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The text of the sub-paragraph titled:
"Some noticeable trends during 1981" should be replaced by
the following:

"In 1981 France made impressive progress in its
nuclear installed capacity (8 new plants) from
14 GWe at the end of 1980 to 22 GWe at the end
of 1981 and has now become the second nuclear
country in the Western World. Japan added a new
1 GWe plant, bringing her total capacity to 16 GWe.
Following the outcome of the referendum in Sweden
in March 1980, work at various projects has continued
and three nuclear stations began commercial operation
in 1981. In Spain the .-first 900 MWe unit came on
line, bringing the total installed capacity up to
2 GWe. In Italy, the nuclear programme is beginning
to gain momentum; work on the plants under
construction in Montalto has been taken up again
and other provinces are showing interest in
nuclear power.

In the United States, the Administration issued a
statement on domestic nuclear policy, aiming at
improving nuclear power development. One of the main
objectives is to shorten licensing and construction
lead times for nuclear plants from 14 to 8 years.
The ban on commercial reprocessin has been lifted
and the Clinch River Breeder Reactor has obtained
an increase in budget. The most severe problem for
the US nuclear industry still lies in the raising
of the necessary funds for constructing new plants.

In the Federal Republic of Germany, the Government
stated its intention to reduce the time required for
noclear plant licensing. Nuclear power plants will
be standardized and experience in the licensing of
plants will be transferred between states (Ländern).
In November'1981, the Federal government issued the
third revision of its energy programme established
in 1973» with a more positive approach towards
nuclear energy."
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The Organisation For Economic Co-operation and Development (OECD) was set up un
der a Convention signed in Paris on 14th December, 1960, which provides that the OECD
shall promote policies designed:

— to achieve the highest sustainable economic growth and employment and a rising
standard of living in Member countries, while maintaining financial stability, and
thus to contribute to the development of the world economy;

— to contribute to sound economic expansion in Member as well as non-member
countries in the process of economic development;
to contribute to the expansion of world trade on a multilateral, non discriminatory
basis in accordance with international obligations.

The Members of OECD are Australia. Austria, Belgium, Canada. Denmark, Finland,
France, the Federal Republic of Germany. Greece, Iceland. Ireland. Italy. Japan. Luxem-
bourg, the Netherlands, New Zealand, Norway. Portugal. Spain. Sweden. Switzerland.
Turkey, the United Kingdom and the United States.

The OECD Nuclear Energy Agency (NEA) was established on 20th April 1972, replac-
ing OECD's European Nuclear Energy Agency (ENEA).on the adhesion of Japan as a full
Member.

NEA now groups all the European Member countries of OECD and A ustralia, Canada,
Japan, and the United States. The Commission of the European Communities takes part in
the work of the Agency.

The primary objectives of NEA are to promote co-operation between its Member
governments on the safety and regulatory aspects of nuclear development, and on assessing
the future role of nuclear energy as a contributor to economic progress.

This is achieved by:
— encouraging harmonisation of governments' regulatory policies and practices in

the nuclear field, with particular reference to the safety of nuclear installations,
protection of man against ionising radiation and preservation of the environment,
radioactive waste management, and nuclear third party liability and insurance;

— keeping under review the technical and economic characteristics of nuclear power
growth and of the nuclear fuel cycle, and assessing demand and supply for the
different phases of the nuclear fuel cycle and the potential future contribution of
nuclear power to overall energy demand;

— developing exchanges of scientific and technical information on nuclear energy,
particularly through participation in common services;

— setting up international research and development programmes and undertakings
jointly organised and operated by OECD countries.

In these and related tasks, NEA works in close collaboration with the International
A tomic Energy Agency in Vienna, with which it has concluded a Co-operation Agreement, as
well as with other international organisations in the nuclear field.

©OECD, 1982
Application for permission to reproduce or translate all or part of this publication

should be made to:
Director of Information, OECD

2, rue Andre-Pascal, 75775 PARIS CEDEX 16, France.
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HIGHLIGHTS

CURRENT MUCLEAR TRENDS

Persistent slackening of electricity demand
growth, coupled with the effects of energy substi-
tution and conservation, has continued to reduce
the demand for deployment of nuclear energy
within OECD countries. At the same time, changing
attitudes towards nuclear power have been noted
both at decision-making level and among the public.
This is due largely to the progressive recognition of
the fact that there are substantial economic bene-
fits resulting and available from nuclear generation
of electricity, and that there are no resource
shortages or technological reasons precluding it.
Specific structural and procedural impediments are
easing in several countries. However, in spite of
these developments, few practical decisions — ex-
cept in France— have been made which tend to
increase the projected nuclear contribution. On
balance, during 1981, the changes were such that,
on an absolute basis, nuclear growth is now
projected to be much less than previously indicated.
On a relative basis, nuclear energy continues itr.
impressive performance. Projections of relative
energy shares are ambiguous for the period after
1990 and reflect a considerable uncertainty in
several countries as to the appropriate role of
nuclear energy beyond the current construction
cycle. During 1981, the nuclear share of total
electricity production reached 13 % in the OECD
area, an increase of some 17 % over the previous
year. In five countries, the nuclear share was over
25 % : 38 % in France, 37 % in Swedsn, 34 % in
Finland, 29 % in Switzerland and 26 % in Belgium.
By 1985, the nuclear share in both France and
Belgium will exceed 50 %.

Safety, siting, radioactive waste management,
protection of the environment and public health

considerations are important technical areas of
concern which require continuous attention. In
addition, requirements in these areas are often
influenced by psychological and political considera-
tions, notably by the way in which risks associated
with nuclear energy are perceived. The nuclear
industry continues to suffer particular constraints,
such as long lead-times for licensing and construc-
tion of plants, and great financial burdens due to
high interest rates on the capital market. The
present and persistent industrial over-capacity in
most areas of the nuclear fuel cycle means that, in
the absence of firm commitment, this capacity is
being under-used and will be progressively wea-
kened.

Against this background, the Nuclear Energy
Agency initiated during 1981 a thorough review of
the objectives and scope of its programme with a
view to reinforcing co-operative efforts in support of
national technical policies which, in turn, could help
improve understanding of the factors underlying
nuclear power development.

RADIOLOGICAL AlUD EfW!ROJVJ!V1ENTAL
IMPACTS OF WUCLEAR ACTIVITIES

Revised Radiation Protection Norms were
adopted in 1981, jointly with three other interna-
tional organisations, to serve as a basis for legisla-
tive and regulatory developments in Member coun-
tries. Norms are derived from Recommendations
formulated by the international Commission on
Radiological Protection.

A programme was developed to formulate gui-
delines for long-term radiological protection objec-
tives concerning the management of uranium mill



tailings, and for criteria to be applied to tailings
retention and disposal systems.

To further R and D on disposal of solid radioactive
waste into continental geologic formations, a co-
operative project was started to investigate the
suitability of crystalline rock for isolating nuclear
waste, and an information retrieval system on
results of radionuclide sorption experiments was
developed. A programme of scientific investigations
was launched to increase the knowledge of the
oceanic processes which determine the behaviour
of low-level radioactive materials placed in the
marine environment.

NUCLEAR SAFETY RESEARCH
AND LICENSING

An NEA reactor Incident Reporting System was
made fully operational, to stimulate rapid exchange
of information and experience among operators,
and as a basis for identifying and understanding
generic safety problems. Work on analysing human
factors in nuclear plant operations included a review
of current approaches to selecting, training and
licensing operators, and evaluating and organising
their routine tasks.

Exercises were conducted on a wide international
basis to assess the validity of safety models and the
precision of their predictions, including thermal
hydraulic phenomena in the reactor coolant system
and containment, the modelling of accident conse-
quences and special criticality studies for handling
spent reactor fuel. A major programme was also
pursued on validating the reliability of different
non-destructive examination techniques of main
structural nuclear plant components.

In the field of nuclear plant licensing, NEA
organised a special meeting to exchange informa-
tion about nuclear emergency planning in Member
countries, which has led to a better appreciation of
differences in national practices in this area. This
will permit the improvement of planning in all
countries.

NUCLEAR DEVELOPMENT
AND FUEL CYCLE STUDIES

A new edition of the report on "Uranium:
Resources, Production and Demand" was finalised.
The report confirms that present production capa-
bility exceeds the currently projected uranium

requirements for most of the rest of the century. No
supply problems are foreseen at least until beyond
the end of the century, subject to a variety of
economic, technical and political factors. This
situation and low prices have created little incentive
to maintain or increase exploration expenditure,
which could affect longer term security of
supply.

In its recently completed report on the prospects
of nuclear energy and its fuel cycle up to the year
2025, NEA has examined selected aspects of the
supply outlook for source material and fuel cycle
services, on the basis of various nuclear power
growth estimates. As with projected uranium avai-
lability, there are no technical or industrial reasons
jvhy the supply of fuel cycle services should not
meet any realistic level of demand for the rest of this
century and well beyond. A large number of orders
will be required in the near term to meet projected
nuclear programmes. The timing of breeder reactor
introduction is more likely to be determined from
considerations of economics and national security
of energy supplies than from global resource
considerations.

To encourage the development of more efficient
exploration methods and instruments, eight colla-
borative research projects are in progress on R and
D in uranium exploration techniques. Information
exchanges have been intensified to improve the
economics of existing extraction and ore processing
technology. Particular attention has been paid to
methods aimed at reducing the potential environ-
mental impact of mill tailings.

JOINT UNDERTAKINGS

The Eurochemic Company, a Joint Undertaking
of NEA, continued its technical programme on the
conditioning and storage of medium level liquid
waste resulting from the operation and decontam-
ination of its reprocessing plant which was shut
down in 1974. The transfer of the ownership of the
site to Belgium was carried out in successive steps,
ending in December. Pending decisions over a
possible recommissioning of the plant by Belgium,
Eurpchemic ensures the maintenance and safety of
the site.

The Agreement on the OECD Halden Reactor
Project in Norway was renewed until 1984. The



co-operative research programme focuses on two
main areas: process control and supervision using
computer-based approaches, and fuel reliability and
safety, through research into fuel behaviour and
performance under a variety of conditions.

During eleven years of successful investigations
into the wholesomeness of irradiated foodstuffs,
the International Food Irradiation Project has pro-
vided the essential data on which a Joint
FAO/IAEA/WHO Expert Committee was able to
recommend the unconditional acceptability of irra-
diation as a food preservation process. This recom-
mendation is being submitted to Governments
through the procedures of the FAO/WHO Codex
Alimentarius Commission. Having successfully
completed its mission, the Project was terminated
in December.

NUCLEAR SCIENCE

NEA Scientific Committees have been active in
co-ordinating national research effort and ensuring
efficient presentation of results in nuclear data
evaluation and reactor physics. Work included
comparative calculations concerning fuel burn-up in
fast reactors and water reactors, and on reactivity
monitoring in fuel configurations to be found in
spent fuel storage and reprocessing plants. The
NEA Data Bank, which centralizes for western
Europe and Japan the collection, testing and
distribution of nuclear data and computer programs
in the field of nuclear energy, continued to refine the
presentation of a wide range of experimental and
evaluated data files needed in power reactor
design. Significant improvements have been
achieved in the quality and timeliness of computer
program information to user institutions.
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TRENDS IN
NUCLEAR POWER

During 1981, the general energy situation in NEA
Member countries was marked by a temporary
easing in oil prices and supplies, due to a variety of
structural factors, as well as to tangible results of
energy substitution and conservation measures. An
overriding factor, however, has been the persistent

slackening of electricity demand growth as a result
of higher energy prices and the continuing economic
recession. While these factors have influenced the
rhythm of deployment of nuclear power, they have
not altered the basic recognition of its role as an
essential component of energy supply for industrial-
ized contries. A number of major reviews have taken
place which have resulted in a confirmation of plans

The nuclfMi power plant under const'i.rtiun lit Paiuul Ifuinr.e) is exported tu be
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for further large-scale nuclear deployment, and in
some cases have led to recommendations for
further shifts towards nuclear energy production;
however, practical decisions in most countries have
not confirmed this judgement.

There are many indications that the future trend
should be towards much further nuclear deploy-
ment. In the United States, the Administration has
adopted an attitude of broad encouragement to the
nuclear energy industry and removal of obstacles to
its further development. In France, following the
parliamentary energy debate in the autumn, the
pace of development of nuclear energy has been
adjusted to account for revised projections of
economic growth and contributions from alterna-
tive sources, but the basic objectives of the existing
programme have been reaffirmed. In Italy and
Spain, long-standing impediments have been
removed and planning has been revised. In the
Federal Republic of Germany, the Federal Minister
of the Interior has given clearance, in principle, for
three new power stations. Meanwhile, in some
other countries, nuclear energy remains a central
theme in public and parliamentary discussions. For
example, in Belgium, an important energy debate is
expected in spring 1982, while in the Netherlands a
public debate is already under way.

In countries with established nuclear power
programmes, factors which have favourably
influenced this trend include the more efficient
working of the policy decision-making process and
generally, a clearer perception of nuclear matters in
those circles which influence opinion. Another
factor is the progressive acceptance of the fact that
there are no technical reasons why nuclear power
could not continue to expand at the present, or a
much more accelerated rate, and that there are
economic reasons why nuclear would be expected
to be the preferred course to follow. Electricity
produced from existing and projected nuclear plants
in general is much less expensive to produce than
that from fossil fuel plants. For comparison, nuclear
electricity costs represent only between 33% and
66% of the costs of electricity produced from oil
and between 50% and 80% of that produced from
hard coal.

However, in spite of changing attitudes towards
nuclear power and its fuel cycle, both at decision-
making level and among the public, the future

O i U i K i W u i H O U G H I I M t Of f S T I M A T E
C! IMiiCU-Af: C AHACiTlt-S i U l i Ot CD

\

for 2000

for 1990

\ \

trends of nuclear growth are projected to be much
less than previously expected. Installed nuclear
capacity in OECD countries has risen from a little
over 17 GWe in 1970 to some 134 GWe in 1981.
This is an increase in the nuclear share of electricity
from a little over 1 % to around 13% in that period.
Projections for the next 20 years now indicate
levels of installed nuclear capacity between 450
and 680 GWe, with a figure of about 500 GWe
being commonly used, corresponding to some 20%
of the total installed generating capacity in 2000.
The figure of 500 GWe is a quarter of what was
predicted as recently as five years ago. The Figure
shows how projections of installed capacity for the
OECD area have changed with time.

I
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FACTORS CONTROLLING
NUCLEAR ENERGY DEPLOYMENT

Although the technical and economic incentives
towards a renewed nuclear power growth are
generally recognized, several factors are at present
exercising constraining influences on its further
deployment. Each national programme is unique,
but can be affected to a greater or lesser extent by
these constraints.

