the IMCO Code
was incorporated as national regulations. Applications or notifications
concerning radioactive materials should be addressed to the State Institute
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of Radiation Hygiene, Montebello, Oslo 3. According to a new law for the
utilization of atomic energy, a nuclear inspectorate will be established,
and it is not yet determined where the responsibility borderline between
this inspectorate and the present competent authority — mentioned above —
will run. Perhaps this question can be clarified during the discussions.

UNITED KINGDOM

The carriage of dangerous goods by sea in British ships and in British
waters is controlled by the Merchant Shipping (Dangerous Goods) Rules, as
amended by S.I. 1968 No. 332 which are simply a general requirement for
labelling, packaging and stowage. The precise requirements are given in
a Code of Practice, called the Report of the Ministers! standing advisory
committee (the "Blue Book'), Class 7 — Radioactive Substances, is the
same in content as Class 7 of the IMCO Code. The Merchant Shipping Rules
apply to:

- British ships registered in the UK, and
- other ships loading cargo within any port or the territorial waters of
the UK.

The Rules also consider it unlawful, in the case of any ship within a
port of the UK, to carry goods not in accordance with the law of the country
of the flag of the ship if that country has signed the International Convention
for the Safety of Life at Sea, 1960, or in the case of any other ship in
accordance with rules similar to the ""Blue Book''.

The competent authority for the carriage of dangerous goods by sea
is the Department of Trade and Industry. The duties of the competent
authority for all modes of transport are undertaken on behalf of the various
departments by

Dr. E.J. Wilson

Transport Radiological Adviser
Dangerous Goods Branch
Department of the Environment
2 Marsham Street

London SW1P 3EB

Ports in the UK are not government controlled. Each port authority
has its own bye-laws which contain provisions for certain dangerous goods.
The Department of the Environment in consultation with the Port and
Harbours Association produced a Code of Practice in 1967 for the handling
of radioactive materials, and bye-laws are based upon this code. Such
authorities are not strictly "'minor competent authorities', because they will
accept radioactive materials transported in accordance with the regulations,
mainly the "Blue Book" or the IMCO Code, but they require the correct
documentation and notification, and the goods must be transhipped as
quickly as possible, since no storage facilities for radioactive materials
exist as yet. Consignors should treat Port Authorities of UK as if they
were carriers, which means for all consignments from abroad application
should be made 48 hours in advance or even before the consignment is loaded
overseas. Information should include that required under C-6.4 of the
IAEA Regulations, and state the name of the vessel.
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UNITED STATES OF AMERICA

By legislation of the Congress of the USA, the U.S. Department of
Transportation (DOT) has the regulatory responsibility for safety in
transportation of hazardous materials by all modes of transport, except
postal shipments. The U.S. Coast Guard — one of the seven DOT operating
administrations — retains the safety regulatory responsibility for the
transport of dangerous goods by water. Competent authority within the
context as used in the IJAEA Regulations however is the Office of Hazardous
Materials (OHM). The OHM acts as a coordinator, technical adviser, and
clearing house on all matters relating to transport of radioactive materials.
Finally, the Atomic Energy Commission (AEC) acts as a technical adviser
to the DOT/OHM, by assisting in and advising on the establishment of
national safety standards — based on the Atomic Energy Act of 1954 — and
in the technical review of package designs.

The U.S. regulations for classification, packaging, marking, labelling
and shipment of radioactive materials are contained in Title 49, Code of
Federal Regulations, Parts 170-189. These regulations are directly
applicable to road and rail transport. For transport by water the regulations
are prescribed in Title 46, Code of Federal Regulations, Part 146, The
standards for packaging of large radioactive sources and fissile materials
are contained in the AEC regulations, Title 10, Code of Federal
Regulations, Part 71,

After major revisions in 1968 and 1969 these regulations are now quite
harmonious with the JAEA Regulations, but a number of significant
differences still exist. Some of them should be mentioned here:

- The USA does not recognize foreign unilateral approval certificates.
Each foreign certificate of a package must presently be revalidated by
the Office of Hazardous Materials and the U.S. Coast Guard, as far as
transport by sea is concerned.

- The USA does not issue special form encapsulation certificates as
required by Marginal C-6.1 of the IJAEA Regulations. This falls within
the scope of the shipper' s certification.

- The USA does not issue individual shipment certificates except in the
case of those made under special arrangements, In general the DOT
special permit or certificate of a package is written to cover multiple
shipments by any shipper who has duly registered his identity with the
OHM prior to his first shipment.

- The Transport Index is defined as the dose rate at 3 feet from the
‘package surface rather than at 1 meter from the package centre,

- Fissile Class II packages having a transport index of more than 10 are
not authorized in the USA.

- All Fissile Class III and large radioactive source packages require
Yellow-III labels.

Some of these differences will be eliminated by the 1972 edition of the
IAEA regulations.

CONCLUSIONS

Having analyzed the national regulations of seven different countries
the following conclusions can be drawn:
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1, The technical requirements of nearly all of these countries are in
accordance with the IMCO Code or the IAEA Regulations, as far as
transport of radioactive materials by sea is concerned. A few
differences exist in the USA,

2. With regard to the administrative procedure no difference between
national and international regulations exists in France, Norway, the
United Kingdom and, for non fissile radioactive material, in the
Federal Republic of Germany,

3. A special shipment authorization is required

- in Germany: for fissile material in excess of exempt quantities
(Part B, IAEA Regulations),

- in France:- for Fissile Class III shipments, and

- in Italy: for radioactive materials in excess of 2000 Ci and fissile
materials in excess of 15 g,

4. Revalidations of foreign approval certificates are required by Canada,
Italy and the USA,

Finally it should be emphasized that during the past few years most
countries have made great efforts in adapting their own laws to the inter-
national regulations, It may be expected that still existing differences will
be eliminated in a measurable time,
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APPLICATION OF IAEA SAFEGUARDS
TO INTERNATIONAL CARRIAGE

R.M. STEIN
Legal Division,
International Atomic Energy Agency, Vienna

Abstract

APPLICATION OF IAEA SAFEGUARDS TO INTERNATIONAL CARRIAGE,

The 1AEA Safeguards introduce a new factor in international camriage. The author discusses the relevant
aspects of this subject, ‘dealing with the general framework for agreements in connection with NPT, and the
structure and contents of such agreements. In conclusion, attention is given to the question of the physical
protection of nuclear material, and certain recommendations that have been developed on this subject.

Many of you have probably asked yourselves just why this subject is on
the program of this Symposium and have wondered, in fact, what is the
relationship between IAEA safeguards and the problem of maritime carriage
of nuclear material, The question is a very good one indeed, as the answer
is certainly not self-evident,

This subject does have a number of implications for maritime carriage,
although it is clearly not one which falls directly within the scope of the
matters which we are discussing today. We did think important, however,
that this problem be brought to the attention of those concerned with maritime
carriage, particularly since JAEA safeguards have become much more
world-wide in their scope than they were at the time of the first symposium
which took place in Monaco; this subject was not discussed there at all as
it would have been premature, Since then the position has changed very
much and it is important that you be aware that there is such a thing as
international safeguards on nuclear material and that there are implications
for maritime carriage,

These implications affect principally the State authorities and conse-
quently are of particular relevance to those of you who are representing
such authorities, There are certainly implications as well for the operators
théemselves. I doubt, on the other hand, that there are direct consequences
for insurers, Let us say then that this is a new element, a new factor,
which one should take into account when considering international carriage
of nuclear material and, of course, maritime carriage in particular. There
are two annexes to this report, one of which is entitled '"The Status of Safe-
guards Agreements with the International Atomic Energy Agency'', and the
other simply an extract giving what I believe are articles of the Treaty on
the Non-Proliferation of Nuclear Weapons which have particular relevance
to international carriage,.

Some of you are well acquainted with this Treaty, others are not, I
shall not attempt, in any way, to give you a very detailed analysis of the
Treaty, nor of its background. I think it indispensable, however, to try
to outline first its primary objectives and the way in which the Treaty will
affect problems of international carriage., Then, I should like to give you a
quick résumé of the status of NPT and go on to some of the particular pro-
blems involved,
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The primary objective of the Treaty on the Non-Proliferation of Nuclear
Weapons is stated by the title itself. You may say then it is quite self-evident,
In fact, the Treaty is intended principally to prevent the proliferation of
nuclear weapons by ensuring that States which do not have nuclear weapons
can never have them at all, It fixes a kind of status quo. This means that
five States in the world are recognized, once and for all, by this Treaty
as being Nuclear Weapon States; these States have nuclear weapons — this
is a fact and it has been recognized. All other States, in terms of the Treaty,
are called Non-Nuclear Weapon States and those States, when they become
party to NPT (as it is often referred to and I shall refer to it as NPT), agree
in becoming a party thereto that they will not in any way acquire nuclear
weapons; they will not receive nuclear weapons or other nuclear explosive
devices nor will they manufacture them, or otherwise acquire them, nor
will they receive assistance to that end, This is in Article II of the Treaty.
Article I of NPT, which concerns the Nuclear Weapon State, stipulates
precisely the complement thereto; that is, that the Nuclear Weapon State
will not give to the Non-Nuclear Weapon State such weapons'or devices nor
aid them in acquiring them, The basic objective is thus to be found in the
first two articles of the Treaty.

In avery general way, the effect for international carriage is that when
it is intended to ship nuclear material from one State to another, the compe-
tent authority in the State from which the material is being shipped must
ensure that this shipment is done inconformity with the obligations which
the State has undertaken in respect of the Treaty, Broadly speaking, for
example, the operator of a nuclear facility in a Non-Nuclear Weapon State
could ship nuclear material by maritime carriage to another State only if
that other State had an agreement for safeguards with the International Atomic
Energy Agency. This, then, is a new factor which one must take into account
when one thinks of maritime carriage, for that matter of any carriage, of
nuclear material from one State to another.

In this connection, the current status of NPT itself is, I think, very
encouraging. Some of us should like it to be even more encouraging, but
progress is very good, Some hundred States have now signed NPT. Seventy-
one States have either ratified the Treaty or acceded to it, That is a sub-
stantial figure; it means that the majority of States in the world are now
party to this Treaty and many others will become party thereto, we hope
and we have every reason to believe, within a relatively short time, A large
number of agreements have already been concluded in connection with NPT
and these are enumerated in the Annex, The Annex also lists cases where
the Agency has concluded other safeguards agreements with various countries.,
Sometimes you will find that a country has both another kind of safeguards
agreement and an NPT agreement; in such cases, a further agreement is
concluded to the effect that only the NPT safeguards will be applied in future.
Thus, between the NPT agreements and the other safeguards agreements
the network of Agency safeguards in the world is becoming more and more
complete.

One of the basic requirements of the NPT agreement is that States must
conclude an agreement with respect to the application of safeguards with
the IAEA and this is spelled out in detail in Article III of the Treaty, the
text of which also figures in the Annex, Again, in general terms, a State
which is a party to NPT must itself conclude an agreement for the application
of safeguards to all source and special fissionable material in all peaceful
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nuclear activities within the territory of that State, under its jurisdiction

or carried out under its control anywhere and these safeguards agreements
are to be concluded with the IAEA, First, then, there are agreements
covering all material in the territory of the State, under its jurisdiction

or under its control. But there is another category of agreement as well

of distinct relevance to international carriage of nuclear material, because,
as I said earlier, a Non-Nuclear Weapon State may not send nuclear material
to another such State unless the recipient State is either a party to NPT

(and has then concluded an agreement in connection therewith) or, and this

is set down in ArticlelIll, paragraph 2 of NPT, has concluded a safeguards
agreement with the Agency covering the source or special fissionable material
that is being shipped. Now this may be an agreement which already exists

as many of these agreements may cover that material; but there are still
other cases where a country simply has no safeguards agreement now with
the Agency and this will require that before a party to NPT can ship to that
country, the receiving country must have concluded an agreement for safe-
guards on that material with the Agency. Again, one must take this into
account when one thinks of shipping nuclear material but, I repeat, the
primary responsibility here is that of the State and of the competent authori-
ty of that State.

In a very general way, to give you some idea of the background of the
agreements which have been concluded, NPT itself came into force on
5 March 1970, that is a little more than two years ago. Shortly thereafter
a committee was formed in the JAEA — a committee made up potentially
of all Member States (in fact, some fifty Member States did participate) —
it was called the Safeguards Committee and its job was to give guidelines
to the Director General of the Agency for the conclusion of safeguards
agreements in connection with NPT, This was done: the Safeguards Com-
mittee met several times both in 1970 and 1971 and in the spring of 1971
the Board of Governors of IAEA adopted its report. In fact, the guidelines
which were given to the Director General were very complete. They have
been published as IJAEA document INFCIRC/153, I have just heard reference
in Mr, Kolb's report to a Blue Book, but I am afraid there is another one,
because IAEA document INFCIRC/153 is certainly blue and is frequently
referred to as the Blue Book as well, This document then gives the guide-
lines for safeguards agreements; it is perhaps quite legalistic in nature
but at the same time it is very technical and I shall not attempt to discuss
it in detail today.

There are, however, some elements of particular application with
respect to international carriage and I should like to underline some of
them. There are four in particular. ' There are other provisions in the
agreements of course that apply to international carriage, but let us say
that there are four of particular relevance in the context of international
carriage. The first is the basic undertaking of the State and this, in fact,
reflects what I have said earlier, It is the requirement laid down by the
Treaty itself that the State will not divert nucléar material from peaceful
nuclear activities to nuclear weapons or other nuclear explosive devices.
The State is required by the safeguards agreement to establish what is
called a national system of accounting for and control of nuclear material.
This system is, of course, a very complicated one from a technical point
of view, It involves accounting, the keeping of records in each nuclear
installation, and reporting to the Agency. In addition, an essential element
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of safeguards agreements is inspection by inspectors from the IAEA who
are accredited in the particular country and who can go, and do go indeed,
to the nuclear facilities to inspect the use of nuclear material; this is an
extremely important aspect of international safeguards because it is really
the first time, at an international level, that such inspections have been
accepted in the field of armaments (although it is not an arms reduction
agreement at all but is one to prevent the spread of nuclear weapons), The
Agency has a corps of inspectors drawn from many countries in the world
and the direct consequence of safeguards agreements is that international
inspectors will be, are now in fact, and will be more and more frequently
going into countries to ensure that NPT is being carried out, This is some-
thing which one cannot emphasize too much, I think,

Another important item which one finds in NPT safeguards agreements
is known as the starting point of safeguards., This is rather involved but
in a few words it means that the full application of safeguards provisions
only comes when in fact material has reached a certain stage in the nuclear
fuel cycle., It means that safeguards do not apply to materials in mines, for
example, and the full force of safeguards applies when the material is of
a composition and purity suitable for fuel fabrication or for isotopic enrich-
ment, There is then a starting point for the full application of safeguards,
but it is important to recall that the requirement of using this material in
such a way that it will not be involved in nuclear weapons applies to all
nuclear material wherever it is,

Finally, there are, with reference to international carriage, very
specific articles regarding international transfers of nuclear material;
these are to be found in document INFCIRC/153 in paragraphs 91 to 97,
Rather than go into the details of these provisions I would say that the basic
rule here is that this is once again, and it is underlined in these paragraphs,
the responsibility of the State. When there is to be an international transfer
between two States — and that is what interests us here today — it is up to
the States concerned to make suitable arrangements to determine the points
at which the reponsibility, in terms of safeguards responsibility, will be
transferred. There is an aspect here which I think will be of interest to
the operators of ships: a State is not deemed to have responsibility as con-
cerns safeguards merely by reason of the fact that the material is in transit
on or over its territory or territorial waters or that it is being transported
under its flag, This sole fact will not make that State responsible in terms
of safeguards. It is the responsibility of the State from which the material
is coming or to which it is going, Now this may coincide — one may, for
example, be shipping Finnish material on a Finnish ship (and I take this
example because it is one very close éeographically and it is a shipping
country), in which case all elements correspond; one may have Japanese
material on a Japanese ship and, again, all factors coincide, On the other
hand, one may have material, for example, shipped from Belgium on a
Swedish ship, in which case it is the responsibility of Belgium and not of
Sweden merely by the fact that it is being carried by a ship registered in
Sweden; that is the basic rule,

Just a few other words on a problem which has been discussed very
recently in the Agency and which does certainly have implications for the
maritime carriage of nuclear material, This is the problem of what is
called the physical protection of nuclear material, It is one thing to safe-
guard nuclear material when it is in the territory of a State, in a nuclear
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facility of some kind, but there are additional problems involved, as you
know very well, when nuclear material is being shipped somewhere, whether
by road, rail, air or sea, There is then a problem of physical protection

of nuclear material when it is being shipped somewhere because, of course,
this exposes the material — as the idea has been expressed — to other risks
aside from the risks which we are discussing more specifically at this
Symposium, It also exposes it to risks of theft and of loss from a point

of view of safeguards accountability; that is, the material might be stolen,
lost, or taken by someone else and might be used in fact for nuclear weapons
which would be against the object of the Treaty itself, The Agency convened,
recently, a group of experts to discuss this problem of the physical protec-
tion of nuclear material and the experts have now produced a set of recom-
mendations which are available to Member States. These are in no way
obligatory,

The question was raised in the Safeguards Committee as to what States
should do to protect material — i, e, the physical protection of material —
and it was decided that this is not something which comes directly within
the responsibility of the IAEA; but as the Agency does have extensive com-
petence in this field it was recognized that some suggestions by the Agency
could be of great help to States in the field of physical protection. This
has now been done. The recommendations have already been published and
if you are interested you may obtain these by writing to the IAEA in Viennal

It is considered that the physical protection of nuclear material is an
essential supplement to the State system if national control and the report
emphasizes that some additional, special measures for physical protection
must be taken when material is in transit because, it has been underlined,
other risks are involved from a safeguards point of view when nuclear
material is being moved and, in particular, when it is being moved in
international transit,

I am afraid that the time has now elapsed and I have only been able to
give you a very brief look at the problem. Again, I should repeat that this
is a real problem — perhaps you would consider it to be of peripheral interest
only — and one which must henceforth be taken into consideration in the
maritime carriage of nuclear materials.

! Recommendations for the Physical Protection of Nuclear Material (produced by a panel of experts
working under JAEA sponsorship in Vienna, 6-10 March 1972).
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ANNEX 1

STATUS OF SAFEGUARDS AGREEMENTS
WITH THE INTERNATIONAL ATOMIC ENERGY AGENCY

Treaty on the Non-

Proliferation of Nuclear

Weapons (NPT)

Safeguard agreements

State
Signature Ratlfloc:tl'ons In.connection Other
. with NPT
accessions

1 2 3 4 5
Afghanistan X X
Argentina X
Australia X X
Austria X X b'e x®
Barbados X
Belgium X
Bolivia X X
Botswana X X
Brazil X
Bulgaria X X X
Burundi b'4
Cameroon X b'd
Canada X b'4 X
Central African Rep. X
Ceylon
Chad X X
Chile X
China, Rep. of X b4 X
Colombia X
Costa Rica’ X X
Cyprus b'e X
CSSR X X X
Dahomey b4
Denmark b'd X x x2
Dominican Rep,. b'e b'4
Ecuador X X
Egypt, Arab Rep. of X )
E1 Salvador X .
‘Ethiopia X X
Finland be x x x3)
France xb)
Gambia X
German Dem. Rep. X X b'e
Germany, Fed. Rep, of b4

a) Application of safeguards thereunder suspended in favour of safeguards in connection with NPT.
b) Awaiting approval by Agency's Board of Governors.
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Ghana
Greece
Guatemala
Haiti

Holy See
Honduras
Hungary
Iceland
India
Indonesia
Iran

Iraqg
Ireland
Israel
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a) Application of safeguards therunder suspended in favour of safeguards in connection with NPT,
b) Awaiting approval by Agency's Board of Governors. .
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1 2 3 5
Philippines X b4
Poland X X
Portugal X
Romania x x x®
San Marino X X
Senegal x X
Singapore X
Somalia X b4
South Africa b'd
Southern Yemen b4
Spain b'q
Sudan X
Swaziland b4 X
Sweden b'e b'e X
Switzerland b4 b4
Syrian Arab Rep. X X
Thailand X
Togo b'd b'q
Tonga X b4
Trinidad and Tobago X
Tunisia X X
Turkey X X
United Kingdom X b4 X
Upper Volta X X
Uruguay X X xb)
USA b4 b4 X
USSR X X
Venezuela X X
Viet-Nam, Rep. of b4 b'e X
Yemen, Arab Rep. b'e
Yugoslavia X x xD)
Zaire b'q X xb

a) Application of safeguards thereunder suspended in favour of safeguards in connection with NPT,
b) Awaiting approval by Agency's Board of Governors.
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ANNEX 11

THE TREATY ON THE NON-PROLIFERATION OF NUCLEAR WEAPONS
Articles of Particular Relevance to International Carriage

Article I

Each nuclear-weapon State Party to the Treaty undertakes not to transfer
to any recipient whatsoever nuclear weapons or other nuclear explosive
devices or control over such weapons or explosive devices directly, or
indirectly; and not in any way to assist, encourage, or induce any non-
nuclear-weapon State to manufacture or otherwise acquire nuclear weapons
or other nuclear explosive devices, or control over such weapons or ex-
plosive devices,

Article II

Each non-nuclear-weapon State Party to the Treaty undertakes not to
receive the transfer from any transferor whatsoever of nuclear weapons
or other nuclear explosive devices or of control over such weapons or ex-
plosive devices directly, or indirectly; not to manufacture or otherwise
acquire nuclear weapons or other nuclear explosive devices; and not to
seek or receive any assistance in the manufacture of nuclear weapons or
other nuclear explosive devices,

Article III

1. Each non-nuclear-weapon State Party to the Treaty undertakes to
accept safeguards, as set forth in an agreement to be negotiated and con-
cluded with the International Atomic Energy Agency in accordance with the
Statute of the International Atomic Energy Agency and the Agency's safe-
guards system, for the exclusive purpose of verification of the fulfilment
of its obligations assumed under this Treaty with a view to preventing diver-
sion of nuclear energy from peaceful uses to nuclear weapons or other
miclear explosive devices, Procedures for the safeguards required by this
Article shall be followed with respect to source or special fissionable ma~
terial whether it is being produced, processed or used in any principal
nuclear facility or is outside any such facility. The safeguards required
by this Article shall be applied on all source or special fissionable material
in all peaceful muclear activities within the territory of such State, under
its jurisdiction, or carried out under its control anywhere.

2. Each State Party to the Treaty undertakes not to provide: (a) source
or special fissionable material, or (b) equipment or material especially
designed or prepared for the processing, use or production of special
fissionable material, to any non-nuclear-weapon State for peaceful purposes,
unless the source or special fissionable material shall be subject to the
safeguards required by this Article.

3. The safeguards required by this Article shall be implemented in
a manner designed to comply with Article IV of this Treaty, and to avoid
hampering the economic or technological development of the Parties or
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international co-operation in the field of peaceful nuclear activities, in-
cluding the international exchange of nuclear material and equipment for
the processing, use or production of nuclear material for peaceful purposes
in accordance with the provisions of this Article and the principle of safe-
guarding set forth in the Preamble of the Treaty.

4. Non-nuclear-weapon States Party to the Treaty shall conclude
agreements with the International Atomic Energy Agency to meet the re-
quirements of this Article either individually or together with other States
in accordance with the Statute of the International Atomic Energy Agency.
Negotiation of such agreements shall commence within 180 days from the
original entry into force of this Treaty., For States depositing their instru-
ments of ratification or accession after the 180-day period, negotiation of
such agreements shall commence not later than the date of such deposit,
Such agreements shall enter into force not later than eighteen months after
the date of initiation of negotiations,



DISCUSSION
ON PAPERS 161/26 AND 161/29

S. STORHAUG: I have a comment to make in connection with Mr. Kolb's
paper where a specific mentioning of the situation in Norway has been made
concerning the determination of the responsibility borderline between com-
petent authorities dealing with radioactive materials. As I got this paper
only this morning I have not had the possibility to contact people at home
who can give exact and reliable information. However, I venture to state
that the information given in Mr. Kolb's paper is still valid. In other
words, the authority mentioned as competent in that paper is still competent
to deal with these matters. The new law mentioned in Mr. Kolb's paper
will probably enter into force by the end of this year. If there is going to
be any change concerning the competence [ think this will be decided by
them,

W. BOULANGER: Could Mr. Stein please explain if and how IAEA
Safeguards will in practice be applied during maritime (international)
transport of ""safeguarded material?

R.M. STEIN: The problem of safeguarding nuclear material (i.e. pre-
venting its diversion to purposes prohibited by the Non-Proliferation Treaty)
during international transport is a complex one, susceptible of being solved
in various ways. An obvious solution would be to have the material ac-
companied by international or national inspectors, a procedure which has,
in fact been used in some cases. Similarly, for example, shipments of
valuable goods such as gold are often accompanied by special guards. But
as this solution would entail additional expense and might impose certain
burdens, its use in a particular case would depend greatly on the kind and
quantity of material involved. Another way would be to seal the containers
before export (a possibility open under para. 93 of JAEA document INFCIRC/
153) with the consent of the State concerned, and to verify the integrity of the
seals upon arrival of the material at destination. In case of emergency
the seals could be broken and this would then have to be reported immediately
to the Agency. The Agency's tendency is to emphasize the physical protec-
tion measures as recommended by the panel of experts mentioned in my
paper. These measures, together with sealing and reporting, would give
reasonable assurance that nuclear material is not diverted. The solution
is not perfect, but a balance has to be struck between preventing the diver-
sion of nuclear material and not overburdening international transport of
nuclear material,

W. BOULANGER: Am I right in looking at the problem as follows:

The nuclear material is listed in the inventory of the State that has con-
cluded with the Agency a safeguards agreement in connection with the
Non-Proliferation Treaty; the State informs the Agency of any intended
transfer of nuclear material out of its jurisdiction; the IAEA must then
decide whether it wants to be present at the loading of the material and
whether it wants to affix seals. It is a matter for the exporting and reci-
pient States as to whether they want to have the transport of nuclear material
accompanied by guards. This procedure does not create any burdens for

an operator; he only has to report to his government in time that he intends
to export the material. Does Mr. Stein agree that this is a way of dealing
with the problem?

