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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 Australia, 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 sqfety 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, 1980
Queries concerning permissions or translation rights should be addressed to:

Director of Information, OECD
2, rue Andre-Pascal, 75775 PARIS CEDEX 16, France.
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INTRODUCTION

The year 1979 witnessed an awakening in many quarters to the
extent of the world's interdependence in matters of energy supply and
security. While the course of events of the year did not alter the situ-
ation dramatically, three major developments, each in its own way, have
vividly - and sometimes brutally - served to illustrate the persistence
of the trend toward interdependence.

The effects on western world energy supplies of the political
crisis in Iran have demonstrated more forcefully than even the Arab oil
boycott did in 1973, that there is no longer any room for delays if an
energy crisis, which would shake the world economic structure, is to be
avoided. During the year, many governments in advanced countries and else-
where declared publicly their dependence upon an energy programme centred
on nuclear and coal resources and. conservation.

One of the most explicit current analyses of the technical and
political factors governing the world energy interdependence is to be
found in the International Nuclear Fuel Cycle Evaluation (IHFCE) which
was substantially completed in 1979* Recognition of new groupings of
supplier and consumer countries have become clearer. The natural tensions
between countries which developed the current nuclear technology and those
claiming the right and need to share in its benefits, have been analysed.
So have the conflicting priorities between military and energy resource
security. All have been brought to a new level of recognition through
IttFCE.

The accident at the Three Mile Island nuclear power plant has
brought about an increased awareness of the need to refine solutions to
the several safety and regulatory questions related to nuclear power.
Because "an accident anywhere is an accident everywhere", the events
which occurred at Harrisburg demonstrated the need for a common under-
standing of the technical and human factors involved, for further sharing
in nuclear safety R & D, and for patterns of mutual assistance in case
of an emergency.

The international dimensions of the issues raised by these
events clearly emphasize the indispensable contribution that international
co-operation can and must make toward their solution. For its part, the
OECD Nuclear Energy Agency, as it is hoped this report will show, is well
situated to rise to this challenge.
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POWER





TRENDS IN NUCLEAR POWER

1. At the end of 1979» there were some 232 civilian nuclear power
plants in operation throughout the world, representing approximately
119,000 Megawatts (electrical) of capacity. An additional 229 were under
construction or on order (including 115 in the USA and 31 in France).
There were 23 countries equipped with nuclear power plants while 13 more
countries had plants under construction or on order.

2. Looking "back on the trends of nuclear power development up to
the end of 1979 > it is difficult not to feel a sense of disappointment
by what might be seen as another year of lost opportunities. The general
energy situation has continued to be dominated by dependence on oil,
which is subject to sharp increases in price at irregular intervals, and
a marked reluctance in all but a few countries to make use of the nuclear
option as a competitive and reliable alternative means of securing stabil-
ity in the future supply of energy.

3- From 1968 to 1978, the production of nuclear electricity has
increased on a worldwide basis, by 27.5 % per year. Paradoxically, since
the first oil price crisis in 1973, this average rate has decreased to
25.2 % per year and in 1979 the increase in OECD countries was only 2.2 %.
The unavoidably long lead times between decision making and implementation
mean that hesitations now will only fully be felt after a further period
of years.

4. These potential restrictive influences have been generally
recognized, and many governments and public leaders have stated both at
national and international level - notably at the Tokyo summit - their
support for an increasing role for nuclear energy in broad energy policy
and strategies. However, a number of constraints have further delayed
decision making and the continuing development of nuclear power in 1979 :
among these were the worldwide discussions on non-proliferation issues,
notably in INFCE ; the accident at the Three Mile Island nuclear power
plant in the United States, which has been the starting point of a fun-
damental effort to review the thinking at national and international
level over nuclear safety approaches ; concern over long-term implica-
tions of radioactive waste management ; and related problems of public
understanding.

5. In reality, therefore, the nuclear energy situation is not as
promising as a superficial look at the figures quoted in paragraph 1 may
lead one to believe. During 1979? the world total of nuclear power plants
in operation, under construction, or on order increased by only 7 units.
Plans for new construction were cancelled in the Federal Republic of
Germany, in Spain and in the United States. Several signs indicate that
this de facto interruption could last for several years if no corrective
action is soon taken.
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6. The consequences of this situation are that the nuclear indus-
try has difficulties in organising its deployment and preparing for the
projected need for nuclear plants in much larger numbers, and that
the uranium mining industry is being induced to be over-cautious in its
investment policies. Bearing in mind the long lead times involved in
nuclear plant licensing and construction (five to ten years) and mine
development (10 to 15 years), the availability when required of the nu-
clear option may be being irrevocably diminished for many years. Discon-
tinuity and uncertainty in the placing of orders for new plants is bound
to have a serious effect on the capabilities of the nuclear industry to
meet future requirements. Yet the international energy situation and
political developments indicate increasingly that the OECD and newly
industrialised countries may soon face an even more severe energy crisis,
due to rising oil prices and uncertain availability. How soon will depend
largely on decisions taken outside their control.

7. It is worth considering to what extent nuclear energy could
contribute in the near term future to liberating OEGD countries from their
continuing dependence on imported oil. In 1979 OECD countries produced
555 Terawatt-hours [1] of electricity from nuclear sources. This corres-
ponds to about 130 million tons oil equivalent or to some 2.5 million
barrels per day of oil if the same amount of electricity would have had
to be produced in oil-fired stations. Also in 1979 the total crude oil
import of OECD countries amounted to 27 million barrels per day. Thus,
nuclear electricity production corresponded to a tenth of OECD's oil
imports. Projections of this comparison may be presented thus :

Table I

OECD OIL IMPORTS AND NUCLEAR ELECTRICITY PRODUCTION

(in million barrels per day)

OECD oil

Nuclear
assumpti

Nuclear

import targets

electricity production
ons
electricity production

assumptions

INFCE

INFCE

low

high

1979

27*

2.5*

2.5*

1980

25

3.4

3.5

1985

29

5.9

6.8

1990

31

10.3

12.4

* achieved

8. As can be seen from this Table, the share of nuclear electricity
could increase to the equivalent of 23 % of OECD oil imports in 1985 and
to 40 % in 1990, if the high estimates are achieved. However, if the
present trend of delaying nuclear construction continues, it is very
doubtful whether even the low numbers would be realized and the pressure
for increased oil imports beyond the projections would be likely to grow
accordingly. At present, over 20 % of electricity production in OECD
countries is based on petroleum products (~ 4 Hb/d). It is therefore
worth noting that each 1,000 MWe nuclear power station corresponds to a
potential saving of about 30,000 barrels of oil per day. If about 33 nu-
clear power stations were to be substituted for the equivalent capacity of
oil-fired stations, a saving of 1 million barrels of oil per day would
result. The construction of nuclear power stations in this range is well
within the capability of the nuclear industry each year in OECD countries.

,12s[1] Terawatt = 1 million million (10 ) watts.
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9. There is thus no doubt that a considerable potential contribution
could be made available from nuclear power to decrease the dependence of
industrialised countries on oil imports, provided that clear decisions
and strong political leadership are applied.





CHAPTER II

THE INTERNATIONAL IMPACT
OF THE HARRISBURG ACCIDENT





INTERNATIONAL ACTIONS AND REACTIONS

10. At 4.00 a.m. on March 28, 1979* a serious accident occurred at
the Three Mile Island (TMI) N° 2 nuclear power plant near Middletown_,
Pennsylvania. The accident was initiated by mechanical malfunctions in
the plant and made much worse by a combination of human errors in res-
ponding to it.

11. The accident caused immediate political and public reaction
world-wide and became a major news event. Some of the contributing fac-
tors were the continuing sensitivity of the media and the public over
any type of incident in the nuclear industry ; the broad access of
the press to the site ; the long duration of the "event" and uncertainty
over its evolution ; the traditional openness with which matters of nu-
clear regulation are handled in the United States ; and, of course, the
speed of modern communications. Another reason v:~z that the accident
occurred in a light water rpactor, which is of the most widespread type,
and therefore any conclusion drawn from the analysis of the events was
of direct relevance in many countries.

12. Immediately following the accident, a large number of political
and public comments were made, purporting to draw conclusions and to pose
questions about the future of nuclear energy, before this could possibly
be based on a considered technical evaluation. In fact, evidence from the
numerous official investigations, carried out since then by the relevant
U.S. authorities, has confirmed that the accident never involved any real
danger of catastrophic consequences, nor did it result in any death or
injury to workers or the local population. As has also been determined
since then, the radiological significance of the very small escape of
radioactive materials to the environment was slight, even compared to
natural background radiation. The principal effect was, in fact, exten-
sive damage to the core of the reactor.

13- The TMI accident has clearly illustrated that, like all other
complex technologies, nuclear power cannot be accident-free. Absolute
safety in this field is an unattainable objective, as it is in any other
field of human activities. Thus, it was predictable that, sooner or later,
a combination of extremely improbable and successive technical failures
with human error would lead to such an accident. No-one can affirm that
a similarly unlikely sequence will never occur again. It is important to
emphasize, however, that the design philosophy of safety in-depth is the
planned defence against such a chain of events. In the sense that damage
to the public was avoided, even the TMI accident has provided confirma-
tion that the defences were adequate.

14. Nevertheless, the accident has revealed a number of deficiencies
in the way reactor safety has been approached up to now. While much atten-
tion has traditionally been devoted to major equipment failures, insuffi-
cient consideration has been given to the handling and consequences of
combinations of less important failures or malfunctions which, though
insignificant by themselves, could bring potentially serious consequences.
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Moreover, the importance of the interface between man and machine in
accident situations has generally been under-estimated, and there has been
belated recognition of the need to give more prominence to the human
factor in the design, operation and regulation of system safety as a
means of preventing accidents and dealing effectively with them when
they occur. Thirdly, it has been found that the accident could not be
properly assessed during its initial phases, due to deficiencies in
operator training and control room design and lack of clarity in operating
procedures.

15• Since the accident, many proposals have been made, both public-
ly and privately, with the object of profiting from the experience, and
a variety of steps have been taken to this end. In the United States, a
Presidential Commission under the chairmanship of Prof. John G. Kemeny
was appointed to conduct a comprehensive study and investigation of the
accident. This was completed by 30th October 1979. The US Nuclear Regu-
latory Commission (NRC) decided to institute a special enquiry to review
its handling of the accident. This special enquiry group completed its
report to the Commissioners and to the public in early January 1980 (The
Rogovin Report). Several other investigations have been made in the
United States and specially appointed commissions have also conducted
studies in a number of countries with significant nuclear power programmes.