Safety, siting, radioactive waste management,
protection of the environment and public health
considerations are technical areas of concern which
require continuous attention. These have significant
psychological and political influence, depending on
the perception of the risks associated with nuclear
energy activities.

Siting problems are especially acute in the
densely populated countries of Europe and in
Japan. There are sufficient sites available which are
technically suitable, but sites frequently meet with
opposition from the local population or from local
authorities. In an attempt to overcome this situa-
tion, several countries have proposed or have
introduced financial and other incentives in support
of local or regional development plans, such as
reductions in the price of electricity. In some
instances, this is viewed as a means to compensate
nearby residents for the inconvenience associated
with the industrial facility; in other cases, it is
viewed as permitting the local residents to have
preferential access to the economic benefit of
nuclear energy.

In some countries, and especially in the United
States, due to the high capital investment and the
long lead times for licensing and construction of
nuclear plants, great financial burdens and risks fall
on the electric utilities. The present high interest
rates are a particular constraint for many utilities,
which have to rely to a large extent on the capital
market. These constraints have led many utilities to
abandon plans to build new plants. In the United
States six orders were cancelled in 1981, while 44
power plants were delayed.

Following earlier forecasts of high nuclear power
growth, industry geared up to high capacity for the
production of both fuel and reactors with the result
that there is a large over-capacity in most areas of
the fuel cycle. Unless there are firm near-term
commitments, the resources of industry will be
under-used and will be dispersed. This problem also
arises in connection with uranium mining. The

imbalances in uranium supply and demand have
resulted in a depression in the price of uranium. If
these continue and demand remains slack, it is to be
feared that mines will close and exploration will be
cut back. This will lead to a loss of resources due to
the prohibitive cost of re-opening mines. The
significance of this is magnified by the lengthy lead
times involved in the discovery and development of
new deposits. Uranium exporting countries require
long-term assurances of demand in order to
develop their uranium industries in H stable and
timely manner.

Countries with small nuclear programmes, even if
highly industrialized, need a good assurance that a
sufficient supply of fuel and fuel cycle services will
be available throughout the lifetime of their reac-
tors. Normally their demand is too limited to permit
much diversification in sources of supply, and the
economies of scale often militate against the
construction of national enrichment and repro-
cessing plants. Therefore assurance of access to
supplies and services under appropriate safeguards
arrangements is important.

Public perception of the benefits and accepta-
bility of nuclear power is influenced in most Member
countries by spent fuel and radioactive waste
management issues. In some countries (e.g. Federal
Republic of Germany, Sweden, Switzerland), the
authorisation of new plants has been linked to the
requirement that satisfactory solutions for spent
fuel management and waste disposal can be
demonstrated, intensive national and international
efforts are currently under way to apply in practice
the various solutions which have already been
developed, either conceptually or at the pilot scale.
Typical deep underground repositories for various
types of geological formations have been defined
based both on generic concepts and field exper-
ience, and have been used to evaluate the safety of
this mode of disposal. Despite the progress being
made in the technical areas the perceived lack of
public acceptance often constitutes a major con-
straint to the near-term development of nuclear
power.

PROSPECTS IN THE SHORT
AND MEDIUM TERM

On 31st December there were 214 nuclear
power stations operable in the OECD area, 20 more
than on 31 st December, 1980. Of the newly
commissioned stations, eight are situated in

12



France, four in the United States, three in the United
Kingdom, two in Sweden and one each in Finland,
Japan and Spain. While in France six new orders
were placed, an equal number was cancelled in the
United States.

Some Noticeable I rends During 19S1

In 1981 France made impressive progress in its
nuclear installed capacity (8 new plants) from
14 GWe at the end of 1980 to 22 GWe at the end
of 1981 and has now become the second nuclear
country in the Western World. Japan added a new
1 GWe plant, bringing her total capacity to
16 GWe. Following the positive outcome of the
referendum in Sweden in March 1980, work at

various projects has continued and three nuclear
stations began commercial operation in 1981. In
Spain the first 900 MWe unit came on line, bringing
the total installed capacity up to 2 GWe. In Italy,
the nuclear programme i? beginning to gain mom-
entum; work on the plants under construction in
Montalto has been taken up again and other
provinces are showing interest in nuclear power.

In the United States, the Administration issued a
statement on domestic nuclear policy, aiming at
improving nuclear power development. One of the
main objectives is to shorten licensing and con-
struction lead times for nuclear plants from 14 to 8
years. The ban on commercial reprocessing has
been lifted and the Clinch River Breeder Reactor has
obtained an increase in budget. The most severe

SHARE OF NUCLFAR ENERGY FOR GENERA TING ELECTRICITY

1 1985

* «o ligures are available lor 19S5.
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problem for the US nuclear industry still lies in the
raising of the necessary funds for constructing new
plants.

In the Federal Republic of Germany, the Govern-
ment stated its intention to reduce the time required
for nuclear plant licensing. Nuclear power plants
will be standardized and experience in the licensing
of plants will be transferred between states (Län-
dern). In November 1981, the Federal government
issued the third revision of its energy programme
established in 1973, with a more positive approach
towards nuclear energy.

Nuclear Electricity

During 1981 nuclear installed capacity grew by
some 17% in the OECD area. This is a significant
improvement over the last three years (6% in 1980
and 2.5% in 1979). By the end of 1981 134 GWe
were in operation in OECD countries and this figure
may increase to some 220 GWe by 1985 and some

320 GWe by 1990. This corresponds to a 13%
annual increase between 1981 and 1985 and a
7.8% increase between 1985 and 1990, the
annual addition of nuclear stations being planned to
be 21 units per year in the first period and 20 units
per year in the second period. It is already some-
what doubtful, however, whether all the stations
scheduled for 1990 will be completed in time. The
planned number of some 20 stations completed per
year has to be set in relation to an estimated reactor
manufacturing capacity at present in OECD coun-
tries of about 50 or 60 power stations per year. The
nuclear share of electricity production increased to
13% for the whole 0ECD area in 1981. In three
countries, the nuclear share increased over the 30%
level: France 38%, Sweden 37% and Finland 34%.
For 1985 a share of 20% is foreseen and in 1990
this should attain some 25%. This is a relatively
modest objective involving average growth rates of
nuclear electricity production of some 15% until
1985 and of some 10% afterwards. However,
some countries plan to reach considerably higher
levels.

I



I
II

RADIOLOGICAL
AND ENVIRONMENTAL IMPACTS

OF NUCLEAR FUEL CYCLE ACTIVITIES -
A NEW ASSESSMENT

REASSESS5!\!G PRfORITIES

As with all industrial activities, nuclear power
generates undesirable by-products and environ-
mental penalties. In the case of nuclear energy, the
unique aspects are those associated with ionizing
radiation; particular measures must be taken to
protect workers, the general public and all living
organisms against the effects of this. Governments
have a prominent responsibility in regulating and
licensing the various activities of the nuclear fuel
cycle, and international co-operation has a particu-
larly valuable role to play in this connection; notably
in ensuring that the regional or world-wide dimen-

Table I

NEA's Programme Objectives
in the Field of

Radiation Protection and Public Health

OBJECTIVE 1: Provide a forum to exchange views and
information between national authorities
and to transfer experience between
Member countries on radiological issues
and national practices.

OBJECTIVE 2: Provide authoritative advice and prepare
reference material for use by national autho-
rities in those areas where international
consensus on radiological protection stan-
dards and practices is required, particularly
wherever the possibility of global and long-
term radiological impacts could arise.

OBJECTIVE 3: Promote international understanding and
guidance, in support of national authorities,
on issues of common concern regarding the
interpretation and practical application of
the ICRP Recommendations.

Table II

NEA's Programme Objectives
in the Field of

Radioactive Waste Management

OBJECTIVE 1: Promote studies and improve the data base
available to support national radioactive
waste management and demonstration
programmes.

OBJECTIVE 2: Contribute to the effectiveness of R & D
activities in support of national radioactive
waste management programmes and poli-
cies.

OBJECTIVE 3: Assist Member countries in improving the
level of understanding of radioactive waste
management issues and options, particu-
larly in the field of waste disposal.

sions of the technical and policy issues involved are
properly assessed and that solutions are based on
commonly accepted safety principles.

During 1981, the Nuclear Energy Agency ini-
tiated a thorough review of the broad objectives of
its radiation protection and radioactive waste man-
agement programmes, in the light of the most
pressing needs identified by its Member countries.
A summary of these objectives in shown in Tables I
and II. Both of the NEA competent Standing
Technical Committees, (the Committee on Radia-
tion Protection and Public Health and the Radioac-
tive Waste Management Committee) reviewed
critically their programme priorities and emphasized
the importance of co-operative efforts in support of
national technical policies, which in turn, could help
improve public understanding of the various factors
underlying nuclear power deployment.

15



DEVELOPING BASIC APPROACHES
TOWARDS PROTECTION AGAINST

RADIATION

General Studies on Radiation Protection and
on Radioactive Waste Management Ap-
proaches

Basic Radiation Protection Norms

In 1981, a joint study was completed by the
International Atomic Energy Agency (IAEA), the
World Health Organization (WHO), the Interna-
tional Labour Office (ILO) and NEA, which prepared
revised basic safety standards for radiation protec-
tion, reflecting and incorporating the new concepts
developed by the International Commission on
Radiological Protection (ICRP) in its latest major
recommendations issued in 19771.

These standards were adopted by the Steering
Committee for Nuclear Energy in October 1981 and
now constitute the NEA Revised Radiation Protec-
tion Norms, replacing those published in 1968.

This is the first time that the four international
organisations have adopted a common body of
radiation protection recommendations and guide-
lines as a basis for legislative and regulatory
developments in their Member countries. This
harmonised approach represents substantial sim-
plification compared with the previous situation.

To further the ICRP's recommendations em-
bodied in the revised basic safety standards, a
programme was launched in 1981 to assess
difficulties, both' in their interpretation and applica-
tion, that are being encountered by national autho-
rities. This work, aimed at reaching a common
understanding on those problems and their solu-
tions, may also help in identifying certain policy
implications, and will not only assist national
authorities in their continuing efforts to improve the
practical implementation of radiation protection
principles but will also facilitate informed discussion
on public acceptance issues.

1. The revised system of dose limitations developed in
ICRP Publication 26 and its underlying criteria, have been
briefly described in the Ninth Activity Report.

2. Objectives, Concepts and Strategies for the Manage-
ment of Radioactive Waste Arising From Nuclear Power
Programmes.

Technical considerations, notably those con-
cerning safety and waste treatment technology,
have always played a decisive role in guiding the
management of radioactive waste. However, non-
scientific factors, such as legal and financial
aspects, are becoming increasingly important in
shaping the future direction of radiation protection
and waste management strategies. There is also
frequent confusion concerning the reasons and
justification used in selecting waste management
options. NEA has initiated two general analyses to
respond to this situation and these will be published
in 1982/83.

The first study on "Legal, Administrative and
Financial Aspects of Long-Term Management of
Radioactive Waste" will set out the present under-
standing on these issues and practical experience to
date, as an aid to national authorities in defining
their regulatory policies. The report will analyse the
role of institutional controls in the overall safety of
waste disposal and storage systems, the need for
such controls after the operational phase of dis-
posal sites, the optimized duration of such controls,
and the respective responsibilities of government
and industry in planning and implementing waste
disposal schemes. Emphasis is placed on the need
to avoid relying on future generations to maintain
long-term surveillance of disposal sites. This study
should also assist member governments in the
development of the financial planning necessary to
ensure orderly management, as well as in eva-
luating suitable third party liability or compensation
systems in case of damage due to possible failure of
waste isolation systems.

The second study presents an overview of the
principles governing the disposal of radioactive
waste. Given the radiological characteristics of
waste and their potential effects on the biosphere,
the report places radioactive waste disposal in
perspective with the disposal of other types of
waste and discusses the various disposal
approaches and practical options available. The
emphasis is placed on the role of competent
national authorities in assessing the safety of
proposed disposal methods and in judging their
acceptability. These reports are designed to com-
plement another more technical report published
earlier by NEA2.
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A report, published in 1981 under the title "The
Environmental and Biological Behaviour of Plu-
tonium and Some Other Transuranic Elements",
puts into perspective the health hazards for man
resulting from exposure to plutonium and other
long-lived transuranium elements present in the
environment and in the food chain. It shows that
despite the rather large quantities of plutonium that
have been dispersed in the environment, mainly as a
result of atmosphere nuclear weapon tests, very
little has been incorporated, directly or indirectly by
man.

-l (• t u
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The extraction of uranium ore from the ground
and the associated milling activities present specific
radiation protection issues. In particular, the con-
siderable quantities of waste involved, which con-
tain low concentrations of certain radionuclides

such as uranium, thorium, radium and radon, may
constitute a potential source of low level exposure
over long periods of time. Agreed principles and
guidelines for the proper containment of large
volumes of mill tailings and the stability of disposal
systems are therefore necessary.

The primary objective of the NEA programme
under the Co-ordinating Group on the Management
of Uranium Mill Tailings is to examine the long-term
aspects of uranium mill tailings management, and
by applying the ICRP system of dose limitation (in
particular the principle of optimization of radiation
protection), to develop guidelines on the formula-
tion of long-term radiological protection perfor-
mance objectives and criteria for tailings retention
and disposal systems.

A significant part of the study is concerned with
the engineering aspects of tailings disposal,
focussing on the technology for the design, con-
struction, operation and decommissioning of tail-
ings facilities. It also considers criteria related to the

A e r i a l v i e w o f t h e c o n s t r u c t i o n o f u r f i m u m m i l l t a i l i n g s i n t e n t i o n p o n d b . i t r h e R n n q i '
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stability of waste disposal systems, environment
protection and land-use goals. A report is expected
to be completed towards the end of 1982.

=-; -i i> \ o '••<. c T s v i w A s T r

The fundamental basis of any radioactive waste
management programme is the protection of man
and his environment from radioactivity created in
the nuclear fuel cycle. Many countries are investing
substantial financial and manpower resources to
develop and validate methods for the treatment,
conditioning, storage and disposal of radioactive
waste. These methods must, of course, take
account of the diversity of physical and chemical
forms of the radioactive waste, and the fact that
they can be contaminated by - or contain - a wide
range of radionuclides at different levels of activity.
But in general, all management schemes considered
for adoption must balance cost, risk and environ-
mental detriment, bearing in mind available dis-
posal options. Against this background, specific
areas addressed by the NEA programme in 1981
included decommissioning of nuclear facilities and
the various options for the disposal of low - and
higher level radioactive waste.