99
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R.M. STEIN: Mr. Boulanger's analysis is certainly in line with the
essence of the provisions with respect to international carriage, contained in
safeguards agreements being concluded in connection with NPT.
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OPERATING EXPERIENCE
IN THE MARITIME SHIPMENT
OF NUCLEAR MATERIAL

H. KEESE

Transnuklear GmbH,
Grossauheim, Stadtteil Wolfgang,
Federal Republic of Germany

Abstract

OPERATING EXPERIENCE IN THE MARITIME SHIPMENT OF NUCLEAR MATERIAL.

A survey is given of the operating experience gained with maritime shipments to and from the
Federal Republic of Germany. The most important shipments of nuclear material are listed and technical
problems (containers, handling and stowage, carriage of irradiated material) are discussed. In addition,
the paper deals in brief with some of the regulatory and insurance aspects of those shipments.

INTRODUCTION

The rapid growth of the nuclear industry in the Federal Republic of
Germany has had a great impact on the transportation of nuclear material.
This, in particular, holds true for the transportation of fissile material
for the nuclear fuel cycle.

Maritime shipments have been performed between Germany and
European countries, and to and from the United States of America. In
general, such shipments require additional land transport (rail or road)
and so special attention must be paid to transfer operations. Since a wide
range of shipping containers are used — from a few hundred kilograms to
more than 30 t — appropriate domestic and foreign authorizations must be
obtained.

Since the material is shipped in and between various countries,
different administrative and regulatory procedures must be followed. In
this respect, the question of property and third party liability insurance is
of great importance. Transnuklear GmbH, mostly in co-operation with
other companies of the group — Transnucléaire S.A., Paris, and Trans-
nuclear Inc., New York — plays a major role in such transportation.

In view of the foregoing, a survey of the operating experience gained
with maritime shipments of nuclear material will be given in what follows,

MATERIAL TRANSPORTED

As shown in Table I, unirradiated (uranium compounds, fuel elements,
plutonium compounds) and irradiated (spent fuel, radioisotopes) material
has been shipped. Maritime shipments have been carried out with low-
enriched uranium hexafluoride for light-water reactor fuel, all types of
spent fuel, plutonium nitrate and radioactive sources, Since the Federal
. Republic of Germany has neither mineable uranium ore deposits nor

103
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TABLE I. NUCLEAR MATERIAL TRANSPORTED

Material
1. Natural uranium compounds Small quantities
(U304, UFg)
2. Enriched uranium compounds From USAEC enrichment
UFg, low enriched plants and Europe
UFg, high enriched
UO,, UNH
3. Fuel elements USA, Europe

power reactors
material test reactors

(MTR)
4. Spent fuel Europe,
power reactors exceptionally USA
material test reactors
(MTR)

irradiation experiments

5. Plutonium From USA, Europe
plutonium oxide
plutonium nitrate

6. Radioisotopes . Europe, USA
tracers
sources

U30g/UFg conversion plant and the uranium used in light water reactors
must be enriched in the USA anyway, transportation of natural uranium
compounds as listed, from or to the Federal Republic of Germany is
practically negligible.

A survey of the most important maritime shipments from and to the
Federal Republic of Germany is given in Table II. Of course, these
shipments normally consist of a series of individual movements; they have
been performed since early 1966 (spent fuel transport from the Garching
and Geesthacht test reactors to the United States).

During the period an increasing tonnage of (slightly enriched) uranium
hexafluoride was shipped from the USAEC enrichment plants to the fuel
fabrication facilities at Wolfgang:

1966 12,4t U
1967 65.5t U
1968 15,2t U
1969 74,5t U

1970 173.6t U
1971 305.0t U



TABLE II. MARITIME SHIPMENTS
Material Container (type) Route Maritime shipment Line
Spent fuel "Goslar" A Geesthacht-Dunbarton/USA Hamburg-New York
(MZFR) -Norfolk United States Line
TN 2 B Agesta-Mol Stockholm-Hamburg Team Line
Irradiated TN 6 B Dounreay-Karlsruhe Grangemouth -Antwerpen Rankine Line
fuel rods Studsvik-Windscale Rotterdam-Hull North Sea Ferries
Irradiated TN 4 B Dounreay -Jiilich Grangemouth-Antwerpen Rankine Line
samples TN § B Dounreay-Jiilich Grangemouth-Antwerpen Rankine Line
TN S B Vahecitos-Jiilich New York-Antwerpen Meyer Line 5
Spent fuel TN 2 B Karlsruhe-W indscale Rotterdam-Hull North Sea Ferries ;
MZFR; ) @
(MZFR) g
Natural U Drums industr, Wolfgang-Grand junction/Colo. Hamburg-Houston/Texas HAPAG >
(U30%) package 5
o
Enriched U UNC 1483 A Wolfgang-Fernald/Ohio Antwerpen-New York Meyer Line
(U30s)
Enriched UF¢ 30 A B USA-Wolfgang New York-Hamburg United States Line
Norfolk-Bremen Meyer Line
Baltimore-Bremerhaven Seatrain Line
-Rotterdam Sealand
-Antwerpen Cont. Lines
New York-Hamburg Meyer Line
Pu nitrate L 10 B West Valley-Wolfgang New York-Antwerpen Atlan. Cont, Line
Radioactive Monsanto A Savannah River-Euratom Karlsruhe Charleston/SC-Bremerhaven Seatrain Lines
sources Res. Corp.

Go1
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FIG.1. Transport container type L-10 for plutonium-nitrate solution,

The 1971 figure includes 147 t U of the material bought under the US-
German offset agreement. Another 82 t U of that material were shipped this
year; the total 229t U, as UF,, are stored at Wolfgang.

CONTAINERS

With few exceptions, all the containers used were type B containers.
The unshielded 30 A containers in protective packages conform to USAEC
standard regulations., These containers are approved for shipment of UF,
with an enrichment up to 4.5% of 2357,

The shielded type B containers of Transnuklear (TN 2, TN 4, TN 5,
and TN 6) fully comply with IAEA regulations., Because of their design
features, i.e. no primary coolant, external heat transfer by natural
convection, etc., they do not require special control, even on long-rarige
maritime shipments [1, 2],

Certain problems have been encountered, however, when using the US
L 10 container for plutonium nitrate shipments. As already described
elsewhere [ 3, 4], the vent system of the inner polyethylene bottle and the
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capsule (ASDA capsulé) around it do not — under all possible conditions —
prevent a spill of plutonium nitrate solution through the vent system. Thus,
the pressure vessel could become contaminated on the inside, necessitating
tedious decontamination procedures of that vessel or even its complete
disposal. Although such spills have occurred with a few containers, the
pressure vessel, however, has proved to be a safe containment; no
contamination has ever penetrated to its exterior (Fig.1).

Together with Transnuklear, the Gesellschaft fir Wiederaufarbeitung
Karlsruhe (GWK), have developed a plutonium nitrate container with new
design features. The design consists of a 10-litre titanium pressure
vessel into which the solutions is filled directly. Titanium was chosen to
avoid corrosion of the vessel and contamination of the solution by corrosion
products., The pressure vessel is protected by an overpack based on fire-
retardant phenolic resin. In the meantime, a modified version of the L. 10
container — called FL.-10-1 — has appeared on the US market, Modifications
include an improved closure system and phenolic resin insulation. These
modified shipping containers, as well as the application of improved
handling and shipment procedures, will be considered for further shipments
of plutonium nitrate.

HANDLING AND STOWAGE PROCEDURES

In principle, shipments were performed according to the German
regulations ('Verordnung iiber gefihrliche Seefrachtgiiter'') and the
regulations of the Intergovernmental Maritime Consultative Organization
(IMCO-code). For proper handling and stowage of the containers, either
sections 8 and 11 of class IVb of the German regulations or sections 7 and
10 of class 7 of the IMCO-code are applicable.

Handling and stowage were simplified (and became safer) with the
introduction of container shipments some years ago. This, in particular,
holds true for shipments of several smaller flasks in a container, e.g.
the transportation of enriched UFy and plutonium nitrate. In general, five
30 A cylinders in protective packages are loaded into a 30-ft container.

We decided to use open flat containers for.those shipments to facilitate
handling at the fuel fabrication facilities at Wolfgang.

The L 10 flasks for plutonium nitrate were shipped in 20-ft containers,
normally 20 L-10s per container. To keep them in an upright position,
they were carefully lashed to the container and to each other,

The advantages of container transport for conventional shipments apply
to nuclear shipments as well, in particular because of:

(1) Better segregation from other goods

(2) Fewer handling operations and fewer radiation and
contamination checks

(3) "House to house" shipments from shipper to receiver, no
transfer operations and thus reduced risks.

The Transnuklear flasks TN 4, TN 5, and TN 6 (Figs 2 and 3) with their
moderate weights (4 t, 650 kg and 8.6 t, respectively) normally do not
require special handling and stowage procedures in addition to the
regulations of the IMCO-code. The containers are equipped with 4 and
8 lifting lugs, respectively, at which they can be fixed by means of ropes,
chains, etc, They are frequently carried on deck.
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FIG.2. Transport container type TN4 - TN,

CARRIAGE OF IRRADIATED MATERIAL

Although most of the spent fuel from German reactors has been
reprocessed at the Eurochemic plant in Belgium and thus transported by
road or rail, a variety of irradiated materials, spent fuel, as well as
irradiated fuel rods and samples, have so far been shipped by boat
(Table II).

Early in 1966 spent fuel from German test reactors, namely
FRM/Garching and FRM/Geesthacht, had to be shipped to a reprocessing
plant. Since this was the first shipment of its kind in Germany, a
comprehensive safety report had to be established and a tedious and very
detailed shipping procedure was prepared., With Eurochemic not yet in
operation and because of simpler processing and repayment conditions for
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FIG.3. Transport container type TN 6.

the lease material at the USAEC plant at Dunbarton (South Carolina) USA
compared to those of the UKAEA plant at Dounreay, it was decided to ship
the spent fuel to the United States.

The two shielded 11,5-ton '"Goslar' containers, each containing up
to 13 elements, had been licensed by the German (Bundesanstalt fur
Materialprifung, Physikalisch-Technische Bundesanstalt) and the US
(Bureau of Explosives) authorities. Based on the German regulations
(Atomgesetz, 1. Strahlenschutzverordnung) and the revised "Regulations
for the Safe Transport of Radioactive Materials' from the IAEA, the
necessary transport permits were issued by the Federal Ministry of
Transport in Germany, the Physikalisch-Technische Bundesanstalt, the
US Atomic Energy Commission and the US Coastguard.

At the last minute, however, unexpected problems arose from the
third party liability insurance. The shipping line refused to transport this
fuel because they had not obtained the necessary coverage of nuclear risk
through the Property and Indemnity Associations of the shipowners and
they were unable to place the necessary $ 15 million nuclear liability
insurance elsewhere. Finally, we succeeded in finding a US shipping line
who could insure the nuclear risk and would transport the fuel, provided,
however, the containers were discharged at the first US port, namely
New York. Moreover, an additional third party liability insurance of
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FIG.4, Transport container type TN 2,

$10 million was required. As the first shipment was successful, however,
the shipping line agreed to take the following two shipments directly to
Norfolk.

Later, most of the spent fuel was shipped in the TN 2 container
(Fig.4) [5]. Among others, two series of maritime shipments have been
performed: the Agesta fuel to Eurochemic — by boat from Stockholm to
Hamburg — and, recently, the shipment of MZFR elements from Karlsruhe
to Windscale via Rotterdam and Hull.

The MZFR shipments were carried on board an ordinary ' roll on
- roll off' cargo ship, the 2500t "Norcape' of the North Sea Ferries,
Whereas obtaining the transport permits for Germany, the Netherlands and
Great Britain for the TN 2 as an approved (unilateral) type B container
presented no difficulty, quite a few administrative and technical measures
had to be taken. These included:

A minimum distance of 3 m had to be kept between the TN 2 on
its trailer and other goods. To enable the dose rate to be measured on
board, the captain was furnished with a portable rate meter and
instructed in its use.
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A special service (fire brigade, police) was provided in case the
loaded container had to be stored intermediately in the port (as
happened once).

Because of the weight of the container and trailer, strong metal
plates were put under the trailer to reduce the surface loading to
permissible limits.

A special permit was requested for the hydraulic support plates
since their permissible carrying capacity of 15t had to be exceeded
temporarily by more than 20% when handling the TN 2,

Since the ship was expected to roll, which would result in strong
shearing forces on the supporting legs of the trailer, they were
replaced by additional support blocks. Spare parts were provided on
board the ship and at the reprocessing plant at Windscale.

Since the slope between ship and rail head normally was high, the
ship had to be trimmed to provide a horizontal loading level.

The TN 2 container was the last to be taken on board and the first
to be unloaded. Provisions were taken to ensure disembarkation of
the container in Hull, even in the event of a strike or other irreg-
ularities, '

Because of the good co-operation between all parties concerned, the
Dutch and British authorities and the shipping line and captain, we have
managed to solve these problems. So far 8 shipments have been performed
without difficulty.

ACCIDENTS WITH TRANSPORT CONTAINERS

The accident procedures to be applied are those of the German
"Verordnung {iber gefidhrliche Seefrachtgiiter' (IVb, §14) or, essentially
with the same provisions, the IMCO-code (class 7, article 13)., These
articles apply for accidents at sea and in port; they cover fire fighting and
the behaviour of personnel in case of contamination and radiation.

While a few minor accidents — without any nuclear risk — have occurred
to some of our containers on road or rail, so far no accident with either
type B containers or with any other flask has happened during any of the
maritime shipments.

ADMINISTRATIVE SHIPPING PROCEDURES

Maritime shipments are, like any other shipments of nuclear material,
subject to various authorizations. Type B containers approved by the
competent authority of the country of origin will — with few exceptions — be
validated by all the countries through or into which the package will be
transported. This holds also true for containers for large sources if all
the requirements for 'unilateral' approval are met, ! Multilateral
approval, i.e. approval by all the individual countries through or into which
the package will be transported, is required for large-source containers
not meeting all or part of the requirements for ' unilateral' approval (e.g.
normal operating pressure in excess of 7 kg/cm?2, package venting
continuously during transportation),
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In addition to the authorization of the package itself the following
documents will be required:

Customs, bills of entry or exit from the German and foreign
authorities — in Germany, fissile material according to the Atomgesetz
(AtomicEnergy Act), radioactive material according to the Aussen-
wirtschaftsverordnung (Foreign Trade Regulations), for both categories
applied for at the Bundesamt fiir gewerbliche Wirtschaft.

Transport documents (bill of lading) and shipper's certificate from
the carrier on behalf of the shipper according to '"Verordnung iber
gefahrliche Seefrachtgiiter, Klasse IVb, § 12 u. 13" and/or the
{IMCO-code, class 7, articles 11 and 12, The shipping lines, through
their carriers, normally inform all authorities in all the ports they
pass. In many cases, especially with non-routine transport of nuclear
material, it has proved helpful that the shipper himself keeps contact
with the port authorities and supervises the technical and administrative
performance of that shipment,

Safeguards documents, i,e.'end use statement'for export of nuclear
material from the United States, MB 4 form for the re-exportation of
nuclear material from the common market to the United States or
MB 10 form for transfer of nuclear material from the common market
to other countries., The end use statement is necessary to obtain an
export licence from the USAEC, the MB 4 and MB 10 forms are
required by the Euratom Supply Agency in Brussels,

A major problem of the administrative procedure is caused by the fact
that too many and too varied regulations must be followed in different
countries, These different regulations still show a considerable lack of
conformity and agreement between them is only being reached by degrees,
Two examples are given, which may serve to illustrate the typical situation.

Until March this year the German authorities did not recognize the
IMCO-code for the transport of radioactive material. The Federal
Ministry of Transport then established an amendment to the German
regulations {"'Verordnung iber gefihrliche Seefrachtgiiter'') that allows the
application of the IMCO-code as well. Maritime transportation will
certainly profit from this improvement in the regulations, Conformity in
the regulations for rail and road shipments is, however, still lacking.

In Germany the Atomgesetz requires an individual transport permit
for each transport of nuclear material. This applies even for a shipment
from or to a foreign country where the container has been properly
authorized and an appropriate transport permit has been issued, Unlike
that procedure, foreign authorities normally recognize — with prior notifi-
cation — a German or any other foreign transport permit without additional
application.

INSURANCE

Since other papers will deal with insurance problems more thoroughly,
only a few practical points will be mentioned here. Obviously, the present
extent of nuclear transportation would have never been achieved without the
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development of a special system of liability coverage for nuclear operations.
This sytem comprises nuclear indemnity and nuclear property insurance,
together with additional governmental indemnity protection. It is completed
by international conventions covering third party liability of nuclear
installations and transportation [6]. A new convention relating to civil
liability in the field of maritime carriage of nuclear material has recently
been signed [7].

The present situation, however, is still far from being ideal. Although
the nuclear conventions have had a positive impact on the harmonization of
nuclear liability coverage, nuclear material transportation — maritime
shipments included — still suffers from lack of agreement between the
various national liability systems. Contrary to the member countries of
the Paris Convention, for instance, the Federal Republic with its Deckungs-
vorsorgeverordnung (Financial Security Ordinance) has provided for a
flexible nuclear third party liability system with liability amounts up to a
maximum of DM 60 million. Therefore, shipments from and to Germany
may often be subject to different national and foreign third party liability
insurance conditions. The same, of course, holds even more true for
transit shipments that pass through several countries and normally require
different means of transportation (rail, road, air, maritime). Thus,
additional coverage with an overall higher premium is requested very often,
leading to an unnecessary increase in the transport costs of nuclear material.

In some cases the operator of a nuclear installation (normally national
research centres or other governmental organizations) bears the nuclear
liability risk and/or the risk of loss and damage by himself and provides for
the corresponding certificates of guarantec. Experience has shown that
this procedure might be insufficient for maritime shipments; an additional
coverage of risks originating from 'both-to-blame collisions' and 'avarie
grosse' — risks normally covered by a property insurance policy — is
advisable.

CONCLUSIONS

Experience has shown that nuclear material can be transported safely
and reliably by sea and that the parties concerned can cope with the
increasing demand for that transportation. So far no major technical
problems have been encountered; moreover, the containers used have, in
general, proved to be adequate. Development work is being done to ensure
further improvement, in particular on spent-fuel shipping casks. Our
experience of the maritime transport of nuclear material has offered no
accident whatsoever.

The situation with regulatory requirements and, to an even greater
extent, liability insurance, however, still differs from country to country
and therefore requires further improvement, Conformity of regulations and
liability systems should be aimed at not only for maritime shipment, but
also for all other modes of nuclear transport.

A further increase in the number of maritime shipments to and from
the Federal Republic is expected, in particular of slightly enriched UFg¢
and spent fuel.
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Abstract

ITALIAN EXPERIENCE IN THE SEA TRANSPORT OF RADIOACTIVE MATERIALS.

Italian experience in maritime transport of radioactive materials refers in particular to operations
performed in harbours and more generally to the co-operation given to foreign carriers. The paper deals
with the technical, procedural and administrative aspects which primarily aim at guaranteeing the maximum
safety of transport. After a short review of statistical data concerning number of sea transport and quantities
of radioactivity transported during the last six years, the paper refers to experience with harbour handling
facilities, to special requirements applicable to sea transports and handling of irradiated fuels, to health
physics operating aspects and finally to the Italian legislation and procedures followed by the competent
authority in approving packages. In the conclusions it is stated that the great effort spent in safety of sea
transport is originated by the dangerousness of transported goods, but is aimed at obtaining a safety standard
much higher than that normally achieved in transport of conventionally dangerous goods.’

1, FOREWORD

The transport in Italian territorial waters of nuclear materials and
their loading and unloading in Italian harbours requires the authorization
of the Ministry of Industry and Commerce in agreement with the Ministry
of Merchant Marine, As explained in more detail in section 3, the
authorization may be either "permanent'’ or issued case by case for each
shipment, If the values, which have been fixed on the basis of the radio-
toxicity classes set forth in the EURATOM safety provisions, are not
exceeded and transport is occasional, it can be carried out without any
authorization, Till now only one Italian carrier has asked for and
obtained permanent authorization,

The Italian experience acquired in sea transport refers in particular
to operations performed in harbours and, more generally, to the co-
operation given to foreign carriers who have acted on behalf of our
country and who will report on their experience separately during this
Symposium. As far as we know, their experience has been successful
from the safety point of view,

The experience dealt with in this report relates to the technical,
procedural and administrative aspects that primarily aim at guaranteeing
the maximum safety of transport in view of the fact that the transported
goods are radioactive,

Before describing such experience we wish to specify the following:

(a) Whilst there are several aspects in common, the experience
acquired by other means of transport cannot be completely applied to
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TABLE I. TRANSPORT OF RADIOCACTIVE MATERIALS BY SEA IN ITALY
(Period 1st January 1966 — 31st March 1972)
Total Average du- Total Average du-
Material No. of Total Total No, of distance ration of No. of distance ration of
;,::c: Materials To 01; ° weight activity transports covered journey by transports covered journey by
packages (t) (Ci) by road by road road for package by sea by sea sea for package
(km) (d) (miles)® @?
Irradiated fuel Nat, U metal Latina Windscale 204 455,440 138 525000 204 3672 0.083 31 620 2,500
Irradiated fuel Enriched UQ, Garigliano  Windscale 13 31,024 91804000 13 2340 0.500 ki 140 2.500
From reprocessing Depleted UQ, Windscale  Latina 150 97,635 230 38 - - 5 - -
Fresh fuel Nat. U metal Springfields Latina 7 0.364 0.26 - - - 1 - -
Radioisotopes 8co - s - - 48 - 212790 - - - 46 - -
3 In Italian territorial waters,
TABLE II, COMPARISON BETWEEN NUMBER OF TRANSPORTS AND ACTIVITY
TRANSPORTED BY SHIP AND BY ALL TRANSPORT MEANS (Period 1967-1970)
Number of packages transported Activity transported (Ci)
YEAR Irradiated fissile material and radioisotopes Irradiated fissile materials Radioisotopes
By all means By ship By all means By ship By all means By ship
1967 8282 24 (0.2%) 15225560 15164 000 (99.59%) 112200 35050 (31, 29%)
1968 10668 35 (0.33%) 17341195 16350 000 (94.28%) 872750 62500 (7.16%)
1969 } 83741 } 89 (0.11%) 69066 950 66 540 620 (96.34%) 187140 25000 (13.36%)
1970 32280005 29 573 500 (91.61%) 275430 69790 (25.34%)
Total 102691 . 148 (0.14%) 133913710 127 628 120 (95 31%) 1447320 192340 (13.2%h)
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sea transport because of the different probability and severity of the
accidents, which are taken into account in designing the containers and
the other means provided for in order to minimize the radioactivity re-
lease to the environment,

The probability of mechanical impact for a container during its
transport by sea, excepting during its loading on board the ship, is lower
than for road transport, whereas damage caused by a fire on board,
especially while the ship is at her moorings, can be severer than those
deriving from a similar accident on the road,

(b) However, the foregoing has to be considered on the basis of
relative values, In fact, in an absolute meaning the probability of the
occurrence of the design transport accidents, usually assumed, is extrem-
ely low according to the severe safety criteria normally adopted in the
nuclear field,

Only a deep knowledge of these safety criteria may give a correct
means to evaluate how little is the risk associated with the transport of
radioactive material,

From a statistical point of view, the figure corresponding to the
probability of such accidents is so small that to confirm it by experimental
means would require a much greater transport experience than that
acquired up to now and dealt with in this Symposium,

2, CONTROL AND OPERATION EXPERIENCE

2.1, Sea transport of radioactive materials

Table I lists the quantities of radioactive materials transported by
sea in the period from 1/1/1966 to 31/3/1972,

The data covering the period 1967-70 is useful to have an idea of
the extent of sea shipments in respect of the total shipments carried out
in Italy.

During the above period the number of packages transported in Italy
and containing radioactive materials was 102 691, of these only 148
(0.14%) were transported by sea, Of the total activity of the transported
materials, that of the radioisotopes was equal to 1, 5X 10% Ci, of which
only 0.19 X 10° Ci (about 13%) was shipped by sea, whereas that of irradiated
fissile materials was 133 X 108 Ci, of which 127 X 108 Ci (about 95%) was
shipped by sea.,

Table II shows the number of sea shipments for the period 1967-70
compared to the total number of shipments carried out in Italy in the same
period, From the above statistics it appears, as would be expected, that
transport by sea was preferred for the shipment of irradiated fuels and
radioisotopes with high activities and long half-lives; also because of the
weight of the transport containers,

In connection withthe potential risk associated with seatransport, we should
like to comment on shipments of irradiated fissile materials carried out
in 1969-70 involving sea and road stretches during which a potential
risk existed, mainly because of the radioactive materials on board the
ship at her moorings,
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All-other conditions being equal, the risk associated with the trans-
port of radioactive materials is proportional to the total activity trans-
ported and to total time of its exposure to the population, Therefore,
the risk may be expressed by an index that is the product of the total
transported activity (in curies) and the time of its stay on the road or
on the sea near populated shores (inclusive of the time in harbour), This
index is equal to 14 X 108 Ci. d for the road stretch and 192 X 108 Ci. d
for the sea stretch (stay in harbour and voyage in territorial waters).