16. At international level, the need for an intensification of co-
operation in nuclear safety, and the development of new forms of organi-
sation for the NEA programme in this field has been brought to light.
Efforts in this direction have been actively initiated during the year.

17. One of the immediate steps taken by NEA following the accident
was to emphasize that sound and thorough conclusions could only derive
from a careful evaluation of the sequence of events and their consequences.
While this process would obviously be spread over a lengthy period, it
was also urgent to ensure that the lessons were applied in all interested
countries as expeditiously as possible..

NUCLEAR SAFETY ASPECTS

18. Obviously the concern that has been generated internationally
by the TMI accident required an early response to demonstrate that any
resulting safety issues would be quickly brought to light and resolved.
The first international step toward understanding the accident and
discussing the lessons learned was the organisation of a special meeting
of the Committee on the Safety of Nuclear Installations (CSNI) on 27th-
29th June 1979• At the November meeting of CSNI, the established practice
of exchanging operating information was developed into a new Incident
Reporting System (IRS), which will make relevant information available
to all Member countries in a timely manner.

19. At the special session, the CSNI heard a detailed presentation
on the accident by Dr. Harold Denton, Director of the Office of Nuclear
Reactor Regulation of the USNRC, who had been President Carter's personal
representative at Harrisburg during the post accident phase. This report
was supplemented by Dr. Saul Levine, Director of the Office of Nuclear
Regulatory Research of the USNRC and Vice-Chairman of CSNI.

20. In addition to providing a forum in which such reactor operating
information may be exchanged, the CSNI seeks to pool knowledge and exper-
tise on reactor safety questions so as to better understand reactors and

- 13 -



hence to make them safer. Some specific programmes in this area that the
CSNI has adopted as a result of the TMI accident are :

- preparation of a collation of national safety research efforts
made or decided in response to TMI ;

- arrangements for international participation in the examination
of damaged fuel from the TMI reactor.

21. In addition to these new initiatives the TMI accident and the
lessons learned from it has naturally teen reflected in other activities
under the aegis of CSNI :

a) The Working Group on Emergency Core Cooling and Fuel Behaviour
in Water Reactors at its October 1979 regular meeting examined the acci-
dent scenario and the reconstruction of the reactor core response as cal-
culated using several advanced computer programs. The Group, composed of
"both fuel and thermal-hydraulic experts, concluded that the accident did
not reveal any new safety questions which would affect emergency core
cooling, with the exception of the necessity to take into account any non-
condensible gases that might be generated in the primary circuit during a
transient. In addition, it was recognised that increased emphasis should
be placed on the examination of small loss of coolant accidents. The
Working Group thus recommended to CSNI that the Loss of Fluid Test (LOFT)
facility test (L3-1), a small break experiment, be adopted as the basis
for one of the next international standard problems [2] in the loss of
coolant accident series.

b) following the TMI accident, the CSNI Group of Experts studying
methods to quantify and improve the reliability of humans in the testing,
calibrating and inspecting of nuclear installations, has been asked spe-
cifically to examine the test/calibration of auxiliary feedwater systems.
The Group has collected reports on training simulator experience (as a
measure of operator reliability), and plans to look at operations and
maintenance instructions for both normal and non-routine circumstances,
as both of these areas have been highlighted as potential problems by
TMI.

c) Over the last two years a CSNI group of experts has been study-
ing, as one part of a three-part programme, how to quantify the reliability
of safety and relief valves. As a result of the accident this group will
be concentrating on the reliability and failure probability of small
diameter pipes.

d) Prior to the accident a restricted meeting of specialists on
the behaviour of off-gas and ventilation systems during accident condi-
tions had already been scheduled. The discussions received added emphasis
as a result of the accident. This area has been recognised by the CSNI
as worthy of increased emphasis and a new group of experts has been estab-
lished to review the performance of off-gas cleaning systems in accident
conditions.

e) In 1978 it had been recommended to CSNI that a Working Group
on Reactor Containment Safety be established. This decision was put off
pending the results of the first international standard problem on con-
tainment response to a loss-of-coolant accident (LOCA). At its Novem-
ber 1979 meeting the CSNI reviewed the results of this problem and. decided

[2] See also Chapter V.
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to set up a Working Group on Reactor Containment Safety. The terms of
reference for this group include technical issues raised by the TMI acci-
dent, such as hydrogen distribution in the containment.

22. In addition to work within the NEA programme, the OECD Halden
Project in Norway has also been affected by the lessons learned from the
TMI accident. Experiments on fuel assemblies under accident conditions
similar to those in the TMI reactor during the early stages of the acci-
dent are being designed and the programme of research into computer con-
trol of reactors has received increased attention,,

RADIOLOGICAL PROTECTION AND PUBLIC HEALTH ASPECTS

23. Experts from the US Nuclear Regulatory Commission gave a detailed
presentation of the radiological protection, public health and emergency
planning aspects of the accident, at a special meeting of the Committee
on Radiation Protection and Public Health on 24th and 25th September 1979.
This was the first time that senior radiation protection officials from
Member countries had gathered together to share in the findings of the
technical investigations initiated by the US authorities and to discuss
the potential implications of the incident on the various national nu-
clear power programmes. This was followed by an in-depth discussion and
a critical review of the technical problems experienced in the measure-
ment of radiation and radioactivity in the environment, the dosimetric
assessments, the estimates of the potential health effects, and the im-
plementation of the emergency counter-measures by the various public au-
thorities involved. There were also wide exchanges of views on the atti-
tudes and measures adopted by national authorities in Member countries to
review and tighten, as appropriate, the radiological protection and emer-
gency planning of nuclear power plants.

24. Within the Committee on Radiation Protection and Public Health,
a number of proposals for international co-operative actions, with par-
ticular reference to the need for a critical review of planning criteria
and emergency dose reference levels, were discussed at the Special Session
of September 1979. On this basis, the Secretariat took steps to prepare,
in consultation with a number of members of the Committee, a consolidated
programme to be examined by the Committee. Meanwhile, certain aspects of
the programme already under way in the field of radiation protection and
of radioactive waste management have become particularly relevant in the
context of the examination of the consequences of the TMI accident.

25. Under the Radioactive Waste Management Committee, a study on
the state-of-the-art of monitoring of airborne releases from nuclear
facilities was initiated at the end of 1978, following a preliminary
enquiry carried out in 1977- This study which considers various aspects
of monitoring releases under accident conditions, appeared particularly
relevant during the TMI accident due to the unreliable or misleading
behaviour of several radiation monitors which led to severe uncertainties
about the real amount of the releases from the plant„

26. In the field of radiation protection, a number of exchanges and
a special meeting had been carried out by the Committee on Radiation Pro-
tection and Public Health between 1976 and 1978 on the matter of the prin-
ciples, criteria and operational aspects of emergency planning and the
definition of emergency reference levels or emergency action guides con-
cerning the exposure of members of the public and the contamination of
the environment. Thesp. will form a suitable background for the future
actions which the Committee on Radiation Protection and Public Health will
undertake in this area.

- 20 -
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CHAPTER III

RADIATION PROTECTION





BASIC CONSIDERATIONS

27. Under the surveillance of the Committee on Radiation Protection
and Public Health, attention in the field of radiation protection was
focussed during 1979 on questions closely related to nuclear fuel cycle
operations, particularly in areas of the front end of the cycle, such as
mining and milling of uranium, and of the back end, notably radioactive
waste disposal. Other questions of emphasis included studies related to
the release of long-lived gaseous effluents, the biological and environ-
mental behaviour of plutonium, and levels and trends of occupational
exposure associated with nuclear fuel cycle activities.

REVISION OF BASIC RADIATION PROTECTION NORMS

28. At international level, one of the most important bases for
establishment and refinement of radiation protection concepts is provided
by the work of the International Commission on Radiological Protection
(ICRP). Following the publication by ICRP in 1977 [3] of new recommenda-
tions incorporating the concepts of justification of any practice in-
volving radiation exposure and optimisation of protection, NEA, in collab-
oration with the International Atomic Energy Agency (IAEA), the World
Health Organisation (WHO) and the International Labour Organisation (ILO),
undertook to review the basic Radiation Protection Norms of 1968. During
1979» effort was concentrated on studies to deepen appreciation of the
problems involved in applying these principles in relevant national regu-
lations. ICRP Publication 26 establishes a framework within which practices
resulting in the exposure of individuals and the population to radiation
can be judged. It also recommends that protective measures be pursued as
far as is reasonably achievable. An additional requirement is that each
individual be guaranteed an adequate level of protection through the
respect of individual dose limits [4]. The reflection period since publi-
cation of these recommendations by ICRP has enabled NEA to consider how

[3] Recommendations of the International Commission on Radiological
Protection, ICRP Publication n° 26, 1977.

[4] More precisely, in Publication 26, ICRP recommends a revised system
of dose limitations based on three fundamental criteria : that a
practice or operation which may cause harm should be justified ; that
the provision of protection should be pursued as far as is reasonably
achievable (optimisation of protection) ; and that, when the benefits
and the detriments resulting from a practice or operation are not
applicable to the same people, exposure of those liable to the detri-
ment should be maintained below an acceptable limit. Moreover, to
achieve a consistent approach to safety, consideration of deleterious
radiation effects should be assessed in perspective with other risks.
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and to what extent the concept of optimisation of protection could be
applied to nuclear fuel cycle operations and in particular to the spe-
cific case of radioactive effluent releases.

29. A revised version of the radiation protection norms was drafted
during the year, and preparations were made for a final meeting of a
joint inter-organisations group in late 1980 to complete its review of
these recommendations. As part of these preparations, a topical seminar,
organised in Vienna by IAEA, WHO, ILO, ICEP and NEA in early 1979, was
attended by 240 participants from 35 countries and 10 international or-
ganisations. The main purpose of the seminar was to exchange views con-
cerning implementatj -> of the new ICEP recommendations to the protection
of workers, indivic members of the public and populations. It was
confirmed on this 0.. ..asion that the individual dose limits should now
be considered as a boundary zone, above which exposure is to be avoided
but below which exposure is not automatically allowed. The seminar also
showed that up to now experience in Member countries in the application
of the new concepts recommended by ICEP is quite limited. Much work
remains to be done, in particular, on the quantification of the optimisa-
tion process and on establishing numerical values for certain criteria.
In general, it was considered that the revision of the basic radiation
protection norms by the four sponsoring organisations would provide use-
ful guidance on the operational requirements for the application of the
newly established dose limitation system. The proceedings of the seminar
were published by IAEA in late 1979.