Decommissioning of IMucifiai- Facilities

Exchange of Information

Since 1960, approximately 200 large nuclear
power plants and hundreds of supporting nuclear
facilities within the fuel cycle have been put into
operation throughout the world. Assuming a life-
span of 30 years, at least half of these new facilities
could be expected to be shut down or nearing the
end of their useful lifetimes by the end of this
century. A survey has therefore been initiated to
assess information that could be helpful to coun-
tries likely to be concerned with decommissioning
procedures. The survey is intended to provide
detailed data on the level of technology developed
so far, areas in need of further development and on
experience acquired to date.

Meanwhile, two areas identified as requiring
further R & D were the subject of experts' reports
published during 1981. The first report reviewed
the state-of-the-art in special cutting techniques

needed to disassemble large irradiated components
such as reactor vessels, their internal parts and
concrete shielding and containment walls. The
second report surveyed decontamination of nuclear
facilities prior to decommissioning. Any approach
chosen depends on the defined objectives, the
ultimate destination intended for the site and plant
equipment, and the effectiveness of chemical,
mechanical and elsctromechanical decontamina-
tion processes. The report assessed and compared
presently available methods of decontamination.

Decontamination Test Programme

During 1981, as a result of feasibility studies
undertaken by NEA for a decontamination test
programme at the Agesta reactor in Sweden,
several countries expressed a firm interest in
participating in this co-operative venture.

The Ägesta project is to be carried out in two
successive phases: Phase I is being devoted to
laboratory tests of a number of decontamination
methods proposed by four countries (the Federal
Republic of Germany, Switzerland, Sweden and the
United Kingdom) on samples taken from the Ägesta
reactor primary circuit and from typical structural
materials found in modern pressurized water reac-
tors; Phase II will consist of experiments on a real

I

One of the four steam generators of the Ägesta reactor,
Sweden Decontamination of the si earn gsner a tors is
planned in thf second pha=>e of the inier national pioject
under (NJEA aegis (Studsvik cnergneknik AS).
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plant scale within the Ägesta reactor primary
coolant loops. At the end of 1981 the detailed
technical and organisational planning of Phase I had
been completed and a scheme of agreement for the
formal setting up of the project was being consid-
ered in Member countries. Somo preliminary exper-
imental work has already been started. Phase I is
expected to take about eight months at a cost of
4 million Swedish Crowns (about 800,000 US dol-
lars).

i r . ' t u r i - c
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Multilateral Consultation and Surveillance
Mechanism

Amongst several options which are presently
available for the disposal of low-level solid wastes,
the dumping of packaged low-level radioactive
wastes into the deep ocean has been practised over
the last 35 years. Since the entry into force in 1975
of the Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter,
the so-called London Convention, this is the only
method of disposal which is subject to international
regulatory measures. Those OECD countries under-
taking sea disposal operations have, since 1977,
submitted their procedures to international review
and surveillance within the framework of the OECD
Multilateral Consultation and Surveillance Me-
chanism for Sea Dumping of Radioactive Waste.
Following Japan's accession to the Mechanism in
1981, there are now 21 OECD countries participat-
ing.

Two separate radioactive waste sea disposal
operations were carried out during the year under
the provisions of the Mechanism, respectively by

the United Kingdom, and jointly by Belgium, the
Netherlands and Switzerland. Data on these oper-
ations are summarized in Table III.

The disposal site for both operations was in the
North East Atlantic, defined as a rectangle bounded
by the co-ordinates 16° W to 17°3O' W and ten
nautical miles north and south of 46° latitude North.
The waste packages used for the operations were in
conformity with the design specifications defined in
the NEA Guidelines for Sea Dumping Packages of
Radioactive Wastes. The cargoes were safely
disposed of during operations prepared and exe-
cuted in accordance with internationally esta-
blished rules and procedures. NEA representatives
attending these operations were chosen from
France, Sweden and the United States.

Programme of Scientific Investigations

In order to better assess the impact on the
biosphere of radioactive contamination resulting
from sea disposal of low-level solid radioactive
waste, there is a need for more knowledge of the
oceanic processes which determine the behaviour
of radioactive materials placed in the marine envi-
ronment and their potential return pathways to
man. For this purpose, a programme of co-
ordinated scientific investigations related to the
North East Atlantic disposal site has been initiated
by NEA. The programme, which involves participa-
tion from 12 Member countries, is designed to
reinforce the scientific basis for future assessments
of the continued suitability of the disposal site, and
for developing a site-specific model that allows the
radiation exposure to man to be calculated with
greater precision.

As part of this exercice, a "Research and Envi-
ronmental Surveillance Programme Related to Sea

Table III

Quan'i'tsos <mrl Charfictoi istit s
of Packaged Soiid Lcw-Leutjj Radioactive Waste Dcmperi * 1 .'*

Gross
Weight
(Tonnes)

9,4341

Specific activity

IAEA limit for the purpose
the London Convention

Number
of

Containers

12,407

of

Alpha

2.117 Ci

0.22 Ci/t

1 Ci/t

Ra-226

60 Ci

0.006 Ci/t

0.1 Ci/t

activity \xrui ico/

Beta/Gamma
(excl. Tritium)

79,195 Ci

8 Ci/t

100 Ci/t

Tritium

74,371 Ci

8 Ci/t

1,000,000 Ci/t
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Disposal of Radioactive Waste" was published in
1981. To implement it, an Executive Group for
Research on Sea Disposal of Radioactive Waste has
been established. The Executive Group, consisting
of interested NEA Member countries with active
research programmes, and relevant international
organisations, directs and keeps the overall pro-
gramme and priorities under review, and co-
ordinates the contributions of Member countries.
The work is divided into five research areas:
physical oceanography, geochemistry, biology,
modelling, and radiological surveillance. The five
Task Groups set up for this purpose work on the
basis of a lead country approach and report their
findings to the Executive Group. This programme
will extend until 1984.

R e s e a r c h o r > . ' V ; i s t < " O , ' ; ; ' . • -..•'. • ' .• . • ,1

For high level waste, the option receiving most
attention is disposal into deep continental geologic
formations. All NEA Member countries with nuclear
power programmes are conducting national
research activities to evaluate the most appropriate
geologic disposal options for high level waste within
their national borders. Although the geology varies
from country to country, certain factors relating to
disposal in deep geologic formations are similar,
such as the interaction between waste and the host
media, the modelling of radionuclide migration, or
the problem of finding suitable repository sites and
the methodology for safety assessement. The NEA
programme is geared to providing a forum for
Member countries to interpret and develop a
consistent approach to the issues involved in
planning high level waste disposal.

Co-operative Projects

Following a Swedish initiative, an international
co-operative project to study the ose of hard
crystalline rock for isolating nuclear waste was
formally started in 1981 under the aegis of NEA.
The Stripa Project is being conducted in a depleted
iron mine located in central Sweden and has been
set up to run for an initial four-year period. The aim
of the Project is to develop techniques for deter-
mining regional rock mechanics, hydrologic and
geophysical parameters at potential waste reposi-
tory sites, in order to increase the knowledge of the
suitability of crystalline rock for final disposal of
radioactive materials. The management of the
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Stripa Project has been entrusted to Sweden's KBS
Company, with technical input and contributions of
operating funds provided by Canada, Finland,
France, Japan, Sweden, Switzerland and the United
States.

A detailed understanding and quantification of
radionuclide sorption phenomena is essential for
the assessment of the possible extent of radionu-
clide migration in groundwater from a repository.
Confidence in the long-term safety and accepta-
bility of particular sites for waste disposal is linked
to the ability to model such phenomena. The
International Sorption Information Retrieval System
(ISIRS) has been set up within NEA to develop a
computer-based system for storage and retrieval of
the results of radionuclide sorption experiments.

The project3 was inaugurated in June 1981, and is
based at the Battelle Pacific Northwest Laboratory
in the United States and has been established for an
initial two-year period. During 1981, computer
software systems have been adapted to the needs
of the international community, and specifications
for a common reporting format have been elabo-
rated. During 1982 the system will become avail-
able for selective retrieval of data from laboratories
throughout the participating countries.

Exchange of Information

Two workshops on geologic disposal were
organised during the year, one dealing with the
siting of repositories and the other with the
interaction of host media and waste forms.

A number of NEA Member countries are at
different stages of advancement in the process of
selecting, evaluating and characterizing sites for the
disposal of radioactive wastes in mined geologic
repositories. Although there is general agreement
on the broad aspects of the repository siting
process, international exchanges of views on the
details of the site selection and characterization
process are needed in order to facilitate under-
standing of different approaches. The Workshop on
the Siting of Radioactive Waste Repositories in
Geological Formations4 provided a forum for
national participants to review the various
approaches now in use, and to consider the data
required to determine site suitability and for
informing the public on the results of the site
characterisation process.

The disposal of radioactive waste in underground
repositories may itself create various phenomena in
the local host rock, and it is essential to check that
such phenomena do not affect the ability of the
geologic formation to isolate the radioactive mate-
rial for a very long time. Changes in the local or
near-field geological environment of a waste repo-
sitory, associated with the heat generation and
radiation field of radioactive waste, were the
subject of the NEA Workshop on Near-Field Phe-
nomena in Geologic Repositories for Radioactive
Waste4. The Workshop included reviews on rock

3. Eleven NEA Member countries participate in this project:
Canada, Finland, France, the Federal Republic of Germany,
Italy, Japan, the Netherlands, Sweden, Switzerland, the United
Kingdom and the United States.

4. The proceedings of these Workshops were published by
NEA in 1981.



mechanics in stressed and heated conditions,
thermally induced groundwater flow in fractured
rock, chemical changes to rock surfaces associated
with groundwater and changes in the thermal and
chemical environment, the chemical solubilities and
sorption properties of radionuclides, and the long-
term integrity of containers and packaging for
radioactive waste. These topics were reviewed with
the aim of understanding these phenomena and the
interaction between them, in order to build up
reliable models of the long-term safety of geologic
disposal of radioactive waste.

The biannual Newsletter on Radionuclides Migra-
tion in the Geosphere has continued to be published
in 1981. The Newsletter contains briefs from
contributions received from member countries and
is intended to help experts keep informed on work
being undertaken and results achieved in numerous

5. Participating countries: Canada, France. Federal
Republic of Germany, Japan, Netherlands, United Kingdom,
United States, and the CEC. Switzerland has an observer
status.

laboratories. The Newsletter is distributed to over
350 recipients around the world.

R & D activities to evaluate the technical feasi-
bility of using the sub-seabed for disposal of high
level radioactive wastes are co-ordinated by the
NEA Seabed Working Group5. The Group's Execu-
tive Committee and its seven technical Task
Groups, respectively involved in Systems Analysis,
Site Selection, Biology, Physical Oceanography,
Sediment and Rock, Waste Form and Canisters,
and Engineering Studies, continued to exchange
data and information and to harmonise each parti-
cipant's seabed disposal programme plans. A
five-year plan was initiated to provide coherent
direction for the participating countries and to
define areas of scientific interest for the period
1982-1986. An important element of the Group's
work was the co-ordination of national oceano-
graphic research vessel cruises to enable the
maximum scientific data to be collected without
duplication of research efforts.
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NUCLEAR SAFETY RESEARCH
AND LICENSING

JiViRODUCTIQtM

Improving international co-operation in nuclear
safety is one of the Nuclear Energy Agency's
principal objectives. The directing body in this area
is the Committee on the Safety of Nuclear Installa-
tions (CSNI). The safety technology programme has
gradually evolved from the traditional forms of
co-operation - exchanges and joint studies in
working parties and occasional seminars or confer-
ences — to having a greater content of co-operative
projects of a more operational nature. This trend
has accelerated during 1981.

As regards licensing questions, the CSNI Sub-
Committee on Licensing has traditionally provided a
forum for free discussion of regulatory issues of
particular interst to Member countries. In this field
too, the working approach and the degree of
penetration are also evolving, and the Sub-
Committee has begun to hold special sessions for
detailed review of important licensing questions
with a view to identifying the differences between
Member countries' approaches, and narrowing
these when possible.

As in the other main working areas of the
Agency, the objectives of the nuclear safety pro-
gramme were subjected to a thorough review in
1981. In general, a growing need was detected for
turning the rapidly accumulating operating exper-
ience of the some two hundred power reactors in
Member countries to the advantage of nuclear
safety. The current thrust on safety R & D for water
reactors was confirmed, while common technical
approaches will have to be sought, as well as the
maintenance of a basic technical consensus

between Member countries on nuclear safety
issues. Similarly, in the field of licensing, it was
confirmed that the stated objective of seeking
mutual understanding in the actions of national
licensing authorities should be vigorously pur-
sued.

LEARNING
REACTGH swaon-prs

The safety of nuclear power plants can only
benefit from a regular and free exchange of infor-
mation among operators about their experience.
The prompt circulation of this kind of information
can help prevent repetition of errors and mishaps;
similarly, compiling sufficient data about abnormal
events can facilitate the analysis and understanding
of generic problems.

These considerations have prompted the Agency
to set up the reactor Incident Reporting System
(IRS) which after a two-year trial period came into
full operation at the end of 1981. During its initial
phase, the system experienced a number of
teething problems but the number of reports being
sent through the IRS is now on a rising trend. By the
end of 1981, 141 reports covering 121 incidents in
twelve NEA Member countries had been exchanged
and filed through the system. The quality of the
reports filed and the promptness of reporting
remain somewhat uneven; steps are being taken to
improve the situation.

The system covers incidents in all types of
thermal reactors. In order to ensure consistency,
common reporting criteria were drawn up so that
only events with safety implications would be
reported, and minor incidents excluded. If an event
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occurs which meets the criteria, an initial report is
sent by the national co-ordinator to the NEA
Secretariat within a short time of the occurrence,
the Agency thus serving as a clearing house. The
report includes a description of the event, its
possible causes, remedial action taken or planned,
lessons learned, and the real safety significance of
the event. Access to IRS reports is limited to those
with a need to know in countries participating in the
system.

By October 1981 the IRS had assembled a
sufficient number of reports for an initial discussion
of generic safety problems to take place. A special
Analysis Group rapksd the reports into a number of
categories from which three incidents with major
safety significance were selected for a discussion of
their generic implications, within the Committee on
the Safety of Nuclear Installations. This analytical
procedure will be developed further as more reports
are entered into the system.