From this particular standpoint, taking into account the population
safety, it appears that the role played by sea transport was about 14 times
more important than that played by the corresponding road transport,

However, this result must not be generalized in view of the compari-
son between the potential risks existing in road and sea transport, In
fact, if the whole of the sea journey is taken into account, when only the
crew is exposed to the risk, a reasoning similar to the above could
demonstirate that the risk involved at sea is lower than that involved
on the road over the same transport distance,

With regard to the small number of sea shipments carried out in
Italy, no special stress has to be laid on radiation protection under normal
conditions, On the contrary, taking into account the high activity of the
materials transported, great importance must be attached to the prevention
of accidents, In fact, when the competent Italian Authority (Comitato
Nazionale pér 1' Energia Nucleare) is asked to issue particular require-
ments in cases provided for by the international laws, it gives the utmost
attention to establishing the conditions for the prevention of accidents
and also to the carrier!s ability to prevent any conventional accident
developing into one involving radiation, the consequences of which may
prove very severe,

Even though no accident has ever occurred during the transport by
sea of radioactive materials, CNEN performs checks on both the container
radiation and contamination levels, These controls have given satisfactory
results from the standpoint of radiation protection, It was deemed
advisable, however, to recommend a more thorough cleaning of the
flask coolant for transport involving irradiated fissile material since
the contamination values that were recorded were occasionally very close
to the maximum permissible levels,

2.2.Harbours involved in radioactive materials traffic

The transport of radioisotopes has gone through the usual traffic
channels in commercial harbours,

A particular problem had to be solved in connection with the shipment
of irradiated fuels from the Garigliano [1] and Latina [2] stations of
ENEL (Italian Electricity Board). These irradiated fuels have to be shipped
to the Windscale reprocessing plant packed in type B shielding containers
weighing more than 50 t. The Italian harbours were surveyed primarily
with regard to their location relative to the above-mentioned nuclear
stations (Fig. 1).

To reduce the distance traversed by road,the harbour of Anzio was
chosen, even though it was not equipped with the necessary loading facilities.
The suitability of the harbour to accept ships of the tonnage and size to be
used for the shipment was checked,
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FIG. 1. Location of some Italian harbours in respect to ENEL's nuclear stations,

The harbour facilities for handling the large containers for irradiated
fuels are of the utmost importance since loading and unloading on board
ship represent a critical phase linking road and sea transport. In fact,
in this specific phase the type B containers are in a condition nearest
to that expected to occur in the maximum drop accident,

For the handling of the containers in the harbour of Anzio, the situation
was somewhat simplified since, as already stated, that harbour was not
equipped with suitable facilities for lifting of heavy loads such as irradiated
fuel containers and so a completely new solution could be chosen,
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FIG. 2. Floating crane rated 100 t,

FIG. 3. A 55-tonne crane on the Anzio pier during commissioning test with 20% overload.



JAEA-SM-161/20 121

Initially the lack of equipment was overcome by using a pontoon crane
rated for 100 t, that is, with large safety margins (Fig. 2). In the mean-
time all the technical and administrative steps were taken to obtain the
permit for a permanent crane,

A derrick-type crane was chosen, which was fixed to the quay, The
Harbour and Railway Authorities, for traffic reasons, required a modifi-~
cation in the original design so that the crane was installed on three
columns resting on the quay (Fig. 3).

Moreover, since the Authorities required that the crane foundations
should not involve the quay structure, piles were sunk passing through
the quay and into the sea bottom to a depth of about 20 m; about 120 piles
were drilled for the three columns., The crane ropes were made long
enough to allow the recovery of a container in the event of it falling into
the harbour,

The design and construction of the crane complied with Class IV
ACAI rules, which, according to the Italian laws, are the severest with
regard to the safety coefficients that must be taken into account in the
structure calculations, The crane was then tested with an overload of
20%. .
Furthermore, an agreement on the use of the crane was reached

with the Harbour Authorities that, among other requirements, the crane
would be operated only by ENEL's qualified crane operators, even for
usual commercial uses,

We have purposely dwelt on the details of the crane, in order to
stress how much safety problems were considered not only in connection
with the ability to handle the weight of the actual load but especially
bearing in mind the radioactive nature of the content.

ENEL's crane has been in operation since 1966 for loading and
unloading irradiated fuel containers, lifting loads to total accumulated
weight of 24 000 t, with an actual lifting time of more than 200 h; no

-operational inconvenience has been experienced except for a power supply
failure and damage to the secondary structure caused by a ship on
manoeuvres, However, these did not interfere with the loading and un-
loading operations,

2. 3. Assistance for sea transport in Italian territorial waters

For the transport of radioactive materials by sea through Italian
territorial waters, the foreign carriers have been assisted in obtaining
the required authorizations and certificates in compliance with safety
requirements, In particular, the safety analysis of the type B containers
was carried out, thus ratifying the authorizations issued by the country
of origin,

Moreover, authorizations were obtained from the technical authorities
(Ministry of Merchant Marine, Italian Naval Register, Harbour Authorities,
etc,) certifying the suitability of the vessel and special equipment for the
safe carriage of the cargo,

Co-operation was given in obtaining the administrative authorizations,
such as certificates testifying that the carrier had provided either suitable
covering insurance or financial guarantees,

The latter aspect, which is of particular interest to this Symposium,
was solved at an early stage for irradiated fuel with the acceptance by
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the Ministry of Industry and Commerce of a foreign policy for third party
nuclear liability, signed by the carrier and valid for the whole of the

sea transport, including Italian territorial waters. In a later stage the
carrier was obliged to sign, for the period in Italian waters, a third party
nuclear liability with the ""Pool Atomico Italiano di Assicurazioni',

The above procedure aimed at protecting Italian citizens who might
encounter difficulty in obtaining compensation from foreign insurance
companies in the event of the occurrence of an assumed accident in Italian
territorial waters,

2,4, Special requirements applicable to sea transport
and handling irradiated fuels

The safety analysis performed for the transport of irradiated fuel
containers allowed the Safety Authorities to define the requirements to
be applied in various cases. In particular, it was specified that:

Whilst the ship is at anchor an adequate tug-boat must be available
to tow the ship out of the harbour if necessary (especially in case of fire
not involving the ship).

This prescription was subsequently cancelled and replaced by the
following:

Whilst the ship is at anchor her engines must be in such a condition
as to always allow movement of the ship under its own power;

Whilst the ship is at anchor the container cooling system (if any) must
be kept in operation, or alternatively the pressure inside the containers
must be measured every day;

Venting of any overpressure inside the containers is not allowed in
the harbour or in Italian territorial waters. In the event that the pressure
in the container approaches the vent pressure, the container on board
shall be brought back to the nuclear plant to be vented;

Whilst at anchor the ship must be supplied with adequate devices to
inject nitrogen and restore the water level in the containers;

The loading and unloading operations must be supervised by an expert
either of the carrier or of the consignee, together with health physics and
firefighting experts;

The unloading area must be adequately isolated;

Loading and unloading operations are not allowed in summertime;

The firefighting organization of the local Fire Brigade must be streng-
thened, -

2, 5, Health physics operating aspects

For the transport of irradiated fuel through Anzio a medical and
radiological check has been provided for the dockers entrusted with the
container slinging operations because of the relatively high frequency of
these transports., The dosimeters supplied to the dockers are regularly
examined to read the absorbed radiation doses, if any, Till now, these
doses have always been lower than the minimum reading of the film
badges (20 mrem),

Measurements of surface contamination are performed on arrival
of the empty containers, and samples of the container coolant are with-
drawn to check for contamination, The strict control of container tight-
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FIG. 4, Latina irradiated fuel: dose distribution measured on the surface of the 204 containers,

ness and the high standard of surface decontamination at the station are
such that no abnormal situation can possibly arise,

The radioactivity level outside the containers has always been within
the permissible limits, In particular, statistics of the doses measured
at contact have been made for the 204 irradiated fuel containers of the
Latina station transported till now (Fig, 4). These statistics may be
compared with similar ones made for the activity in the containers
(Fig, 5). The consistency of the two curves thus obtained demonstrates
the reliability of the calculations and measurements performed,

In the case of the sea transport of radioisotopes consisting exclusively
of high activity sources of %%Co and 13"Cs a health physics expert of the
carrier or consignee must supervise the loading and unloading operations
and estimate the amount of risk in case of accident., As far as the doses
to the personnel entrusted with the transport are concerned, there has
been no problem because of the small number of shipments carried out
annually,

3. RULES AND PROCEDURES
3.1, Rules

The Italian legislation for the transport of radioactive and special
fissile materials was set forth in the Law No, 1860 of 31 December 1962
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on ''Peaceful Uses of Nuclear Energy'" and was subsequently developed
with the Decree of the President of the Republic (DPR) No, 1704 of

30 December 1965, Modifications and additions to the Law No, 1860 of

31 December 1962 on the peaceful uses of nuclear energy''. Two enforcing
decrees respectively fixed and updated the total radioactivity values anti-
cipated in the above-mentioned laws®,

Recently the Law No, 1008 of 13 December 1969, whilst modifying
the law on the peaceful uses of nuclear energy, resulted in the issue of
the Ministerial Decree (D, M. ) 15 December 1970 which allows, for small
quantities of special fissile materials, the "Exemption, under the Law
No, 1008 of 19 December 1969, from the declaration and authorizations
foreseen in the Law No, 1860 of 31 December 1962'",

Although national legislation regulating this complex matter both
procedurally and technically is still to be agreed (such a legislation has
already been submitted and is now under examination), the provisions

! Ministerial Decree 27 July 1966: “Determination of the total radioactive values under and owing
to Article 5, Para II of the Law No. 1860 of 31 December 1962, modified by Article 2 of the DPR
No. 1704 of 30 December 1965".

Ministerial Decree 18 July 1967: “Updating of the table grouping radioactive nuclides, attached to
the Ministerial Decree of 27 July 1966, concerning the determination of the total activity values under
and owing to Article 5, Para II of the Law No., 1860 of 31 December 1962, modified by Article 2 of DPR
No. 1704 of 30 December 1965 (Transport of radioactive materials)”.
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fixing the packing and packages characteristics, the approval formalities
and transport regulations have been issued by the various government
departments responsible for the different modes of transport (rail, road,
air and sea transport) by means of Circulars that conform to international
legislation and the regulations on ""Radioactive Material Transport Safety"
and more generally to the recommendations of the International Atomic
Energy Agency.

In particular, for sea transport, the subject of this Symposium, they
must comply with DRP No, 1008 of 9 May 1968 ''Regulations for loading,
sea transport, unloading and transshipment of dangerous goods in pack-
ages', and the resulting technical document ""Provisional rules on loading,
sea transport, unloading and transshipment of dangerous goods in
packages belonging to Class 7 (radioactive materials)",

In fact, the present legislation defines the type of shipment according
to the materials transported and to the carriers' specific qualifications,

3.2, Type of shipment [ 3]

On the basis of the Italian laws there are four different types of ship-
ment:

(a) Shipment free from authorization: shipments in which the activity
of the transported material is below a limit fixed for each group of radio-
toxicity,

(b) Single occasional shipments; this definition covers very exceptional
shipments that are not frequent or continuous, These shipments can only
be performed for materials having an activity lower than those fixed
according to the group of radiotoxicity, The technical means to be used
are prescribed by the law on the basis of the radiotoxicity group and of
the physical form of the transported material., No authorization of the
competent authorities is required,

(c) Single shipments: this definition includes those shipments for
which, although a particular carrier is not required, it is necessary to
obtain each time a specific authorization in the form of an interministerial
decree that states the technical provisions to be used or states any additio-
nal requirements. There is no limit to the amount of the material trans-
ported since the requirements of the decree take into account the specific
danger of the shipment under consideration,

(d) Shipment performed by a permanent carrier: a permanent carrier
means a carrier authorized by an interministerial decree to perform ship-
ments without having to ask each time for a specific authorization, The
permanent carrier qualification is subject to an evaluation of his technical
and economic capacity and to the availability of adequate facilities.
According to this decree, the carrier has to report periodically on his
activities, This decree authorizes the carrier to transport radioactive
material within certain maximum limits without further authorization,
Above the said limits, for instance for the transport of high activity
sources, the carrier has to submit a safety report which has to be approved
by CNEN with a '"Certificate of Nuclear Safety'’.

For special fissile materials the weight of which exceeds the authorized
free limits CNEN has to give a ''Certificate of Nuclear Safety'' after a
technical examination of the transport, with special reference to the preven-
tion of criticality,
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3.3, Procedures

CNEN supervises the technical and mandatory aspects of the whole
shipment and issues the final safety documents. As an example, a list
is given of the checks and tests performed on a container designed,
fabricated and approved abroad as type B packaging for transport of irra-
diated fuel considered as a large source, in order to ratify the certificate
of approval according to the above-mentioned national technical regulations
for sea transports:

(a) Verification that the thermal exchange conditions comply with the
IAEA provisions, by critically evaluating the results of the maker's
experience;

(b) Shielding tests to comply with the IAEA regulations in case of the
severest load conditions in the container both from the standpoint of the
radiation intensity and related spectrum of the source and from the thermal
standpoint;

(c) Check of the internal conditions with respect to the pressure limits;

(d) Check of the penetration and plug fixing and sealing devices, taking
into account the pressure and thermal stresses;

(e) Check of the lifting and handling fittings;

(f) Check of the stresses in the mechanical and thermal test conditions
in accordance with the IAEA regulations;

(g) Criticality check.

3.4. Research in the field of transport safety

Since for all types of containers well-defined theories do not exist that
could be used to demonstrate their ability to pass the tests specified in
the IAEA recommendations, experiments must be carried out on models,
as full-scale tests would be too expensive, Among these tests, particular
importance should be given to the drop test from 9 metres and the sub-
sequent 30-min fire test,

For fresh fissile containers experiments on full-scale models are
more feasible because of the limited weights and dimensions, For
irradiated fuels the problem is complicated by the great weight and
dimensions of the containers, which do not permit the reproduction of
models on a very small scale as the results obtained from such a model
could not be applied to a prototype because of the complicated geomeiry
and sealing system,

A scale model cannot practically be used for the standard fire test.

A collaborative group between CNEN and Pisa University was established
in Italy and entrusted with study and research work in this field, Up to
now the activity of the group has mainly been the development of fresh
fuel transport containers; in particular, experiments were made on three
different models, made up as follows:

(a) Stainless-steel inner container with shock-absorber and insulating
material, and outer container;

(b) Stainless-steel inner container shielded with wood;

(c¢) Bird-cage type container;

The present program aims at simplifying and standardizing the various
types of containers, thus reducing the construction and transport costs.
This aim can be attained by selecting the most suitable materials for the
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construction and by simplifying the thermal and mechanical design as far
as possible,

The program outlines are:

Fabrication experiments and tests on models;

Design, fabrication and tests on prototypes.

The above-mentioned experiments are carried out at the Nuclear
Safety Research Center (Pisa), where a facility exists for tests on
containers or container models up to 2 t weight, according to IAEA
standards, In particular, the following equipment is available:

Drop-test tower;

Standard fire test station,

4, CONCLUSIONS

In referring to Italian experience in the maritime transport of radio-
active materials great emphasis has been given to the safety aspects of
the various phases of this still young activity: proper design and testing
of containers and handling facilities, requirements to be complied with
when the transport is being carried out, operational checks made both
by carriers and controlling authorities, approval by competent authorities,
etc, Sometimes the effort devoted to nuclear safety can appear to be
excessive and more generally the overall picture could generate the
impression among so-called non-technical experts that the transport of
radioactive materials is very dangerous and as a consequence is
accompanied by a high risk of accident and damage, This would be a
wrong conclusion, It should always be borne in mind that the dangerousness
of radioactive materials lies at the origin of such severe safety proce-
dures, whose final target, however, is to reach safety levels more than
ten times higher than those normally reached in the transport of con-
ventionally dangerous goods,
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DISCUSSION

ON PAPERS 161/30 AND 161/20

E. MAURER: Mr. Keese, I note in Table II that you have used
American lines several times. In your text you refer to one case of in-
surance problem. Can you briefly say whether you had any other problem
cases? Also, did German insurance law that you referred to cover also
American and other flagships carrying nuclear materials to and from a
German installation?

H. KEESE: The insurance problem I was mentioning was one of the first
maritime shipments of spent fuel to the USA, now more than 6 years ago.
We had no more problems of that kind. German insurance would cover
nuclear material shipped from and to the Federal Republic also when it is
shipped on foreign flag ships. ’

W. KOLB: Mr. Keese has said, that there would be no need for
labelling a container containing packages with fissile materials. In that
case I'm wondering how to control the maximum permissible number of
Fissile Class II packages in such containers at a container terminal or in
the hold of a ship, if the containers are not labelled and the transport index
therefore not indicated. As I mentioned yesterday the 1972 edition of the
IAEA regulations will require both labelling and plackarding of containers.

H. KEESE: I think there is a misunderstanding. I was referring to
Mr. Kolb's remark yesterday that the use of freight containers was not
yet mentioned in the JAEA Regulations; I wanted to underline our positive
experience with those containers and emphasize the new regulations with
respect to freight container labelling and plackarding.

A. GEORGACOPOULOS: Mr. Keese has mentioned that in some cases
shipment of radioactive materials has been carried out by ships flying flags
other than German owing to lack of insurance coverage. Has the situation
now improved in this respect and in particular of the recent Brussels
Convention, and if so what is the percentage approximately of the German
tonnage in this specific transport?

H. KEESE: I was referring to a particular case of insurance problem,
as [ answered to Mr. Maurer's question. There were no more problems
later. The choice of US or other shipping lines is primarily a question of
routing — 1i.e. which line serves best a particular port — and of freight
rates.

J.C. CORNELIS: Mr. Keese mentioned transit situations; an im-
portant amount of traffic passes through the port of Rotterdam. Inmost cases
this means that my office has to deal with the issuing of authorisations, etc.

As a matter of daily practice it is a fact that often quite simple in-
formation is lacking in the application: e.g. the name of the agent of the
shipping line and which authority has approved the design of the container.
These things can hold up authorisations considerably. This is quite
unnecessary. :

W. BOULANGER: In his paper Mr. Keese mentions ''a flexible
nuclear third liability system with liability up to...'. What is meant is
actually the coverage through insurance or other financial guarantee, which
is fixed in each case according to the Financial Security Ordinance (Deckungs-
vorsorgeverordnung). Liability is always DM 500 million.
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W. DE L.M. MESSENGER: Mr. Gualtierihas described anumber of
additional precautions applied in Italy beyond requirements of the IJAEA and
IMCO. Is it considered in Italy that the TAEA Regulations and the IMCO
Code are inadequate or incomplete? I do not propose to go through
Mr. Gualtieri's paper in detail, but I would take as an example the case of
the crane and the precautions taken for it and over the qualification of the
drive. Was this on account of radioactivity or only on account of the fact
that a very heavy weight was being handled?

G. GUALTIERI: This was on account of the radioactive nature of the
load to be handled. One should bear in mind also the fact that the installation
of the crane at Anzio was carried out 6-7 years ago for a type of transport
completely new for our country. Public relations reasons suggested at the
time to use a very high standard of safety; an accident, also if of a con-
ventional type, would have jeopardised the acceptance by the public of the
transport itself. Today we would act in a manner to avoid unhelpful details,
without however reducing the safety margins already reached.

A. CALORI: One should consider that Anzio is a little fishing harbour
and a very crowded summer resort and the dock needed some reinforcement
for installing a crane like that; last but not least, this was done 7 years
ago and it was our first experience in loading spent fuel into a ship.

W. BOULANGER: Is it true that port authorities in Italy are generally
very reluctant to have nuclear materials unloaded in their ports and that
for this reason material coming from the United States of America had to be
unloaded in Le Havre and shipped to Italy by road? )

L. DE LEON: In reply to the observation made concerning the re-
luctance of Italian port authorities (except those of Anzio) to accept dis-
embarkation of nuclear substances, I want to point out that the present
difficulties are due not to port authorities (which apply the same rules in
the same manner), but to the regime presently in force, which requires
an authorization through a formal decree of two ministers for any dis-
embarkation of such substances in Italian ports. This system is indeed a
complicated one and for this reason carriers prefer to go through foreign
ports.

In view of this, the Ministry of Merchant Marine, to which I belong,
has now initiated a new procedure, pursuant to which the authorization will
be abolished. Of course the decision on this matter has to be taken by the
Parliament, but I sincerely hope that a positive result will be obtained in
the near future.

W. KOLB: There is a rather curious regulation in Italy that very
occasional transports of radioactive materials below certain limits need no
authorization (according to Decree No.1704). What is the reason for this?

In my opinion people shipping radioactive material just occasionally
have much less experience with the regulations and should be supervised
more than people who carry out shipments routinely.

Lidia FAILLA: The question asked by Mr. Kolb is very complicated,
and I must say at the outset that in Jtaly the technical regulations issued by
competent ministries for the transport of radioactive materials are not
mandatory for the carrier. The transport authorisation of the Ministry of
Industry is, however, obligatory, and this Ministry may make the technical
regulations obligatory, too. One has retained the possibility of excepting
carriers from this authorization who are only exceptionally engaged in
transporting radioactive materials. This exception is granted only under
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certain conditions, i.e. if the radioactivity is quite low (special form radio-
active material may, however, be transported by ship up to a limit of

2000 Ci), and after consultation of certain competent authorities. We have
allowed this exception because the problems of radiological protection are
not very important in the case of an occasional transport. But the controls
of carriers that transport radioactive material on a regular basis is very
important. We have places in Italy where one finds concentrations of
packages containing radioactive materials which can expose the workers
and also the population to radiation, for example on the ferry-boat between
Calabria and Sicily or at the railway station of Saluggia. At this railway
station there are radiation doses which are not accepted by the Italian
Ministry of Transport. The Ministry does not wish that the railway workers
are exposed to a dose above 0, 5 rem/a while the workers that load the
yellow packages at Saluggia receive a higher dose.

O. SONMEZ: I would very much appreciate having the comment of
Mr. Gualtierionthe following point: Has any accident happened during
Italian experience in handling or carrying nuclear material? If so, was this
just caused by nuclear material itself or by other dangerous goods which
also involved nuclear containers.

A. GUALTIERI: A transport accident has never occurred caused by
nuclear material or by other dangerous goods. The only accidents of a
conventional type are those reported onpara.2.2 of the paper regarding the
Anzio crane, and the fracture of a truck frame during a road transport
of a container. We do not consider as an accident the small contamination of
the Anzio quay surface caused by a container; the surface contamination
was within permissible limits; the subsequent decontamination was carried
out without disturbance to the harbour traffic and by using the normal means
which were available for the crew accompanying the container,

A. GEORGACOPOULOS: I am referring to para. 2.4 of the
paper on Italian experience in the sea transport of radioactive materials and
I wish to be informed whether the port regulations outlined therein are in
conformity with international standards or have been formulated by the
competent Italian authorities as the locally required precautionary measures.

Lidia FAILLA: I can answer the question with respect to the last four
points of paragraph 2.4. These points do not appear in international
standards. Anzio is a small tourist harbour and not a commercial one.

In this small place near Rome many people spend their summer vacations.
Once a small contamination was caused by a package. We prevent the
transport of radioactive material to take place during summer when Anzio
is crowded.

F.C.J. TILDSLEY: The designs of large source containers are ap-
proved by the national competent authorities taking into account appropriate
accident conditions. The strength of such a container as expressed in the
design assessment is that of a new container. To what extent do the com-
petent authorities require continuing "in-service' checking of containers to
ensure that they are not deteriorating from the design standard by, for
example, corrosion and fatigue?

A. CALORI: The competent authorities approve the shipment of spent
fuel on the basis of a safety assessment of the shipment itself, made by the
carrier who applies for such an approval. Within this safety assessment,
there is also a detailed description of how the in-service checking of con- .
tainers will be carried out by the carrier. So the answer could be that
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competent authorities require that a continuing in-service checking of
containers be carried out by the applicant, according to the technical charac-
teristics of the containers (pressure, corrosion, fatigue, etc.).

H. KEESE: The authorization of a container requires a detailed safety
report in which also the continuous handling is taken care of. Regular
inspections are anyway done at each shipment on the sites — reactor and
reprocessing plant. In fact, the container is designed as to stand for a long
operational period. The TN 2 container for instance which I mentioned is
made of stainless steel in order to avoid any corrosion problems.

L. ALVAREZ DE BUERGO: In Spain we have considerable experience
in the marine transport of non-irradiated fuel for light-water power reactors
and of radioactive materials for industrial and medical uses.

Irradiated fuel from a nuclear power station located in central Spain is
soon to be shipped out of the country — the first time that Spain has been
involved in an operation of this kind. As stated in paper SM-161/171, it is
to be transported to the United Kingdom on board the ""Pool Fisher'', To
reach the port of embarkation, the shipment will have to cover a distance
of 350-700 km.