RADIATION PROTECTION CONSIDERATIONS RELATING TO THE NUCLEAR FUEL CYCLE

Uranium Mining and Milling

30. Uranium milling produces large volumes of waste which contain
low concentrations of radionuclides (uranium and daughter products, of
which thorium-230, radium-226, radon-222 and its daughter products are
of particular importance). In spite of their low concentration, some of
these nuclides can become sources of low-level radiation exposure to
local and more distant populations over extended periods of time if they
are not properly managed through adequate stabilisation and retention
techniques.

31. Following a seminar held in 1978 in the United States, which
had laid the foundation for a detailed programme of work in this field,
the Committee on Radiation Protection and Public Health and the Radio-
active Waste Management Committee agreed in Spring 1979 to set up a joint
Co-ordinating Group on the Management of Uranium Mill Tailings. This
Group is to study the long-term aspects of uranium mill tailings problems
and to develop an internationally acceptable methodology for guiding
decisions regarding their long-term management. This will require the
formulation of radiological protection and radioactive waste management
principles based on the ICEP system of dose limitation, and preparation
of guidelines for the application of these principles, with appropriate
adaptations, to different national requirements. Similarly, the formula-
tion of a rational framework for making decisions regarding the long-term
management of tailings requires collection of data, development of models
and if possible, an optimisation methodology for application to the anal-
ysis and selection of available management alternatives. Since a large
part of the overall environmental impact of uranium mill tailings often



arises from non-radioactive contaminants, the Group has called for an
appropriate input from the OECD Environment Committee on these questions.

32. For the purpose of undertaking this programme, three Working
Groups have been set up, respectively on :

- long-term aspects of uranium mill tailings management ;

- engineering of mill tailings retention facilities ;

- environmental monitoring around mill tailings. -|

Their first meetings are taking place during the early months of 1980.

33- Following two specialists meetings held in Canada and France
in 1976 and 1978 respectively, the Committee on Radiation Protection and
Public Health developed a related programme of work in the field of radon
and radon daughter dosimetry and monitoring. A need was identified for
further work in these areas, covering all aspects of occupational and
environmental health and safety associated with uranium mining and mill-
ing. A Group of Experts on radon dosimetry and monitoring was therefore
set up under the auspices of this Committee and this too will meet for
the first time early in 1980.

Releases of Effluents to the Environment '

34. A thorough analysis of the potential significance of four long-
lived gaseous effluents arising from operations in the nuclear fuel cycle
was nearing completion by the end of 1979- These effluents are tritium,
carbon-14-, krypton-85 and iodine-129. Their potential long-term effects
on public health have been studied from the point of view of the problems
and costs associated with their control, retention and separate disposal
in the light of the ICRP optimisation principle. An Expert Group has
considered both the global component of collective dose commitment, and
also regional and local implications. The objective has been to reach :'
a consensus on the approach which should apply to the release or . •.•
retention and processing of the four radionuclides. As many of the models
used to assess pathways followed by emissions have not been validated,
and the performance and cost of control technologies have not yet been i
demonstrated, the Expert Group has exercised its collective judgement as I
to the technical ranges of uncertainties in the results from its study. ''
Reference values within these ranges have been provided. •

35- The report is to be considered early in 1980 by the relevant i
NEA Committees with a view to its publication as an independent expert
group report. It does not include any value judgements concerning actions
which might be taken by national authorities : its purpose is to provide
the latter with an authoritative reference source in determining the
regulatory measures required to satisfy the long-term radiation protec- !
tion implications of the production of the four radionuclides during
nuclear fuel cycle operations.

i

Biological and Environmental Behaviour of Plutonium . ;

36. To assist Member countries in their understanding of the radiol-
ogical consequences of the production and use of plutonium, an Expert



study into the "biological and environmental behaviour of plutonium has
been under way since 1977« The Expert Group concluded its work in "1979
and a report is in preparation for publication. The report is a compre-
hensive review of available information on plutonium and some other
transuranium elements and puts the behaviour of this important alpha
emitting radionuclide into perspective.

Occupational Exposure

37« A particularly important issue in the development of nuclear
power is the radiation exposure received by workers in the course of the
various nuclear fuel cycle operations. During the last few years, an
increasing number of requirements have been established by nuclear opera-
tors and regulatory bodies to reinforce the safety of nuclear plants, to
prevent accidents and to ensure appropriate treatment and containment of
radioactive wastes. As a consequence, the general level of safety has
been enhanced, thus reducing the radiological risk to the public. How-
ever, these improvements have often involved increased participation
and therefore radiation exposure of the workers employed, in nuclear
energy. To counter this trend, health and safety experts and regulatory
authorities have been focussing increasing attention on the causes of
occupational exposure in nuclear plants. The ultimate objective is to
achieve an improved balance between design and operational safety and the
exposure of workers. The possibly conflicting requirements of plant safety,
population protection, worker protection and economic constraints, have
been examined in a study started jointly with the IAEA in 1978 to collect
information on the levels and trends of occupational exposure in the
nuclear industry and to determine the real magnitude of this potential
problem. The study is based on dosimetric data for individual nuclear
facilities and related information necessary for its correct interpreta-
tion. The results of the study, which is expected to be completed in 1980,
should also enable identification of the "critical" group of workers,
"critical" operations and "critical" plant systems and components, where
improvements in design and operational procedures could be most effective
in reducing the exposure of workers.

38. An international symposium on this subject, jointly sponsored
by IAEA and EIEA, was held in Los Angeles in June. Levels and distribution
of individual doses as a potential health detriment,, as well as the col-
lective dose for each of the major steps in the nuclear fuel cycle, were
discussed. Particular attention was given to experience and trends of
occupational exposure in recent years. This meeting was the first to
focus on these questions at international level in recent years.
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CHAPTER IV

RADIOACTIVE WASTE
MANAGEMENT





INTRODUCTION

39« In. view of their wide ranging implications for the development
of nuclear energy programmes, radioactive waste management issues con-
tinued during 1979 to attract priorities both at national and interna-
tional levels. The problems involved have included long-term conceptual
approaches, technological developments, and administrative and regulatory
implications. Consideration was also given to issuing an international
consensus Statement on the present state-of-the-art as regards the con-
cepts and techniques of radioactive waste management. After considerable
discussion, it was apparent that, while there were no fundamental differ-
ences of technical judgement, opinion at political level varied consider-
ably among different countries. Consequently, it was decided that further
background work, such as on an acceptable philosophy for waste disposal,
was a prerequisite to a constructive international consensus at govern-
mental level. Meanwhile, it was however established that no fundamental
differences of technical judgement existed between those Member countries
which are committed to significant nuclear power programmes.

4-0. On the more technological side, the Agency's radioactive waste
management programme, under the guidance of the Radioactive Waste Manage-
ment Committee, continued to develop understanding of the issues involved,
and to encourage harmonisation of national R & D work at the international
level. As in previous years, emphasis continued to be placed on a variety
of aspects of the disposal of long-lived radioactive wastes in geological
formations. Additional activities were undertaken in the field of treat-
ment, conditioning and storage of low and intermediate level wastes, as
well as on decontamination and decommissioning of nuclear facilities.

CONCEPTS APPLICABLE TO THE LONG-TERM MANAGEMENT OF RADIOACTIVE WASTE

Radioactive Waste Philosophy

4-1. One of the difficulties that is recognised in discussion of
nuclear wastes is that there is a wide range of relevant factors, many of
which are of a highly technical nature. It is therefore difficult for
those not directly involved to get a clear understanding of the basic
features of the various waste management options and the reasons and
justifications behind them. For this reason, as a joint activity between
the Committee on Radiation Protection and Public Health and the Radio-
active Waste Management Committee and with the collaboration of the
Environment Committee, a study was launched during 1979 on the "philosophy"
of radioactive waste disposal. The first meeting of the Expert Group in
charge was held in June 1979 and it is expected that the resulting work
will be published in 1981.
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4-2. As a first step, the working group is attempting to define the
principles and criteria which should determine disposal practices for
radioactive waste. These are intended to reconcile, in a balanced and co-
ordinated way, the relevant radiation protection and waste management
considerations. The object is to outline the conclusions, in clear and
simple terms, in a form convenient for use by national authorities. The
study is intended to develop from these conclusions the objectives of
disposal which, on the basis of existing practices, are in general the
protection of man, the preservation of the quality of the natural environ-
ment and minimisation of consequences for future generations.

Legal, Administrative and Financial Aspects of Long-Term Management of
Radioactive Waste

4-3. In parallel with the waste philosophy study, an ad hoc expert
group started in February 1979 to examine the legal, administrative and
financial aspects of the long-term management of radioactive waste. The
purpose of the study is to establish a common base of experience and
thinking to assist national authorities in their task of considering the
adjustments that will have to be made in regulatory policies and procedures
to take account of the long-term implications of radioactive waste manage-
ment.

44. The study focusses on the categories of radioactive wastes from
the different stages of the nuclear fuel cycle in so far as their manage-
ment raises long-term problems, and includes consideration of the storage
of radioactive waste from reprocessing of spent fuel for more than a few
decades as a transition towards disposal ; shallow land burial of low and
intermediate level radioactive wastes ; management of uranium mining and
milling wastes ; geologic disposal of long-lived wastes ; wastes from
decommissioning of nuclear facilities. Questions concerning public respon-
sibility, financial aspects, third party liability or indemnification
systems and administrative surveillance will be emphasized. Following two
meetings in 1979, the general structure and orientations of the study have
been developed and its completion is expected in early 1981.

DISPOSAL OF RADIOACTIVE WASTE IHTO GEOLOGICAL FORMATIONS
1

4-5. The radioactive waste management option to which the great- ,
est effort is being devoted is disposal in a properly conditioned !
form in suitable underground sites, ranging from burial at shallow depth
to emplacement in deep, continental geological formations. Disposal in
certain formations beneath the seabed is a potential variant of using ••
formations accessible on land. Disposal of low and intermediate level i
wastes by shallow land burial, emplacement in suitable abandoned mines,
or by deep well injection and hydraulic fracturing has been practised or ;
experimented in a number of countries for many years. Increasing efforts j
are being devoted to characterizing specific media and structures for ]
their suitability for and compatibility with various waste forms. ]

4-6. Safety assessment methodology for emplacement sites has been an
area receiving special attention. Since the objective of geologic disposal j
is isolation of the wastes during very long periods of time, verification j
of the actual performance of the containment systems is not possible with- :

in one or two generations. Therefore, demonstration of the reliability of



containment must be based on safety analyses and this is reflected by the
emphasis that many programmes place on the assembly of data relevant to
the safety of geologic disposal. It is also a reason why international
agreement on the adequacy of potential solutions is essential, particular-
ly in view of the global nature of the problem.