A W A I. Y S i K G H UIV) A. N
ilV SAFE PLANT OPh

*. C TORS

Analysis of the sequence of events in the
accident at the Three Mile Island nuclear power
station and similar chains of events identified in
retrospect elsewhere, has underlined the critical
role of the operator in any nuclear accident. Many
countries are now paying close attention to the
capabilities of plant operating staff, especially in
dealing with problems ranging from the routine to
the catastrophic.

O<j4jrat(.'rs' Trawung and O i!aSi5iC "̂_;O>".

A Specialists' Meeting was organised in Octo-
ber 1981 to review current approaches to select-
ing, training and authorising operators, and the
organisation of their tasks. This meeting, organised
in collaboration with the United States Nuclear
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Regulatory Commission and the Institute of Nuclear
Power Operations, broke new ground as an inter-
national survey of the importance of operator
performance to nuclear safety. It became clear that
many countries have not yet precisely defined the
role of the operator and the capabilities required.
For example, immediately after the TlVtl accident,
the opinion was widely expressed that nuclear plant
control rooms should be manned by graduates, but
discussions in the Specialist Meeting showed that
many people are unconvinced of the necessity of
such a policy.

The meeting also showed that, although wides-
pread introduction of control room simulators for
training operators would certainly be beneficial, it
would not magically resolve all the problems
attributed to inadequate operator performance. For
example, simulators are used to train the operator
in routine procedures, and identifying and dealing
with relatively minor problems. In real life, if an
operator is faced with some serious plant incident,
he may himself have to work out some of the
reactor conditions without the help of pre-analysed
accident scenarios. Training staff to handle such
situations is obviously fundamentally different from
that required for normal operation and minor
upsets, and several countries are now developing
computer models to enable simulators to reproduce
the complex physical conditions prevailing in
extreme operating conditions.

Licensing of Plant Operators

The licensing of plant operators by regulatory
organisations has so far been fr'sed largely on
empirical definitions of . i t operator's task, without
any objective evaluation of the demands of the job.
A number of countries now feel that the more
stringent regulatory requirements imposed since
the TMI accident may not be entirely coherent, and
occasionally either inadequate or excessive. As a
result, they are trying to place regulatory require-
ments on a sounder footing, having regard to
psychological, practical, and technical aspects.
Some of these developments explicitly involve
gauging the performance of operators, both indivi-
dually and as a shift team.

Evaluation of Routine Tasks

In a related field, an NEA Group of Experts has
developed for several years analytical methods and
data sources for evaluating routine human tasks,

not only for control room staff, but also for those
engaged in maintenance, calibration and testing of
equipment, in order to guide plant improvements
and quantify the risk involved in power station
operation. During the year, the Group issued a guide
to good practice in formulating and laying out
procedures for routine activities. A second guide
sets out the principles that must be respected in
quantifying the level of reliability attained in any
human activity.

Human Behaviour in Reactor Incidents

In another study, trial applications have been
made of a classification scheme for describing
human behaviour in reactor incidents. When com-
pleted in 1982, the scheme will be made available
to Member countries for use in national event
reporting schemes, so that in the long-term an
international body of compatible data on human
reliability based on real experience can be built up.
Two methods for estimating the adequacy of
human performance more quickly are also being
studied. The first involves combining the judge-
ments of a set of experts, and the second (specif-
ically applicable to an operator's task in reactor
control) involves recording various parameters of
people's reactions to a control room simulator.
These studies will be continued in 19826.

ASSESSING THE VALIDITY
OF SAFETY MODELS

The assessment and assurance of nuclear plant
safety squires an understanding and ability to
predict the plant disturbances resulting from
abnormal conditions. This entails the use of com-
puter codes based on physical laws and experi-
mental correlations. An enormous amount of effort
has been devoted to studying plant response in
detail and developing related codes. However, it is
not enough to develop codes: the precision of their
predictions must also be determined.

One method of code assessment that has proved
very valuable consists of the International Standard
Problem (ISP) exercises sponsored by the Com-
mittee on the Safety of Nuclear Installations. The

6. A number of these studies are supported by the
research programme undertaken at the OECD Halden Reactor
Project (see Chapter VI).
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organisations participating in these exercises com-
pare the predictions of their different codes with
each other and with experimental results. The
results of this comparison are discussed by partici-
pants in a workshop meeting where explanations
are sought for the deviations found.

The areas covered so far by International Stan-
dard Problem exercises are thermal hydraulic phe-
nomena in the reactor coolant system and contain-
ment, the modelling of accident consequences, and
special criticality studies.

Since the CSNI programme began, a number of
standard problem exercises have been carried out in
order to assess the large, complex computer
programs used for analysing the physical behaviour
of the water coolant in a reactor ("thermalhydrau-
lics"), especially for abnormal conditions. Two such
exercises were completed during 1981; they were
related to experiments conducted in research facil-

1 hti test faci l i ty for examining run famment pressure
>i;;ipi HSM-;n off ft _t;- dt I hü Tok;;i iVkrrfi rr-search ostabl ish-
n.urr. '<f -*,ti J,ip<!n At.un..- hn t rgy Research Inst i tu te

ities in the Federal Republic of Germany and the
United States respectively, experiments repre-
senting different degrees of rupture in the coolant
circuit leading to loss of water, followed by
activation of the emergency core cooling system
(ECCS). Other ISPs are at varying stages of execu-
tion and are based upon experimental work being
performed in Japan, the United States and the
Federal Republic of Germany.

Two similar exercises have been conducted for
the thermalhydraulic conditions in a reactor con-
tainment in the event of a loss-of-coolant accident
(LOCA). One of these, known as a benchmark
exercise, was an assessment of the numerical
methods used in computer programs that calculate
the heat transfer to the containment wall during an
accident. The second was a standard problem
aimed at testing the ability of current programs to
model the evolution of pressure, temperature and
water transport inside a containment during an
accident; the problem was related to experiments
carried out in a model containment in the Federal
Republic of Germany. More trials of this kind are
planned.

These exercises, by providing additional informa-
tion on the accuracy of modelling coolant flow
between the reactor containment compartments,
and heat transfer phenomena to the reactor con-
tainment walls during large-break Loss of Coolant
Accident (LOCA) situations, are paving the way for
the preparation of a State-of-the-Art Statement on
containment thermal-hydraulics during a LOCA.

T'-Br-s'Oiu Two-P'hjtso Ptti-.-v

Assuring the safety of a reactor requires a clear
understanding of the processes involved in the flow
of water through the coolant system and the
removal of heat from the fuel. When the reactor is
operating normally, these processes are fairly
straightforward. However the situation may be
complicated if sudden transients (or breaks) occur in
the circuit, when the coolant may become a
"two-phase" mixture of water and steam. It is not
possible for obvious reasons to run experiments in a
power reactor to study these phenomena, and they
are investigated instead in scaled-down test facili-
ties; the results of these experiments are then used
in the development of computer programs for
modelling the behaviour of the full-scale power
plant.



The first generation of these programs was
based generally upon empirical data rather than
detailed analysis. The more recent advanced codes
are entirely analytical and include for the first time a
comprehensive physical description of the phe-
nomena involved.

The development of these codes and the related
experiments were the subject of a Specialist
Meeting held in May 1981, where it was concluded
that code accuracy and modelling of phenomena
were sufficient for large-break loss-of-coolant acci-
dents. For small-break loss-of-coolant accidents
and transients, more work is needed to gain
experience with the codes and to provide code
assessment.

'iCC!l!-;<>1S

A large number of mathematical models have
been developed for calculating the offsite conse-
quences of potential accidents at nuclear power
plants. These so-called "consequence models" use
various techniques and assumptions to represent
the transport and dispersion of fission products in
the atmosphere, the exposure pathways and dosi-
metry modelling, variations in health effects, and to
calculate areas of land contamination. The variety
of approaches used result in differences in the

predictions of consequences. In an attempt to
determine just how closely consequence estimates
based on different models agree, a comparative
study has been under way since the beginning of
1980. About 30 organisations, representing 16
countries and the Commission of the European
Communities, are participating in the exercise,
which is structured like a complex form of standard
problem.

Participants in the exercise are required to
calculate consequences for a specific nuclear site,
and are provided with detailed data describing site
characteristics such as demography, meteorology
and topography. As regards the inventory of
radioactive nuclides present in the postulated reac-
tor, participants are provided with data that enable
all facets of the models to be tested and compared,
although not representative of any specific acci-
dent. Results will be available at the end of
1982.

Oii>o."!l"'j-' Guilds fa* H.-.''!.-i;!n; Sposu f t'i i!

The assessment of criticality codes is concerned
with the storage and shipment of spent fuel
assemblies. In order to verify by calculation that the
arrangements of spent fuel assemblies in a cask are
safely subcritical (i.e. that there is no risk of a
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Transpor ta t ion technology test on a shipping container A 22 metr ic tonne shipping cask "s ta l led" at <i IHJ!
struck by <J locomot ive travel l ing at 130 km ' h i (Sandiä National Laboratories)
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diverging fission chain reaction), a number of codes
have been developed. The calculations, which must
model the real geometry of the fuel rods, and the
effects of neutron reflectors and absorbers, fuel
enrichment and burnup, are very complex. More-
over, the different programs being used are based
upon slightly different neutron data sets and
employ different numerical methods.

When packages are shipped from one country to
another, the authorities in the country of receipt
may wish to satisfy themselves as to the technical
basis of safety certification in the country of origin.
Thus there is a need for an agreed method of
comparing and validating the computer programs
used for package design and certification. To
compare the predictions of currently used programs
with one another and with the results of experi-
ments, an ISP involving fourteen research organis-
ations in twelve countries was performed on them
during 1981. The results of a first series of
problems showed only minor differences between
programs, with the calculated values all being
within about 2% of the experimental results.
Supplementary problems performed "blind"7 gave
results that were finally consistent to within 3%.
This whole process has increased users' confidence
in the programs for reliably and accurately pre-
dicting the criticality margin designed into transport
casks.

The comparisons are now being extended in
conjunction with the IAEA to cover more complex
arrangements of containers.

Vafidatiom o? IMon-Destiructive Examination
Techniques

One of the main questions dealt with in the safety
technology programme is the integrity of reactor
primary coolant circuits; this involves joint studies
and research projects on the behaviour of struc-
tures, fracture mechanics, non-destructive exami-
nation and welding problems.

7. i.e. for which the participants were not provided with
the experimental results.

8. PISC — Plate Inspection Programme; Summary Report
published by OECD, 1979.

9. The PISC Project (EUR 6 3 7 1 ; 5 volumes) Full technical
reports published by the Commission of the European Commu-
nities, 1979.

Substantial advances are being made, in partic-
ular, in evaluating the reliability of methods of
non-destructive examination of reactor plant com-
ponents. During the period 1978-80 a project was
conducted within NEA to provide quantitative data
about the detection and sizing of defects, using
ultrasonic techniques, in thick welded steel plates,
containing natural and implanted artificial defects.
Three test plates were circulated by the Plate
Inspection Steering Committee (PISC) to ten coun-
tries in Europe and examined in turn by 34
inspection teams, using different techniques. The
ptates were then sectioned to determine what flaws
were actually present in the steel. The results of this
programme8'9 drew attention to certain shortcom-
ings in inspection procedures in common use in
Member countries. As a consequence, a second
project was launched in November 1980 with the
Ispra Joint Research Centre (JRC) of the Commis-
sion of the European Communities acting as Oper-
ating Agent to handle the detailed management of
the project.

The detailed plans for this second programme
provide for another "round-robin" test on four
plates which will be circulated to fifteen countries,
where they will be examined by some fifty inspec-
tion teams. The tests will be supported by a parallel
series of so-called parametric studies. The latter
innovation is the most marked advance over the
first programme. The intention is to make separate
investigations of the effect of certain parameters —
such as the position and geometry of defects,
equipment characteristics, the presence of clad-
ding, and residual stresses - on the reliability of
flaw detection and sizing. These studies will not
only increase the scientific content of the pro-
gramme but also provide a check on the validity of
the results of the round-robin. Testing began early
in December of this year and will continue until
March 1984.

ORGANISING THE SAFETY
RESPONSE TO SEVERE ACCIDENTS

A severe accident in a nuclear plant is often
referred to as being "beyond the design basis"; its
probability of occurrence is very low, and therefore
provision is not made to deal with it in the design of
the reactor.
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To be more specific, a hypothetical accident
exceeds the design basis when it involves failure of
a safety function without which it is no longer
possible to cool the reactor core by normal means.
If the safety function lost is the emergency core
cooling system, the result may be major core
damage or even a meltdown. An accident will have
even more serious consequences if it involves a
breach of the primary circuit, or worse, this and
leaks from the containment. Indeed, the degree of
severity of such an accident can be reckoned as the
extent of fuel damage and the extent to which
containment integrity is lost.

Senior Grou;j of fcuperfs

The problems of severe accidents needing to be
investigated relate chiefly to the real sequence of
events and, therefore, the action that can be taken
to interrupt the sequence, notably before core
damage occurs, or to mitigate the effects. This can
be achieved either through special design features
or simply through prescribed procedures to be
followed by the reactor operators.

During the year, the Committee on the Safety of
Nuclear Installations has set up a Senior Group of
Experts to examine national positions regarding
severe accidents, to consider how existing safety
features may be expected to respond, and to
identify the principal problems. The group is
expected to make practical proposals to the Com-
mittee which may cover improved procedures,
training operators to apply them, and possible
design improvements - and associated R & D — to
make the procedures applicable.

Fuel-Cooiant interactions (FCI)

A conceivable but extremely unlikely reactor
accident sequence consists of a loss of the reactor
coolant, followed by failure of the emergency core
cooling system. If this happens the reactor will heat
up and, if nothing is done, the fuel may ultimately
melt. In this event the reactor will contain two
different hot liquids, molten fuel and coolant, which
may interact causing violent vaporisation of the
coolant. The physical process in this so-called
vapour explosion is still not fully understood,
although it is a not infrequent occurrence in the steel
industry where it has often claimed lives.

Steam explosion test Five kilos of molten iron and alumina
dropped into water produced this effect (Sandia National
Labot atones}

It is highly unlikely that the conditions necessary
for a damaging vapour explosion to take place could
arise during an accident in a reactor cooled by water
or liquid metal. Nevertheless, researchers have
been trying for some years to develop a coherent
theory of vapour explosions to resolve lingering
doubts on the matter.

As part of a long-term programme in this field, a
joint interpretative exercise was organised in 1980,
in which more than twenty physicists each con-
ducted detailed theoretical studies of vapour explo-
sions induced in certain selected laboratory experi-
ments. After close comparison of their analyses,
the participants found it possible to agree in general
about the sequence of physical processes in large
FCIs. However, they concluded also that the fine
detail of the processes was complex and variable,
and would possibly never be unravelled completely.
The theoreticians nevertheless pointed out that
even lacking a full detailed understanding, it would
be possible to alleviate the safety analyst's concern
by finding a reliable way of predicting the extent of
FCI that could occur in a given situation.