I should be grateful for any suggestions from technical people with ex-
perience in such transport operations as to how this material can be loaded
on board ship with maximum safety.

Lidia FAILLA: In reply to Mr. Alvarez I would say that type B
packaging represents the first element of safety, and that the reliability of
the crane used for lifting the packaged material onboard is another im-
portant factor. However, there is also a problem (mentioned in the [talian
paper) associated with the fact that the partially loaded ship may have to
wait some time in port for the rest of its irradiated fuel cargo. This waiting
time should be kept as short as possible because it represents, probably,
the greatest hazard.

In the Italian port of Anzio, which is near the Latina and Garigliano
nuclear power stations, the waiting period is only a few days. The distances
involved in Spain are much greater, so that one should, if possible, avoid
partial loading of irradiated nuclear fuel into the ship.

In Italy certain additional precautions are taken. The authorities in-
sists, for example, that a partially loaded ship move out of port immediately
if certain incidents — such as a fire on board another ship — occur.

A. CALORI: We understand that the question is related mainly to the
transport of spent fuel from a boiling water nuclear plant (Zorita), for
which we have got some experience (Garigliano power plant). The question
seems a little vague: there are many factors to be considered for attaining
the best safety conditions. One of them could be, for instance, a good co-
ordination between the road transport and the loading operations into the
ship, in order to shorten that period of time, taking also in account, if this
is the case, the presence of Latina or Tokai Mure type containers aboard
the ship, which could bring problems of renting at certain time intervals,
which should not coincide with the stay of the ship in the harbour. This
problem of co-ordination is even more important in the case of Zorita,
because we understand there is a long distance between the harbour and the
plant. Another problem could be the weight of the container (52 tons) which

! H.W. CURTIS, "UK experience in the marine transport of irradiated fuel”, these Proceedings,
TAEA-SM-161/11,
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could be inadequate for some bridge and road; therefore we suggest a
careful investigation of the road to be selected. Other problems: the crane
and a good port operation plant need to be selected.

E. MAURER: Mr. Gualtieri, you mentioned in your paper a case where
a foreign carrier had to take out insurance with the Italian Agency while in
Italian territorial waters. How much was the amount of this insurance and
have you required this in other cases?

G. GUALTIERI: The figure is not available. Since the case referred to,
the foreign carriers have to take out insurance with the Italian Agency.

R.W.S. BRADLEY: The answer to the question "how was the third
party liability insurance handled regarding foreign vessels entering Italian
territorial waters and what financial limit was given?" is as follows.

As for UKAEA shipments to Anzio — on a British flag vessel — the
original Lloyd's and British Insurance Companies combined third party
liability policy for £5 000000, or equivalent, was endorsed in Italy as an
act of good faith., No additional financial limit was given and the wording
of the policy was to remain as written. No extra premium was charged but
the British-insured UKAEA had to pay the Italian registration fee for that
endorsement!

S. WILLIAMSON: The specialrequirements referredtoinparagraph 2.4
of paper SM-161/20 were imposed 7 years ago. It is likely that, if consider-
ation was now being given to this matter, the requirements would be
different. It should be understood that these requirements were for particu-
lar radioactive material at a particular port in Italy; they would not neces-
sarily apply to any other port.

Some years ago ports in the UK were reluctant to accept the movement
of radioactive materials through their installations. Time has made changes
and one large port, in particular, now simply accepts properly certificated
radioactive materials, but is now giving greater attention to the movement
of other dangerous goods through its property.
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Abstract

UK EXPERIENCE IN THE MARINE TRANSPORT OF IRRADIATED FUEL.

The paper describes the methods used by British Nuclear Fuels Ltd. for the transport of irradiated fuel
from a number of overseas reactors. The requirements for the transport of magnox fuel are outlined, as
representative of the manner in which a cooling plant can be incorporated in a charter ship. The manner
in which this experience has been applied to the later transport of oxide fuels is discussed together with the
standards of securement which must be observed., The position of charter ships and standard cargo ships in
relation to irradiated fuel transport is discussed together with the versatility which is provided by the use of
sea transport,

Introduction

1« An interest in the marine transport of irradiated fuel was
determined automatically by geographical considerations as soon as
the Production Group of the U.K. Atomic Energy Authority began to
seek commercial reprocessing business on a world-wide scale over
ten years ago. These activities have been continued by British
Nuclear Fuels Limited following its formation in May 1971.
Transport to the British Isles from overseas must involve a sea
crossing, even if only of the English Channel and it soon became
clear that, in many instances, there are advantages in maximising
the length of the sea journey. Sea tramnsport can be effected by
use of regular cargo services, or by the charter of special ships,
and these two methods will be discussed in detail.

Technical requirements for the sea transport of magnox fuel

»

2. The early experience of British Nuclear Fuels Limited (BNFL)
was obtained from the tramnsport of irradiated fuel from the Latina
reactor of ENEL in Italy. This reactor has natural uranium fuel
elements clad in magnox, a magnesium alloy which undergoes a
corrosion reaction with water. At a certain level of irradiation
and temperature, magnox can ignite spontaneously in air, and it
was therefore decided to carry the fuel in water-filled flasks.
The water also acts as an efficient means of heat transfer between
the fuel and the flask, thereby minimizing the temperature attained
by the fuel. The presence of water results however in slow
corrosion of the magnox cladding and the resultant chemical
reaction is associated with the evolution of hydrogen. The
corrosion reaction is however temperature dependent and can be
reduced to negligible levels by maintaining the fuel at tempera-
tures below 30°C.

135



136 CURTIS

3. A basic technical requirement for the transport of Latina
fuel was therefore the provision of cooling equipment in
association with the mode of transport. The ratio of arisings of
fuel between magnox and oxide reactors is approximately 4% and
the discharge rate of the Latina reactor is between 50 and 60
tonnes U per year. ZEach flask has a capacity of approximately
2.4 t U so that the transport requirement for Latina is about
24 flask journeys per year, and this figure was substantially
higher during the approach to equilibrium of the reactor. For
rail transport, each wagon would carry one flask and each wagon
would require to carry its own cooling plant for the flask. It
was clear therefore that rail transport would. be associated with
significant capital costs for the provision of wagons adapted to
carry a flask and cooling equipment.

4. An assessment was therefore made of the alternative of sea
transport where a substantial number of flasks could be carried in
one ship and a single cooling plant could cater for the selected
number of flasks. This assessment showed clear advantages in the
capital and operating costs of sea transport.

5. At the time of these assessments (1963-1964) a negligible
amount of irradiated fuel had been carried by sea and little
interest in this traffic was displayed by shipowners. James
Fisher and Souns Ltd. of Barrow, are a company who have specialized
in the transport of unusual heavy loads and discussions with this
company led to the chartering of one of their ships, the 1000 tons
deadweight vessel "StreamFisher'. This ship was equipped with a
plant for the transport of six flasks, containing 14 t of Latina
fuel elements. The plant consisted of a pair of large tanks,

each containing three flasks, and through which water was pumped.
The water was then passed through a cooling unit, powered by a
diesel generator. For this type of plant which can not readily be
removed, the ship remains on continuous charter and the "Stream
Fisher" remained equipped in this manner from 1965 to 1969 when she
was replaced by a more modern ship.

6. During the period 1965 to 1969, extensive experiments were
performed with the cooling plant on the "Stream Fisher'" to
establish the degree of corrosion of the magnox cladding which
would be experienced if cooling were discontinued. It was found
that even under mid-summer conditions, and with a delay in the
voyage due for instance, to break-down of the ship's engines, the
corrosion of magnox did not reach unacceptable levels if the
cooling was removed. When the "Pool Fisher!" was brought into
operation in 1970 therefore, cooling plant was not provided. As
on the "Stream Fisher', facilities were incorporated for venting
the flask, should there be a pressure build-up due to the evolution
of radiolytic hydrogen but, in practice, venting is only performed
once during the voyage prior to entering the U.K. port.

7 In 1969, a second charter ship was brought into operation for
the transport of magnox fuel from Tokai-mura in Japan. Due to the
longer duration of the voyage and the higher ambient temperatures
encountered, the "Leven Fisher" which was chartered for this
operation, was again equipped with a cooling plant. The "Leven
Fisher" carries twelve flasks, with a total of about 30 t of
uranium and is at present on her seventh voyage to Japan.
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Technical requirements for the sea transport of oxide fuel

8. In the case of oxide fuel, there are no reactions between the
flask water and the fuel cladding, and the temperature attained by
the fuel in a water filled flask is acceptable. For sea transport
therefore, it is possible to carry oxide fuel with no ancillary
equipment, especially if tlie fuel is carried as deck cargo on a
large ship. In general however, flasks will be carried below
decks, whether on special charter ships or on cargo ships. When
the flask is transported in an enclosed hold, the removal of the
heat generated from the flask becomes a problem. If the fuel is
highly rated and the flask is operating at around the maximum
permissible accessible surface temperature of 82°C, when
transported in the open air, there will be a significant increase
in this temperature when the flask is carried in an enclosed hold
with poor dissipation. With no ancillary cooling, the surface
temperature may exceed 82°C, which is not in itself harmful since
guards can be placed round the flask but conditions in the hold
are likely to be unpleasantly hot, making it difficult for the
crew to inspect the security of flask tie-down and perform any
other checks which may be required. This problem becomes important
when more than one flask is carried in a consignment and this is
the case with the “Pool Fisher' and the "Leven Fisher" which will
carry three oxide flasks of the Excellox type in the forward hold,
separated from the main hold where the magnox flasks are stowed.
These oxide flasks will each generate around 30 kW of heat, so that
the hold will contain heat sources amounting to about 90 kW. BNFL
have therefore installed cooling equipment to maintain the hold
temperatures at acceptable levels. In the case of the Pool Fisher,
a powerful fan draws air through the hold on a once-through cycle.
The '"Leven Fisher'", with its longer journey and higher ambient
conditions, has an air chilling unit. Both these plants have
however been installed to keep the working conditions in the hold
at an acceptable level. Complete breakdown of the plant would not
affect the safety of the movements and the journey could be
completed without hazard, although it would be uncomfortable to
remain in the hold for long.

9. A further technical requirement which is common to both
magnox and oxide fuel, is the need to distribute the weight over
the load bearing members of the ship's structure. An irradiated
fuel flask represents a high weight per unit area and the total
weight is normally distributed through four feet. The floor of
the hold would be inadequate to support such a load and it is
necessary to provide load spreaders which distribute the weight
onto the appropriate structural members of the ship.

10. During severe storms, the movement of the ship will impose
considerable stresses on the tie-down of the flasks and it is
essential to ensure that the best standards of load securement are
observed to prevent the flasks breaking loose. In the case of a
charter ship which is transporting irradiated fuel on an almost
continuous basis, it is appropriate to build special tie-down
measures into the ship, in conjunction with the load spreading
equipment. For transport by normal cargo ship, tie-down will be
provided on an ad hoc basis and it is necessary to ensure that
particular attention is paid to this work.
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Use of charter shipsA

11. As noted above, a magnox reactor discharges fuel at a rate of
approximately 50 t to 60 t per year, equal to about 24 flask
journeys. This high rate of fuel arisings enables the reprocessor
to operate a charter ship economically. Shipments are normally
performed on a consecutive basis as campaigns, consisting in the
case of ILatina, of about four shipments extending over a period of
four to five months. During shipment campaigns, the charterer may
have the option of removing the equipment from the ship and
releasing it from charter for return to the owner, or laying the
ship up with the equipment remaining in the ship, or trading it
for the transport of normal sea freight for a few months in co-
operation with the shipowner, having removed most of the special
equipment. BNFL have used both of the first two above alternatives
in the past but the increasing frequency of oxide shipments may
lead to a greater use of the third alternative. Oxide reactor
discharges can be moved with fewer shipments and the periods
.between movements from individual reactors will become more
frequent, creating a greater incentive to use the short
intervening periods.

12. The use of a charter ship gives BNFL a considerable advantage
in relation to the transport of oxide fuel from other reactors
conveniently sited to an existing route. Thus the '"Pool Fisher!
has also been used to tramsport Garigliano oxide fuel and, later
this year, will also collect Zorita oxide fuel from a Spanish
port. The '"Leven Fisher" has collected Safari MTR fuel from
Durban in 8. Africa, when returning via the Cape of Good Hope,

and on other journeys via the Panama Canal route, has collected
Whiteshell fuel from St. John in Canada. Considerable

flexibility is available to the charterer of the ship, since he is
free, as disponent owner, to change the route at short notice.

13. In selecting the size of ship to be chartered for Italy, and
later, for Japan, the weight of the cargo was not the determining
factor. It was necessary first to assess the size of ship which
could undertake these journeys safely. For this reason, a ship of
1000 deadweight tons was chartered for Italy, to carry a cargo of
450 tons and a ship of 2355 deadweight tons chartered for Japan, to
carry a cargo of 750 tons. Ships of this size are not required by
British law to carry a wireless telegraph system and use a radio-
telephone which has a limited range. It is essential however

that constant communication with the ships can be maintained and
the "Leven Fisher" was therefore equipped with wireless telegraphy
and a radio operator who has little to do all day except to send
a daily message reporting the position of the ship. The "Pool
Fisher" communicates by radio-telephone since it is always within
range of a monitoring station through which messages are relayed.

Use of standard cargo ships

14. BNFL have also gained experience of standard cargo ships for
the transport of irradiated fuel. Their use has been limited to
flasks with a low heat output and to MTR flasks. Shipments have
been performed in this way from Australia, India, Denmark, Germany,
Greece and Canada. The flasks have been treated as conventional
freight and transported either on deck or in a compartment of a
hold. Particular attention to tie-down arrangements has been

paid in all cases.
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15. The number of instances in which cargo ships have been used
in this manner has not been sufficiently large for irradiated
fuel to have become familiar business to the shipping companies.
Nevertheless, on all occasions when they have been approached,
they have given their full co-operation and no major difficulties
have been experienced. BNFL have taken considerable care in
explaining the requirements, by reference to previous shipments
and usually supported by films, which are a considerable aid where
there is no earlier experience. This policy of prior education
has helped considerably in easing any misgivings which the
Company or the crew might have felt concerning this form of
transport.

16. In recent years, there has been a considerable expansion in
containerized transport by sea and container ships are now used
predominantly on many of the major shipping routes. Standard
containers are unsuitable for the heavy loads of irradiated fuel
flasks and this type of ship can not therefore be used. It is
therefore necessary to find space on a conventional cargo ship
but this class of ship is more likely to be working to a
variable route and schedule, which can create problems for
irradiated fuel tramsport. Many of the Transatlantic container
ships incorporate roll-on, roll-off facilities and these can be
used for a flask mounted on a trailer.

Experience of sea transport

17. Charter ships operated by BNFL have travelled almost 400 000
miles in transporting irradiated fuel, mainly from Japan and Italy.
The total numbers of irradiated fuel shipments performed by sea

by BNFL are set out in the table below: -

Reactor . Iype s——ﬂ‘-;p'mgits Type of ship
NPD, Canada HWR 1 Cargo
Whiteshell Canada OMR 1 Charter
Democritos, Greece MTR 1 Cargo
Apsara, India MTR 1 Cargo
Riso, Denmark MTR 21 Cargo
Pegase, France MTR 2 Charter
Julich, Germany MTR L Cargo
JMTR, dJapan MIR 2 Charter
Hifar, Australia MTR 1 Cargo
Safari, S. Africa MTR 2 Charter
Latina, Italy Magnox 31 Charter
Tokai-mura, Japan Magnox 7 Charter
Garigliano, Italy BWR 7 Charter

During 1972, charter ships will collect fuel for the first time
from Tsuruga in Japan and Zorita in Spain.

Negotiations with authorities

18. Over the past ten years BNFL have negotiated with the
appropriate authorities governing sea transport in many parts of
the world. The requirements of these authorities vary widely from
an automatic acceptance of the provisions of the I.A.E.A.
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Regulations to a detailed scrutiny of the ship, the flasks and
equipment, the means of securing, and loading and unloading. In
Italy, the transport of irradiated fuel cam only be performed by
ships which have been assessed in detail by experts of the
Comitato Nazionale per 1'Energia Nucleare, the Ministero della
Marina Mercantile and the Registro Italiano Navale. These
negotiations have been conducted in a spirit of the closest
co-operation and BNFL have taken considerable care in presenting
the fullest possible picture of the proposed operation, to
create a climate of participation in this new field of transport.

19. A major problem which was resolved was the tramsport of
irradiated fuel through the Panama Canal. Negotiations were
conducted with the Panama Canal Company and the U.S.A.E.C. which
centred mainly on the provision of nuclear indemnity. By
agreement with the British Chamber of Shipping, British shipowners
have been given an indemnity up to £50 million for nuclear
incidents and this cover was acceptable to the Panama Canal
Company. The "Leven Fisher" was therefore the first ship to
navigate the Panama Canal for the international transport of
irradiated fuel.

Port facilities

20. TFor the sea transport of irradiated fuel, it is desirable

that the ship should be taken to a port as close as possible to

the reactor site, thus minimizing the land journey to the port.
Reactors tend to be sited at fairly remote locations and one
frequently finds that the nearest port has poor facilities such

as cranes and depth of sea at berthing points. It is therefore
necessary to perform a detailed examination of any proposed port
and as a result, a particular port may be avoided, or steps may be
taken to dredge the harbour, reinforce the quay to withstand the
heavy loads, or construct a suitable crane. BNFL have made
extensive use of floating pontoon cranes in loading flasks onto
ships, but they are expensive to hire and when movements can be
envisaged for a long time ahead, it is frequently more economic
to build a heavy lift crane at the port. The crane can then
become an asset to the port amd assist in the expansion of its
conventional cargo handling.

Future developments '

21. As the number of reactors in a particular part of the world
increases, a market for reprocessing from that area will develop
until the point is reached when it becomes economic to build a
large reprocessing plant to serve that area. Until that point is
reached, it will remain economic to have reprocessing performed by
a foreign reprocessor such as BNFL. The demand for the sea
transport of irradiated fuel will therefore continue to develop
and more economic means of sea transport must be examined. BNFL
are studying means for improving the economics of sea transport
for the large markets which will exist overseas from the late
1970's onwards.
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Abstract—-Résumé

REGULATIONS FOR THE MARITIME CARRIAGE OF RADIOACTIVE MATERIALS.

The purpose of this paper is to draw attention to a weak link in the transport chain, viz. carriage by
sea. The first part examines the regulations which consignors and maritime carriers must conform to, and
the extent of their respective liabilities. The second part analyses the experience of several years of carriage
by sea, with emphasis on the loading and unloading stage, which constitutes the weak point, since it is
not expressly defined in the regulations and is covered only by guidelines. Particular consideration is given
to the case of materials of low specific activity and it is shown that the handling of these materials can lead
to incidents of varying degrees of seriousness owing to a lack of atrention on the part of lighterage firms.

It is hoped that experts in the field will work together in the drafting of realistic regulations relating to this
aspect of carriage by sea.

ASPECTS REGLEMENTAIRES DES TRANSPORTS DE MATIERES RADIOACTIVES PAR VOIE MARITIME.

Le but de cette communication est d' attirer 1* attention sur un point faible de la <chaine de transport>>
que constitue en fait un transport maritime. Dans une premiere partie sont examinées les prescriptions
réglementaires auxquelles sont confrontés les expéditeurs et transporteurs maritimes, et quels sont les niveaux
de responsabilités respectives. Dans une seconde partie sont exprimées quelques réflexions sur 1 expérience
de plusieurs années de transports maritimes, et 1’ accent est mis sur 1 étape chargement-déchargement,
qui constitue le point faible, parce qu’ elle n' est pas expressément définie dans les prescriptions réglementaires,
et n' est régie que par des consignes. En particulier, le cas des matieres de faible activité spécifique est examing,
et il est montré que leur manutention peut &tre source d incidents de gravité variable, en raison d'un manque
de «considération> de la part des entreprises d' acconage. Il est souhaité que des experts de la profession
soient associés a 1' élaboration de prescriptions réalistes concernant cette partie du transport maritime.

Les transports de substances radiocactives par voie maritime ont pris
ces derniéres années une certaine importance et on peut penser qu'ils
vont se multiplier avec le développement de 1'énergie nucléaire.

L'accent- avait été mis, lors du Symposium de. Monaco (7-11 octebre
1968) [1] sur les réticences des armateurs 4 accepter ces transports,
bien que l'absence d'accidents et la parution de réglements de transports
sur le plan national ou des recommandations de 1'AIEA [2] reprises par
1'OMCI [3] contribuent & augmenter la confiance.

Nous voudrions ici faire le point des différents aspects réglementaires
auxquels se trouvent confrontés les expéditeurs et les transporteurs
maritimes et faire le bilan de quelques années d'expérience en transport
maritime de substances radioactives. On tire trop souvent argument
d'une complexité apparente des réglementations, argument qui toutefois
ne résiste pas 4 1'analyse de celles-ci et 1'expérience permet d'affirmer
que ce n'est pas la complexité mais la négligence ou le non respect de
certaines prescriptions élémentaires qui sont sources de difficultés, voire
d'incidents.
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I1 faut admettre en revanche, que la multiplicité des réglementations
peut occasionner une certaine géne et nuire a l'efficacité en matiére de
slireté. C'est pourquoi un effort constant d'harmonisation des textes
émanant d'autorités diverses, ayant chacune un objectif particulier, est
nécessaire, ayant pour cadre essentiel les prescriptions des recommanda-
tions de 1'AIEA,

I1 est bien évident qu'un transport maritime s'insére toujours dans
une chaine de transports utilisant d'autres modes (routes, voies ferrées,
etc.) et comporte par définition une rupture de charge aux deux extrémités
(départ et arrivée).

En fait, la partie K maritime» d'une chatne de transpor}c commence
et se termine 4 terre au quai du port et nous verrons que cette liaison
terre-mer est une cause de soucis non négligeable. Nous examinerons
ci-aprés, les différentes réglementations applicables en France, aux
différentes étapes de la chatne d'un transport maritime.

REGLEMENTS APPLICABLES EN FRANCE

Ce sont:

a) Le Reglement National pour le transport par mer des marchandises
dangereuses: celui-ci prévoit que les dispositions du code OMCI sont
réputées assurer une sécurité équivalente aux dispositions du Régle-
ment National [4] .

b) Le Réglement National des ports maritimes [5].

c¢) Localement, les réglements particuliers 4 chaque port.

En régle générale, tant dans les Recommandations de 1'AIEA, que
dans celles du code OMCI, que dans les prescriptions du Réglement National,
la responsabilité de l'expéditeur est engagée au premier chef et maté-
rialisée par les documents suivants: certificat d'expéditeur (AIEA, QMCI),
déclaration et attestation d'expédition (Réglement National) et, eventuelle-
ment, certificats d'approbation par l'autorité compétente de l'emballage
et, si nécessaire, de l'expédition. L'expéditeur s'engage ainsi en certi-
fiant que 1'expédition est conforme aux prescriptions réglementaires.

TRANSPORT MARITIME PROPREMENT DIT

Un second niveau de responsabilité est établi par le Réglement National
qui précise que le capitaine du navire doit déclarer au Service de 1'Ins-
pection de la Navigation (autorité maritime) son intention d'embarquer des
matiéres dangereuses et lui soumettre le manifeste de chargement du
navire (ségrégation des matiéres) et les emplacements d'arrimage affectés
aux différents colis. L'embarquement ne peut étre effectué qu'aprés
autorisation de l'Inspection de la Navigation.

I1 faut remarquer ici que ce niveau de responsabilité ne peut &tre
efficace que si les obligations du premier niveau (expéditeur) sont parfaite~
ment respectées. Dans la pratique, cette déclaration est souvent signée
par un agent de l'armateur représentant le capitaine et ce dernier dispose
en général de temps trés limité pour effectuer les contr8les nécessaires.
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Manutention = Chargement - Déchargement

C'est ici le Réglement des ports maritimes qui s'applique et qui prescrit
que capitaines, armateurs ou consignataires de navires transportant des
matiéres dangereuses sont tenus de déclarer aux Services du port, 48heures
avant 1'arrivée du navire, les nature, quantités et conditionnement de
ces matiéres, (Ces déclarations ne visent pas les matiéres exemptées
de la partie B des recomrmandations de 1'AIEA.)

De plus, les opérations de chargement, dechargement manutention
ne peuvent commencer qu'apreés autorisation des Services du Port, qui
peuvent éventuellement exiger l'autorisation donnée par l'Inspection de la
Navigation.

Accident & bord d'un navire au port

Le Reéglement National traite des accidents en cours de transport alors
que le code OMCI précise ‘expliciternent (13.2.2.) que les autorités por-
tuaires doivent &tre informées lorsqu'un accident endommageant les colis
radioactifs se produit 8 bord d'un navire au port et le Réglement des ports
maritimes assimile un tel accident a un accident de type routier et le
traite dans le cadre du Réglement de transport par route,

Décontamination

Le code OMCI (8.2) de méme que le Réglement National du transport
par mer des matiéres prescrivent d'une fagon générale la décontamination
urgente des locaux contaminés de fagon & ne pas dépasser les taux
de contamination prescrits. Une exception, toutefois, dans le cas
de faible activité spécifique qui ne sont décontaminés que lors du trans-
port d'autres marchandises.

I1 est important de remarquer que dans tous les cas, la responsabilité
du capitaine ne peut intervenir et &tre opposable que si l'expéditeur ou
son représentant a assumé totalement la sienne et que le capitaine est
muni de renseignements suffisants et pertinents concernant la cargaison
qu'il transporte.