Exchanges of Information

4-7. Active dissemination of information resulting from R & D
activities in the field of geologic disposal and waste treatment, has
been pursued in 1979 through a number of symposia and workshop-type meet-
ings. A notable example was the International Symposium on the Underground
Disposal of Radioactive Waste, which was organised by HEA in collaboration
with IAEA in July, at Otaniemi in Finland. The consensus of the experts
at the Symposium was that there are many geological environments which are
capable of and suitable for safe isolation for all types of radioactive
waste.

4-8. A workshop jointly organised with the Commission of the European
Communities on the migration of long-lived radionuclides in the geosphere
was held in Brussels in January, at which a variety of developments on
mathematical models for nuclide migration were discussed ; a particular
interest was raised by other papers dealing with chemical forms of plu-
tonium in ground water systems.

49• It is generally accepted that geological formations considered
as potential candidates for the siting of radioactive waste repositories
should contain little or no circulating ground water since, over the long
term, ground water could constitute a means of transport for particular
radionuclides over long distances and even back to the biosphere. It is
therefore essential to have an improved knowledge of the potential of
various deep geological environments for transmitting fluids. These and
other related questions were examined at a Workshop on Low-Flow, Low-
Permeability Measurements in Largely Impermeable Rocks, which was held in
March. Proceedings were published during the year.

50. During September, a Workshop on the use of argillaceous materials
for the isolation of radioactive wastes was held in Paris. The workshop
offered the opportunity to review the status of the investigations on
clays, including studies on marine clays. During the same month, a Working
Group meeting on heat dissipation and temperature effects in clay forma-
tions was also held in Paris.

Data Bank on Radionuclides Sorption in Geological Media

51 • The Co-ordinating Group on Geologic Disposal has endorsed a
proposal for an international bank of data for use in safety assessments
of geologic disposal media. Initially, the data bank will focus on radio-
nuclide sorption in geological media. As a first step, the data bank will
be based on a current effort at Battelle Pacific Northwest Laboratory in
the United States. Once the data bank has been established, it may be
transferred to a European location, possibly at the MEA Data Bank at
Saclay. Administrative arrangements, including a cost-sharing scheme,
have been prepared and Member countries have been invited to confirm
their intention to participate in the Project.



R & D Projects on Disposal of Radioactive Wastes into Geologic Formations

52. At its meeting in September, the Co-ordinating Group on Geologic
Disposal reviewed the status of various proposals for practical co-
operation relating to disposal of radioactive wastes into geological for-
mations. The most advanced proposal is one to set up an international
research programme at the Stripa Mine in Central Sweden.

53. The Stripa Mine is an abandoned iron mine that provides con-
venient access to a granite massif. Sweden and the United States have
already carried out a successful experimental programme to increase know-
ledge on important aspects of radioactive waste disposal in crystalline
rocks. A second series of experiments is now being planned in the frame-
work of a broader co-operation following an invitation by the Swedish
Organisation SKBF which is operating the mine. Several Member countries
have expressed interest in the Stripa Project. Confirmations of the in-
tention to participate in the Project have been requested and the prepa-
ration of an Agreement for implementation of the Project in consultation
with SKBF is under way.

54. The planned programme covers two specific areas of investigation
the isolating properties of buffer material and its behaviour in bore-
holes during water up-take from the surrounding bedrock at low and high
temperatures, and sealing tests ; and hydrogeological investigations in
sub-horizontal boreholes. It consists of a series of experiments to verify
the suitability of buffer materials under real conditions and to develop
techniques for drilling boreholes for hydrogeological testing purposes.
The programme is to be carried out under the supervision of an interna-
tional committee made up of representatives of all Participants, including
SKBF, and this committee would contribute to the planning and technical
orientation of the work. The SKBF team in charge of the programme would
be reinforced by competent qualified staff seconded by the Participants,
according to arrangements to be agreed with SKBF. The Project will enter
its operational phase during 1980.

55 • Other proposals for practical co-operation are less well devel-
oped. These include a project proposed by Belgium on heat dissipation and
thermal effects in clay formations (to be performed in a deep cavity to
be produced in the Boom clay at the Mol site). The cavity will be ready
at about the end of 1982. Pending this, exchange of information has con-
tinued in this area among countries interested in co-operating in this
work.

56. Other proposals which have been considered, but which are not
currently being pursued at the international level, include studies of
migration of radionuclides in crystalline rocks and in-situ solidification
of low- and medium-level waste in mined cavities in salt formations.

DISPOSAL OF RADIOACTIVE WASTE TINDER THE OCEAN FLOOR

57. Disposal of radioactive wastes into argillaceous sediments
underlying the deep ocean floor is considered as a possible alternative
to geologic disposal on land. However, there is general agreement that
disposal of high-level waste into the seabed could not take place for



at least 20 years. A Seabed Working Group [5] was set up in 1975, under
the auspices of the Radioactive Waste Management Committee, with the
objective of achieving a co-ordination of R & D on the technical feasi-
bility of using the seabed for disposal of radioactive wastes. This ob-
jective is to be achieved by technical discussions to assess progress
and planning of future efforts, and to keep in touch with international
policy issues ; and encouragement and co-ordination of co-operative marine
investigations and experiments among Member countries, including sharing
of ship time, facilities and test equipment. It is estimated that a final
feasibility assessment, including safety and possible environmental effects,
could be available by 1990.

58. Since the investigations co-ordinated by the Seabed Working
Group cover a wide range of disciplines, the work has been divided into
various technical areas. For each technical area, a task group has been
set up under the general aegis of an Executive Committee. The seven task
groups have the following responsibilities :

- Physical Oceanography ;

- Waste Canister ;

- Waste Form ;

- Biology ;

- Sediments and Rocks ;

- Site Selection Criteria ;

- System Analysis.

TREATMENT, CONDITIONING, STORAGE AND MONITORING OF RADIOACTIVE WASTES

59« The management of waste streams which are slightly contaminated
or suspected of being contaminated is becoming more important because of
their increased accumulation and the fact that a greater number of nuclear ;
power plants are becoming operational. The International Atomic Energy i
Agency joined NEA in the organisation of a Symposium on On-Site Management . j
of Power Reactor Wastes, which was held in Zurich during March 1979. The j
Symposium noted, in particular, that over the past few years, there had
been a general tightening of regulatory standards for radioactive gaseous '
and aqueous emissions from nuclear power plants. These requirements have I
resulted in increased production of solidified wastes at power stations.
Recent improvements in radioactive waste containment systems have tended
to become less and less cost-effective and, in some instances, may be ,
approaching the limit of what is "reasonably achievable" with present j
technology. !

60. A Workshop on High Temperature Incineration of Radioactive ;
Waste was organised in November in Mol, Belgium, in co-operation with . j
the Belgian Nuclear Research Centre. The workshop provided a forum whereby (

[5] At present, the Seabed Working Group comprises representatives from
Canada, France, Japan, the Netherlands, the United Kingdom and the
United States, with observers from the Federal Republic of Germany
and the CEC.
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experts from several countries reviewed the status of H & D programmes
on the incineration of radioactive wastes. Particular ei.phasis was given
to the critical evaluation of the technical characterise ics and the per-
formances of several waste incineration plants currently operating in
various countries.

61. The Radioactive Waste Management Committee, through its Group
of National Nominees for the Information Exchange on the Capture and
Disposal of Gaseous and Other Airborne Fission Products, carried out
during 1977 an international enquiry on the state-of-the-art in the field
of sampling and measurement of airborne radioactive effluents released
from nuclear facilities. The results of the enquiry were reviewed in 1978
in consultation with the Group of National Nominees. On this basis, a
number of items were identified which required further consideration.
These items concerned particularly the problems and methods of represen-
tative sampling and the monitoring systems for accidental releases. A
supplement of information on the solutions adopted in Member countries
was collected, using a new questionnaire on off-gas monitoring in nuclear
facilities which was distributed to the Group of National Nominees. This
activity will be completed by the publication of a state-of-the-art report
in 1980.

62. During 1979, a proposal was endorsed to consider the question
of the treatment, conditioning, storage and disposal of intermediate level
wastes (ILWs). The main sources of ILWs are ion-exchange resins from water
treatment plants, sludges from the operation of flocculation processes or
fuel storage ponds, and mechanical or structural components which have
been irradiated. The ILWs require some form of shielding or remote hand-
ling.

63. For the safe management of ILWs, technologies have been devel-
oped and are at present available. In regard to disposal, there has been
a tendency to assume that procedures appropriate to high level wastes
(HLWs) will be equally applicable to IIWs. However, the comparatively
expensive solutions being proposed for HLWs such as the use of a glass
or metal matrix, shielded containers, transportation overpacks and disposal
in deep geological repositories may not be necessary or suitable for ILWs.
At the same time, ILW management is becoming more pressing because of the
costs of intermediate storage for the comparatively large volumes of this
type of waste.

64. Work in this field will be initiated with a workshop to be held
in London in 1980. The workshop is to consider whether deficiencies are
significant in the management of ILWs and whether specific problems can
be identified which could prove useful for discussion at the international
level. Consideration will also be given to the need for improvements or
the need for new or more cost-effective techniques in the areas of treat-
ment, conditioning, packaging, storage and disposal of wastes.

DECOMMISSIONING OF NUCLEAR FACILITIES

65. The term "decommissioning" in the nuclear industry applies to
the actions taken at the end of a facility's useful life to ensure the
health and safety of the public. These actions can range from merely
closing down the facility with a partial removal of radioactivity and
with continual surveillance and restricted access, to the removal of
structures and radioactivity to the extent that the facility and site

i



become available for any use. Decommissioning of nuclear facilities is
not new to the nuclear industry. It was noted at the joint IAEA/HEA
Symposium on Decommissioning of Huclear Facilities held in 1978 that to
date, a total of about 65 demonstration, test and research reactors have
been or are in the process of being decommissioned.