Further work is now in hand: a second interpre-
tative exercise to determine reliable ways of trans-
lating to full scale the processes known to govern
explosions produced in the laboratory, and a new
review of safety implications.
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While the Committee on the Safety of Nuclear
Installations is concerned essentially with safety
research, the Sub-Committee on Licensing provides
a forum for free discussion of nuclear regulatory
questions. However, there is a trend towards a
degree of integration between them since the
driving force in some research areas - for example
fracture mechanics and non-destructive examina-
tions applied to pressure vessels — comes from the
licensing requirements that have to be met or from
the pressure to improve those that are inade-
quate.

In any event, the Sub-Committee's aim is not to
attempt directly to unify or harmonise the regula-
tory requirements laid down in Member countries,

but rather to generate understanding about them
and the actions and decisions taken. The value of
this approach was well illustrated in a special
meeting of the Sub-Committee held in 1981 to
exchange information about nuclear emergency
planning in Member countries. The discussions,
which ranged over both principle and practice,
showed that there were many (hitherto unsus-
pected) differences between countries' approaches.
Because the plans made for dealing with emergen-
cies are naturally related to national civil structures,
some variations in arrangements were to be
expected. However, differences emerged in basic
attitudes to emergency planning, the demands of
the licensing authorities, the extent of public
involvement, and the scale of the plans laid. It was
found that some of these disparities were of a
technical nature and could not be immediately
explained. The Sub-Committee is continuing its
analysis of emergency planning, in the first place to
review the present complex situation in detail.

I
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I
IV

NUCLEAR LAW

(INTRODUCTION

NEA's activities in the field of nuclear law, in line
with its statutory obligations, mainly cover third
party liability and insurance of nuclear risks as well
as dissemination of information on developments in
the regulation of the peaceful uses of nuclear
energy. In addition, the Secretariat provides advi-
sory services and legal assistance to joint under-
taking and international co-operation projects set
up under the aegis of the Agency. The Study of the
Legal, Administrative and Financial Aspects of
Long-Term Management of Radioactive Waste,
described in Chapter II, also contributes to the
evaluation of various features of nuclear law that
are particularly significant for future develop-
ments.

THIRD PARTY LIABILITY

Pending the effective adoption by the Council of
the revision10 of the Paris Convention of
29th July 1960 on Third Party Liability in the Field
of Nuclear Energy and the Convention, signed in
Brussels on 31st January 1963, the NEA Group of
Governmental Experts responsible for supervising
implementation of the special legal system esta-
blished by the Conventions, completed preparation
of the new edition of the Expose des Motifs of the
Paris Convention. The updated Expose des Motifs
will be the official commentary of the Convention
when the revised text enters into force; it was
approved by the Steering Committee for Nuclear
Energy in April 1981.

The Steering Committee also approved a recom-
mendation to the Contracting Parties to the Paris
Convention, concerning a problem of interpretation
of this Convention raised by delineation of the scope
of nuclear third party liability insurance and that of
insurance for property damage in connection with
damage caused to nuclear substances in course of
carriage. The new recommendation should help
nuclear operators and their insurers to clarify their
uncertainties on the conditions for cover of such
materials.

Also, the Group of Governmental Experts has
begun studying the practical and psychological
problem caused by the existence in many traditional
insurance policies (motor-vehicle, fire, life insu-
rance, etc.) of a clause excluding the various risks
connected with radioactivity. This clause is justified
in part by the fact that the nuclear third party
liability Conventions provide for the absolute lia-
bility of the nuclear operator and also that adequate
insurance coverage exists, which, in principle,
should do away with the need for covering such
risks in traditional policies. However, in addition to
the fact that in certain circumstances there may be
inadequate insurance coverage for small risks, this
policy may give laymen the wrong impression that,
due to their nature, nuclear risks were uninsurable.
The NEA has therefore undertaken, with the assis-
tance of the Governmental Experts and in collabo-
ration with the insurance organisations concerned,

10. The main purpose of this revision, which was des-
cribed in NEA's Eighth and Ninth Activity Reports, is to increase
substantially the maximum amount of compensation for a
nuclear incident.
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to remedy this situation and to provide the public
with more comprehensive information.

INFORMATION ON NUCLEAR LAW

Dissemination of legal information through NEA
channels is achieved in several ways. Besides
publication twice a year of the NEA Nuclear Law
Bulletin, which offers up-to-date information on
nuclear laws and regulations throughout the world,
the Agency contributes to the IAEA's International
Nuclear Information System (INIS). For this pur-

11 . Australia, Austria, Belgium, Denmark, Finland, France,
Italy, the Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland, Turkey, United Kingdom.

pose, NEA collects and processes data on nuclear
law from its interested Member countrie ,11 and is
progressively building up a nuclear law data base in
the System for all the countries concerned.

In the framework of its activities connected with
promoting and harmonizing legislative work and
regulatory policies in its Member countries, NEA
sponsored the Congress of the International
Nuclear Law Association which was held in Palma
de Mallorca (Spain) from 27th September-
1st October 1981. The topics reported on at the
meeting concerned in particular the impact of
nuclear energy on the environment, radioactive
waste management, nuclear equipment supply
contracts, third party liability and insurance of
nuclear installations.
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V

NUCLEAR DEVELOPMENT AND
FUEL CYCLE STUDIES

THE INTERNATIONAL APPROACH
TO NUCLEAR FUEL CYCLE

Within NEA's work programme, great emphasis
is placed on the systematic collection and assess-
ment of technical information and data concerning
nuclear power and the nuclear fuel cycle. This work
is guided and co-ordinated by the Committee for
Technical and Economic Studies on Nuclear Energy
and the Fuel Cycle - in short the Fuel Cycle
Committee or FCC.

Following an in-depth review by the Steering
Commitee for Nuclear Energy of the broad orienta-
tions and strategies of the Agency's activities in this
field, the main objectives of the work were defined
under three main headings (in descending order of
priority):

— Assessment, as a foundation for policy dis-
cussions in competent bodies, of the tech-
nical and economic implications of possible
nuclear contributions for overall energy

Estimated total world uranium reserves
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supply; and identification of existing and
potential impediments to nuclear power
development and nuclear fuel supply and
demand.

- Collection and assessment of data on the
short and potential long-term demand for -
and availability of — uranium and fuel cycle
services.

- Assistance to technological co-operation in
areas of reactor development and the nuclear
fuel cycle.

In addition, to enhance the value of this work to
national authorities, expert analyses are being
planned, of the policy implications to be drawn from
the results of these activities, for the benefit of
decision-markers.

Meanwhile, the major part of the work of 1981
was devoted to the following activities:

- Evaluation of uranium resources and
demand;

- Identification of future sources of uranium
production;

- Long-term prospects of nuclear energy and
the fuel cycle;

- Co-ordination of R & D in uranium explora-
tion techniques;

- Collection of information on developments in
uranium extraction technology.

EVALUATION Öl UMANiUfv'i
RESOURCES AMD J-'RODUCTION

By December 1981, a new edition of the joint
NEA/IAEA Report "Uranium Resources, Production
and Demand", commonly known as the Red Book,
had been prepared for publication. This report,
which is a product of the continuing co-operation
developed between NEA and IAEA in this field,
includes contributions from fifty countries.

While there has been only a very small change in
the overall level of the resources reported since the

NtA IAEA CLASSIFICATION SCHEME FOR URANIUM RESOl'hTSS

DECREASING CONFIDENCE IN ESTIMATE

ESTIMATED
ADDITIONAL
RESOURCES

SPECULATIVE
RESOURCES

ESTIMATED
ADDITIONAL
RESOURCES

WSfRVBft

ESTIMATED
ADDITIONAL
RESOURCES

SPECULATIVE
RESOURCES
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last edition of 1979, significant variations have
been noted in their geographic distribution, in
particular in the case of the Reserves12 (see
Table IV).

Reasonably Assured Resources (RAR), recover-
able at costs of less than $ 130/kg U, have shown
an overall decrease of nearly 300,000 tonnes
uranium (11%) in the last two years to a level of
2.3 million tonnes. One of the reasons for this has
been the high rate of uranium production which
exceeded 80,000 tonnes during the last two years,
but in addition inflation and increased real costs of
production have moved resources into cost catego-
ries higher than $ 130/kg. Major decreases in RAR
were reported by Sweden and the USA while Brazil,
France and Canada reported significant increases.

Between January 1979 and January 1981
uranium resources in the Estimated Additional
Resources (EAR) increased by 270,000 tonnes to a
level of 2.7 million tonnes. Large increases in the
resources in this category were reported by Aus-
tralia and South Africa.

Uranium production increased in 1980 to a
record level of 44,000 tonnes of uranium. The
major producers were the USA, Canada, South
Africa, Namibia, Niger and France. Other significant
producers were Gabon and Australia. All the major
producers have planned to further increase their
production facilities during the next five years to
almost double the present production levels. How-
ever, most of these planned facilities will not
operate at full capacity in the absence of increased
market demand.

At the present time, uranium production exceeds
reactor requirements and could, on the basis of the
potential of planned facilities, continue to exceed
these requirements for the rest of the decade.
Beyond 1990, production from presently estimated
resources could, given the necessary incentives,
rise to cover expected demand beyond the
year 2000 or, in the case of relatively low nuclear
power growth or the introduction of more fuel
efficient reactors, well into the next century. In
other words the resources already discovered could
support sufficient uranium production to meet
demand for at least another 20 years.

However, it is expected that, by the end of the
decade, the present over-supply situation will give
way to a more balanced relationship between
supply and demand. In addition, there is a variety of

Countries

Australia
Brazil
Canada
France
Gabon
Namibia
South Africa
USA
Others

Table IV
URANIUM

(x 1000

1977

289
18

167
37
20

f Qf\ß

> JOb
523
289

(18)
(1)

(10)
(2)
(1)

(19)

(32)
(17)

RFSERVrS

tonnes U)

1979

290
74

215
40
37

117
247
531
299

(16)
(4)

(12)
(2)
(2)
(6)

(13)
(29)
(16)

1981

294
119
2 3 0

59
19

119
247
362
298

(17)
(7)

(13)
(3)
(11
(7)

(14)
(21)
(17)

Total 1,650 1,850 1,747

Values in brackets are the % of World total reserves.

economic, technical and political factors that could
constrain the production and availability of uranium
from known deposits.

The fact that prices are low and production
exceeds demand has created little incentive for
companies to maintain or increase expenditures on
uranium exploration. This is reflected in the levels of
expenditure on exploration, which have fallen
slightly since 1979. Planned expenditures indicate
that further decreases can be expected. The report
expresses concern that, in spite of the present
over-supply situation, any prolonged slackening in
the pace of exploration could adversely affect
longer term uranium supply security, and urges
governments to adopt consistent long-term policies
on nuclear energy growth to improve the stability of
the supply industry.

THE POTENTIAL FOB
FURTHER DISCOVERIES

The International Uranium Resources Evaluation
Project (IUREP) was set up in 1976 under the
NEA/IAEA Steering Group on Uranium Resources
to improve knowledge of potential worldwide
uranium resources by identifying areas favourable
for additional uranium deposits and, if possible, by
stimulating exploration in these areas. The first

12. Reasonably Assured Resources recoverable at costs
below $ 80/kg U.
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phase of the project, which included a systematic
review of the geological literature on 185 countries,
culminated in 1980 in the publication of a report
entitled "World Uranium, Geology and Resource
Potential".

As a follow up to this first phase of the project,
missions, usually consisting of two or three uranium
exploration experts, have now been sent, under the
separately financed IUREP "Orientation Phase"13 to
twelve of the countries identified as having
potential for further uranium discoveries14. Reports
on the missions to Austria, Finland and Norway
were published during 1931; other reports on the
countries visited so far are in various stages of
preparation and will be published during 1982.
Several further missions are planned before the
completion of the Orientation Phase, scheduled for
the end of 1982.

NUCLEAR f IV PuY A-\iD
ITS FUEL CYCLE ASSESSING

THE NEXT FIFTY YLARS

In view of rapid changes during recent years in
the perceived nuclear energy outlook, notably

13. Participants in the IUREP Orientation Phase: France,
Federal Republic of Germany, Italy, Japan, the Netherlands,
United States and the Commission of the European
Communities.

14. Countries visited during 1981 were: Peru, Zambia,
Venezuela, Madagascar, Sudan and Thailand. All missions to
non-OECO countries were carried out in close collaboration
with the IAEA.

15. See Table V.
16. See above section. "Evaluation of Uranium Resources

and Production".

frequent and significant downward revisions of the
installed nuclear capacity estimates, NEA has
finalized a new report entitled "Nuclear Energy and
its Fuel Cycle: Prospects to 2025", also known as
the second Yellow Book. On the basis of estimates
of the growth of nuclear power, the report examines
selected aspects of the supply outlook for uranium,
thorium, heavy water, and fuel cycle services, as
well as possible courses for reactor systems
development in the light of the projected availability
of and demand for nuclear fuel and fuel cycle
services.

1 '\a l\!oar-Te*T'

The extent of nuclear generating capacity until
1990 can be estimated with reasonable accuracy,
since it will be mainly composed of stations already
operating or under construction15. The great
majority of this projected capacity consists of
light-water reactors, whose discharged fuel will not
be reprocessed before 1990. No difficulties are
foreseen in the supply of uranium16 and heavy
water, and the enrichment capacity in operation or
planned within OECD at the end of the decade
should be ample. By then, fuel fabrication capacity
will need to double, but the short lead times for
such plants indicate that there is no need for
concern.

The Mid Tmm

The rate of expansion of nuclear generating
capacity during the decade 1991-2000 is less
certain, although many countries are actively
developing plans for this period15.

As in the near-term, the bulk of the nuclear
capacity would consist of water reactors, and many
countries may not reprocess their spent fuel. Some
countries may experience difficulties in the storage
of spent fuel unless adequate storage at and away
from reactors and possibly long-term repositories,
are built in a timely manner. Many countries can be
expected to reprocess at least some of their spent
fuel, to provide plutonium needed in the
deployment of advanced thermal and fast breeder
reactors.

There should be no technical or institutional
problems in meeting uranium demand in this decade,
although constraints other than those of a technical
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nature (e.g. political, financial) could arise. Simi-
larly, adequate facilities for the supply of heavy
water, enrichment, or fu al fabrication services could
be developed without major difficulties during the
period, as the lead times are short compared to
those for reactor projects.