Un autre point délicat subsiste: c'est la liaison terre-mer, 1'étape
«chargement-déchargement». Si l'aspect administratif réglementaire est
clairement défini en ce qui concerne les informations et autorisations,
l'aspect pratique échappe 4 la réglementation et n'existe que sous la forme
éventuelle de consignes préc¢isant l'appareillage ou les dispositifs 4 mettre
en jeu. Or, le respect des consignes est fonction du degré de surveillance
des opérations et du degré de risque perceptible pour les personnels de
manutention. La surveillance du chargement du navire, de la mise en
place dans les locaux affectés, et l'arrimage sont du ressort du capitaine —
agissant en tant que représentant de 1'expéditeur dans le cas de charge-
ment complet ~ mais 1'utilisation des moyens de chargement et les méthodes
de manutention ne sont pas de son ressort parce que la responsabilité
de la manutention incombe généralement d l'entreprise spécialisée d'acconage.

Et il est certain que de nombreuses contraintes s'exercent sur les en-
treprises, d'une part par les exigences de 1'horaire — minimum d'immo- -
bilisation du navire au port — d'autre part, exigences des personnels
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concernant les rythmes et conditions de travail, toutes contraintes peu
propices au respect de conditions particuliéres de sécurité de manutention
dont 1'intérét n'est pas directement évident ou tangible.

EXPERIENCE EN MATIERE DE TRANSPORTS MARITIMES
DE SUBSTANCES RADIOACTIVES

Au cours de ces deux derniéres années, un grand nombre de transports
maritimes ont été effectués concernant principalement des matiéres de
faible activité spécifique; un nombre restreint concernait des grandes sources
ou des colis de classe fissile II ou III,

Matiéres de faible activité spécifique

Elles consistaient en hexafluorure d'uranium logés en cylindres spécia-
lisés et concentrés chimiques logés en emballages de type industriel,

Grandes sources et matiéres fissiles

Elles sont logées en emballages agréés par les autorités compétentes.
L'expérience nous a montré qu'il n'y a pratiquement pas de probléme —
tant sur le plan pratique que sur le plan administratif — avec les matiéres
logées en emballages agréés, et pour lesquelles une sorte de Krespect»
existe ainsi qu'une notion du risque.

En revanche, les iransports de matiéres de faible activité spécifique,
logées en emballages du type industriel banal, sont générateurs de diffi-
cultés ou d'incidents. Ce n'est pas sans raison que nous avons insisté,
précédemment, sur la ségrégation des opérations de transport proprement
dit, et les opérations de manutention et les responsabilités afférentes a
ces opérations. L'usage nous montre, en effet, que la plupart du temps,
les incidents ou accidents dont la gravité est extrémement variable, se
produisent pendant cette phase de manutention et plus particuliérement
lors du déchargement a quai.

11 est certain que les matiéres de faible activité spécifique sont les
moins dangereuses dans la hiérarchie de danger des matiéres radioactives
et, 4 ce titre, elles bénéficient de certains priviléges d'emballage. Il
ne faut pas en conclure hitivement qu'elles ne sont pas dangereuses car
en fait, leur toxicité chimique est au moins aussi importante sinon plus que
leur «toxicité» radioactive.

Mais -ces notions é&tant plus ou moins ignorées, on constate alors une
sorte de «mépris» pour ces matiéres qui sont alors traitées — consciemment
ou peut étre inconsciemment — sans plus de précaution de la part des entre-
prises de manutention, que des sacs de sable ou de ciment. Et c'est alors
que se produisent les chutes par décrochage d'élingues ou toute autre
raison, avec pour résultat la rupture des emballages et 1'épandage au sol
ou en cale des matiéres radioactives. D'ou la nécessité d'effectuer les
décontaminations appropriées soit immédiatement, soit au cours d'une
escale technique du navire, aprés avoir condamné la cale contaminée,
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Lorsqu'un semblable incident se produit sans qu'il y ait accident de
personne, il en résulte une dépense — en général couverte par l'assurance
Responsabilité Civile risques nucléaires si la précaution a été prise
d'assurer le moyen de transport — mais il en va différemment si un ouvrier
a été blessé et qu'il y ait eu contamination de la blessure. Cela devient
alors un événement dont 1'opinion publique se saisit avec les conséquences
psychologiques que 1'on connait.

Et 1'on voit immédiatement que la tentation est grande de dissimuler,
puisque ces matiéres de faible activité spécifique sont peu dangereuses,
qu'il s'agit de matiéres radioactives, lors des manutentions, et de ce fait
éprouver quelques difficultés 4 imposer de fagon péremptoire des modalités
de manutention assurant une sécurité accrue, ce qui n'a d'autre effet
final qu'une aggravation du risque initial.

Nous insistons fortement sur cette étape «terre-mer» que nous quali-
fierons de para-maritime et qui nous parait constituer un maillon faible
de la chalne du «transport maritime» et sur lequel les prescriptions
réglementaires sont d'une fagon générale peu explicites ou mémes
inexistantes.

I1 est indubitable que pendant cette phase «chargement-déchargement»
le risque s'accroit dans des conditions notables, quelque soit la catégorie
des matiéres transportées et d'autant plus que le nombre de mouvements
augmente (cas des chargements importants de colis de faible activité
spécifique). D'autant que le «contact» entre l'entreprise et la matiére est
de durée relativement courte et que la notion de responsabilité n'est bien
définie que sous l'aspect destruction ou perte de matiére,

La sensibilité aux conséquences d'un autre ordre, résultant du risque
intrinséque des matiéres manipulées est généralement faible ou inexistante,
en raison.de l'absence de manifestation tangible de ce risque (la radio-
activité n'est pas visible, n'a pas d'odeur, etc.).

Bien que 1'utilisation de «freight container» et que les nouvelles pres-
criptions qui leur sont consacrées dans la prochaine édition des Recom-
mandations de 1'AIEA, réduisent sensiblement les risques évoqués, nous
demeurons convaincus que la slireté des transports radioactifs ne peut
résulter que d'uneffort important non seulement dans le domaine de la
réglementation, mais aussi et surtout dans le domaine de l'information
et de la sensibilisation des individus 4 une évaluation juste et raisonnée
des risques potentiels que représentent ces substances,

Nous avons insisté sur les responsabilités de 1'expéditeur ou de son
représentant — lequel pourrait &tre 1'objet de contraintes lors de la
recherche d'un taux de frét raisonnable — sur les responsabilités des trans-
porteurs armateurs, capitaines, et enfin sur la part de responsabilités
des entreprises de manutention.

Nous pensons qu'un ensemble de prescriptions réglementaires du
transport par mer ne saurait se satisfaire de 1'absence de prescriptions
positives concernant la phase «terre-mer» et que 1'é€laboration de celles-ci
ne sauraient &tre réalistes sans une participation effective, donc une
responsabilité engagée d'experts représentant les professionnels de la
manutention.

Nous avons volontairement limité cet exposé 4 cet aspect trés parti-
culier du probléme des transports maritimes, parce qu'il nous a paru
représenter un des points extrémement faibles de la slireté dans la chatne
du transport.
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Abstract

EXPERIENCE OF PORT AUTHORITIES WITH REGARD TO THE TRANSPORT BY SEA OF NUCLEAR FUEL.

The experience of the Bremen and Hamburg port authorities has shown that shippers, harbour authorities
and ships crews must become more safety conscious with regard to the transport by sea of nuclear fuel and
other dangerous goods in containers. In the past, the following instances have been noted: (1) Shipping
docurments in accordance with harbour regulation and IMCO Code were incomplete. (2) The requirements
concerning the PTB-carriage licence were not observed. (3) Nuclear fuel was unloaded in Bremerhaven
before the master of the ship, the port authorities and the transhipment company has been duly informed of
this action. (4) Containers in which dangerous cargoes were transported were not marked with adequate care.
(5) Careless security of the Type 3 packaging in closed containers was observed in many cases.

Experience of the transport of nuclear fuel has also shown that the best solution would be if the shipping
documents and each Type B packaging were accompanied by a strong envelope containing the details in
accordance with IMCO requirements and a brief descriptioﬁ of damage, as is usual when other dangerous
goods are transported, e.g. acids. In the meantime both shippers and shipping companies are endeavouring
to observe more closely the regulations and licensing requirements for transport by sea and transhipping of
nuclear fuel.

During the past few years there has been a sharp increase in the im-
portation of nuclear fuel into the Federal Republic of Germany (FRG) by sea.
Thus in 1970 approximately 100 t of nuclear fuel were imported via the
ports of Hamburg and Bremen and in 1971 approximately 400 t entered the
Federal Republic via the ports of Bremen and Bremerhaven.

The fuel thus transported chiefly consisted of uranium hexafluoride
with uranium enriched to the maximum of 3. 6% 2°U and of non-irradiated
fuel elements containing approximately 9 kg 235U each and enriched up
to 3. 48% in the form of uranium dioxide. The nuclear fuel was packed in
approximately 200 Type B receptacles, of which 4 or 5 in each case were
transported in a container. The fuel elements were packed in 81 RCC
receptacles, In each case 8 RCC receptacles were conveyed in one container.

Approximately 80% of the nuclear fuel delivered in 1971 was transhipped
at the new large container terminal on the Weser at Bremerhaven. As
a rule, the containers were transferred from the ship to waiting Federal
Railways trucks without storage in transit and were transported to their
inland destination immediately.

REGULATIONS REGARDING THE CARRIAGE OF NUCLEAR FUEL BY SEA
In the Federal Republic of Germany the importation of nuclear fuel is

governed by the Act on the Peaceful Uses of Atomic Energy and Protection
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against its Hazards (Atomic Energy Act) of 23 December 1959, The im-
portation of such nuclear fuel requires that a special licence be first granted
by the Federal Office for Trade and Industry, and is supervised by the
respective customs authorities.

The carriage of nuclear fuel requires that a licence be granted by the
Federal Institute of Physics and Technology (Physikalisch~-Technische
Bundesantalt) (PTB) in Brunswick. In addition, the regulations issued by
IMCO and the ordinance concerning dangerous ocean cargoes are to be
observed when carriage is effected in German ocean-going vessels,

The supervisory authorities with regard to the carriage of dangerous
goods by sea are the harbourmaster, in agreement with the Gewerbeaufsichts-
amt (Office for the Administration of Labour Legislation and Industrial Law)
(Authority for the Protection of Labour) and the river and harbour police
authorities.

In accordance with harbour regulations, the transit and reloading of
nuclear fuel is to be notified to the port authorities and the shipping
documents presented to them 24 hours before arrival in the harbour area.

In this connection, the following information is to be given in the case
of fissile radioactive materials:

(a) Transport group in accordance with IMCO Code p. 7090

(b) Designation of the material, its physical and chemical form and
its special form

Activity in curies

Category of the packages (I-WHITE, II-YELLOW, II-YELLOW)
Transport index (YELLOW category only)

Type of packaging (commercial, A or B)

Quantity in grams

Concentration

Enrichment in 235U

Fissile class.

— — e —
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d
e
f
g
h
i

j
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—

To check the identity of the consignment and the special requirements
involved, copies of the licences and certificates in accordance with IMCO
Code p. 7025 must be submitted, together with the shipping documents.

IRREGULARITIES WITH REGARD TO NOTIFICATION
AND THE FULFILMENT OF THE LICENSING CONDITIONS

in the past the notification of nuclear fuel as required in accordance
with harbour regulations before a ship enters a German port has often -
not been fully observed and in due time, thus causing considerable difficulty
for the supervisory authorities when clearing the cargo through customs.
The following instances have been noted:

Shipping documents were incomplete

Information was lacking as to the chemical and physical form of the
nuclear fuel to be imported and also the '"Conditions on the basis of
Section 17 of the Atomic Energy Act' imposed for the carriage licence and
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" copies of the receptacle certificates, which are to accompany the shipping
documents.

After approval has been given to the Type B packaging (Special Permit
No. 4909), the master of the ship is also under an obligation to carry the
receptacle certificate on board and to inform the authorities of that country
into which the nuclear fuel is to be imported, or through which it is to
be transported. This condition has not always been complied with. In
addition, masters of the ships had no further documents in their possession
that would have enabled them to give the necessary information regarding
the nuclear fuel in accordance with the harbour regulations.

The requirements concerning the carriage licence
were not observed

One ship brought four containers, each holding five Type B receptacles,
However, the licence only allowed a total of 15 receptacles per transport.
Moreover, the quantity of a maximum of 2,18 t uranium hexafluoride per
Type B receptacle allowed in accordance with the carriage licence had
been exceeded in the case of several receptacles.

The consignment had beén assembled in the USA and shipped regardless
of the provisions laid down in the German carriage licence. To guarantee
at least adequate financial security, the transport was split up and one
container with four Type B receptacles was not forwarded to the consignee
by rail until the following day.

In another case, instead of the quantity of 191 kg of %3°U allowed in
accordance with the PTB licence, more than 347 kg of this nuclear fuel
was unloaded with one transport. So that the conditions of the carriage
licence could be complied with, instructions had to be issued that the
cogsssignment be transported further in lots, each containing less than 191 kg
of “*°U.

In this instance the river and harbour police authorities filed a charge.
The public prosecutor established that this infringement of the carriage
licence constituted an offence in the meaning of Section 45, Para. 1, No.2
of the Atomic Energy Act.

The restriction concerning the specified amount of nuclear fuel per
transport is not a condition, but is an integral part of the respective
licence. If these quantities are exceeded, then the transport is unauthorized.

On the basis of a special licence granted by the port authorities, the
partial consignments were stored in transit at the container terminal with
a space of 25 m between each consignment, and constantly guarded until
removed for further transportation. As a result, the shipping company
incurred not inconsiderable additional costs.

Unloading without previous notification

In the summer of 1971 three containers with a total of 37 non-irradiated
fuel elements of the II-YELLOW category were unloaded at Bremerhaven
before the master of the ship, the port authorities and the transhipment
company had been duly informed of this action. The shipping company did
not notify the port authorities of the arrival of the dangerous goods until
30 hours after the containers had been unloaded at the container terminal
at Bremerhaven,
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When the ship entered port, the shipping documents and the 'Dan-
gerous Cargo Manifest' - the list showing the dangerous freight on board -
were examined by the river and harbour police authorities. The containers
holding nuclear fuel were, however, not listed. No further papers re-
garding these containers were carried on board, showing that the master,
too, could not have had any knowledge of this consignment.

The loading of container ships in US ports is in the hands of the wharf
superintendant of the shipping company. The Dangerous Cargo Manifest
is also issued by this person and is merely countersigned by the master,

In contrast to conventional shipping, therefore, the master and officers of
a container ship hardly exercise any influence on the loading operation and
do not constantly supervise this either.

When the transport was checked, it was furthermore discovered that,
in accordance with PTB carriage licence, only a maximum of 33 fuel
elements were allowed per transport. In this case, therefore, if the ship
had been accidentally further loaded with nuclear fuel, the approved total
of transport indices - 50 per hold - would have been exceeded.

Apart from the fact that the ship's officers and crew would have been
subjected to considerable danger, e. g. in the event of fire on board, on
account of their being unaware of the cargo of nuclear fuel, the result in
this case was that, as the arrival of the dangerous goods was not notified in
good time, nuclear fuel was transhipped and stored in transit in the port
without allowing any safety measures whatsoever - e. g. measuring the
radioactive radiation as laid down in the harbour regulations, or demarcat-
ing the controlled area - to be taken. The river and harbour police
authorities therefore brought a charge against those responsible in this
case, too, on the grounds of an infringement of the provisions of the
harbour safety regulations (harbour regulations).

Marking of containers

The unnoticed unloading of nuclear fuel described above was only made
possible, apartfrom the fact that notification had not been made, because
the containers in which dangerous cargoes are transported are often not
marked with adequate care. In this instance, the containers were marked
on the exterior with adhesive labels bearing the legend 'Radioactive!,

According to the dockers, it frequently occurs that containers are deli-
vered still bearing the adhesive labels from previous voyages, When
unloading, the dockers only have the stowage plan to follow. If, then, a
container is unloaded which, although marked as dangerous cargo, is not
shown in the stowage plan as a dangerous consignment, it follows that
the dockers assume that the marking dates from the last voyage and that the
container does not hold dangerous freight. It is therefore important that
old adhesive labels are removed from containers before they are reloaded.

In several cases involving other transports, too, the mark laid down
by IMCO showing the symbol for radioactive materials (Category III-YELLOW
label) was missing on the exterior of the containers. I am afraid that,
under these circumstances, it is possible that other dangerous goods that
must not be transported together in one hold with nuclear fuel are actually
shipped together with the latter because the contents of the containers
are not known,
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Marking of Type B receptacles

On several of the Type B receptacles unloaded up to now the prescribed
marking of ""USA DOT SP 4909" could no longer be deciphered since the
paint used had completely peeled off. The exterior of the receptacles them-
selves was very rusty. Indeed, in a great many instances the marking
laid down by IMCO bearing the symbol for radioactive materials (Category
II or III-YELLOW label) was missing.

Transportation of Type B receptacles with nuclear fuel
in containers or flat containers

First, Type B receptacles containing nuclear fuel were shipped in
closed and sealed containers so that a great deal of time was taken in check-
ing the receptacles. Sometimes the containers were considerably damaged
on the exterior. In particular, the sides were ripped open to up to 50 cm.
In a few cases this damage had been caused by Type B receptacles which
had been stowed obliquely in the containers,

As a rule, Type B receptacles are packed in containers parallel to
the longitudinal sides of the latter, and are bolted firmly into the bottom
of the container by through bolts. In addition, they are secured by wire
ropes.

In one case, however, it was established that this wire rope lay loosely
beside a Type B receptacle in the container, and the receptacles had not
been bolted to the bottom of the container, although such receptacles are
mounted on special feet with holes through them for this purpose. The
receptacles were merely separated from the thin walls of the containers
by dunnage wood.

In a rough sea this careless securing of the receptacles in the ship
would certainly have meant that the Type B receptacles - weighing more
than 3. 5 t -~ would have slid about and broken through the aluminium walls
of the container, which were only 1.5 mm thick.

A short time ago thls very situation was discovered in the case of the
transport by sea of a 80co large radioactive source of 106 000 Ci. Although
eyes are drilled through the protective receptacle and bottom of the con-
tainer so that wire ropes may be firmly attached with clamp bolts, the large
radioactive source standing in the container was merely packed round with
dunnage wood. On arrival at Bremerhaven, the front spacer lay next to the
radioactive source. For the journey by rail, the radioactive source was
additionally secured with wire ropes,

In these cases a condition of the carriage licence for the transport of
nuclear fuel was also infringed., The condition reads as follows:

Each package is to be stowed in such a manner that the consignment

cannot move its position and no receptacle can be damaged as a

result of normal strain during transport.

Apparently, neither the master of the ship nor the port authorities con-
cern themselves when dangerous cargoes are loaded as to the way in which
heavy goods are secured inside containers,

In the meantime, extensive use is being made of open 'flat’ containers
for the transport of Type B receptacles containing nuclear fuel, so that
it can also be more easily checked as to whether the receptacles are
sufficiently firmly attached. Since, in the case of the open containers,
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there are no apparently protective container sides, the shippers have up to
now taken care to ensure that the receptacles are adequately secured.

The receptacles are screwed to the bottom of the containers and are also
secured by taut chains.

ACCIDENTS AND RADIOACTIVE CONTAMINATION

Every transport by sea of nuclear fuel is controlled by the river and
harbour police, the harbour authorities and the officials competent for
radiation protection matters at the authorities for the protection of labour.
The latter have suitable measuring instruments available and their work
concerns personal dosimetry.

In each case, the dose rate is measured at the surface of the shipping
container. Up to now, these dose rates have always amounted to less
than the permissible amount, being namely approximately between 0. 5 and
10 mR/h. If there is reason to suspect that the surface of the container is
contaminated by radioactivity or in order to take random samples, rubbing
tests are made, .

The evaluation of rubbing tests has revealed radioactive contamination
of less than 10™* pCi/ em? so that no decontamination measures have as yet
been required in or around ports.

To date, no accidents whatsoever have been reported in connection
with the transport of nuclear fuel in the ports of the Federal Republic
of Germany.

If a Type B receptacle holding nuclear fuel begins to leak as the result
of unusual mechanical stress or fire, the harbour fire brigade is well
prepared to deal with such an occurrence. The fire brigades in Hamburg,
Bremen and Bremerhaven are staffed with skilled firemen trained in
radiation protection, with suits providing protection against radiation and
pressurized respiratory apparatuses, and also measurement and moni-
toring devices for detecting radioactive radiation.

CONCLUSIONS

Experience to date with the transport by sea and transhipment of nuclear
fuel has shown that harbour authorities can only guarantee safety in ports
if they have been informed in detail and in good time of the planned importation
of nuclear fuel, It is therefore absolutely necessary that, during the load-
ing process, the nuclear fuel taken on board and all other dangerous
goods are listed in the 'Dangerous Cargo Manifest' of the ship in question.
The approved transport containers and the closed containers in which
nuclear fuel is transported must be marked with the symbol (label) laid
down by IMCO. Old adhesive labels are to be either removed or pasted
over.
The receptacles are to be bolted into the bottom of the container in
such a way as to prevent them becoming unbolted even in the roughest seas.
In this connection, shippers, harbour authorities and ship's master
and officers will simply have to become more safety conscious with regard
to the transport by sea of nuclear fuel and other dangerous goods in
containers,
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The harbour authorities have no knowledge of the documents, e. g.
the safety assessment, that the conveyer has submitted to the licensing
authority (PTB), together with his application for the granting of a licence
for the carriage of nuclear fuel. The harbour authorities also have no
nuclear physicists on their staff, but only persons trained to deal with
radiation protection. They must therefore proceed strictly in accordance
with the content of the licence, under which, e, g. only a specified
quantity of nuclear fuel is allowed in a specified number of receptacles per
transport.

It can only be established that the goods transported conform with the
list shown on the licence if the arrival of nuclear fuel has been notified
in good time and if the information regarding the transport in accordance
with the harbour regulations and as laid down by IMCO has been given
both completely and correctly. In this connection, information regarding
the chemical and physical form of the nuclear fuel is of particular im-
portance so that the correct precautionary measures rnay be taken in the
event of an accident.

In the future, therefore, this information cannot be dlspensed with,
The best solution would be for the shipping documents and each receptacle
to be accompanied by a strong envelope containing the details in accord-
ance with IMCO requirements and a brief description of the necessary
precautionary measures to be taken in the event of damage, as is usual
when other dangerous goods are transported, e, g, acids.

In conclusion I am happy to be able to say that in the meantime both
shippers and shipping companies are endeavouring to observe more closely
the regulations and licensing requirements for the transport by sea and
transhipping of nuclear fuel so that it has not been necessary to query more
recent shipments in 1972,






DISCUSSION

ON PAPERS 161/17 AND 161/8

E. MAURER: 'I was particularly interested in the instances listed in
Mr. Horn's paper where human failings appear to be involved. Has some-
thing been done to control the designs (e.g. of containers) so that human
errors can be avoided?

W. KOLB: It would seem to me that the problem raised by Mr. Maurer
is related to the tie-down in containers. I do not see any possibility of
avoiding tie-down systems.

E. MAURER: Is there any possibility to attach permanently the tubes
in radio containers so that they do not have to be tied down inside the
container?

H.W. CURTIS: The solution is largely dependent upon the magnitude
and frequency of transport. If one is doing one or two shipments it is
necessary for financial reasons to use ad-hoc methods of tie-down; provided
that these are properly supervised they can be comparable to completely
engineered solutions. For the shipment of large quantities of UF;,in con-
tainers British Nuclear Fuels Ltd. have made arrangements for containers
to be properly modified so that the tie-down is engineered into the con-
tainer. There are not only safety reasons involved but also financial ones.
The above solution is cheaper in the long run, provided that the scale of
business is sufficiently large.

W. KOLB: I understand Mr. Curtis' proposal as makingthe engineered-
in tie-down system a component of the Type B package so that the transport
container must be approved by the competent authority.

H.W. CURTIS: 1 should like to reply to Mr. Kolb's point relating to the
Type B container:; If one were to modify a freight container I fail to see
why, if one has obtained approval of a Type B cylinder and then puts it into
a freight container, one needs a Type B certificate for the freight container.
One has surely improved the situation by providing another shock-absorbing
mechanism. We place Type B containers inside railway wagons which
almost entirely encompass the irradiated fuel flask. No Type B certificate
is necessary for the wagon.

G. SUNDBERG: Is it generally stated in port regulations how nuclear
material is to be handled in the port and who is responsible for informing
the port authorities of the arrival and departure of nuclear cargo?

W. KOLB: It is clearly stated in the port regulations that storage of
nuclear cargo in the port is not allowed, except in special cases which are
outlined in Mr. Horn's paper.

A. GEORGACOPOULOS: Is there an isolated area in Bremerhaven
where loading or unloading of nuclear fuel in any type of consignment or
safeguarded in any type of packaging takes place? And what about tranship-
ment? Do port authorities exercise any kind of control as regards stowage
before sailing off, or is it only the captain responsible according to ordinary
maritime regulations?

W. KOLB: There is no separated area in Bremerhaven neither for
loading or unloading nor for transhipment. The consignments are transhipped
from the ship's hold to the railway wagon or the reverse as quickly as
possible. Intermediate storage is a very exceptional case.
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With regard to the second question the captain alone is responsible for
the storage of the consignments. Normally, there is no control by the port
authorities on board of the ship.