66. A restricted meeting of experts from countries with experience
or plans in the decontamination and decommissioning of nuclear facilities
was held in March 1979 to assess the scope for possible international co-
operation based on existing national decommissioning programmes, snd to
review national plans concerning the dismantling of nuclear powt.- slants
or large nuclear fuel cycle facilities. In addition, the experts uxscussed
associated studies and research programmes which have been completed or
are in progress. For purposes of international co-operation three levels
of activity were identified : exchange of information, joint studies and
joint projects. The associated programme, subsequently endorsed by the
Radioactive Waste Management Committee and the Committee on Radiation
Protection and Public Health, focusses on decommissioning requirements
in the design of nuclear facilities ; remote cutting techniques ; and
decontamination methods during decommissioning.

SEA DUMPING OP RADIOACTIVE WASTE

Multilateral Consultation and Surveillance Mechanism

67• Disposal of low-level packaged radioactive waste by dumping in
the deep ocean is governed by the international Convention on the Preven-
tion of Marine Pollution by Dumping of Wastes and other Matter (the London
Convention). The special permits granted by the appropriate national au-
thorities for radioactive waste must take into account the relevant IAEA
Definition of high-level waste and Recommendations for the purpose of the
London Convention. In addition, sea dumping operations undertaken by HEA
Member countries are required to conform to the terms of the Multilateral
Consultation and Surveillance Mechanism which was established in 1977 by
a decision of the OECD Council. This Mechanism was set up to further the
objectives of the London Convention and provides a framework for co-
operation between Participating countries. It provides for the develop-
ment of standards, guidelines, practices and procedures for sea dumping
operations and for international consultation on and surveillance of
operations to verify that these are carried out in accordance with
internationally-established rules.

68. A comprehensive review of the continued suitability of the
dumping site hitherto used in the Forth-East Atlantic Ocean, in the light
of the requirements of the London Convention and of the IAEA revised
Definition and Recommendations, was carried out in November 1979 by a
group of oceanographic and radiological experts from countries participa-
ting in the NEA Mechanism. This was based on the existing data on the
physical, chemical and biological properties of the site, the quantities
of wastes dumped in the past and a radiological assessment of the poten-
tial radiation dose to man resulting from dumped materials. The group of
experts concluded that the site met the relevant requirements of the
London Dumping Convention and the IAEA Recommendations and continued to
be suitable for the receipt of packaged radioactive waste at annual rates
comparable to those reached in the past. Under the terms of the Council
Decision, this assessment will provide the basis for future radioactive waste
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sea dumping operations proposed by Participating countries over the next
five years. However, the group of experts recommended that efforts should
be made to increase knowledge about radionuclide transport processes in the
North-East Atlantic so that a site-specific model can be developed. This
would permit potential radiation doses to be calculated with more accuracy.

69* Following the preliminary conclusions in November 1978 of an
NEA Advisory Group on environmental monitoring as related to sea dumping
of radioactive waste, the Steering Committee for Nuclear Energy noted
that it would be beyond the capacity of NEA to take the lead in the sort
of large scientific investigation programme that was envisaged, particular-
ly as it concerned the field of oceanographic science and covered, also
other types of wastes. While NEA would be ready to contribute to such a
co-ordinated programme, other international organisations with the required
expertise on oceanographic matters have also been invited to participate.
On this basis, experts from Participating countries and representatives of
six international organisations [6 J were invited to discuss the matter
further in November 1979* The meeting confirmed the desirability of con-
tinuing expanded investigations aimed at developing a site-specific model
for the North-East Atlantic site so that more accurate assessments of
potential routes of exposure to man can be made in the future. A frame-
work was defined for developing a suitable scientific investigation and
radiological surveillance programme and it was recommended that a technic-
al co-ordinating group should be established to co-ordinate potential
national and international contributions to such a programme. Consulta-
tions are to be pursued to determine which international body should
provide the required administrative support.

70. Meanwhile, the revised NEA Guidelines for Sea Disposal Packages
of Radioactive Waste and the NEA Recommended Operational Procedures for
Sea Dumping of Radioactive Waste were adopted by the Steering Committee
for Nuclear Energy in April and were published during the summer. These
were applied by Participating countries for the preparation, execution
and control of dumping operations carried out in 1979*

Sea Dumping Operations

71• Two separate radioactive waste sea dumping operations were
carried out in the summer of 1979 under the NEA Multilateral Consultation
and Surveillance Mechanism : one jointly with the participation of the
Netherlands, Belgium and Switzerland and the other by the United Kingdom.
!The total quantities of waste disposed of during these operations were
4-0,926 Curies of beta-gamma emitters, 42,240 Curies of low energy beta
emitters in the form of tritium and 1,414 Curies of alpha emitters
(including 0.3 Curie Ra-226). The NEA Representatives designated to ensure
surveillance of these operations were from the Federal Republic of Germany
and the Netherlands respectively. Both operations were carefully prepared,
in conformity with all commitments and in accordance with recommended pro-
cedures. Disturbances caused by groups of demonstrators did not compromise
the safe disposal of the cargoes in the defined area and certificates of
disposal were provided by the national authorities concerned. Operations

[6 ] The Commission of the European Communities (CEC), the International
Atomic Energy Agency (IAEA;, the International Council for the
Exploration of the Sea (ICES), the Intergovernmental Oceanographic
Commission of UNESCO (IOC), the Intergovernmental Maritime Consul-
tative Organization (IMCO), the United Nations Environmental Programme
(UNEP).
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were conducted under good radiation protection conditions and no signifi-
cant contamination was detected on board after their completion.

Marine BadioecoloKy

72. At the invitation of the Japanese authorities, KEA organised a
Seminar on Marine Eadioecology in Tokyo in October. This Seminar was a
follow-up of two earlier meetings on the same subject held in Cherbourg
(France) and in Hamburg (Federal Republic of Germany) in 1968 and 1971
respectively. It provided an opportunity to the ninety specialists present
to review recent studies of the environmental, ecological and radiological
protection aspects of the dumping of radioactive waste in packaged form
into the depths of oceans. As such, it was directly relevant to the work
entrusted to the Agency in the framework of the Multilateral Consultation
and Surveillance Mechanism for Sea Dumping of Radioactive Waste, one of
the purposes of which is to assess and keep under review environmental,
ecological and radiological protection aspects of sea dumping of radio-
active waste.

73. The objective of the Seminar was to contribute to a better
understanding of the consequences of radioactive waste sea dumping
operations and of isotope releases from reprocessing and reactor opera-
tions . Topics such as deep sea and shallow waters investigations, and
the interaction of releases of radioactive materials at the bottom of the
sea with sediments and biological material were discussed. The physical
and biological transfer mechanisms in the marine environment were also
reviewed.
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CHAPTER V

NUCLEAR SAFETY
AND LICENSING





INTRODUCTION

74-• International co-operation between the 3NEA Member countries in
the field of nuclear safety is directed and co-ordinated by the Committee
on the Safety of Nuclear Installations (CSNI). A Sub-Committee of CSNI is
specially in charge of related licensing aspects. The co-operative activi-
ties take various forms, and are organised at two distinct levels ; first,
general exchanges of information (exchanging the results of safety research,
producing authoritative status reports on specific topics, arranging spe-
cialist meetings, seminars or symposia, for example) and, secondly, activ-
ities of a more operational nature such as "standard problem" exercises,
the continuous review of crucial questions by standing working groups, and
research conducted Jointly.

75. During recent years, Member governments have given increasing
priority to nuclear safety. The year 1979 saw a marked concentration of
the CSHT programme into fewer subject areas, and a move towards a higher
proportion of the "operational" activities. The Committee adopted seven
new standard problem exercises [7] in a variety of subject areas : accident
consequence modelling, safety of spent fuel transport, fuel-coolant inter-
actions and non-destructive testing.

76. The accident at the Three Mile Island power plant in the United
.States in March 1979 had world-wide repercussions on nuclear power pro-
grammes and a consequent impact on the CSNT co-operative activities. A
discussion of this is given in Chapter II.

77 • During the year, the nuclear safety programme has been conducted
in the following principal fields :

- Safety research for water reactors ;

- Safety research for fast reactors ;

- Safety research for reactors in general ;

- Safety research relative to the nuclear fuel cycle ;

- The Nuclear Safety Research Index ;

- Licensing questions.

[7] These are exercises in which highly specialised assessment tools such
as are used to assess the safety of a nuclear installation are compared
against each other and against an agreed standard (see also paragraph
82 below).



WATER REACTOR SAFETY RESEARCH

Emergency Core Cooling

78. In a large water-cooled reactor the coolant removes the heat
generated by fission in the nuclear fuel. Any failure in the supply of
coolant to the reactor for even a short period of time (minutes) could
cause the fuel cladding to overheat and fail. A breach of this kind allows
the fission products contained in the fuel elements to escape into the
primary coolant. Because of the radioactive decay of the fission products
in the fuel, it is essential to maintain coolant circulation through the
core, even after shutdown, to ensure cladding integrity.

79. A so-called loss-of-coolant accident (LOCA) in which the core's
cooling medium is lost is thus potentially a very serious occurrence. As
has been demonstrated by the accident at TMI-2, a LOCA does not have to
be a large catastrophic failure of major primary circuit piping to lead
to core damage ; even a small leak when combined with other circumstances
can lead to partial core uncovering.

80. To ensure core cooling in all foreseeable contingencies, large
light water reactor plants are equipped with Emergency Core Cooling
Systems (ECCS). Ho full-scale experimental tests of an ECCS have been
carried out, and even if a suitable test facility existed,the number of
variations that would have to be examined would be such that it is unlikely
that the total reliability of the ECCS systems could ever be established
by this method alone. Designers and safety authorities therefore rely on
mathematical representations of reactor systems and on complex computer
codes for predicting the response of the reactor. The computer codes are
in turn tested and improved by comparison with the results of various
experiments, some limited specifically to studying a well-defined phenome-
non and others which are systems-oriented. The goal of both types of ex-
periment is to provide real data against which the mathematical models
and the codes themselves can be measured. Once it can be shown that the
codes are in fact able to predict the most important parameters in the
system response during one of these small-scale LOCA experiments, it must
then be demonstrated that their capability and precision are independent
of scale. This is done by analysing a variety of LOCA experiments carried
out on both small and medium scale.