For the period 2001-2025, there are large
uncertainties concerning the overall level of nuclear
power demand, the mix of nuclear power techno-
logies and the level of resources to meet this
demand. Since the 21st century may well be
characterized by dwindling oil and gas resources
and an improvement of the living conditions in the
currently less developed countries with large and
rapidly growing populations, the pressures will be
great to switch to more abundant sources of supply
such as nuclear power, coal and renewable energy
resources.

As shown in Table V, a continuing expansion of
electricity use beyond 2000 can therefore be
assumed, especially in the OECD area, together
with a considerable reliance on nuclear power to
support this expansion. In addition, the use of
nuclear power as a direct heat source can be
expected especially towards the end of the per-
iod.

In the world outside the centrally planned econ-
omies area, new nuclear power stations would be
commissioned at the rate of 30-50 GWe per year in
2000 and 50-130 GWe per year in 2025 (including
replacements of stations at the end of their
lifetime). Past experience suggests no serious
difficulty in achieving the lower of these ranges; the
high end of the range would require a doubling of
current manufacturing capacity by 2025.

Uncertainty inevitably surrounds the mix of
reactors that will be installed post-2000. Looking
from the uranium demand perspective, cumulative
production from current estimates of Reasonably
Assured Resources and Estimated Additional
Resources is unlikely to be sufficient to satisfy
needs to 2025, let alone for the lifetime of the
reactors that may be commissioned by that time.
Consequently, a significant world contribution from
thermal reactors would be limited to decades,
whether or not uranium and plutonium recycle is
considered. Undoubtedly, additional supplies of
uranium from speculative and higher cost resources
will become available in due course, but it is not
certain that annual supplies could be maintained at
the level of 130 thousand tonnes, which is pro-
jected as being technically attainable based on the
present resource base.



Period

Regions

OECD Europe
OECD America
OECD Pacific

OECD Total
Developing WOCA

WOCA 138

Table V

981

56
63
15

134
4

low

142
138
51

331

1990

30

<_ ' T •, N o i

v) /v'OCP

high

157
156
53

366

GWc .

low

223
185
89

497
88

2000

high

317
235
131

683
138

2025

low

457
289
169

915
396

high

91 1
643
360

1,914
880

361

Low National Estimate-High National Estimate to 1990;
Low Projection-High Projection after 1990.
WOCA: World Outside Centrally Planned Economy Areas.

396 585 804 1.311 2,794

A release from the potential constraint on
uranium supply could be assured by the installation
of fast breeder reactors and the use of fertile
thorium in association with heavy water reactors.
Neither thorium nor heavy water supplies need pose

a technical problem in the long-term, though
demand for both could increase considerably if
reactors using them were extensively deployed.
Unless reactors of very low enrichment are
adopted, demands for separative work will expand
on the same scale as uranium needs post-2000;
there is little problem foreseen with this, or with
providing fuel fabrication for water reactors, since
lead times are relatively short, and the industry can
expand to keep pace with demand.

The reprocessing industry will have to expand
considerably if breeder reactors (or thermal recycle
including the use of thorium) are to be employed
widely in the post-2000 period; there is no reason
to believe that the necessary expansion could not
be achieved.

Provision of the necessary facilities for spent fuel
storage, plutonium storage, and waste vitrification
and storage need pose no technical difficulty, but
non-technical aspects will require careful consider-
ation.

SUPPORVthu !«ORF
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To meet the needs of the uranium industry for
more efficient exploration methods and instru-
ments, the programme of the NEA/IAEA Joint
Group of Experts on R & D in Uranium Exploration
Techniques is directed towards improving the rate
of discovery of uranium deposits and increasing
knowledge of the size of the uranium resource base.
The group is at present co-ordinating eight research
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projects17, the main achievements of which will be
reviewed at a major Symposium to be held in 1982.
Meanwhile, two further issues of the Newsletter on
R & D in Uranium Exploration Techniques which
contain progress reports on the co-ordinated
research projects have been issued and distributed
to 63 countries.

In recent years, an increasing number of coun-
tries have begun regional uranium exploration
involving the compilation of radiometric data from

17. The eight research projects under way on R & D in
uranium exploration techniques are concerned respectively
with: uranium favourability by mineral analysis, gases in
uranium exploration, improvements in the measurement of
natural gamma radiation, borehole logging, uranium in granites,
recognition of uranium provinces, biogeochemical exploration
for uranium, non-radiometric subsurface geophysical techni-
ques in uranium exploration.

The proceedings of a Meeting on uranium exploration case
histories was published by the IAEA in 1981 on behalf of the
Joint Group of Experts.

many sources. Lack of appropriate standardization
and calibration of instruments used for the detec-
tion and assay of uranium mineralisation detracts
considerably from the reliability and value of the
vast quantities of data being collected and ana-
lysed. Following a Workshop organised by NEA and
IAEA, recommendations were made concerning the
calibration of total-count gamme radiation instru-
ments and uniformity in the reporting of data
collected during gamma radiation surveys. These
recommendations were endorsed by NEA Member
countries and organisations are now being encour-
aged to implement them.

As a result of studies by a NEA/IAEA Working
Group on borehole logging, the problems of
assigning values to the model holes used for
calibrating the borehole probes and the consequent
discrepancies in the readings obtained have been
recognised as being greater than had previously
been thought. The probes are used in many contries
for estimating uranium resources and further work,
which should lead to more accurate calibration, is
being given high priority by the Group.



IMPROVING EXTRACTION
TECHNOLOGY

In recent years, with the decreases in the price
that uranium producers can expect to get for their
product, the main efforts in the field of uranium
extraction have been aimed at improving the
economics of existing processes rather than devel-
oping methods for the recovery of uranium from
lower grade ores.

During 1981 the major task of the NEA/AIEA
Working Group on Uranium Extraction has been to
collect information from all major producing coun-
tries on the present operating practices and the
most recent developments in extraction technology
for a report on the topic to be published in
1982.

As input ,rto the work of the Agency's pro-
gramme on the management of uranium mill
tailings, the Working Group sponsored a Work-

shop18 on methods which are presently being
studied to improve ore processing techniques with a
view to reducing the potential environment impact
of mill tailings. While the participants felt that mill
tailings released under present technology did not
present an environmental hazard, it was agreed
that some alternative technologies, if successfully
developed, may in certain specific cases eliminate
the need for possible future remedial action. The
technologies discussed included thickening of the
tailings prior to discharge, physical segregation of
ore or tailings into fractions, respectively rich and
poor in radionuclides, and concentration and isola-
tion of contaminants. The increase in production
costs would vary from one technique to another but
would be in the range of $ 2 to $ 25 per kilogramme
($ 1 to $ 10 per Ib) of uranium produced. A report
on the Workshop is being prepared for publica-
tion.

18. Workshop on Ore Processing/Tailings Conditioning,
Fort Collins, Colorado, 28th-29th October 1981.

Aerial view of the uranium extraction plant. Ranger project. Australia
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VI
JOINT UNDERTAKINGS

Eurochemic

Eurochemic'9 continued to execute its technical
programme aimed at the conditioning and storage
of medium-level liquid waste resulting from the
operation and decontamination of its reprocessing
plant which was shut down in 1974. By the end of
1981, the Company's bituminization facility had
produced a total of some 7,900 drums, incorpo-
rating some 1,400 m3 of medium-level waste
streams, which were stored in special bunkers
on-site.

The Convention concluded with the Belgian
Government provides that the ownership of Euro-
chemic's industrial site shall be transferred to a new
company to be constituted by the Belgian Govern-
ment and industry, which would operate the site
and complete the works not terminated by Euro-
chemic. This company has not yet been created,
pending the debate of the Belgian Parliament on the
country's future energy policy and in particular on
the resumption of reprocessing activities in Bel-
gium. Meanwhile, the ownership of the site was
successively transferred to the Belgian State; the
last transfer took place on 17th December 1981.
On the same date, to account for the uncertainty

19. The European Company for the Chemical Processing of
Irradiated Fuels was set up as an OECD joint undertaking in
1957 at Mol in Belgium by thirteen Member countries: Austria,
Belgium, Denmark, France, Federal Republic of Germany, Italy,
the Netherlands (which withdrew in 1975), Norway, Portugal,
Spain, Sweden, Switzerland and Turkey (which withdrew in
1980). The Company ceased reprocessing operations in 1974
but its duration has been extended until 1982 to enable the
Company to carry out a technical programme to meet its
remaining legal obligations.

over the recommissioning of the reprocessing plant,
the Belgian Government and Eurochemic concluded
a Protocol which fixes rl >e conditions of execution of
the Convention for a period ending on 31st De-
cember 1983 at the latest. Under the terms of the
Protocol, Eurochemic will, on behalf of the Govern-
ment, assure the management, maintenance and
safety of the site, and will pursue the execution of
the medium-level waste treatment programme.

Under the Convention, the new company (or, in
case of a negative decision on reprocessing, a body
to be designated by the Belgian Government) will
condition and store, on Eurochemic's behalf, the
latter's high level liquid waste resulting from the
reprocessing of highly enriched uranium fuel. To
that effect, the Government has concluded two
contracts, one with the French Commissariat ä
I'Energie Atomique (CEA) on access to and use of
the latter's vitrification process developed at Mar-
coule, and the other with the Societe Generale pour
les Techniques Nouvelles (SGN) on the design,
construction and putting into service of a workshop
(Atelier de Vitrification Beige - AVB) using that
process.

The Company's high-level liquid wastes resulting
from the reprocessing of fuel elements containing
natural or slightly enriched uranium will be vitrified
according to the PAMELA process, under the terms
of an agreement concluded with the Deutsche
Gesellschaft für Wiederaufarbeitung von Kern-
brennstoffen (DWK). On 8th September 1981, the
cornerstone of the PAMELA demonstration facility
was laid and the civil engineering works have made
good progress. This facility is mainly financed by
the Federal Ministry for Research and Technology in
Germany.
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The present three-year Agreement on the OECD
Halden Reactor Project20 expired at the end of
1981. Agreement has been reached by the partici-
pants to continue the Project during the period
1982-1984.

Process Control

During the year, the co-operative research pro-
gramme21 at the Halden Project has continued
investigating the merits of a variety of computer-
based approaches to meeting reactor control and
instrumentation needs, and has developed proto-
type programmes for several specific applications.
The Project has designed an alarm handling system
which makes use of computers to reduce the large
number of alarms often present in control rooms.
Other research, in collaboration with Austrian and
Swedish participants, has focussed on procedures

used to define operability and repair strategies for
reactor protection systems. These procedures can
also be used to investigate the consequences of
planned maintenance.

Work has been put into developing a computer
programme for reactor core surveillance. A limited
version of the system has been produced, and a
demonstration prototype will be completed in
1982. Other recent work has demonstrated the
practicability of two methods for controlling and
predicting the power distribution in a reactor
core.

In the field of operator-process communication,
the Project has investigated the relationship
between operator performance and computer-
based communication equipment like colour dis-
plays and consoles. Systematic studies have been
carried out at the Project's Experimental Test
Facility on how to use computer-based displays in
control rooms; relevant recommendations have
been developed and tested.

Basic studies on human factors and the role of
the operator in nuclear power plants have resulted
in a model of how the operator's mental image of
the process and the operational state develops.
These studies have led to proposing methods for
analyzing implications of process automation levels
for the operator's role. The work so far has
confirmed that there is a need to improve the
balance between the operator's tasks and level of
automation.

20. The Halden Project dates from July 1958, when the
Boiling Heavy Water Reactor (HBWR) at Halden, south of Oslo,
built and owned by the Norwegian Institutt for Atomenergi
(now the Institutt for Energiteknikk), became a Joint Under-
taking of the Agency. Signatories to the present Agreement are
— besides the Norwegian Institutt for Energiteknikk — the
Austrian Forschungszentrum Seibersdorf GmbH, the Central
Electricity Generating Board of the United Kingdom, the Danish
Energy Agency, the Finnish Ministry of Trade and Industry, the
Italian Comitato Nazionale per I'Energia Nucleare, the Japan
Atomic Energy Research Institute, Kernforschungsanlage
Julien GmbH (representing a German group of companies
working in agreement with the Federal Ministry of Research
and Technology), the Netherlands Energy Research Founda-
tion, Studsvik Energiteknik AB of Sweden, and the United
States Nuclear Regulatory Commission. Other United States
organisations — Combustion Engineering Inc., the Electric
Power Research Institute, Inc., and General Electric Co. —
participate as associated parties.

21. Detailed technical descriptions of the activities at
Halden may be found in the annual reports on the Project
published by the Nuclear Energy Agency.
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Fuel Behaviour

The other major area covered by the Halden
programme concerns research into fuel behaviour
and performance under a variety of conditions.
Major progress has been made in defining the
effects of various mechanisms which influence fuel
behaviour. This has been accomplished by means of
in-pile fuel experiments, using a total of 45 test rigs
developed at the Project. Three in-core loops were
used for experiments simulating the operating
conditions encountered by light-water reactor fuels
during normal steady-state operation, transients,
and early phases of a LOCA (loss of coolant
accident).

Fuel modelling activities have been pursued to
ensure that the Project's experimental data are
effectively and correctly analyzed for participants'
use. The data obtained have been used to develop
correlations and codes describing the various pro-
cesses which influence fuel behaviour. In this way,
models have been developed or extended for
processes like heat transfer and fission gas rel-
ease.

internat ional Food Irradiation Project

Given the serious problem of feeding the world
population, any economically viable process that
will increase the supply of wholesome food
deserves careful consideration. In that regard,
irradiation has been shown to be a promising
treatment. Its use for the disinfestation of grain, to
arrest the process of ripening in fruits and sprouting
in vegetables avoids the use of chemical preserva-
tives and pesticides, some of which are known to be
harmful, a matter which is of particular concern the
health and environmental authorities. However,
objective scientific evidence is required to enable
the health authorities to make an informed judge-
ment on whether irradiated food may be accepted
for human consumption. It is therefore a particularly
appropriate subject for study at rhe international
level.

22. During its lifetime, the Project has been suported by
organisations in the following 26 countries: Australia, Austria,
Belgium, Brazil, Canada, Denmark, Finland, France, Federal
Republic of Germany, Ghana, Hungary, India, Iraq, Israel, Italy,
Japan, the Netherlands, Norway, Portugal, South Africa,
Spain, Sweden, Switzerland, Turkey, the United Kingdom and
the United States.