S.F. JOHNSON: Mr. Horn has mentioned the ''dangerous cargo
manifest' in his paper. .

Has even a captain of a ferry on shorter routes — who transports
passengers, private cars as well as lorries and trailers — such a manifest
which tells him what kind of dangerous goods is loaded on the trailers?

If yes, does he get the information early enough so that he is able to arrange
segregation, if necessary? .

A. HORN: As far as the situation in Germany is concerned the most
important ferry connection is the "Vogelfluglinie" between Puttgarden
(Germany) and R6dbyhavn (Denmark). There is an agreement between the
Deutsche Bundesbahn and the Danske Statsbaner that shipments of dangerous
goods as listed in RID will not be accepted at all. Most dangerous goods
transported between the Federal Republic of Germany and Scandinavia are
shipped via Jutland. I do not know, however, what measures are taken on
the ferry between Funen and Seeland in Denmark.

L. ALVAREZ DE BUERGO: Mr. Horn mentions in his paper
that packages were illegibly marked. We have had similar problems in
Spain., This is a violation of the IMCO Code. One should also know the
serial number of the package if it comes in a series so that the background
of the package can be traced if necessary.

M.T. CUSACK: It may be of some interest to participants representing
carriers that the United Kingdom competent authority is at present revising
the British Standard BS 3895 — Guide to the Use and Design of Packaging for
the Safe Transport of Nuclear Material — in which it is intended to incor-
porate the changes introduced in the present revision of the JAEA Regulations
for the Safe Transport of Radicactive Materials. The regulations require
the consigner to issue a certificate to the carrier stating that the radioactive
goods are properly described, packed and labelled, etc., in accordance
with the JAEA Regulations. A copy of this certificate used in the United
Kingdom has been included as an appendix in the British Standard. This
certificate is very similar to the one successfully used by the UKAEA. It is
hoped that this certificate will help the carrier who is sometimes confused
by the different types of certificates supplied by various consignors.

Lidia FAILLA: I think that in this Symposium, which is a great and
interesting novelty in nuclear energy, because maritime transporters, in-
surance experts, competent authorities, international organizations and
experts in nuclear transport are all met together, it is necessary to have
absolute clarity. For this all should be free to contribute their own expe-
rience and their own thoughts, and I should like to make my own
contribution.

The maritime transport of radioactive material involves (like other
forms of transport) two categories of problems which should be kept sepa-
rate. There is the question of normal conditions and accident conditions.
For normal conditions it is possible to say that, with respect to IAEA
Regulations, there is today no risk for workers or population which is not
admitted by the recommendations of ICRP. However, this risk can change if
we were to change any of the conditions which are valid today. For example,
it is possible in the future that a ship might specialise in this type of trans-
port. If in this case the number of packages were to become much higher
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than at present one would have to revise the maximum limit of 200 mR/h
which is admitted today by the IAEA for the surface of the package.

I think that one must say this for clarity, because it is not right to
affirm on the one hand that the transport of nuclear materials does not
present any radiation protection problems and on the other hand that the
problems are so grave as to require very high insurance. The same question
is raised for contamination, for which one must think rather of the possibility
of its getting out of the package than its being on the surface of the package,
when it leaves the factory where the packages are prepared.

The question is different for accidents. In such case one must differen-
tiate between fuel and other radioactive substances. For fuel, the risk of
damage can be very serious especially if there is a possibility of criticality,
(but this is foreseeable) and if there is irradiated fuel. For other radioactive
materials the risks during an accident are small for the population, but can
become serious for the population if there is not prompt intervention. But
the probability of an accident which can damage a Type B package is nearly
impossible. For a Type A package the probability is possible, but the risk
for workers is acceptable with the necessary precautions and for the popu-
lation it is almost zero.

For this reason and to avoid any psychological accident, I find it neces-
sary that there should be on board one or two measuring instruments, very
simple, to reassure workers in, for example, an ordinary accident not
involving radioactivity.
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GENERAL DISCUSSION AND CONCLUSION

SUMMARY OF REMARKS BY RAPPORTEUR (G. E. SWINDELL)

It is likely that in the coming years we shall see a large increase
in the amount of nuclear material being transported. An appropriate
share of this increase will fall on maritime transport.

It is generally accepted that the IJAEA Regulations and the IMCO Code
of Practicé provide a satisfactory regulatory framework for ensuring that
radioactive and fissile materials can be carried safely on seagoing vessels,

During this meeting, it has been emphasized that strong efforts should
be made to bring national transport regulations into conformity as quickly
and as completely as possible. A high degree of conformity has already
been achieved in the regulations and recommendations of the international
organizations concerned with the different modes of transport, '

A mechanism should be maintained for exchanging and discussing infor-
mation on operational experience in applying them, This function could
continue to be performed by the Radioactive Transport Study Group.

v Attention has been drawn to a possible weak link in the sea-transport
regime where responsibilities may not be quite clearly understood, This
possible weak-link corresponds to the loading and unloading operations
performed by stevedores in ports,

There is a widespread feeling that even more attention should be given
to the identification and distribution of information on the various national
competent authorities who are responsible for issuing approvals and
authorizations in connection with the transport of radioactive materials.

A note of caution should also be sounded, As traffic in radioactive
materials increases the present respect with which they are regarded may
diminish, There may be a tendency for familiarity to breed contempt,

We must expect that human weakness will occasionally result in a failure
to observe all the requirements of the regulations. Accidents may occur.
Our only defence is vigilance, instruction and use, in as far as it is
reasonable, of ''safety through design'.

QUESTIONS AND ANSWERS!?
Question

B.G. PETTERSON: Risk estimates are normally based on assessments
of radiation doses to persons expressed in man-rems, When a potential
risk is of interest it would presumably not be possible to estimate the man-
rem figure. However, the number of persons possibly exposed to radiation
must be taken into account. I should like to ask whether risk estimates
expressed in man~curie-days would be of help in comparing the potential
risks associated with transport by land and by sea,

! This section consists of questions submitted to the Panel in writing by Symposium participants,
The Panel's answers have been consolidated into single statements,

161



162 PANEL DISCUSSION

Answer

The concept man-rem has been elaborated in connection with radio-
active wastes from nuclear centres with the aim assessing more precisely
their real effect by taking account of the number of persons involved.
During the transport of radioactive materials, apart from accidents,
there is no exposure of the public and the concept man-rem is therefore
not applicable. By the nature of the case it is impossible to predict in
advance the number of persons that might receive a particular radiation
dose as the result of a transport accident. But as has been pointed out
in the papers, the significant exposure will be very localized, and it must
also be remembered that up to now no transport accident has resulted
in exposure of members of the public.

Question

0. SONMEZ: I would appreciate it if Mr. Horn or Mr. Gualtieri
could enlighten us as to whether ordinary stevedores are used for handling
nuclear cargoes in German and Italian ports or whether some specially
competent stevedores are used who have special qualifications and training
for loading and unloading these types of cargoes.

Answer

Neither the German and Italian nor any other competent authorities
represented at this meeting appear to require specially trained stevedores
for the handling of nuclear cargoes. The JAEA transport regulations are
based on the assumption that, except in defined situations, such cargoes
would move in the normal transport environment and would not be afforded
special treatment during loading and unloading.

Question

G.DE VRIES: I should like to ask what evidence there is to support
the assumption, underlying the specification of upper limits of activity
for inclusion in a Type A package, that in a median accident 10"? of the
contents may be released and that 10°% of the activity released might enter
the bodies of persons in the vicinity.

Answer

Some years ago a letter in Health Physics reviewed a number of re-
leases in laboratories from packagings which were probably inferior to
those that meet the Type A requirements, The amounts of radiocactive
materials entering the bodies of persons in the immediate vicinity were
estimated. The results supported the assumption that 10°% of the contents
would be released and that 10°% of the amount released would enter the bodies
of persons in the vicinity.
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Question

E. MAURER: Mr. Horn has given us an interesting list of instances
of human failings. As a layman and a lawyer, I wonder whether some of
the failings could be "engineered-out', for example, the attachment of the
cylinder within the container. Perhaps Mr, Curtis who spoke of "engineering-
out'" would also comment,.

Answer

One cannot deal adequately with the question of a catastrophic collision
followed by fire between a container ship and a large tanker carrying, for
instance, oil without considering what type of radioactive cargo is carried
by the container ship. Cylinders of UFg might burst and cause a toxicity
hazard, but this would be relatively minor in comparison with the holocaust
postulated and there would be rapid dispersion of the UF; vapour. Irradiated
fuel would probably not be carried by a cellular container ship because of
the great weight of the flasks. For plutonium, one would have to assume
that Type B packaging are adequate to protect against the postulated accident,
It should be remembered that the Type B requirements were recommended
by international panels of experts on the basis of their judgement of what
would be necessary to withstand most of the types of accidents encountered in
transport. These requirements are stringent and should be accepted as
adequate. If they are not so accepted the possibilities that can be envisaged
are endless and no solution could be found that would cover all these
possibilities.

The Type B packages are normally capable of withstanding fires much
more severe than those specified in the regulatory test requirements. In
the case of large fires there is a high degree of forced ventilation, In the
case of collision of ships or trucks it is unlikely that the package will be
in the centre of the fire, and here again there is a margin of safety.

When specific materials are carried frequently in freight containers,
there is some merit in modifying the container so that the package can
be secured within it quickly and efficiently. Such an engineered solution
can be adopted only when the costs can be recovered through a substantial
amount of traffic. In other cases, ad hoc methods of securing the packages
are used, but the carrier must ensure that the highest commercial standards
are applied to the tie-down systems. )

Question

L. ALVAREZ DE BUERGO: Mr. Fairbairn mentioned in his statement
that one of the guiding principles adopted in the revision of the IAEA Regula-
tions for the Safe Transport of Radioactive Materials is that they should be
clear and concise, Some of the people concerned with the transport of
radioactive materials by sea have suggested that the part of the IMCO
recommendations covering Class 7 should include some guidance on the
material to be included in the standard competent authorities' approval
certificate similar'to that included in the IATA regulations,
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Answer

When the revised British Standard BS 3895 is published it will probably
include a consignor's certificate developed on the basis of experience gained
by the UKAEA from the use of such a certificate by Authority establishments.
The first edition of the IAEA advisory document on the application of the
transport regulations will not contain such a model certificate. However,
at its next meeting early in 1973, the Radioactive Transport Study Group
will discuss the possibility of standardizing the certificates. At present
there are great differences in content between the certificates issued in
different countries. Following these discussions, it is hoped that an agreed
pro-forma of a consignor's certificate can be submitted to IAEA for inclusion
in a future edition of the advisory document,

Question

W.DE L. M. MESSENGER: My question is addressed to Dr. Kolb,
First of all may I thank him for his paper comparing the regulations of seven
countries with the IMCO Code. It will indeed be useful to my colleagues
and myself in our work, However, from the facts presented, it seems that
the situation is particularly complicated in Germany, Surely one of the
motives behind the development of international regulations and codes,
such as that of IMCO, was to obtain compatibility between all modes of
transport and between different countries and to render unnecessary the
various incompatible requirements beginning to appear in some countries,
Would Dr. Kolb care to comment on why Germany which, as far as I know,
subscribes to and has greatly contributed to the development of international
regulations, superimposes additional conditions before granting safety
approval for fissile materials shipments, one of which at least — provision
of evidence of financial security — has nothing to do with safety? Having
asked this question, it is only fair to state that the German officials con-
cerned have always been most correct and helpful in dealing with these
onerous formalities, and also that similar questions could be addressed to
some other countries,

Answer

There are two different sets of regulations in Germany. First,
regulations for the various modes of transport, based on international
regulations and recommendations such as those of RID, ADR, ADNR,
IMCO and IATA, and second, general radiation protection regulations
based on the German Atomic Energy Act. Responsibility for the transport
regulations lies with the Federal Ministry of Transport and responsibility
for the Atomic Energy Act and the Radiation Protection Ordinances lies
with the Federal Ministry of Education and Science. The requirements
for obtaining a shipment approval under the Atomic Energy Act involve
the reliability of the carrier, the safety of the consignment, financial
security, and physical protection against diversion by third parties. The
reliability of the carrier comes into question only with regard to road
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transport and an appropriate licence is required, The safety of the con-
signment is covered by the transport regulations, The additional require-
ments for approval under the Atomic Energy Act are therefore concerned
with financial security and physical protection, Examples of the physical
protection measures appropriate for the application of the JAEA safeguards
system to the transport of consignments of fissile materials have been
outlined by Mr. Stein in a paper presented at this Symposium?2,

Question

B. VERKERK: Some difficulties may be experienced on ferries where
consignments of radioactive materials may be concentrated and some special
provisions may be necessary, for example to support the heavy weights
involved., Would the Panel care to comment?

Answer

If the operators of the ferries can foresee that sufficient business
will be forthcoming they will provide the funds to cover any necessary
modifications. A similar situation arises at certain railway stations close
to radioisotope production and distribution centres where the concentration
of consignments of radioactive materials can be foreseen. Personnel
monitoring facilities are provided for railway workers engaged in loading
and unloading the consignments and for the guards, Such procedures are
already recommended, under appropriate conditions, in the IAEA
Regulations,

Question

J. SPOTTORNO DIAZ-CARO: Bearing in mind what has been said
concerning the transport of radioactive materials by sea and the problems
that may face a captain involved in an accident, are there any special
facilities that should be provided in the ships or is an ordinary cargo vessel
satisfactory? -

Answer

A severe accident cannot be ruled out and the requirements of the
international regulations can well be supplemented by a few inexpensive
additional items of equipment such as appropriate monitoring instruments.
These could be helpful to a captain involved in an accident at sea. Instruc-
tions for any actions to be taken in emergency situations are also very
necessary.

* R.M. STEIN, "Application of IAEA safeguards to international carriage”, IAEA~SM-161/29,
these Proceedings,
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Question

M. T. CUSACK: 1 should like to hear the views of the Panel on the
possible effects of the thermal test on a thick-walled steel container.
A large difference in temperature across the thick wall could cause a
thermal strain and one must assume that the material has yielded before
the container takes up its new shape. If the material has yielded, does
this represent a failure to comply with criterion (VII) of paragraph C-6, 2. 3(a)
of the JAEA Regulations for the Safe Transport of Radioactive Materials,
1967 Edition, which states that the minimum yield strength shall not be
exceeded when the package at the maximum normal operating pressure is
subjected to the thermal test?

Answer

It was suggested that this technical question should be discussed
privately with those persons present at the meeting who were best qualified
to give an answer.

Question

C. KUTTAN: Have the effects of corrosion and the pressure of sea-
water on containers been studied in order to establish their life, in the
event of their being jettisoned or lost overboard as a result of a collision,
before they deteriorate and release the radioactive contents?

Answer \

The immersion and corrosion design requirements of the IJAEA Regula-
tions are such that packages jettisoned in shallow coastal waters should
retain their integrity for a more than adequate time to permit location and
recovery operations. One cannot have the same confidence that packages
jettisoned in deep water could be located and recovered before some release
of the contents has occurred, but the depth of the water would diminish the
significance of the contamination resulting from such releases,
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Abstract-Résumé

EVOLUTION OF THE SYSTEM OF CIVIL LIABILITY IN THE MARITIME CARRIAGE OF NUCLEAR MATERIAL,
FROM THE BEGINNINGS UP TO 17 DECEMBER 1971.
There are three important dates in the evolution of the system of civil liability in the carriage of
nuclear materials; 1958, 1968 and 1971. )
The first date marks the beginning of OEEC’ s work on the drafting of an international convention on
liability in respect of nuclear installations and of the carriage of nuclear materials. Neither the 1960
Paris Convention nor the 1963 Vienna Convention, however, afford a satisfactory solution to the problem
of transport, since both of them provide for the applicafion of earlier international agreements on the subject.
In 1968, the Paris Convention entered into force but, because of the continuation of the liability
of maritime carriers under maritime law and the refusal of their professional mutual insurance companies to
cover this liability, operators of nuclear installations face great difficulties in connection with the carriage
of nuclear materials by sea. ENEA and IAEA then jointly organized a symposium in Monaco which decided
on the need to accord priority to nuclear law over maritime law in the carriage of nuclear materials by sea.
After three years of studies conducted jointly by the nuclear and maritime organizations, a diplomatic
conference was held under the auspices of IMCO. It approved a new nuclear-maritime convention which
was signed on 17 December 1971. This Convention eliminated most of the uncertainties of the previous
legal system and seeks to relieve maritime carriers, as fully as possible, of all nuclear liability. The operators
of nuclear installations are setting their hopes on the Stockholm symposium as a forum for convincing ship
owners and their insurers that they can henceforth accept nuclear materials for carriage without greater
reservation than in the case of other hazardous materials.

EVOLUTION DU REGIME DE RESPONSABILITE CIVILE NUCLEAIRE DANS LE DOMAINE DU TRANSPORT
MARITIME DE MATIERES NUCLEAIRES, DES ORIGINES AU 17 DECEMBRE 1971.

Trois grandes dates jalonnent 1' évolution du régime de responsabilité civile dans le domaine du transport
de matieres nucléaires: 1958, 1968, 1971.

La premigre marque le début des travaux de 1' OECE en vue de 1' €laboration d une convention inter-
nationale de responsabilité applicable tant pour les installations nucléaires que pour les transports de sub-
stances nucléaires. Cependant, ni la Convention de Paris de 1960, ni la Convention de Vienne de 1963
n’ apportent de solution satisfaisante au probleme des transports, 1* une et 1’ autre réservant 1' application des
accords internationaux antérieurs dans ce domaine.

En 1968, la Convention de Paris entre en vigueur, mais du fait du maintien de la responsabilité des
transportewrs maritimes en vertu du droit maritime et du refus de leurs mutuelles professionnelles de couvrir
cette responsabilité, les exploitants nucléaires éprouvent de grandes difficultés pour faire effectuer leurs
transports par voie maritime. L'ENEA et 1" AIEA organisent alors conjointement le Symposium de Monaco
qui conclut 2 la nécessité d* aboutir a la primauté du droit nucléaire sur le droit maritime dans le domaine
du transport maritime de substances nucléaires.

Apres trois années d' études menées en commun par les organisations nucléaires et maritimes, une
Conférence diplomatique tenue sous les auspices de 1' OMCI approuve une nouvelle Convention nucléo-~
maritime signée le 17 décembre 1971. Cette Convention fait disparaftre la plupart des incertitudes du régime
juridique antérieur et tend & dégager le plus completement possible les transporteurs maritimes de toute
responsabilité nucléaire. Les exploitants nucléaires mettent tout leur espoir dans le Symposium de Stockholm
pour convaincre les armateurs et leurs assureurs qu’ ils peuvent désormais accepter les transports de sub-
stances nucléaires sans plus de réserve que les autres matieres dangereuses.
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Trois grandes dates jalonnent 1'évolution du régime de responsabilité
civile nucléaire dans le domaine du transport maritime de matiéres nucléaires
— 1958, date du premier projet de Convention sur la responsabilité civile
nucléaire;

— 1968, date d'entrée en vigueur de la Convention de Paris du 29 juillet
1960 et année du Symposium de Monaco;

— 1871, date de la nouvelle Convention de Bruxelles sur les transports
maritimes de matiéres nucléaires.

ELABORATION DU DROIT 'NUCLEAIRE DE LA RESPONSABILITE (1958)

Avant méme que ne soit envisagée 1'élaboration d'une Convention inter-
nationale dans le domaine de l'énergie nucléaire, la question de la responsa-
bilité en cours de transport de matiéres nucléaires avait été posée dans le
de Coopération Economique (OECE devenue depuis OCDE) remis aux experts
«responsabilité civile» en juillet 1957, rapport ol 1l'on notait «1'importance
capitale de ce probléme pour les compagnies d'assurance, assureurs
maritimes et mutuelles d'armateurs».

Aussi, le tout premier projet de ce qui deviendra la Convention de
Paris du 29 juillet 1960, contient-il déjd, dans son exposé des motifs,
l'affirmation que le transport de combustibles irradiés et de produits et
déchets radioactifs entre dans le champ d'application d'une telle Convention.

Une fois ce principe posé, il fut rapidement reconnu qu'il y avait
tout intérét a traiter en méme temps de la responsabilité des exploitants,
pour leurs installations et pour leurs transports de matiéres nucléaires,
d'instaurer les mémes’régles dans les deux cas, et de les édicter dans
un seul et méme texte,

Cependant, pour éviter tout conflit entre la future convention nucléaire
et les conventions existant déja en matiére de transports, compte tenu
notamment de ce que des pays non européens étaient parties a4 ces derniéres,
fut introduite la régle qui sera a l'origine des difficultés auxquelles
exploitants et transporteurs vont se trouver confrontés pendant les douze
années 4 venir: «La Convention nucléaire n'exonére nullement le trans-
porteur de la responsabilité civile qu'il peut encourir en vertu d'accords
internationaux en matiere de transports,»

Mais dans cette phase préliminaire des travaux, cette concession était
aussitdt corrigée par l'invitation faite aux Gouvernements de prendre
toutes les dispositions nécessaires pour réviser les accords internationaux
traitant de la responsabilité des transporteurs, de fagon a harmoniser, sur
le plan mondial, les responsabilités relatives aux accidents nucléaires sur-
venant tant dans les installations qu'en cours de transport.
des motifs lors de la transmission du rapport définitif du Comité de
Direction au Conseil de 1'OECE en juin 1959, et la Convention de Paris
sur la responsabilité civile dans le domaine de 1l'énergie nucléaire en date
du 29 juillet 1960 contiendra-t-elle dans son article 6 b) 1'exception selon
laquelle la régle de canalisation de la responsabilité sur 1'exploitant -
d'une installation nucléaire n'affecte cependant pas l'application des accords
internationaux dans le domaine des transports antérieurs au 29 juillet
1960, avec comme seul commentaire, au paragraphe 35 de 1'Exposé des
motifs: «pour écarter toute possibilité de conflit avec les accords inter-
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nationaux en matiére de transport, il est prévu que la Convention n'affecte
pas l'application de ces accords»,

La partie était jouée et perdue dans le cadre de 1'OCDE. Elle pouvait
encore &tre gagnée dans le cadre plus vaste de 1'AIEA,

En effet, depuis la fin de 1958 un groupe d'études constitué a 1'initiative
du Directeur général de 1'Agence de Vienne travaillait a4 1'élaboration
d'une Convention mondiale traitant 4 la fois de la responsabilité des ex-
ploitants nucléaires du fait de leurs installations et du fait de leurs
«envois nucléaires»,

Comment les experts de Vienne vont-ils réagir? Lia question est
écartée des le début des travaux. Ni l'avant-projet du groupe d'études de
fin 1959, ni le projet du Comité intergouvernernental de mai 1961 ne
contiennent de dispositions particuliéres a cet égard. Le texte soumis
aux Gouvernements affirme qu'aucune autre personne que l'exploitant ne
peut &tre responsable, et pour le cas ol le droit national applicable dis-
poserait que d'autres personnes peuvent étre responsables, il est stipulé
que leur responsabilité sera couverte par la garantie financiére de l'exploitant,

C'est seulement dans les propositions formulées par les Gouvernements
au début de 1962 que le probléme réapparait, les Etats-Unis d'Amérique
et la France posant le principe du retour a la canalisation absolue de la
responsabilité sur 1'exploitant, et pour la premiére fois 1'idée de la
prééminence de la Convention nucléaire sur les accords internationaux
de transport.

Mais le Comité intergouvernemental ne va pas vouloir prendre parti
sur les propositions qui lui seront faites par les experts nationaux partagés
entre les deux tendances, et s'en remettra a la Conférence pour résoudre
la question générale du rapport de la Convention avec les autres accords
internationaux.

C'est donc la Conférence internationale réunie & Vienne au printemps
de 1963 qui va trancher., Sensibilisée sur l'universalité des Conventions
maritimes, les différences de régime résultant du fait que tel pays
signataire des Conventions maritimes serait ou non signataire de la
Convention nucléaire, et quelque peu abusé par l'avis des organisations
internationales de transport maritime, non conscientes encore de ce
que les transporteurs maritimes se verraient refuser l'assurance de cette
responsabilité traditionnelle a laquelle ils restaient attachés, la Conférence
retint la méme exception que la Convention de Paris,

On ne peut s'empécher de penser que le.précédent de Paris a lourde-
ment pesé dans la décision des experts de Vienne, et ceci d'autant plus
curieusement que l'argument essentiel devant lequel s'étaient inclinés
les experts de 1'OCDE -~ une Convention régionale ne saurait prétendre
modifier des Conventions mondiales préexistantes — ne pouvait avoir la
méme valeur contraignante dans le cadre de 1'AIEA,

Quoiqu'il en soit, lors de la signature du.texte de Vienne en mai 1963,
les deux Conventions nucléaires contiennent d peu de choses prés la
méme disposition, la seule différence résidant dans le fait que la Conven-
tion de Paris ouvre a toute personne rendue responsable des conséquences
d'un accident nucléaire en vertu d'un accord international dans le domaine
des transports — ou en vertu de la législation d'un Etat non contractant —
un droit de recours contre 1'exploitant responsable [art.6¢)], tandis que
selon la Convention de Vienne, c'est un droit de subrogation qui est donné
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aux seuls ressortissants d'une partie contractante tenus d réparer un
dommage nucléaire dans ces mémes conditions.