81. For its sixth meeting in 1979, CSNT arranged for the Working
Group on Emergency Core Cooling in Water Reactors to be attended also by
a number of fuel specialists, first to respond to the growing interest in
fuel testing, especially in realistic conditions, and also in recognition
of the intimate relationship between the reactor thermal-hydraulic response
in a LOCA and fuel behaviour. A key parameter in the determination of fuel
element behaviour during a LOCA is the fuel bundle time-temperature history.
The fuel specialists and thermal hydraulic experts were able to exchange
ideas regarding the precision needed in fuel boundary conditions for pre-
dicting fuel element performance, compared with the accuracy available
from current thermal hydraulic codes.

82. As noted above, safety authorities must rely on complex computer
codes to predict the accident response of large water cooled reactors. In
order to establish that these codes can reliably and accurately predict
the sequence of events and the changes in major parameters during a LOCA
it is necessary to be able to compare the code results against experiments
in a controlled way. In the international standard problems this is done



by providing data from a wide variety of experiments against which the
codes may be tested. Using a number of codes developed in different par-
ticipating countries enables the codes to be compared with one another,
helping to improve the physical understanding of LOCAs and of codes used
in predicting reactor response. During 1979 the series of LOCA Interna-
tional Standard Problem (ISP) exercises sponsored by CSNI has continued
as one of the most important co-ordinated activities in emergency core
cooling safety research.

83. Code capability has been shown to be closely dependent upon
assumptions made, code models, system subdivision (nodalisation), time
intervals used in the calculations, and the user options selected. Ex-
changing information about these factors during the standard problem
exercises and when the results are being compared serves to improve
reactor safety ; the code users gain confidence and experience in pro-
perly applying the codes and, equally important, the areas are highlighted
in which improvements are needed.

84. During 1979 two LOCA standard problems were completed. ISP N° 7
was related to a monotube reflood experiment conducted by the French OEA
at the ERSEC facility ; eight calculations were done by seven participating
countries. ISP N° 8 was based on an ECC systems experiment at the Semi-
scale facility at the Idaho National Engineering Laboratory, United States.
Nine calculations were submitted by seven countries and were compared at
the end of September in a special Workshop. Comparison of the results
showed that in general the codes performed well in predicting the experi-
mental results. Some important conclusions were drawn from the Workshop.
For example it was demonstrated that there were inherent limitations in
codes employing thermal equilibrium assumptions. Similarly, certain mathe-
matical models used in codes need further improvement. The final comparison
reports for these exercises will be available in early 1980. As a result
of this Workshop and discussions at the subsequent Working Group meeting
it was decided to recommend yet another reflood experiment as the basis
for an ISP, so as to permit further investigation of this thermal non-
equilibrium process.

Containment Response "/

85. The reactor containment enclosure forms a third barrier between j
the fission products contained in the fuel and the external environment, |
the fuel cladding and the primary coolant pressure boundary being the other j
two. The integrity of each of these barriers is obviously important to I
ensuring the health and safety of the public, and each is subject to rigid |
design, analysis and construction requirements.

86. The response of the containment in accident conditions is anal-
ysed in a manner analogous to the analysis of reactor conditions during a i
LOCA. The containment structure and its compartments are modelled mathe- ,
matically in a complex computer code designed to predict the time variation
of pressure and temperature within the containment for given initial reac- !
tor conditions and a specified location and size of break in the primary-
coolant circuit. The results are used by the safety authority to determine |
the adequacy of containment design. j

87. The CSNI had decided in 1978 to sponsor an international stan- ' .
dard problem exercise on the pressure and temperature loads affecting a ;
reactor containment following a LOCA, based on an experiment in the model ,
containment of the Battelle-Frankfurt Research Centre. The objectives of
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this problem were similar to those of the LOCA standard problems ; to
compare the predictions of the containment codes with agreed reference
data so as to gauge code validity and highlight those areas where physical
modelling was still uncertain.

88. Twelve countries undertook calculations for this problem in the
early part of 1979, and participants met in September 1979 at GRS,
Garching for a Comparison Workshop. Discussion of the results led to a
number of conclusions. First, the heat transfer correlations used in
these calculations did not always result in accurate predictions of con-
tainment conditions. Secondly, although this problem d.id not include a
quantitative determination of the degree of "conservatism" required in
the calculated results for licensing calculations as compared to the
measured results, it was apparent that the coefficients required in the
conservative calculations yielded more pessimistic predictions of pressures
and temperatures than the best estimate predictions. Finally it was noted
that the selection of three particular parameters of significance in pre-
dicting containment response remained more of an art than a science, and
that more experimental study was necessary to make them better understood.
These parameters were heat transfer coefficients, flow loss (or discharge)
coefficients and the water carry-over.

89. The Workshop recommended to CSNI that a further international
standard problem on containment response should be adopted. This problem
would also be based on a Battelle-Frankfurt experiment but would involve
a different arrangement of the sub-components in the model containment
and would involve a water line break, to allow a more thorough examination
of the water carry-over phenomenon. The Committee endorsed the proposal
and the calculation will be conducted in mid-1980. A formal Working Group
on Reactor Containment Safety was set up by CSMT in 1979 in order to study
fluid/structure heit transfer ; treatment of flow resistances and modelling
of containment inter-compartment connections ; water transport and distri-
bution and a blowdown ; and hydrogen behaviour and distribution.

Transient Two-Phase Flow

90. In the analysis of postulated loss-of-coolant accidents the
immensely complex physical situation must also be described by mathematical
codes. For such models it is necessary to establish, first, whether the
set of equations is relevant to the problem, and, secondly, whether the
solution technique adopted yields an "acceptably correct" answer, i.e. an
answer that is believable within prescribed limits of accuracy. To try
to determine how much uncertainty is introduced into calculations by the
numerical techniques used in these advanced codes, a numerical benchmark
standard problem exercise which had been recommended by an earlier NEA
meeting on transient two-phase flow was sponsored by CSNI. In this exercise
a well-defined problem of heat transfer and fluid flow was described by a
specified set of equations. Comparing the results of calculations using
these equations, should yield some measure of the margin of uncertainty
introduced. The intention is to determine the degree of uncertainty intro-
duced by code numerics in the result. A Workshop was held at the end of
October to make a preliminary comparison of the calculations.



FAST REACTOR SAFETY RESEARCH

91- At the end of 1978, the CSHI set up a Group of Senior Experts
on R & D activities related to the safety of the liquid metal cooled fast
breeder reactor (LMFBR). The Group is to provide a mechanism for exchanging
information and arranging greater international co-operation in this'area,
•because it was generally felt that unconcerted research programmes in the
different countries could lead to adoption of technical solutions that
were incomplete or irreconcilable.

92. The first specific task of the Group was to recommend to CSNI a
rationale for discussing strategy, targets and priorities in LMFBR safety
R & D. In this context, the Group discussed the possible implications for
LMFBR safety of the Three Mile Island accident. The Group's second task
was to organise the preparation of a series of international status-of-
technology reports. In 1979 work started on preparing four such reports,
dealing with : the consequences of fission gas release from fuel failures,
propagation and detection of local cooling disturbances in the core,
reactivity monitoring in a shutdown LMFBR, and increasing the reliability
of reactor shutdown systems.

93. The Group's third task was to recommend areas where specialised
activities such as specialist meetings or expert groups could contribute
to investigating and resolving specific current questions. The Group
decided to study three questions : first, whether any particular design
of LMFBR has a preferred capability for natural convection cooling under
degraded or abnormal conditions ; second, parameters in fuel failure
models used for predicting accident consequences ; and third, the role of
LMFBR containments, in particular with reference to major or limitary
accidents.

SAFETY RESEARCH FOR REACTORS HT GENERAL \

Nuclear Aerosols •

94-. Evaluation of the behaviour of aerosols is a prerequisite for : •' \
assessment of potential radiological consequences of major nuclear acci- "•• |
dents. Except for a few gaseous and volatile fission products, such as ;
xenon, krypton or iodine, aerosols represent one of the few pathways for \
the transfer of radioactivity to man. In the case of energetic dispersion j
of part of the reactor core and coolant, there can be formation of air-
borne particulates and droplets made up of or contaminated by uranium,
Plutonium, fission and activation products, and in the case of LMFBR,
sodium oxides. If aerosols based on these materials are released outside |
the containment, they could act as a carrier by which radioactivity could j
reach man and the environment.

95. A state-of-the-art report on the subject of nuclear aerosols was j
completed and published in 1979* As the first in the series of CSNI State- j
of-the-Art Reports, it set the scene regarding the objectives of future ]
reports : placing current technology in perspective and identifying major '
unresolved questions and related research, priorities. This report con- "
centrated on the computer modelling of aerosol formation and behaviour j
within reactor containments, on the basis of hypothetical accident con- j
ditions. The behaviour of aerosols outside reactor containments (i.e. !

after they have been released to the environment) was not covered, although



the report did contain sensitivity analyses for assessing the influence
of nuclear aerosol processes within the containment on the amounts and
forms of aerosols which could finally be released to the atmosphere in
the event of containment failure.

96. The main conclusion of the state-of-the-art report is that
modelling aerosol processes has reached an advanced stage of development,
particularly for severe LMFER accidents where different computer code
predictions generally agree within reasonable margins. However, there is
room for improvement in the data "base and experimental work for code
verification, and the report lists subjects for further research and
analysis. A preliminary survey of sampling and measurement techniques
for nuclear aerosols has been conducted ; this study will be taken further
in 1980, particularly in the framework of a specialist meeting on the
whole subject of nuclear aerosols.

Fuel-Coolant Interactions (FCI)

97• If) in spite of all the various forms of prevention, an accident
were to progress to the point at which fuel began to melt, the reactor
would contain two hot liquids, the molten fuel and the coolant. The cool-
ant will, of course, immediately vaporize as the two liquids come in
contact. If one postulates a means for suddenly and coherently mixing
substantial amounts of such liquids, this vaporization could in fact be
violent, potentially causing further damage to the core or scattering
debris. Such an occurrence requires some autocatylitic mechanism. The
physics governing such interactions is still not fully understood, though
"vapour explosions" are well known in the steel industry and have led to
a number of fatalities. It is highly unlikely that the necessary condi-
tions for a significant fuel-coolant vapour explosion could ever arise
in a reactor accident, and some researchers are convinced that such con-
ditions cannot be achieved using normal reactor materials. Nevertheless,
it would be desirable to have a coherent theory of the basic mechanisms
involved, so as to ensure that this possibility is precluded.