Bagged potatoes being processed through the irradiation
plant. CNEN-CSN. Casaccia. Roms

Under the sponsorship of the OECD Nuclear
Energy Agency (NEA), the International Atomic
Energy Agency (IAEA) and the Food and Agriculture
Organization of the United Nations (FAO), the
International Project in the Field of Food Irradiation
was established eleven years ago to undertake
investigations into the wholesomeness of irradiated
foodstuffs22.

A variety of irradiated food products were tested
in laboratories under Project contracts. In parallel,
investigations into food testing methodology were
carried out at the Project's laboratories at the Host
Centre in Karlsruhe (Federal Republic of Germany).
The Project's programme of wholesomeness
testing studies has been substantially guided by the
findings and recommendations of Joint
FAO/AIEA/WHO Expert Committees on Irradiated
Food. The 1980 Joint Expert Committee was able,
following examination of the wholesomeness and
related data provided by the project on a variety of
irradiated foods, to recommend the general accep-
tability of food irradiated up to an average overall
dose of 10 kGy (1 Mrad) which provides a dose-
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range suitable for treating most foods entering into
national and international trade. The Project's main
objective having been successfully achieved, the
Board of Management decided that the Project
should terminate on 31st December 1981.

The findings of the Joint Expert Committee are in
due course expected to be translated into recom-
mendations to governments through the Codex

Alimentarius Commission procedures which govern
international trade in food commodities. Mean-
while, it will be necessary for increased attention to
be given to an examination of the technological,
legal, market research and other aspects concerned
with the commercialization of irradiated foods and
these are being considered by the IAEA, FAO and
WHO as the basis ror new international initia-
tives.

45



NUCLEAR SCIENCE

Policy decisions in nuclear energy are strongly
dependent on the underlying technical and other
constraints, and in the fast-developing priority
areas of the Agency's work, the contribution of
basic science may be as essential as the engineering
solutions to the real technical problems remaining in
these fields. While progress in basic science is only
partially a matter of policy, coordination of research
effort and efficient presentation of results is an
essential role which for NEA Member countries is
conveniently and economically carried out by the
NEA Committee on Reactor Physics (NEACRP), the
NEA Nuclear Data Committee (NEANDC) and the
NEA Data Bank. The Data Bank centralizes for
Western Europe and Japan the collection, testing
and distribution of nuclear data and computer
programs in the field of nuclear energy.

f\!EA SCIENTIFIC COMMITTEES

Research Coordination for Nuclear Data and
Reactor Physics

The two committees have by convention a rather
stable membership, allowing discussion of impor-
tant scientific and technical issues warranted by the
development of research at national level. These
reviews over one or more years are frequently
followed by specialists' meetings and workshops
with the aim of comparing methods and the results
obtained for very specific problems.

Commit tee on Reactor Physics (WEACRP)

Particularly for thermal reactors, physics aspects
of core behaviour can, in general, be predicted to
high accuracy in normal operating conditions. This
is done by making use of large computer codes
developed and refined over many years, and of data
sets adjusted to conform to measurements in
critical assemblies and reactors. The areas of
confidence are being extended by a continuing
series of comparative benchmark calculations: six
problems were under study in 1981, one con-
cerning fuel burn-up in fast reactors and the
remainder on Pressure Water Reactor and Boiling
Water Reactor calculations. Current study topics in
NEA priority areas are reactivity monitoring in
subcritical out-of-pile configurations (important for
spent fuel storage and reprocessing), and the
improvement of energy release predictions from
decay heat in reactors after shut-down. A special-
ists' Meeting on Reactor Noise (SMORN-III), held in
Tokyo in October 1981, confirmed progress in
practical application of noise analysis for in-core
monitoring. The proceedings of this meeting will be
published in 1982.

ftluclear Data Commit tee (IMEANDC)

The past few years have marked a phase of
consolidation in experimental neutron physics.
Some older experimental facilities have been closed
down, while resources have been concentrated on a
small number of upgraded or new facilities. A great
many nuclear physics publications have appeared
during this time, mainly to take stock of measure-
ments performed on this new generation of accel-
erators. Following publication, early in the year, of
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the first title of the NEANDC monograph series on
"Nuclear Fission and Neutron-Induced Fission
Cross-Sectons', preparation of the second and third
titles was well advanced in late 1981, on "Neutron
Radioactive Captu> e" and "Neutron Sources". The
more intensive activity in data measurement is
linked to the "super-priority" list of desired data,
co-ordinated by NEANDC, and the Committee has
sponsored two benchmark studies during 1981 in
nuclear theory applied to the estimation of cross-
sections where reliable direct measurements are
not available. A review meeting on "Fast Neutron
Scattering in Actinides" was held in late 1981.

PJEA DATA BANK

Broad Support Services for Wuelear Energy
Applications

The Data Bank at Saclay, France, is a service
centre to sixteen Member countries (in Western
Europe and Japan)23. As a regional centre, it has
close working relationships with US centres for
computer codes and data, as well as with IAEA, and
through that Agency, with corresponding centres in

The CRAY I super-computer is used regularly by the Data
Bank It is a high-speed computer capable of up to
100 million anlhmetic operations per second (DOC.
CIS 11

USSR. This group of information centres, with the
overall aim of making nuclear science data and
calculation techniques available over the full range
of activities covered by the Agency, may be
considered as message concentrators in the net-
work of countries with an operational or near
operational interest in nuclear power reactors.

Computer Program Services

The Data Bank centralizes all request from users
in its membership region for programs originating
either in that region, or in North America. These
computer codes are in turn requested from their
authors or from a US code centre, installed and
tested usually on one of the large computers of the
Compagnie Internationale de Services en Informa-
tique (CISI) at Saclay, "packaged" with documen-
tation, and master-filed for distribution to users.

In 1981, some 90 new packages were master-
filed and a similar number of obsolete programs
removed to archives. A total of 1,200 packages
were sent out to users, including 220 to non-OECD
countries under a service arrangement with IAEA.

A major effort is being made to improve the
quality and timeliness of program information to
user institutions and during 1981 two fully revised
and complete volumes of computer program
abstracts were sent out to all OECD countries
concerned. These were drawn from an integrated
Data Base of all information held about program
contents, user requirements, and progress in test-
ing, completed and updated during that year.
Preliminary work was started on testing important
European and Japanese safety programs particu-
larly likely to interest users in the United States.

Wuciear Data Services

The Data Bank maintains a wide range of the
experimental and evaluated data files needed in
power reactor design, and approximately 150
customer requests were answered in 1981, many
of them for very large data sets. Development work
has continued in refining the presentation of data
output: in particular, an Index was published to the
full collection of evaluated neutron cross-section

23. Austria, Belgium, Denmark, Finland, France, F.R. of
Germany, Italy, Japan, the Netherlands, Norway, Portugal,
Spain, Sweden, Switzerland, Turkey, United Kingdom.
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Physicists and programmers at the Data Bank provide a
professional service to specialists in nuclear physics and
reactor physics over a wide range of data and program
applications (DOC CISII

files, which can be selectively searched, so that
comparative plots of experimental and evaluated
data can now be produced routinely.

In line with NEANDC's "stocktaking", the Data
Bank took part in the organisation of benchmark
comparisons of nuclear reactor codes, and of a
"blind" calculation exercise for average resonance
parameters. Both these studies have resulted in
marked improvements in the codes available.

The Data Bank has been mandated by the
Steering Committee for Nuclear Energy to explore
the feasibility of establishing a Joint Evaluated
Neutron Data File, composed of existing evalua-
tions recommended by a Scientific Coordination
Group, and to be made available to all participating
countries.
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VIII
ORGANISATION AND

ADMINISTRA TION

STEERING C
! O R muc i f A

,V>T7T_£-

The Bureau of the Steering Committee for
Nuclear Energy was composed of Mr. H. Murata
(Japan) — Chairman, and Messrs. J. Cunningham
(Ireland) and V.O. Eriksen (Norway) - Vice-Chair-

The Steering Committee for Nuclear Energy held
two sessions respectively in April and Octo-
ber 1981. At the invitation of the Japanese Gov-
ernment, the meeting in April was held in Tokyo. It
was followed by a Special Symposium organised by
the Japanese authorities in consultation with NEA,
on the theme of the contribution of international
co-operation for the development of nuclear

The Steering Committee for Nuclear Energy met in Tokyo on 7th-8th April 1981 at the invitation of th« Japanese
Government
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energy. The purpose of the Symposium, which was
attended by some 180 participants including the
members of the Steering Committee, was to
deepen the understanding of the current status of
nuclear energy in NEA Member countries, to review
the factors underlying the implementation of
national programmes, and to investigate avenues to
enhance the role of international co-operation in
supporting these programmes.

Following the decision taken in 1980 regarding
the general orientation of the Agency's pro-
grammes and objectives, the Steering Committee
took steps during 1981 to develop as a forum for
high level exchanges at technical policy level. As a
first step, the Committee launched a systematic
review of the strategies and programmes of its
various standing technical committees24, with a
view to placing emphasis on the policy significance
to be derived from the results of the technical work
under way.

24. See the detailed Organisation Chart showing NEA's
Committee structure.

The Committee also supported a more prominent
role for NEA as a contributor to improved public
understanding and acceptance of the technical
aspects of nuclear energy. The programme of
publications was reviewed in the light of this
objective. It was decided that a primary goal should
be to provide national policy-makers and opinion-
formers with better access to the results of NEA
work through concise and analytical publications
intended to facilitate decision-making at national
level on relevant technical policy issues. A particular
effort will also be devoted to general public
information material.

STAFF

Mr. ,an G.K. Williams, who had been appointed
Director General of the Agency in May 1977,
retired towards the end of the year. His successor,
Mr. Howard K. Shapar took up his duties in Jan-
uary 1982.

The personnel establishment of the Agency in
1981 was 84 of which 58 were employed in the
Secretariat (including 28 professional staff) and 26
(including 14 professional staff) in the Data
Bank.
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BUDGET

The total appropriation authorized for the
Agency for 1981 amounted to 33.5 million francs
of which 22.0 million francs represented the appro-

priation for personnel. The difference between the
above amounts and the corresponding figures for
1980 is due to increases in price levels.

The fÜEA Budget

1980 1981

Secretariat

Data Bank

TOTAL

a) In million French Francs.

Total"
Appropriations

18.9

9.9

28.8

Appropriations
for staff"

13.4

5.9

19.3

Total"
Appropriations

22.6

10.9

33.5

Appropriations
for staff"

15.2

6.8

22.0
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ANNEX!

List of Workshops, Specialist Meetings and Symposia organised during 1381

CSNI Specialist Meeting on Transient Two-Phasa Flow,
Pasadena, California, United States, 23rd-
25th March 1981.

Workshop on Siting of Radioactive Waste Repositories
in Geo log ica l F o r m a t i o n s , Paris, 19 th -
22nd May 1981.

Workshop on the Comparison of Calculations for CSNI
Containment Standard Problem 2 (CASP 2), Munich.
Fed. Rep. of Germany. 25th-26th May 1981.

Workshop on the Comparison of Calculations for the
CSNI International Benchmark Exercise on Conse-
quence Models, Paris, 3rd-5th June 1981.

IAEA/NEA/CEC International Symposium on Migra-
tion in the Terrestrial Environment of Long-Lived
Radionuclides from the Nuclear Fuel Cycle, Knoxville,
Tennessee. United States, 27th-31st July 1981.

SMIRT (Structural Mechanics in Reactor Technology)
Seminar on Assuring Structural Integrity of Steel
Reactor Pressure Boundary Components, Paris, 24th-
25th August 1981.

Workshop on Near-Field Phenomena in Geologic Repo-
sitories for Radioactive Waste, Seattle, Washington,
United States, 31st August-3rd September, 1981.

CSNI Specialist Meeting on Operator Training and
Qualifications, Charlotte, N.C., United States, 12th-
15th October 1981.

IAEA/NEA/WHO/ICRP International Symposium on
tha Application of the Dose Limitation System in
Nuclear Fuel Cycle Facilities and Other Radiation
Practices, Madrid, Spain, 19th-23rd October 1981.

Specialist Meeting on Reactor Noise (SMORNIII)
NEACRP/CSNI, Tokyo, Japan. 26th-30th Octo-
ber 1981.

Workshop on Uranium Ore Processing/Tailings Condi-
tioning for Minimising Long-Term Environmental
Problems in Tailings Disposal, organised jointly with
IAEA, Fort Collins, Colorado, United States, 28th-
30th October 1981.

NEANDC Specialist Meeting on Fast Neutron Scat-
tering on Actinide Nuclei, Paris, 23rd-24th Novem-
ber 1981.

ANNEX II

Lioi of Pwhiicdtions r,sid Printed Material Produced in 198!

Report on Nuclear Safety Research in the OECD Area.
The Response to the Three Mile Island Accident,
dated September 1980.

Proceedings of the Specialists' Meeting on Nuclear Data and
Benchmarks for Reactor Shielding, Paris, 27th-
29th October 1980.

Study on a Description of Licensing Systems and
Inspection of Nuclear Installations.

Proceedings of the Workshop on Radionuclide Release
Scenarios for Geologic Repositories, Paris, 8th-
12th September 1980.

An Analytical Study on the Regulations Governing the
Transport of Radioactive Materials, as part of an NEA
Series on Nuclear Legislation.

Report by an NEA Group of Experts on Cutting Techniques
as Related to Decommissioning of Nuclear Facilities,
February 1981.

Report by an NEA Group of Experts on Decontamination
Methods as Related to Decommissioning of Nuclear
Facilities, March 1981.

Report by an NEA Group of Experts on a Research and
Environmental Surveillance Programme related to
Sea Disposal of Radioactive Waste.

A State-of-the-Art Report by an NEA Group of Experts on the
Safety of the Nuclear Fuel Cycle, dated May 1981.

Proceedings of the Workshop on Siting of Radioactive
Waste Repositories in Geological Formations, Paris,
19th-22ndMay 1981.

Report by an NEA Group of Experts on the Environmental
and Biological Behaviour of Plutonium and Some
Other Transuranium Elements, September 1981.

Proceedings of the Workshop on Near-Field Phenomena in
Geologic Repositories for Radioactive Waste, Seattle
(United States), 31 st August-3rd September 1981.

Proceedings of a Specialist Meeting on Safety Aspects of
Fuel Behaviour in Off-Normal and Accident Condi-
tions, Espoo (Finland), 1st-4th September 1981.

Nuclear Low Bulletin, Nos 27 and 28.

•UREP - Orientation Phase: Summary Report of the
Mission in Austria.

Newsletter on R & D in Uranium Exploration Techniques,
Nos 2 and 3.

Newsletter on Radionuclide Migration in the Geosphere,
Nos 4 and 5.

Twentieth Annual Report of the OECD Halden Reactor
Project.