Encore faut-il dire qu'avant d'entrer en vigueur, la Convention de Paris
sera amendée par le protocole additionnel signé le 28 janvier 1964 en vue
d'une harmonisation plus compléte des deux Conventions nucléaires, et
que le droit de recours ayant été abandonné au profit de la subrogation,
seule subsiste une différence en ce qui concerne le bénéficiaire de cette
subrogation, toute personne qui a réparé le dommage dans le cadre de la
Convention de Paris, les ressortissants des parties contractantes dans
le cadre de la Convention de Vienne,

ENTREE EN VIGUEUR DE LA CONVENTION DE PARIS (1968)

La Convention de Paris du 29 juillet 1960, dans sa version révisée
du 28 janvier 1964, entre en vié‘ueur le 1€r avril 1968 entre les cing pays
qui ont déposé 4 cette date leur instrument de ratification: 1'Espagne, le
Royaume-Uni, la France, la Belgique et la Suéde, auxquels se sont joints
depuis, la Turquie, la Gréce et la Finlande, ce qui porte 4 8 le nombre
de pays ou la Convention est d'applicaticn.

C'est & cette date qu'est devenu effectif le nouveau régime de responsa-
bilité applicable en cas d'accident nucléaire survenant en cours de trans-
port de substances nucléaires, et notamment en cours de transport mari-
time, auquel nous consacrons notre étude.

Mais, pour éviter toute confusion, il faut répéter que les responsa-
bilités qui pésent sur les propriétaires de navires de mer et les transpor-
teurs maritimes, en vertu du droit maritime, subsistent intégralement,
les victimes ayant le choix entre deux actions ouvertes, l'une en fonction
du droit maritime traditionnel, 1'autre en fonction du nouveau droit nucléaire,
droits dont 1'application est concurrente.

Je ne reprendrai pas dans le détail le régime de responsabilité
nucléaire qui a fait 1'objet d'une étude antérieure [1], dont je retiendrai
seulement la part de conclusions qui a trait aux effets de la Convention
de Paris sur la responsabilité des transporteurs maritimes.

Si la victime choisit de rechercher la réparation de son préjudice
dans le cadre de la Convention nucléaire, c'est l'exploitant de 1'installa-
tion nucléaire responsable des substances pendant le transport qui en
supportera seul la charge. De ce faif, le transporteur maritime se trouve
totalement dégagé de toute responsabilité a chaque fois que l'accident
entre dans le champ d'application de la Convention.

11 faut noter 4 cet égard que si la Convention ne s'applique ni aux
accidents survenant sur le territoire d'un pays non contractant, ni aux
dommages subis sur ces territoires, par contre elle bénéficie 4 toute
victime mé&me ressortissante d'un pays non contractant, puisqu'en vertu
de 1'article 14, le droit et la législation nationale du tribunal compétent
doivent étre appliqués sans aucune discrimination fondée sur la nationalité,
le domicile ou la résidence.

Si la victime choisit au contraire d'invoquer le droit maritime, la
Convention de Paris apporte un certain nombre d'allégements 4 la responsa-
bilité du transporteur.

Tout d'abord, en vertu de 1'article 6d), que la réparation ait été effec-
tuée en vertu d'un accord international dont 1'application a été réservée
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par l'article 6b), ou méme qu'elle soit intervenue en vertu de la législa-
tion d'un Etat non contractant, le transporteur acquiert par subrogation
tous les droits de la victime vis-a-vis de 1l'exploitant nucléaire responsable
selon la Convention de Paris.

De plus, bien que la Convention ne joue pas, comme je viens de le dire
a 1'instant, ni pour les accidents nucléaires survenus sur le territoire des
Etats non contractants, ni pour les dommages subis sur ces territoires
— la notion de territoire comprenant les eaux territoriales, ce qui a toute
son importance ici — le transporteur ayant réparé de tels dommages,

4 condition qu'il ait lui-mé&me son lieu principal d'exploitation sur le terri-
toire d'une partie contractante d la Convention de Paris, bénéficie de
ce méme droit de subrogation, en vertu de 1l'article 6 e).

Enfin, la législation nationale de l'exploitant responsable peut étendre
le champ d'application de la Convention de Paris vis-a-vis des pays non-
contractants, Une décision de 1'OCDE est intervenue en ce sens en 1971
pour recommander aux pays contractants d'appliquer la Convention aux
conséquences des accidents survenus dans un Etat non contractant, et par
14 mé&me aux accidents qui surviendraient par exemple sur un navire se
trouvant dans les eaux territoriales d'un tel Etat. Le transporteur, méme
s'il n'a pas son lieu principal d'exploitation sur le territoire d'une partie
contractante, c'est-a-dire tout transporteur quel qu'il soit, pourra alors
se retourner vers l'exploitant nucléaire responsable du transport, pour
la part des dommages subis dans un Etat contractant ou en haute mer a
bord d'un navire immatriculé sur le territoire d'un Etat contractant.

Malgré ces allégements non négligeables, le transporteur maritime
reste cependant le premier responsable., Il devra d'abord indemniser
les victimes, et ce n'est que dans un second temps qu'il pourra user de
son droit de subrogation pour récupérer tout ou partie des réparations
mises 4 sa charge. En tout état de cause, son recours restera limité au
plafond de responsabilité de 1'exploitant nucléaire. Enfin, si rien ne
semble exclure la possibilité de faire supporter 4 l'exploitant, au mé&me
titre que les dommages causés aux tiers en général ~ y compris les proprié-
taires de marchandises neutres transportées — les dommages causés 3
d'autres substances nucléaires n'appartenant pas a l'exploitant et chargées
sur le m8me moyen de transport, il n'en est pas forcément de mé&me en ce
qui concerne le dommage causé au navire effectuant le transport.

En effet, la Convention de Paris exclut en principe les dommages
subis par le moyen de transport sur lequel les substances nucléaires se
trouvent au moment de 1'accident nucléaire, et la réparation ne peut en étre
recherchée en dehors de la Convention que dans la mesure ol des dispo-
sitions législatives expresses sont intervenues, soit dans la loi de 1'exploi-
tant de 1l'installation nucléaire responsable, soit dans la loi nationale du
tribunal compétent.

Cependant, une décision de 1'OCDE de 1969 a recommandé aux états
d'inclure les dommages au moyen de transport dans le champ d'application
de la Convention,. comme le permet son article 7¢), Le propriétaire
du navire pourra alors se retourner vers l'exploitant pour se faire rem-
bourser son propre dommage, mais, 4 l'intérieur du plafond de responsa-
bilité de l'exploitant 5 millions d'unités de compte sont réservés par
priorité aux autres tiers, de telle sorte que le propriétaire du navire ne
serait pas tout 4 fait sur un pied d'égalité avec les autres victimes en
cas de dommages dépassant au total le montant de la garantie financiére,
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Enfin, et surtout, comme s'il ne lui suffisait pas de manquer de
certitude quant a la nature et d 1'étendue de la responsabilité 4 laquelle
il aura 4 faire face, le transporteur maritime va se retrouver sans
assurance,

Sans assurance des Protecting Clubs, ses assureurs traditionnels en
matiére de responsabilité, qui décident d'exclure expressément de leur
garantie la couverture des risques nucléaires pour toutes les substances
entrant dans le champ d'application de la Convention de Paris, toutes
matiéres fissiles, produits et déchets irradiés.

Sans assurance des assureurs maritimes, qui, s'ils couvrent les
marchandises par leurs polices «facultés»— et encore en se réservant
droit de recours contre 1'exploitant nucléaire responsable du transport —
excluent en régle générale les risques nucléaires de 1'assurance «corps»
des navires,

Quant au Pool atomique, assureur de l'exploitant nucléaire, il ne
peut apporter son concours direct compte tenu de la part qu'il prend déja
de la responsabilité de l'armateur par le biais des droits de subrogation
et de recours octroyés par la Convention nucléaire,

Cette carence des assureurs dans le domaine maritime va conduire
les armateurs a refuser le transport de substances nucléaires et va
paralyser nombre d'opérations de transport vitales pour 1l'industrie
nucléaire,

C'est ainsi que pour prendre l'exemple frangais, ce refus va, de 1961
4 1967, entrafmer des stockages prolongés de combustibles irradiés et
obliger & modifier certains programmes de retraitement. Il va contraindre
4 des expédients — transports aériens quand c'est possible, recours a
des unités de la marine nationale, etc. D'autres transports ne pourront
s'effectuer qu'avec une garantie illimitée donnée par 1'Etat lui-méme [2].

Clest pourquoi 1968 fut aussi 1'année du Symposium de Monaco sur
la responsabilité civile et l'assurance en matiére de transports maritimes
de substances nucléaires.

SYMPOSIUM DE MONACO (1968)

Les difficultés soulevées par l'application concurrente des conventions
maritimes de transport préexistantes d la Convention de Paris, et la Con-
vention de Paris elle-méme, conduisent 1'Agence Européenne pour 1'Energie
Nucléaire 4 prendre l'initiative d'un grand rassemblement, auquel elle
associe 1'AIEA, le probléme devant se poser de fagon identique pour les
signataires de Vienne, lors de l'entrée en vigueur espérée prochaine de la
Convention signée le 21 mai 1963,

C'est ainsi que se retrouvérent les experts gouvernementaux en droit
nucléaire et en droit maritime, les représentants de I'ENEA, de 1'AIEA,
dA'EURATOM et de 1'OMCI, les représentants des exploitants nucléaires,
des armateurs, des assureurs pour trouver au probléme posé, soit des
solutions dans le domaine pratique, soit des solutions dans le domaine
juridique.

C'est 4 cet effet que fut dressé un vaste panorama des régimes de
responsabilité civile dans le droit nucléaire et le droit maritime, des pro-
blémes relatifs au transport, des problémes d'assurance, et des problémes
d'application du régime juridique [3].
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A l'issue de ces travaux, un Comité des Sages proposa un certain
nombre de mesures d'ordre pratique, incita les Gouvernements a ratifier
le plus rapidement possible les Conventions nucléaires ou 4 y adhérer,
et dans une ultime conclusion suggéra que les Conventions existantes soient
modifiées pour «aboutir notamment a la primauté du droit nucléaire sur le
droit maritime en ce qui concerne le transport maritime de substances
nucléaires»,

L'idée premiére de 1958 était reprise. Elle devenait 1'idée force qui
allait conduire gréce aux efforts conjugués des organisations maritimes
et nucléaires 4 1'élaboration de la nouvelle Convention de-Bruxelles du
17 décembre 1971,

NOUVELLE CONVENTION DE BRUXELLES (1971)

Trois années séparent le Symposium de. Monaco de l'ouverture 4 la
signature de la Convention de Bruxelles du 17 décembre 1971, Elles vont
8tre employées 4 faire partager aux instances maritimes la conviction
acquise 4 l'issue des travaux du Symposium de Monaco, et d mettre en
ceuvre la meilleure méthode pour établir la prééminence du droit nucléaire
de responsabilité civile,

Dés juillet 1969, les experts gouvernementaux auprés de 1'ENEA
posent les bases d'un programme commun d'études ol chacune des parties
prenantes, maritime et nucléaire, associera l'autre 4 ses travaux.

Le Comité maritime international crée 4 cet effet une Commission
internationale qui, en novembre 1969, marque son accord sur le principe
de la modification des conventions maritimes aux fins d'écarter 1'applica-
tion du droit maritime en cas d'accident nucléaire. En mars 1970, la
majorité des experts estime préférable d'élaborer une nouvelle Convention
maritime plutdt que de modifier les conventions existantes méritant de
1'&tre, et un premier projet voit le jour sous le titre «Convention tendant
4 résoudre les conflits entre certaines conventions maritimes et le droit
nucléaire relatif 4 la responsabilité civile»,

A partir de cette date, c'est le Comité juridique de 1'Organisation
intergouvernementale consultative de la navigation maritime qui va prendre
l'initiative de la poursuite des travaux, toujours menés de concert avec
1'AIEA, 1'ENEA et le CMI, au cours de trois sessions tenues d'avril 1970
a avril 1971.

A l'issue de la session d'avril 1971, le Comité approuve le projet revu
et corrigé sur la base d'une proposition de compromis préseritée en commun
par les délégations britannique et frangaise, et décide de soumettre a la
Conférence Diplomatique prévue pour la fin de 1'année une Convention en
un article unique ainsi congu:

«Toute personne qui, en vertu d'une convention internationale ou d'une
loi nationale applicable dans le domaine du transport maritime, est sus-
ceptible d'&tre rendue responsable d'un dommage causé par un accident
nucléaire, est dégagée de sa responsabilité, si 1'exploitant d'une installa-
tion nucléaire est responsable de ce dommage en application de la Conven-
tion de Paris du 29 juillet 1960 sur la responsabilité civile dans le domaine
de 1'énergie nucléaire et son protocole additionnel du 28 janvier 1964,
ou de la Convention de Vienne du 21 mai 1963 relative 4 la responsabilité
civile en matiére de dommages nucléaires,»
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A ce stade, bien que les Conventions nucléaires n'aient expressément
réservé que l'application des accords internationaux dans le domaine des
transports — auxquels il fallait cependant déja assimiler, en vertu d'une
réserve inscrite a4 la Convention de Paris, les lois nationales d'Autriche,
de Gréce, de Norvége et de Suéde comportant des dispositions équivalentes—,
la prééminence des Conventions nucléaires est établie non seulement sur
toute Convention internationale, mais encore sur toute loi nationale sur le
transport maritime, donc méme sur la loi d'un Etat non contractant au
regard des Conventions nucléaires de Paris et de Vienne.

La Conférence Diplomatique qui s'ouvre a Bruxelles le 29 novembre
1971 confie & une Commission pléniére le soin d'établir le texte définitif
de la Convention,

L'article unique, amendé pour élargir au maximum le champ d‘appli-
cation de la Convention, devient l'article ler qui affirme cette fois-ci
la prééminence du droit nucléaire, qu'il résulte de l'application des
Conventions elles-mémes, ou de toute loi nationale impliquant la responsa-
bilité de 1l'exploitant d'une installation nucléaire, sous la seule condition
qu'elle soit 4 tous égards aussi favorable aux victimes éventuelles que
lesdites Conventions,

Si cette derniére disposition a soulevé d'assez vives discussions, au
point méme que les Etats-Unis, le Canada et le Portugal ont tenu 4 motiver
leur abstention, lors du vote final de la Convention, notamment par
l'existence de ce texte qu'ils considérent comme inapplicable en raison
de la difficulté 4 établir «in abstracto» qu'un texte légal est aussi favorable
qu'un autre 3 tous égards, il faut voir dans son maintien le désir unanime
d'exonérer les transporteurs maritimes de toute responsabilité en allant
4 la limite de ce qu'il est possible d'accepter sans compromettre la
pleine indemnisation des victimes,

Grossi de quelques articles traitant du cas particulier des dommages
causés a 1'installation nucléaire concernée par le transport, et au moyen
de transport lui-mé&me, et d'un article réservant la responsabilité des
exploitants de navires nucléaires, le texte de la Convention, complété par
les clauses finales traditionnelles est en définitive adopté par la Conférence
Diplomatique et ouvert d la signature le 17 décembre 1971,

CONCLUSION

En guise de conclusion, et pour servir en quelque sorte d'introduction
‘aux exposés qui vont suivre et qui seront consacrés d l'analyse des effets
généraux et particuliers de la nouvelle Convention et & 1'étude de son
incidence sur l'assurance du dommage nucléaire, je voudrais seulement
insister sur le fait que la plupart des incertitudes du régime de 1968
ont disparu et que celles qui subsistent encore proviennent essentiellement
de ce qu'un accord international ne saurait créer d'obligation pour un
Etat qui n'y a pas adhéré, C'est sur ce point que les participants au
Symposium de Stockholm ont en leur pouvoir d'aider 4 atteindre les ob-
jectifs de la Convention, en joignant leurs efforts pour convaincre leurs
instances professionnelles nationales et internationales, et leurs gouver-
nements, de prendre les mesures nécessaires d 1'application la plus
large possible du nouveau régime qui vient de naftre:
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a) D'abord par la signature et la ratification de la Convention du 17 dé-
cembre 1971 elle-méme. La Belgique, le Brésil, la République Fédérale
d'Allemagne, la France, 1'Italie, le Portugal, la Suéde, le Royaume-Uni
et la Yougoslavie ont montré la voie en y apposant leur signature deés le
premier jour,

b) Ensuite par la ratification des Conventions nucléaires, en retenant
tout spécialement que lorsque les neuf signataires qui sont plus ou moins
avancés dans cette voie l'auront ratifié, la Convention de Paris, déja en
vigueur entre 7 états, deviendra applicable entre 16 états, qu'elle reste
ouverte d l'adhésion de tous les pays associés de 1'OCDE et peut recevoir,
avec l'accord des parties contractantes, 1'adhésion de tout gouvernement
désireux de se rallier au systéme de responsabilité objective canalisée
sur l'exploitant de l'installation nucléaire.

c) Enfin, par la ratification de la Convention complémentaire a la Conven-
tion de Paris signée a Bruxelles le 31 janvier 1963 qui mérite une attention
particuliére. En effet, cette Convention élaborée sous les auspices de
1'Euratom mais ouverte d tous les pays signataires de la Convention de
Paris a été signée par 13 pays de I'OCDE, et ratifiée dés 1966 par le
Royaume-Uni, la France et 1'Espagne. Depuis sa ratification par la Suéde,
intervenue en 1968, elle n'attend plus que deux ratifications pour entrer

a son tour en vigueur. C'est 14 un nouveau pas important 4 franchir,

car il ne faut pas oublier que la garantie financiére prévue par cette Con-
vention s'éléve a 120 millions d'unités de compte de 1'accord monétaire
européen, soit 1'équivalent de 120 millions de dollars, et que ce montant
est susceptible de faire disparaftre les réticences manifestées par les
Etats-Unis, 1'Australie et la République Arabe d'Egypte pour signerlaConven-
tion du 17 décembre 1971 en considération de l'insuffisance des garanties
offertes par les exploitants d'installations nucléaires.

Un mot pour terminer sur le plan de 1'assurance, car les efforts
accomplis pour modifier le régime de responsabilité seront stériles s'ils
ne conduisent pas les assureurs d octroyer aux armateurs les garanties
marginales qui leur feraient encore défaut. Au fur et 4 mesure de 1l'entrée
en vigueur du nouveau régime de la Convention de 1971, les cas de respon-
sabilité des transporteurs maritimes, 4 défaut de disparaftre totalement,
vont en effet de plus en plus devenir l'exception. J'espére ne pas faire
preuve de trop d'optimisme en escomptant que les enseignements tirés
du Symposium décideront les mutuelles professionnelles d'armateurs et
les assureurs maritimes 4 considérer d'un oeil nouveau les demandes
de garanties dont les transporteurs auraient encore besoin, le plus souvent
a titre subsidiaire, dans les rares hypothéses oud les Conventions nucléaires
ne pourraient malgré tout trouver la pleine application 4 laquelle les
auteurs de la nouvelle Convention nucléo-maritime de décembre 1971 ont
tenté de parvenir.
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Abstract—Résumé

THE BRUSSELS CONVENTION OF 17 DECEMBER 1971 RELATING TO CIVIL LIABILITY IN THE FIELD OF
MARITIME CARRIAGE OF NUCLEAR MATERIALS: ITS IMPLICATIONS FOR MARITIME LAW.

The author discusses: (a) the territorial scope of the 1971 Brussels Convention; (b) its scope in regard
to the concept of accident; (c) its scope in regard to the provisions of maritime law superseded by Articles 1
and 4 of the 1971 Convention; (d) the conditions under which the maritime carrier is exempt,

The territorial scope is very extensive, and this is also true of the concept of nuclear accident, On
the other hand, the scope of application, in so far as the superseded provisions of maritime law are concerned,
is limited to the conventions and national laws on the maritime carriage of passengers, baggage and goods
and to the corresponding national laws, including, in general, the laws on port handling. Thus, the scope
of the 1971 Convention in regard to the superseded provisions of the maritime law is still far from negligible,
since nuclear materials are often transported with a bill of lading and sometimes even aboard ships carrying
passengers.

In order for the maritime carrier to be exempt, one of the following conditions must be satisfied:
(a) either the operator of a nuclear installation is liable for damage under the Paris or the Vienna Convention,
as applicable in the country where the installation is situated; (b) or he is liable under a national law which
is equally favourable to the victims. The latter condition will give rise to practical difficulties. The question
is whether one must determine in concrete or in abstract terms if the national law is equally favourable and
who will carry out the determination. It will be the court which is considering the action against the maritime
carrier, However, this court may perhaps not be in a position to decide on the advantages or disadvantages
of a nuclear law, particularly a technical law, especially where the law of a foreign country is concerned.
Furthermore, reference to this foreign law and exemption of the carrier may result in denial of justice if the
court subsequently dealing with the action against the operator of the nuclear installation does not consider
itself to be competent,

EFFETS SUR LE DROIT MARITIME DE LA CONVENTION DE BRUXELLES DU 17 DECEMBRE 1971 RELATIVE
A LA RESPONSABILITE CIVILE DANS LE TRANSPORT MARITIME DES MATIERES NUCLEAIRES,

L'auteur examine les points suivants: a) le champ d'application territorial de 1la Convention de Bruxelles
de 1971; b) le champ d’application de la Convention quant i la notion d'accident; c) le champ d'application
quant aux textes de droit maritime &vincés en vertu des articles 1 et 4 de la Convention de 1971; d) les
conditions d'exonération du transporteur maritime.

Le champ d'application territorial est trés vaste. Il en va de mé&me pour la notion d'accident nucleaire,
En revanche, le champ d'application quant aux textes de droit maritime évincés se restreint aux conventions
et lois internes sur le transport maritime de passagers, de bagages et de marchandises, et aux lois internes
correspondantes, y compris, en général, les lois sur la manutention portuaire, De la sorte, le champ d'applica-
tion de la Cenventien de 1971 quant aux textes de droit maritime &vinces est tout de m&me loin d'8tre
négligeable. En effet, le transport de substances nucléaires se fait souvent sous connaissement et parfois
méme sur des navires accueillant des passagers.

Enfin, pour que le transporteur maritime soit exonére, il faut que 1'une ou 1'autre des conditions
suivantes soit réalisee: a) ou bien 1'exploitant d'une installation nucléaire est responsable du dommage en
vertu de la Convention'de Paris ou de Vienne, applicable dans le pays ol est située son installation; b) ou
bien il est responsable en vertu d'une loi nationale aussi favorable aux victimes, Cette derniére condition
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suscitera des difficultes d’application pratique. Faut-il determiner in concreto ou in abstracto si une loi
interne est << aussi favorable>>? Qui va procéder  cette determination? Ce sera le tribunal saisi de 1'action
contre le transporteur maritime, Or, ce tribunal est peut-8tre mal placé pour juger des avantages ou des
inconvénients d'une loi nucleaire, particuliérement technique, et cela tout spécialement s'il s'agit d'une
loi étrangére. D'autre part, le renvoi d cette loi étrangdre et 1'exonération du transporteur peuvent aboutir
 un déeni de justice si le tribunal saisi par la suite de 1'action contre I'exploitant de 1'installation nucléaire
ne s'estime pas compétent.

1. Deux Conventions internationales, essentiellement, concernent la
responsabilité civile dans le domaine de 1'énergie nucléaire,

2.a) D'une part, la Convention sur la responsabilité civile dans le domaine
de l'énergie nucléaire signée & Paris le 29 juillet 1960, et complétée par
un Protocole additionnel signé a Paris le 28 janvier 1964,

Ces textes ont été €laborés sous les auspices de 1'OCDE (alors appelée
1'OECE).

I1s sont entrées en vigueur le 1€r avril 1968; aujourd'hui huit pays les
appliquent: Espagne, Royaume-Uni, France, Belgique, Suéde, Turquie, Gréce
et Finlande!, La Convertion comporte deux annexes et un long exposé des
motifs,

3. 11 faut également mentionner une Convention signee & Bruxelles le

31 janvier 1963, complémentaire 4 la Convention de Paris préecitee de 1960,
Elle a été élaboree sous les auspices de I'Euratom mais elle est ouverte

a tous les pays signataires de la Convention de Paris; elle prévoit une
garantie financiére de 120 millions d'unités de compte de 1'Accord monetaire
européen, soit 1'équivalent de 120 millions de dollars avant la devaluation

de cette monnaie intervenue depuis lors., Elle a été ratifiee par le Royaume-
Uni, la France, 1'Espagne et la Suéde, mais n'entrera en vigueur que si
deux nouvelles ratifications interviennent?,

4.b) La Convention relative & la responsabilité civile en matiére de dom-
mages nucléaires, signee & Vienne le 1€r mai 1963 et non entrée en vigueur
faute d'un nombre de ratifications suffisant.