98. April 1979 saw the fourth CSNI specialist meeting on the subject.
These meetings bring together researchers who are studying the complex
physical processes involved either theoretically or by means of laboratory
experiments or in-pile tests. Although the experimental work reported
showed an ever-increasing sophistication, the results being obtained are
still not sufficiently well understood to permit any general conclusions
as to whether or not FCIs do, in fact, represent an appropriate concern
in reactor safety.

99- In view of the conclusions of this meeting, CSKI will organise
an international standard problem exercise designed to clarify the current-
ly competing physical concepts of FCI phenomena, by asking the proponents
of each to analyse one or two selected well-instrumented experiments.
Also two Groups of Experts will continue studies of the fundamental phys-
ics involved, and consider how these findings can be transformed into
safety arguments about real reactor systems. A further Newsletter collat-
ing the results of current FCI research will be published in about a year's
time.



Materials Research

100. in considering the materials used in reactor structures, the
essential safety question is whether it is possible to predict the integ-
rity of primary circuit components on the 'basis of the relatively few
data available in practice from design stress analysis, surveillance pro-
grammes (irradiation of small specimens of structural materials inside a
reactor, which are successively recovered at intervals for testing) and
test results. Obtaining data by physically testing materials and components
is only one step along the way, because the requirements of nuclear safety
demand an ability to analyse and predict how reactor components and struc-
tures will behave in normal circumstances - already hostile - and under
abnormal or accident conditions should these occur.

101. The Committee on the Safety of Nuclear Installations set up a
special Working Group [8] to advise on safety-related problems in the
materials field, prepare status reports, hold specialist meetings and
arrange international co-operation in research and analysis as appropriate.
The fundamental aim of the Working Group is to bring about an international
consensus wherever possible in this vast subject, on which substantial
research is going on in many countries. The Committee has recognised that
many organisations are heavily involved in performance testing and in
measuring the mechanical properties of materials. !Ehe Working Group there-
fore focusses on studying methods of testing and analysis.

102. ^ in fracture mechanics, the Group began in 1979 to provide a
mechanism for collaboration in analysis and testing, essentially between
the Committee structure of the American Society for Testing Materials and
similar bodies in Europe. In analysing and predicting the behaviour of
reactor pressure vessels and primary circuit piping it is necessary to
go beyond the classical "linear-elastic" fracture mechanics where defor-
mation of material remains proportional to stress. In many hypothetical
accident situations reactor materials move into a plastic regime, to which
the science, or art, of elastic-plastic fracture mechanics (EPFM) is
applied. During 1979 a special sub-Group reviewed the different approaches
being used in EPFM and produced a number of technical papers for the
Committee. Having surveyed the applicability and data requirements of the
various methods, the sub-Group began planning a number of illustrative
calculations using common data in order to make informed comparisons.

103. In EEFM, analytical methods are needed which are verifiable
through tests on small specimens and on full-scale prototypes of compo-
nents or systems. The most recent and important model is the concept of
plastic tearing instability, an advanced theoretical approach which in
the space of two or three years has had remarkable success, and has gener-
ated much interest, research and controversy. In September 1979 the Com-
mittee sponsored a specialist meeting on the subject ; it was attended by
the world's leading experts in EPFM and produced a consensus statement
regarding the status of the concept and its potential application to the
structural analysis of real pressure vessels and piping systems.

104. The Working Group prepared status reports on cyclic crack growth
rate and crack arrest, and plans to provide a focal point for future

[8] The CSNI Working Group on Safety Aspects of Steel Components in
Nuclear Installations was created formally in 1976. The Secretariat
of the Working Group is provided jointly by WEA and the Commission
of the European Communities.



efforts in probabilistic analysis and stress analysis of materials with
a view to assisting rapid progress to standard methods.

105« Nondestructive testing is the second major sphere of activity
of the Working Group. Flaws are inevitably present in components and
systems, and some maximum flaw size has to be assumed in calculations of
integrity. A prerequisite for there to be confidence in these predictions
is the availability of practical methods for detecting, locating and
sizing real flaws in materials.

106. In the United States and certain other countries, in-service
inspection of reactor pressure vessels and primary circuits using ultra-
sonic flaw detection procedures prescribed in the ASME XI code are man-
datory. Consequently a great deal of work is being done to perfect these
techniques ; during the year the Working Group prepared two comprehensive
status reports on their reliability.

107. In keeping with its decision to concentrate on the study of
methods in materials testing and analysis, the Working Group also set up
a small task group on acoustic emission used for flaw detection, aiming
at defining the limits of its applicability and, possibly, some standard-
isation of technique.

108. The major OSNI contribution in this context has been the round-
robin programme of tests on three thick welded steel plates, co-ordinated
by the Plate Inspection Steering Committee (PISC). This programme was
completed during 1979 and the first part of the results were being pub-
lished in December. The plates, containing deliberately implanted flaws
in the weldments, were supplied by the United States Pressure Vessel
Research Committee (PVRC) and shipped to Europe in 1976. During the next
two years they were examined ultrasonically by 28 organisations in
ten countries, all applying a standard procedure based upon that prescribed
by the ASME code, known as the PISC procedure. The participants were in-
vited to use any other nondestructive techniques they wished, to locate
and size the flaws, and 19 of them did so. During the first half of 1979
the plates were cut up so that the real flaws present could be identified
accurately. The results of the nondestructive examination and those of
the cutting, were analysed by computer ; the data from the tests carried
out according to the PISC procedure, together with conclusions and recom-
mendations, are being published (December 1979) in a series of six reports.

109« Although the results from the tests on these three plates are
not statistically definitive, for a number of reasons, they did indicate
a number of trends, from which general conclusions may be drawn. The data
were analysed in terms of the "quality" of detection, acceptance or
rejection (according to the ASME XI code) location and sizing. Only - for
larger (unacceptable) defects - did detection probability seem to be cor-
related with size. The size of large defects tended to be underestimated,
that of small defects exaggerated. In fact defect detection seemed to be
more a function of their position in the plate than of any other defect
characteristic. In view of the results of the PISC programme, a second
round-robin exercise of the same type will be sponsored with much tighter
specifications as regards the nature of the test plates and the types of
defects present in them, and the ultrasonic procedures used. Planning of
the new test series has begun ; an even greater interest than in the former
programme has been shown and test plates from several countries have been
offered.

• * > "



Reliability Analysis

110. In recent years, nuclear regulatory authorities have given
increased attention to quantifying the risks associated with commercial
nuclear power production. By conceptually breaking down a plant into sub-
systems, then computing the probability and consequences of the modes of
failure of each, it is now often possible to identify items in the plant
that should be upgraded to meet whatever overall safety and reliability
requirements have been fixed. Many countries are developing the mathemat-
ical methods needed for such work, and also trying to compile failure
statistics for important plant equipment, both nuclear and. conventional.

111. As part of the continuing CSNI activities aimed at accelerating
progress in this area, a Group of Experts submitted in 1979 the findings
of their two-year studies of four specific factors involved in predicting
the reliability of reactor mechanical equipment and ancillary structures.
The Group had collected all available information on experience with
operational failures of large relief and safety valves of the types used
in reactor primary circuits. It was found that although these valves had
shown a rather high failure rate, i.e. failure to operate on demand (of
the order of 1 per cent per demand), the detailed failure statistics were
still insufficient for the frequency of specific modes of valve failure
to be studied and predicted. It was also found that much remains to be
understood about the behaviour of valves when passing two-phase (steam
and water) fluids, and that there is a need to develop facilities for
examining the behaviour of large valves under realistic operating condi-
tions.

112. The Group also surveyed experience gained as to the reliability
of control rod drive mechanisms. As in the valve study, it was found that
available data are insufficient for the rate of different possible types
of failure to be defined and measured statistically. To try to compensate
for this lack of data, the Group constructed a conceptual failure model
for a typical drive mechanism, but the almost total lack of operational
incidents that had been reported prevented verifying the model or using
it to make any valid reliability predictions.

113. Finally, the Group discussed at length the general problem of
estimating the probability of a cs.tastroph.ic failure of a structure (such
as reactor pipework or containment of pressure vessel). Members reported
on their experience in obtaining a quantitative assessment in such cases,
particularly with regard to collecting reliability data, developing ad-
vanced mathematical techniques, and gaining access to substantial computer
capacity. These studies illustrated what is at present feasible relative
to the different reliability questions covered, and indicated the areas
where special effort was required.

114. Following recent risk studies in a number of countries, and
the conclusions about the possible consequences of small-break LOCAs as
a result of the Three Mile Island accident, the Group has been asked to
compile in 1980 all the failure statistics for small-diameter pipework
available from nuclear and conventional industry.

Off-Gas Cleaning Systems in Accident Situations

115. Off-gas treatment and ventilation systems are an integral part
of the radioactivity containment system of all nuclear facilities, and a
great deal of experience has been built up with regard to their design,
construction and ability to fulfil their functions under normal operating
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conditions. These systems should also be designed to operate as efficient
containment barriers in the event of accident situations where the con-
ditions in which they have to function may be widely different from those
of routine operation and may also be affected by fire or explosion. However,
information about the behaviour of off-gas and ventilation systems in
accident conditions is relatively limited owing to the small number of
serious mishaps which have so far affected nuclear facilities, and to the
limited possibilities for measuring the relevant data.

116. To look into this problem in greater detail, a specialist meeting •
was organised in Karlsruhe in October 1979 with the objective of exchanging
information and views among a limited number of experts. Although off-gas
and ventilation systems used in nuclear power stations are different from
those in fuel cycle facilities, all types of installation were covered at
the meeting.

117» The specialists reviewed available experience, particularly that
gained in the recent Three Mile Island accident where the retention effi-
ciencies of the iodine filters made of activated charcoal absorbers were
affected by various degradation mechanisms, notably ageing and weathering
of filters. The specialists also discussed the testing of High Efficiency
Particulate Air (HEPA) filters in simulated accident conditions, and rec-
ommended that a small co-ordinating group be set up to study air cleaning
in general, to review periodically the performance of filtration systems, |
collect available operating experience and discuss ways of improving co- j
operation, for example by co-ordinating research programmes and use of
testing facilities. CSNI endorsed this proposal and the Co-ordinating i
Group will meet for the first time early in 1980.

Human Error Assessment

118. The human factor is clearly an important component of reactor
safety. People affect the success of all phases of the life of a reactor,
from conception and design, through construction maintenance, operation, >
and ultimate decommissioning.