Catalogue of some recent publications of NEA.
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I

RADIATION PROTECTION AND WASTE MANAGEMENT

COMMITTEE ON RADIATION
PROTECTION AND PUBLIC HEALTH

Expert Group on Dosimetry and Monitoring of
Radon and Its Daughter Products

RADIOACTIVE WASTE MANAGEMENT
COMMITTEE COhWITTEE ON THE SAFETY

I MANAGEMEN

MULTILATERAL CONSULTATION
AND SURVEILLANCE MECHANISM
FOR SEA DUMPING OF
RADIOACTIVE WASTE
- Executive Group lor Research on

Sea Disposal oi Radioactive
Waste

- Co-ordinating Group on Radioactive Waste
Disposal Into Geologic Formations

- Seabed Working Group

Under Join! sponsorship

- Co-ordinating Group on the Management of Uranium Mill
Tailings

• Working Group on Long-Term Aspects of Uranium Mill
Tailings Management

• Working Group on Engineering of Uranium Mill Tailings
Retention Facilities

• Working Group on Environmental Monitoring

international Stripa Mine Project

/-gesta tntemaltonat decontamination Project
International Sorption Information Retrieval System (ISIRS)

- Working Group on Emergency Core
Reactors

- Working Group on Water Reactor C

- Group of Experts on the Reactor Sa
interaction Phenomena

- Working Group on Primary Circuit !

- Group ol Experts on Human Error

- Group o< Experts on Reference Set
Assessments

- Working Group on Fuel Cycle Safpi

- Group o' Experts on Air Cleanlnq

- Group o' Exp. on Small Diameter P

- Working Group on Exchange of Inl
Thermal Power Reactors

- Incident Analysis Group

- Senior Group of Experts on Severe

• Programme of Inspection of Steel

- Working Group on Accident Cot\se

- Working Group for the Standard Pr
Spent LWR Fuel Transport Contar

radioactive Was
i ormatlons

ion Project

\ Retrieval Systen
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COMMITTEE STRUCTURE OF THE OECD NUCLEAR ENERGY AGENCY (NEA)

T M

NUCLEAR SAFETY NUCLEAR THIRD
PARTY LIABILITY NUCLEAR FUEL CYCLE STUDIES

ON THE SArETY
f MANAGEMENT

COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS <CSNI>
COMMITTEE FOR TECHNICAL AND ECONOMIC STUDIES ON

NUCLEAR ENERGY DEVELOPMENT AND THE FUEL CYCLE (FCC,

1 SUBCOMMITTEE ON LICENSING

JO up on Emergency Core

fOup on Water Reactor C

Experts on (he Reactor Sa
n Phenomena

foup on Primary Circuit 1

Experts on Human Error

Experts on Reference Sei

nts

roup on Fuel Cycle SaM

•xperts on Air Cleanmq
Ixp. on Small Diameier P

roup on Exchange ol Into
bwer Reactors

nalysis Group

up of Experts on Sever«

• ol Inspection ol Steel i

roup on Accident Consp

roup lor the Standard P-
I Fuel Transport Conlai

iRadioactive Waste
> ormallons

- Working Group on Emergency Core Cooling and Fuel Behaviour in Water
Reactors

- Working Group on Water Reactor Containment Safety

- Group of Experts on the Reactor Safety Implications of Fuel-Coolant
Interaction Phenomena

- Working Group on Primary Circuit Integrity

- Group of Experts on Human Error Data and Assessment

- Group of Experts on Reference Seismic Ground Motions In Nuclear Safely
Assessments

- Working Group on Fuel Cycle Safety

- Group of Experts on Air Cleaning In Accident Situations

- Group of Exp. on Small Diameter Piping Reliability In Nuclear Safety Assessm.

- Working Group on Exchange of Information on Operating Experience In
Thermal Power Reactors

- Incident Analysis Group

- Senior Group of Experts on Severe Accidents

- Programme of Inspection ol Sleet Components (PISC) Managing Group

- Working Group on Accident Consequence Modelling
- Working Group for the Standard Problem Exercise on Crltlcallty Codes for

Spent LWR Fuel Transport Containers

GROUP OF GOVERNMENTAL
EXPERTS ON THIRD PARTY
LIABILITY IN THE FIELD

OF NUCLEAR ENERGY

- NEA/ IAEA Steering Group on Uranium Resources

- NEA/ IAEA Working Party on Uranium Resources

- Working Party on Nuclear Fuel Cycle Requirements

- NEA/IAEA Working Group on Uranium Extraction
- NEA/IAEA Group of Experts on R S D in Uranium Exploration

Techniques

<on Pro,eel

• Retrieval System (ISiRSl

Executive Group ol the Orientation Phase of the International Uranium Resc
Evaluation Proiect (IUREP)
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'.-.r-JCY (NEA)

QHIC STUDIES ON
FUEL CYCLE (FCC.

NUCLEAR FUEL CYCLE STUDIES

COMMITTEE FOR TECHNICAL AND ECONOMIC STUDIES ON
i.DCLEAR ENERGY DEVELOPMENT AND THE FUEL CYCLE (FCC|

NUCUEMI
•CIBNC*

JOINT UNDERTAKINGS
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nlum Exploration

- NEA /IAEA Stewing Group on Uranium Resources

- NEA/ IAEA Working Parly on Uranium Resources

- Working Party on Nuclear Fust Cycte Requirements

- NEA/ IAEA Working Group on Uranium extraction
- NEA/ IAEA Group ot EKperts on R & D In Uranium Exploration

Techniques

NUCLEAR DATA COMMITTEE
(NEANDC)

NEA DATA BANK

NEA D . I . B « *
. Commltl« •

Omwaf AMMKBWV

Bo««* of

Technical
Committee

WanafiMwrtt

Proo/anvno
Group

atlonal Uranium Reso,

uiive Group ol the Orientaiton Phase of Ihe Inierrstfonal Uranium Resources
Evaluation Project (tURBPi
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4 Simrockstrasse 5300 BONN. Tel. (0228) 21.60.45
Local Agent/Agent local:
Gerold and Co., Graben 31, WIEN 1. Tel. 52.22 35
BELGIUM - BELCIQUE
LCLS
35, avenue de Stalingrad. 1000 BRUXELLES. Tel. 02 512.89.74
BRAZIL - BRESIL
Mcstre Jou S.A., Rua Guaipa 518,
Caixa Postal 24090, O5089 SAO PAULO 10. Tel. 26I.192O
Rua Scnador Dantas 19 s/205-6. RIO DE JANEIRO GB.
Tel. 232.07.32
CANADA
Renouf Publishing Company Limited,
2182 St. Catherine Street West,
MONTREAL. Que. H3H 1M7. Tel. (514)937.3519
OTTAWA, Ont. KIP 5A6, 61 Sparks Street
DENMARK - DANEMARK
Munksgaard Export and Subscription Service
35, Nerre Sogadc
DK 1370 K0BENHAVN K. Tel. +45.1.12.85.70
FINLAND - F1NLANDE
Akateeminen Kirjakauppa
Keskuskatu 1, 00100 HELSINKI 10. Tel. 65.11.22
FRANCE
Bureau des Publications de I'OCDE,
2 rue Andrt-Pascal. 75775 PARIS CEDEX 16. Tel. (1) 524.81.67
Principal correspondant:
13602 AIX-EN-PROVENCE: Librairie dc 1'Universite.
Tel. 26.18.08
GERMANY - ALLEMAGNE
OECD Publications and Information Center
4 Simrockstrasse 5300 BONN Tel. (0228) 21.60.4S
GREECE -CRECE
L'brairie Kauffmann, 28 rue du Stade,
ATHENES 132. Tel. 322.21.60
HONG-KONG
Government Information Services,
Publications/Sales Section, Baskerville House,
2/F., 22 Ice House Street
ICELAND - ISLANDE
Snacbjorn Jönsson and Co.. h.f..
Hafnarstraeti 4 and 9, P.O.B. I13I. REYKJAVIK.
Tel. 13I33/1428I/11936
INDIA - INDE
Oxford Book and Stationery Co.:
NEW DELHI-I. Scindia House. Tel. 45890
CALCUTTA 700016, 17 Park Street. Tel. 240832
INDONESIA - INDONESIE
PDIN-LIPI, P.O. Box 3065/JKT., JAKARTA, Tel. 581467
IRELAND - IRLANDE
TDC Publishers - Library Suppliers
12 North Frederick Street, DUBLIN I Tel. 744835-749677
ITALY - ITALIE
Libreria Comrnissionaria Sansoni:
Via Lamarmora 45, 50121 FIRENZE. Tel. 57975I
Via Bartolini 29, 20155 MILANO. Tel. 365083
Sub-depositari:
Editricc e Libreria Herder,
Piazza Monlecitorio 120. 00 186 ROMA. Tel. 6794628
Libreria Hoepli, Via Hoepli 5, 20121 MILANO. Tel. 865446
Libreria Laues, Via Garibaldi 3. 10122 TORINO. Tel. 519274
La diffusione delle edizioni OCSE i inollre assicurata dalle migliori
librerie nelle cittä piü importanti.
JAPAN-JAPON
OECD Publications and Information Center,
Landic Akasaka Bldg.. 2-3-4 Akasaka,
Minato-ku, TOKYO 107 Tel. 586.2016
KOREA - COREE
Pan Korea Book Corporation,
P.O. Box n° 101 Kwangwhamun, SEOUL. Tel. 72.7369
LEBANON - LIBAN
Documenta Scientifica/Redico,
Edison Building, Bliss Street, P.O. Box 5641. BEIRUT.
Tel. 354429 - 344425

MALAYSIA - MALAISIE
and/cl SINGAPORE - SINCAPOUR
University of Malaysia Co-operative Bookshop Lid
P.O. Box 1127. Jalan Pantai Baru
KUALA LUMPUR. Tel. 51425, 54058. 54361
THE NETHERLANDS - PAYS-BAS
Staatsuitgeverij
Verzcndboekhandel Chr. Plantijnstraat I
Postbus 20014
2500 EA S-GRAVENAGE Tel. nr 070.789911
Voor bestellingen: Tel. 070.789208
NEW ZEALAND - NOUVELLE-ZELANDE
Publications Section,
Government Printing Office Bookshops:
AUCKLAND: Retail Bookshop: 25 Rutland Street.
Mail Orders: 85 Beach Road, Private Bag C.P O.
HAMILTON: Retail Ward Street,
Mail Orders. P.O. Box 857
WELLINGTON: Retail: Mulgrave Street (Head Office).
Cubacadc World Trade Centre
Mail Orders. Private Bag
CHRISTCHURCH: Retail: 159 Hereford Street.
Mail Orders: Private Bag
DUNEDIN: Retail: Princes Street
Mail Order: P.O. Box 1104
NORWAY - NORVECE
J.G. TANUM A/S Karl Johansgale 43
P.O. Box 1177 Sentrum OSLO 1 Tel. (02) 80.12.60
PAKISTAN
Mirza Book Agency. 65 Shahrah Quaid-E-Azam, LAHORE 3.
Tel. 66839
PHILIPPINES
National Book Store, Inc.
Library Services Division, P.O. Box 1934, MANILA.
Tel. Nos. 49.43.06 to 09, 40.S3.45. 49.45.12
PORTUGAL
Livraria Portugal, Rua do Carmo 70-74.
1117 LISBOA CODEX. Tel. 360582/3
SPAIN - ESPAGNE
Mundi-Prensa Libros, S.A.
Castell6 37, Apartado 1223, MADRID!. Tel. 275.46.55
Libreria Bosch. Ronda Universidad II. BARCELONA 7.
Tel. 317.53.08, 317.53.58
SWEDEN - SUEDE
AB CE Fritzes Kungl Hovbokhandel,
Box 16 356, S 103 27 STH, Regeringsgatan 12,
DS STOCKHOLM. Tel. 08/23.89.00
SWITZERLAND - SUISSE
OECD Publications and Information Center
4 Simrockstrasse 5300 BONN. Tel. (0228) 21.60.45
Local Agents/Agents locaux
Librairie Payot, 6 rue Grenus, 1211 GENEVE 11. Tel. 022.31.89.50
Freihofer A.G., Weinbergstr. 109, CH-8OO6 ZÜRICH.
Tel. 01.3634282
TAIWAN
Good Faith Worldwide tnt'l Co.. Ltd.
9th floor. No. 118, Sec. 2
Chung Hsiao E. Road
TAIPEI. Tel. 391.7396/391.7397
THAILAND - THAILANDE
Suksit Siam Co., Ltd., 1715 Rama IV Rd,
Samyan, BANGKOK 5. Tel. 2511630
TURKEY - TURQUIE
Kultur Yayinlari Is-TUrk Ltd. Sti.
AtatUrk Bulvari No : 77/B
KIZILAY/ANKARA. Tel. 17 02 66
Dolmabahce Cad. No : 29
BES1KTAS/ISTANBUL. Tel. 60 71 88
UNITED KINGDOM - ROYAUME-UNI
H.M. Stationery Office, P.O.B. 569,
LONDON SEI 9NH. Tel. 01.928.6977, Ext. 410 or
49 High Holborn, LONDON WCIV 6 HB (personal callers)
Branches at: EDINBURGH, BIRMINGHAM. BRISTOL.
MANCHESTER, CARDIFF, BELFAST.
UNITED STATES OF AMERICA - ETATS-UNIS
OECD Publications and Information Center, Suite 1207,
1750 Pennsylvania Ave., N.W. WASHINGTON, D.C.2OOO6 - 4582
Tel. (202) 724.1857
VENEZUELA
Libreria del Este, Avda. F. Miranda 52, Edincio Galipan,
CARACAS 106. Tel. 32.23.01/33.26.04/33.24.73
YUGOSLAVIA - YOUGOSLAVIE
Jugoslovenska Knjiga, Terazije 27, P.O.B. 36, BEOGRAD.
Tel. 621.992

Les commandes provenant de pays ou I'OCDE n'a pas encore designe de depositaire peuvent £trc adressecs ä :
OCDE, Bureau des Publications, 2, rue Andre-Pascal, 75775 PARIS CEDEX 16.

Orders and inquiries from countries where sales agents have not yet been appointed may be sent to:
OECD. Publications Office. 2 rue Andre-Pascal. 75775 PARIS CEDEX 16.
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Australia, Austria, Belgium, Canada
Denmark, Finland, France, Federal
Republic of Germany, Greece, Iceland
Ireland, Italy, Japan, Luxembourg
Netherlands, Norway, Portugal, Spain
Sweden, Switzerland, Turkey, United

Kingdom, United States.