Cette Convention a éte conclue sous les auspices de 1'Agence Inter-
nationale de 1'Energie Atomique (AIEA),

5. A cOté de ces textes internationaux qui, au total, ont eu peu de succés,

il existe de nombreuses lois internes, souvent &élaborées sur le modéle des
Conventions internationales. Ainsi, en France, la loi n° 943 du 30 octobre
1968 relative & la responsabilité civile dans le domaine de 1'énergie nucléaire,
entrée en vigueur le 11 fevrier 19693,

! M. Lagorce, «Evolution du régime de responsabilité civile nucléaire dans le domaine du transport
maritime de matidres nucleaires, des origines au 17 decembre 1971>, ces Comptes rendus, IAEA-SM-161/20,
Lagorce, op.cit.
3 Journal Officiel de la Republique frangaise (31 oct. 1968) 10195 et 10196,
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Cette loi fait usage de la faculté prévue par la Convention de Paris de
disposer differemment de cette Convention; elle étend la responsabilité de
1'exploitant nucléaire aux dommages infligés au moyen de transport (art, 3
al. 2), se conformant en cela aux recommandations de 1'Agence Européenne
pour I'Energie Nucléaire (ENEA) de 1'OCDE,

6. . La Convention de Paris, article 1, déefinit I'accident nucléaire et
1'installation nucléaire, ainsi que 1'exploitant de celle-ci, En principe,
selon son article 2, elle ne s'applique pas aux accidents nucleaires et aux
dommages subis sur le territoire d'Etats non contractants, Aux termes

de l'article 3, l'exploitant est responsable de tout dommage aux personnes
et aux biens 4 l'exclusion notamment des dommages au moyen de transport?,
$'il est etabli que le dommage est causé en tout ou en partie par un accident
nucléaire, L'article 4 rend 1'exploitant responsable des dommages méme
s'ils sont survenus en cours de transport. L'action ne peut étre dirigée
que contre l'exploitant. «Toutefois, ajoute l'article 6, cette disposition

ne peut affecter 1l'application des accords internationaux dans le domaine
des transports qui sont en vigueur ou ouverts a la signature. , . . 4 la
date de la présente Convention, » D'autre part, la Convention n'affecte pas
la responsabilite de l'auteur d'une faute intentionnelle ayant causé un accident
nucléaire dont 1'exploitant n'est pas responsable. La responsabilite est
limitée au minimum & 5 000 000 des unités de compte précitées®, Si une
legislation nationale decide que 1'exploitant réparera les dommages sur-
venus au moyen de transport, ce sera a condition que le droit des autres
victimes au montant minimum de 5 000 000 d'unites de compte ne soit pas
réduit par cette extension de responsabilite. Des dispositions s'appliquent
au transport par mer et au transport par air [article 7 f] et les dépens et
intéréts sont dus en sus du montant des réeparations qui peuvent étre dues
au titre de la Convention, Selon 1'article 14,.1la Convention doit &tre ap-
pliquée sans aucune discrimination fondée sur la nationalité, le domicile

ou la résidence.

7. L'Annexe 1 a la Convention comporte les réserves de 1'Autriche, de
la Greéce, de la Norvege et de la Suéde considerant leurs lois nationales
sur le transport comme équivalentes aux accords internationaux en ce
domaine,

8. L'exposé des motifs, n° 35, deéfinit de fagon extensive ce qu'il faut
entendre par l'expression €accords internationaux en matiére de transport»,
11 s'agit des accords « sur la responsabilité civile pour les dommages causés
par un moyen de transport, ou relatifs & la collision des moyens de trans-
port ou. . . sur les connaissements»,

9. La Convention de Vienne comporte des dispositions trés voisines,
Ainsi, son article II, 5, dispose: «, . . aucune personne autre que 1'exploi-
tant n'est responsable d'un dommage nucléaire, Toutefois, la présente

On a vu que la loi frangaise ne conserve pas cette exclusion focheuse. Voir sur les autres législations
nationales, Bulletin de droit nucléaire, de 1'ENEA de 1'OCDE (decembre 1969) 32-33,
® Pour la critique d'une limitation aussi basse, voir Pierard, Responsabilite civile, énergie atomique
et droit comparé, Bruxelles (1963) 361.



182 DU PONTAVICE

disposition est sans effet sur 1'application de toute Convention internationale
de transport qui etait en vigueur ou ouverte a la signature ., . . lorsque la.
présente Convention a &té ouverte a la signature»,

10, On ajoutera qu'une recommandation adoptée par le Comité de Direction
de I'ENEA le 25 avril 1968 et un rapport du comité permanent sur la res-
ponsabilité civile en matiére de dommages nucléaires, d'avril 1964 (AIEA,
CN-12/SC 9; Bulletin de droit nucléeaire (avril 1970) 25, de I'ENEA de
1'OCDE), déclarent que les Conventions s'appliquent aux accidents et dom-
mages survenus en haute mer, dés lors que l'exploitant est soumis au
régime des Conventions,

11, Comme nous l'avons vu supra n° 6, ces differentes Conventions ont
pour objet de faire peser une responsabilité objective et limitee sur
1'exploitant de 1'installation nucléaire, 4 1'exclusion de toute autre personne.
C'est ce qu'on appelle le principe de «canalisation» de la responsabilite,

12, Or la réserve d'application des conventions et lois dans le domaine des
transports aboutit & maintenir, A coté de la responsabilité de 1'exploitant,
celle des transporteurs dont les navires sont impliqués dans le sinistre
d'origine nucleaire (art. 6-b) de la Convention de Paris et II, 5, de la
Convention de Vienne).

I1 en est résulté une désaffection des transporteurs maritimes pour
le transport de matiéres nucleaires, dont M. Lagorce rend compte dans
sa communication précitee, Ce probléme a &té jugée assez grave pour faire
1'objet d'un Symposium tenu 4 Monaco en octobre 1968 sous les auspices
de I'AIEA et de 'ENEA de 1'OCDES,

La large discussion & laquelle donna lieu le Symposium permit de
constater que, pour apaiser les inquiétudes des transporteurs maritimes,
il fallait décider qu'en cas de dommage nucléaire la responsabilité de
1'exploitant de 1'installation serait seule retenue a 1'exception de celle du
transporteur’,

13, On remarquera ici qu'en realite, seul le transport maritime posait
un probléme économique, Ni les transporteurs terrestres comme la Sociétée
Transnuclear assurée par un pool atomique, ni les transporteurs aériens

® OCDE, «La responsabilite civileetlassurance en matire de transports maritimes de substances nuclzaires>
(Symp. Monaco, 1968) AIEA/ENEA, Paris (1970), par divers auteurs dont — sur le probléme du conflit entre
conventions maritimes et convention nucléaire — Mlle Hardenne, MM, Lagorce, Vandenabeele, Warot, Strohl,E.
du Pontavice, Les articles précités de MM. van den Bosch, Rembauville-Nicolle, Bonassies et E. du Pontavice
figurent également au Bulletin du CMI (1968) 72 et's, Sur les travaux de ce Symposium, voir encore P, Reyners,
La responsabilité civile de 1'assureur en matiére de transports maritimes de substances nucléaires, Cahiers du
droit de 1'énergie atomique (octobre 1969) 83. Sur la bibliographie postérieure au Symposium de Monaco,
voir Note de 1'OCDE sur les principaux problémes de droit maritime soulevés par le transport de substances
nucléaires et rapport préliminaire de C, Legendre au nom de la commission internationale du CMI sur le
transport par mer des substances nucléaires, Bulletin CMI 1V (1969) 172 et s.; voir aussi Sigaudy et Warot,
La responsabilité civile en matiére de transport de substances nucleaires par mer, Droit Maritime Frangais (1969)
579 et (1970) 387,

Voir d&ji en ce sens Piérard, op.cit., p.479; aussi, R. de Smet, Droit maritime et droit fluvial

belges, Larcier, Bruxelles, t. I, n° 170 bis (1971) 232-233,
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de substances nucleaires® n'élevaient d'objection au régime des Conventions

de Paris et de Vienne. C'est-d-dire, par exemple, que le transporteur
aérien acceptait avec sérénité que lui fit appliquée le régime de la Convention
de Varsovie de 1929, modifiée par un Protocole de La Haye de 1955 que les
parties 4 la Convention de Varsovie n'ont pas du reste toutes ratifie, La
limitation de responsabilite en matiére de transport de personnes et de
marchandises est basée dans ces deux textes mais elle peut étre écartee
par la preuve du dol ou de la faute equivalente au dol dans le cas de la
Convention de Varsovie et de la faute inexcusable dans le second cas. Les
tribunaux aux Etats-Unis et en France écartent trés facilement la limite

de responsabilite, au moins lorsqu'il stagit de dommages survenus aux
personnes, Pour les transports de personnes en provenance ou a destina-
tion des Etats-Unis ou transitant par ce pays, les limites de responsabilité
sont plus élevées en vertu d'un accord de Montreal du 4 mai 1966; enfin

il faut signaler qu'un Protocole signé a Guatemala-City le 8 mars 1971
&léve encore la limite de responsabilité pour les transports de personnes
et ne prévoit plus d'exclusion de cette limitation?, mais ce texte n'est pas
encore entré en vigueur et ne le sera pratiquement que si les Etats-Unis
prennent 1'initiative de la ratificationl®,

D'autre part, les dommages causés au sol par les aéronefs font 1'objet
de Conventions de Bruxelles de 1933 et 1952 limitant la responsabilite de
1'aéronef, mais elles ont eu peu de succés et la France — notamment — ne
les a pas ratifieesll, En France, la responsabilite de 1'exploitant de
l'aéronef pour les dommages 4 la surface est objective et illimiteel?,

14, Au total, la responsabilité du transporteur aérien est donc plus lourde
que celle du transporteur maritime, au moins selon la pratique judiciaire
des Etats-Unis et de la France,

15, Néanmoins, seulle régime de la responsabilité du transporteur maritime
a entrainé des conséquences économiques. Pour donner satisfaction aux
transporteurs maritimes, trois solutions s'offraient: ou bien modifier les
Conventions nucleaires, ou bien modifier les Conventions maritimes, ou
bien créer une nouvelle Convention maritime spécifiant que 1'exploitant

de l'installation nucléaire serait 1'unique responsable du dommage nucleaire
a l'exclusion de la personne qui serait normalement responsable en vertu
d'une Convention maritime,

16, Le Comité Maritime International (CMI), qui avait participé au Sympo-
sium de Monaco, saisit de ce probléme les Associations nationales du droit
maritime. L'Association frangaise du droit maritime, pour sa part, ayant

® OMCI, Conféerence juridique internationale sur les transports par mer des substances nucléaires,
LEG/Conf. 3/3 (15 oct. 1971) Annexe II, p. 1-3 et 7, et Annexe 1V, p, 1-2,

® Sauf, selon la jurisprudence frangaise, en cas de dol du transporteur aérien,

% On trouvera ces textes et, le cas &chéant, 1'état de leurs ratifications, in Droit Européen des Transports
«Air Conventicns> (1972) 1 et s, .

' Voir ces textes in Nicolas Mateesco Matte, Traité de droit aérien-aéronautique, 26™€ &dition (1964)
889 et 896.

2 Article L.141.2 du code de 1'Aviation civile,
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étroitement collaboré aux travaux de Monaco, fut vite convaincue que,
pratiquement, on n'obtiendrait pas de modification des Conventions nu-
cleaires. La meilleure solution consistait donc & &laborer une nouvelle
Convention maritime,

17, La commission sur le transport de substances nucléaires créee au

sein de 1'Association francaise du droit maritime (AFDM) se rallia, le

12 janvier 1970, a la suggestion de 1'un de ses membres, consistant a

créer la Convention nouvelle sur le modéle de l'article 6413 de 1a Convention
sur le transport international des marchandises par chemin de fer, dite
CIM, dont la derniére version, signée a Berne le 25 fevrier 1961, est
entrée en vigueur le 1% janvier 1965 et a &té ratifiée par la Francelt,
I'article 64 dispose: «Le chemin de fer est decharge de la responsabilite
qui lui incombe en vertu de la présente Convention lorsque le dommage a

eté causé par un accident nucléaire et que, en vertu des prescriptions spe-
ciales en vigueur dans un Etat contractant réglant la responsabilite dans

le domaine de 1'énergie nucléaire, 1l'exploitant d'une installation nucléaire
ou une autre personne qui lui est substituée est responsable de ce dommage, »

18. En s'inspirant de ce texte excellent, la commission préecitee de 'AFDM
€labora une Convention de deux articles,

19, Puis, l'avant-projet fut précéedé d'un préambule, &laboré par le doyen
Chauveau le 27 janvier 1870, '

20, A l'issue de fructueuses discussions avec 1'OCDE, le projet du CMI
dans son dernier état, en juin 1970, comportait notamment l'article 1 suivant:
«Toute personne susceptible d'étre rendue responsable en vertu de toute
Convention maritime, est dechargée de cette responsabilité lorsqu'un dom-
mage a été causé en tout ou en partie par un accident nucleaire et que
1'exploitant d'une installation nucléaire est responsable du dommage en vertu
d'une Convention internationale relative a la responsabilite civile dans le
domaine de l'énergie nucleaire. »

21, L'OMCI fut alors saisie de cet avant-projet et ses travaux aboutirent
a la signature & Bruxelles, le 17 decembre 1971, de la Convention relative
4 la responsabilité civile dans le domaine du transport maritime de matiéres
nucléaires, non encore ratifiée,

C'est cette Convention dont nous allons analyser les effets sur le droit
maritime,

3 Voir ce texte: E, duPontavice, article précitée dans 1'ouvrage du Symposium de Monaco, p. 536; aussi,
commentaire Lagorce au m&me Symposium.

" Sur cette Convention, voir Rodiére, Manuel des transposts terrestres et aériens, n° 88 (1969); la
publication de la Convention a été faite, en France, par décret du 23 avril 1965, Recueil Dalloz, Paris,
L. 144 (1965); Répert. Dalloz de droit commercial, mise & jour 1972, verbo Transports ferroviaires, n° 132 et s.
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I. APPLICATION DES CONVENTIONS NUCLEAIRES
AU TRANSPORT PAR MER

22, Le préambule de la Convention de 1971 declare notamment: «La Con-
vention de Paris , . . et. . . la Convention de Vienne , , . prévoient qu'en
cas de dommages causes par un accident nucléaire survenu au cours d'un
transport maritime de matiéres nucléaires couvert par ces Conventions,
1'exploitant d'une installation nucléaire est la personne responsable de ce
dommage. »

23, 11 affirme donc que les Conventions nucléaires sont applicables au
transport par mer., Cette affirmation est due, comme on 1'a vu supra n° 19,.
au doyen Chauveau, En effet, celui-ci estimait que les Conventions ne se
pronongaient pas clairement sur ce point et il désirait donc que, a défaut
de preécision dans les Conventions existantes, le préambule précisat nette-
ment sur ce point le domaine d'application de la Convention!®,

24, Certes, comme il a &té dit supra n° 10, l'extension 4 la haute mer du
champ d'application de la convention ne résulte explicitement que de re-
commandations postéerieures, qui ne lient pas les parties d ces deux Con-
ventions., Elle figure également dans la Convention de Bruxelles du 31
janvier 1963 précitée, non encore entrée en vigueur,

25, Les Conventions, 4 notre sens, résolvent implicitement mais slirement
la question, En effet, elles definissent ce qu'elles excluent de leur champ
d'application; a contrario, ce qui n'est pas exclu est soumis a 1'empire

des Conventions, D'autre part, elles font fréequemment allusion, soit au
transport par meri® soit aux accidents survenus hors des territoires des
parties contractantes!’ alors que la Convention de Paris exclut de son champ
d'application la réparation des accidents survenus dans les territoires des
parties non contractantes: il ne peut donc s'agir que du transport par air

ou de transport en haute mer 18,

26, Ainsi, dés lors que la Convention de Vienne ne prononce aucune exclu-
sion, aucun principe du droit international ne permet de restreindre son
champ d'application aux dommages provoqués ou subis 4 terre, Mais, bien
plus, cette Convention, a4 maintes reprises, prévoit que le dommage peut
étre provoque et subi en cours de transport et cela sans aucune exclusion

du transport maritime!®, On peut méme ajouter que, lorsque l'article VI, 2,
prévoit le jet par dessus bord de la matiére nucléaire, la Convention vise
evidemment le traditionnel jet 4 la mer, celui-ci n'ayant existé qu'd 1'epoque
héroique pour les autres moyens de transport, avions et dirigeables au
début du siécle, trains des westerns talonnes par les Apaches. Si nous

nous reportons du texte frangais 4 la version anglaise qui fait également

foi (selon l'article XXIX), nous constatons que le terme «jet par dessus

15
16

Voir 16T et 48 alingas du préambule.

Article 7 f) de la Convention de Paris,

17 Article 13 b) de la Convention de Paris, .
13 1.a mer teritoriale suit le sort du territoire, selon I'exposé des motifs de la Convention de Paris,
Art, 11, 1b) IV; art. I, 1 ¢) IV; art,II, 2; art. I, 3 b); art.II, 5; art, III; art. IV, 5b) et 6;
art, 1V, 2,

19
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bord» est traduit par le mot «jettisoned». Or, en anglais, «jettison» signifie
exclusivement «jet (de marchandises) a la mer» et «to jettison» a pour seul
sens concret jeter la cargaison a la mer, Il faut du reste remarquer que

le terme en question est utilisé également dans la Convention relative &

la responsabilité des exploitants de navires nucléaires signée d Bruxelles

le 25 mai 1962: l'article V, 2, de cette Convention prévoit exactement dans
les mémes termes que l'article VI, 2, préecité de la Convention de Vienne,

la durée de la prescription au cas ol l'accident est dii 4 une matiére nucléaire
qui a fait 1'objet d'un jet. Or la version anglaise qui fait foi comme la ver-
sionfrangaise (art. XXVIII) emploie le terme «jettison» et la version fran-
¢aise le traduit correctement par le terme «jet & la mer», Nous pouvons
conclure que la Convention de Vienne, utilisant le terme «jettison» qui
appartient au vocabulaire maritime, & tout le moins n'exclut pas le trans-
port par mer de son champ d'application,

11 faut en dire autant de la Convention de Paris et de son Protocole
additionnel du 28 janvier 1964 independamment de la Convention complée~
mentaire du 31 janvier 1963 dont 1'article 2 précise 1'application en haute
mer: en effet, par exemple l'article 7 f) de la Convention de Paris fait
allusion au transport par mer et 1'article 8 b) fait allusion egalement dans
le méme contexte que la Convention de Bruxelles de 1962 et la Convention
de Vienne de 1963, au jet par dessus bord que l'anglais traduit par «jettison»;
au surplus l'exposé des motifs de la Convention de Paris, n° 35, prévoit
expressément un conflit possible, dont nous avons précisément & nous occu-
per, avec les accords internationaux sur les connaissements; c'est dire
que le transport maritime n'est pas hors du champ d'application de la Con-
vention de Paris indéependamment de la Convention complementaire du
31 janvier 1963,

Cette question avait &té agitee au Symposium de Monaco: le rapport
de M. Vandenabeele, « Problémes d'application en haute mer des Conventions
internationales sur la responsabilité civile dans le domaine nucléaire», et
le rapport de Mlle Hardenne, ne traitent que de la Convention de Paris et
estiment que cette Convention s'applique aux dommages subis en haute mer,
dans la mesure évidemment oll cette Convention est applicable. Nous avons
pensé qu'il faut en dire autant de la Convention de Vienne, On remarquera
du reste, a propos d'un probléme distinct, que 1'article I, 1 d) de la Conven-
tion de Vienne, prevoit que 1'installation nucléaire peut ne se trouver sur
le territoire d'aucun Etat, tout en &tant exploitée par un Etat contractant;
je pense que les rédacteurs ont voulu faire allusion ici non seulement & une
installation nucleaire sur les terres antarctiques, mais aussi a une installa-
tion qui serait exploitée en haute mer et notamment sur le fond des océans?20,

I1 est certain que ces deux Conventions ne peuvent pretendre couvrir
tous les cas ot un dommage est causé en haute mer, ne serait-ce que parce
qu'une Convention internationale ne peut s'appliquer que lorsque certains
critéres qu'elle détermine (Etat du pavillon, nationalité des victimes, par
exemple) sont reunis. Mais il s'agit 14 de 1'infirmité propre a toute Con-
vention internationale, spécialement importante lorsqu'elle n'est pas entrée
en vigueur (Convention de Vienne) ou lorsqu'elle bénéficie d'un petit nombre

20 Voir en ce sens les projets cités par le Dr. D.W. Bowett, <<Nuclear and thermal waste pollution: some
legal considerations>, in Water Pollution as a World Problem, Londres, (1970) p.22 et note 3.
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de ratifications (Convention de Paris), Comme une Convention de droit
prive, la Convention internationale, traite multilateral, obeit au principe
de la relativité des Conventions®!,

II, LES BENEFICIAIRES DE LA CONVENTION

27, Ce sont les transporteurs maritimes, Plus exactement, si on avait
voulu préciser, il aurait fallu en realite énumeérer les propriétaires et
copropriétaires de navires, armateurs, armateurs-gérants, affréteurs,
transporteurs, capitaines, membres de l'eéquipage, propriétaires de la
cargaison non nucleaire et leurs assureurs et toute personne, physique
ou morale, qui puisse leur étre assimilée selon la loi interne d'un Etat,

28. Il est donc préféerable d'avoir, dans l'article 1€¥, 1€r alinga, visé
simplement: «Toute personne, »22

III, CONVENTIONS INTERNATIONALES APPLICABLES
DANS LE DOMAINE DU TRANSPORT MARITIME,

29, L'article ler, alinéa 1, «toute personne qui, en vertu d'une Convention,..
ou d'une loi nationale applicable dans le domaine du transport maritime, est
susceptible d'étre rendue responsable , . ., ».

30. L'expression «dans le domaine du transport maritime», est reprise
de la Convention de Paris, article 6 b) («dans le domaine des transports»)
et de la Convention de Vienne, article II, 5.

31, L'exposé des motifs de la Convention de Paris énumeére trois catégories
d'accords ainsi visés:

— accords internationaux visant la responsabilité civile pour les
dommages causés par un moyen de transport;

— accords internationaux relatifs a la collision des moyens de transport;

— accords internationaux sur les connaissements.

32. Le projet de commentaires précité, page 1, énumére:
«a) la Convention de 1910 en matiére d'abordage;
b) la Convention de 1924 concernant la limite de la responsabilite des
_ proprieétaires de navires (révisée en 1957);
c) la Convention de 1924 en matiére de connaissement.»

33. Relevons une inexactitude: la Convention de 1924 concernant la limita-
tion de la responsabilité des propriétaires de navires de mer n'a pas éte
révisée par celle de 1957; il s'agit de deux Conventions successives sur

' E. du Pontavice, «La responsabilité civile et 1'assurance en matidre de transports maritimes de
substances nucleaires>, dans 'ouvrage du m&me nom (Symp. Monaco, 1968) IAEA/ENEA, Paris (1970)
532-533.

22 Voir en ce sens Projet de commentaires sur 1'article 1 du projet de Convention, OMCI, LEG/Conf. 3/3,
Annexe I, p,1.
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le méme sujet, la seconde remplagant et abrogeant, pour les relations entre
les Etats qui la ratifient ou y adhérent, la premieére, de telle sorte qu'un
Etat comme la France, qui a ratifié les deux Conventions, est tenu par
1'une et par l'autre selon que les intéressés appartiennent & un pays membre
de la premiére ou de la seconde Convention,

34. D'autre part, le commentaire précité reléve, comme le Symposium
de Monaco 1'a montré, que la liste des Conventions maritimes pouvant
entrer en conflit avec les Conventions nucléaires peut comporter d'autres
Conventions que les trois précitées.

35, En realite, les auteurs de la Convention de 1971 ont confondu deux
ordres de problémes: il faut en effet distinguer les Conventions dont
l'applicabilite a eté expressément reconnue par les Conventions de Paris
et de Vienne, et d'autre part les Conventions maritimes qui peuvent entrer
en conflit avec les Conventions nucléaires.

A. Conventions dont 1'applicabilite a etée expressément
réservee par les Conventions nucléaires

36, Il s'agit des accords internationaux dans le domaine des transports,
en l'occurrence dans le domaine du transport maritime (Conventions de
Paris, de Vienne et de Bruxelles 1971),

Le probléme ainsi posé est parfaitement résolu par la Convention de
Bruxelles de 1971, Puisqu'on déplorait que les Conventions de Paris et
de Vienne réeservassent expressement 1'applicabilite des Conventions dans
le domaine des transports maritimes, la nouvelle Convention précise que
celle-ci l'emporte sur ces accords; c'est ce que declarent les articles 1
et 4 de la nouvelle Convention,

De ce point de vue, il est indifferent que les exegétes ne soient pas
d'accord sur la liste des accords internationaux visées par les Conventions
nucleaires; ce sont en tout cas les mémes qui sont visées par la Convention
de Bruxelles de 1971, L'obscurite du texte des Conventions nucléaires est
maintenue volontairement, elle n'est pas aggravee,

On ne sait pas quels sont les accords internationaux visés mais on sait
qu'ils sont les mémes dans les trois Conventions,

B. Conventions susceptibles d'entrer en conflit
avec les Conventions nucléaires

37, Ce probleme distinct est normalement résolu par 1'article 4 de la
Convention de 1971,

Or le CMI, puis I'OMCI ont ici commis une erreur qui ne résultait
pas du texte primitif dd 4 la commission mixte CMI et ENEA-OCDE en
mars 1970,

La commission mixte avait propose un article 2 qui se lisait comme
suit: «La présente Convention l'emporte sur les Conventions maritimes
qui, & la date & laquelle elle est ouverte a la signature, sont en vigueur,
ouvertes, a la signature ., . ., , , mais seulement dans la mesure ol ces
Conventions seraient en conflit avec elle ., , . . »23,

% yoir Annexe III LEG/Conf. 3/3, OMCI, p. 3 et 6: note explicative soumise au comité juridique

de 1'OMCI par les delegations de la France et du Royaume-Uni.



























































































































































































































































































































































































































































































































































































































































































