119. To further develop the quantitative analysis of human error,
in 1979 a CSNI Group of Experts reviewed compilations of abnormal event ;
reports from several Member countries to evaluate the quality of the J
human error information contained, and to try to identify recurrent modes -, j
and causes of human error involved in routine testing procedures. The
experts also began separate analyses of the concept and actual realisation j
of certain selected routine test procedures for a specific reactor safety
system. These two studies, to be continued in 1980, should identify the '
background information generally needed for a quantitative analysis of
routine human behaviour ; this can usually be obtained by interviewing
plant staff and examining equipment and operating records to supplement
the information contained in incident reports.

Reference Seismic Ground Motions
i

120. A draft state-of-the-art report on reference seismic ground
motions in nuclear safety assessments was submitted to CSNI in November
1978. The draft required clarification on a number of points and. better
agreement among experts, particularly on the issue of using probabilistic ,
analysis techniques for the seismic safety assessment of nuclear sites
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and plant structures. Consultation therefore continued through. 1979 and
a final report was presented to CSNI in November. It will be published
early in 1980 as CSNI State-of-the-Art Report N° 2.

121. To pursue further the discussion of the use of probabilistic
methods in seismic assessments, a short review was made of the studies
carried out so far. In particular, a very substantial effort is being
made in the United States at the Lawrence Livermore Laboratory, University
of California, where a "seismic safety margin research" programme was
recently launched. Preliminary results of this programme will be available
in 1980 and CSNI therefore decided to sponsor in 1980 a specialist meeting
on probabilistic studies in order to discuss the results of this and other,
similar work.

Exchange of Information of Operating Experience in Thermal Power Plants

122. In order to improve the safety of nuclear power plants, it is
essential to utilise the knowledge gained from operating experience. The
exchange of information on operating experience, especially on incidents
and accidents, has always been considered important and of interest for
international co-operation. An exchange of this kind was started in an
informal way under the auspices of CSNI in 1973» and. has been effected
since then through the annual meetings of CS1JT, in specialist meetings
of CSNI, by exchanging reports, and so on.

123. The increasingly important role of nuclear power has placed
more emphasis on its safety, and the need for a system that would enable
more systematic and effective exchange has become urgent. In November 1978
CSNI decided to set up a centralised system for information exchange, and
as a first step established a Working Group to investigate the practical
side of collecting, collating and analysing experience from operating
plants.

124-. The Working Group met twice during 19791 and submitted a detail-
ed report to CSNI suggesting the type of information to be exchanged and
procedures to be followed. The Committee adopted the proposals and agreed
to set up the system for a trial period of two years, starting on
January 1st 1980.

SAFETY OF THE NUCLEAR FUEL CYCLE

125. As a follow-up to the preliminary report prepared by the Working
Group on Fuel Cycle Safety in 1978, preparation of a comprehensive state-
of-the-art report was begun in 1979. The report will contain more detailed
technical justifications for the conclusions reached in the preliminary
report. It is expected that the state-of-the-art report will again confirm
that, although there are potentially significant safety problems associated
with fuel cycle facilities, current and foreseen technology will provide
adequate solutions/ During 1979 > the Working Group discussed in detail
several chapters of the report dealing with spent fuel storage and reproc-
essing, radioactive waste management and decommissioning of fuel cycle
facilities. During the discussions it became clear that the nuclear safety
problems of fuel cycle facilities, although taken fully into account in
their design and operation, have not always been treated as such in the
open literature. In addition, the Working Group's task has been made more
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difficult by the status of development in the fuel cycle, and by the fact ,
that the number of facilities is limited. The state-of-the-art report,
which will cover radiation protection and waste management aspects only
to the extent they are relevant to the discussion of nuclear safety [9 ],
is intended to provide a comprehensive review of nuclear safety problems
for all fuel cycle facilities, underlining where additional work is con-
sidered necessary to reach a more uniform level of safety.

126. During the year, the Working Group on Fuel Cycle Safety has . .
also discussed a number of specific issues. It reviewed in detail the :
conclusions of a specialist meeting on safety problems associated with
the handling and storage of UF5 [10] which took place in Boekelo in
June 1978, and suggested that another such meeting should be held in the
near future to follow progress in the theoretical modelling of UFg releases
into the atmosphere and. the experimental results obtained to verify the
models. The use of probabilistic methods of risk assessment for fuel cycle
facilities was considered to be seriously limited at present owing to the
lack of a satisfactory data base, notably as regards reliability data,
and the importance of the human factor in the majority of fuel cycle •
activities. However, studies in this field should be developed further
in the future in view of their potential benefits, in particular with i
regard to comparison with hazards from other industrial activities. Final- \
ly, the Working Group recognised that the storage of high-level waste in \
liquid form raises a number of significant safety issues, but preferred j
to postpone any action in this field pending the publication of the state- '
of-the-art report on fuel cycle safety which will include a relatively .
developed section on this subject.

Behaviour of Spent Fuel Assemblies during Extended Storage

127. Following an Austrian proposal for an international project to
study corrosion of spent fuel assemblies during long-term storage, two
preparatory meetings of interested countries were organised in February
and April 1979- The aim of the proposed co-operation in this field would
be to exchange and review available experience, promote additional sur-
veillance activities and technical studies, and to assess jointly on a
broad basis the safety aspects of an extended storage of spent fuel ;
assemblies, particularly for the benefit of licensing authorities. It is j
generally considered that the fuel cladding would retain its integrity
for at least several decades in the conditions prevailing in a storage !
pond, as these are obviously less stringent that those in the core of an j
operating reactor. Nevertheless, only a limited amount of data is avail-
able and it would be useful to carry out appropriate investigations with '
respect to the nuclear safety point of view and licensing requirements.
A tentative technical programme has therefore been proposed. In order to
take account of accumulated experience, a joint NEA/IAEA questionnaire, i
covering the behaviour of spent fuel elements and the equipment of stor-
age ponds, has been distributed. The results of the survey will be evalu- !

ated in 1980 and used as a basis for further consultation regarding the
establishment of the proposed joint programme.

[9] Appropriate representation from the Committee on Radiation Protection
and. Public Health and the Radioactive Waste Management Committee is
ensured within the Working Group.

[10] Uranium hexafluoride (UFg) is the feed material for gaseous diffusion
and centrifuge uranium enrichment.



Spent Fuel Transportation

128. In the same spirit, another preliminary meeting was held in
June 1979 to discuss the possibility of setting up a broad exchange pro-
gramme on the transportation of spent nuclear fuel. General interest was
expressed for co-operation on criticality, shielding and heat transfer
code development and testing insofar as they refer to the design of
shipping casks for spent fuels. A proposal was therefore made for a stan-
dard problem exercise on criticality aspects as a first step towards
closer co-operation in this field.

NUCLEAR SAFETY RESEARCH INDEX

129- As a comprehensive source of reference to safety related
research activities, the Nuclear Safety Research Index, which is a com-
pilation of concise descriptions of nuclear safety research projects and
related computer codes in Member countries, has been issued annually
since 1971.

130. A new edition of the Index was published in 1979 in conjunction
with the International Energy Agency. In four volumes totalling some
3300 pages, the new edition lists more than 1200 projects and codes that
are operative or under active development.

LICENSING OF NUCLEAR INSTALLATIONS

131. Over the past 10 years the licensing of nuclear reactors and
other nuclear installations has become a major activity in many NEA
Member countries. At the same time it has increased considerably in com-
plexity as a result of the significant progress achieved in nuclear safety
research programmes. Against this background, the CSNI sub-Committee on
Licensing, set up in 1973, provides a unique forum for regulatory author-
ities of Member countries to exchange views and information freely on the
broad range of questions relevant to licensing, from siting considerations
to decommissioning procedures. This is an important facility because,
although nuclear installations in different countries may have essential-
ly similar technical characteristics, regulatory traditions and legal
forms differ to such an extent that standardisation of licensing proce-
dures is possible in only a very limited sense. It is thus all the more
important that there should be a broad identity of views on the technical
aspects. In 1979, the activities of the sub-Committee on Licensing have
been largely dominated by the TMI accident and the Specialist Meeting on
Regulatory Review in the Licensing Process, which took place in Madrid in
November 1979.

Specialist Meeting on Regulatory Review in the Licensing Process

132. This meeting, which was hosted by the Spanish Junta de Energia
Nuclear, was attended by participants from 15 countries and reviewed in
detail the situation with respect to the process of reviewing and analysing
the safety features of nuclear power stations proposed for licensing. This
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included organisational matters, the technical basis, scope and stages
of the regulatory review process, a special session on the Three Mile
Island accident, the technical methods of review and assessment, relation-
ship between research and regulatory review as well as some specific as-
pects such as siting, "backfitting11 [11] and decommissioning of nuclear
power stations. The meeting underlined the importance for regulatory-
authorities to be provided with adequate resources in terms of competent
staff, availability of codes and guides, access to results of research
programmes and in general to all technical tools to enable them to achieve
an independent judgement of the safety of nuclear power stations. In this
respect, the relationship between research and regulatory review was
stressed. It was evident that countries with limited nuclear power pro-
grammes have to a large extent to rely on the country from which they
purchase their reactors for the technical information required for the
proper conduct of their regulatory review.

133- The meeting also illustrated the need for a deeper exchange of
information between Member countries on the experience available from the
operation of light water reactors. It therefore welcomed the HEA initiative
to set up a system for exchanging such experience, which included all use-
ful information on incidents and accidents.

Progress in 1979

134. The conclusions of the special meeting on the Three Mile Island
accident and those of the Specialist Meeting on Begulatory Eeview, were
taken up by the sub-Committee on Licensing at its November 1979 meeting.
Several aspects of licensing activities were stressed, particularly those
relating to siting analyses and operator training. With regard to the
former, there was considerable interest in an interchange of views on
site approval considerations, such as population distribution, emergency
planning zones as related to specific sites, social and political impact,
as well as of other licensing aspects. The sub-Committee decided on this
basis that it should hold a special meeting devoted to the licensing
aspects of nuclear power plant siting in June 1980, the objective of which
would be a free exchange of information on national practices. It was also
agreed that more attention should be devoted to operator training and
emergency preparedness at reactor sites, that is to say the ability of
the operators and the plant management to respond to emergency situations
in an efficient way. The need to maintain a sufficient number of highly
qualified staff on the site was underlined, particularly after the TMI
accident. In view of the importance of this subject, it was decided that
a specialist meeting should be held in 1980 on the broad aspects of opera-
tor selection and training and on on-site emergency preparedness.

Compilation Studies and Other Exchanges of Information

135» As in the past, the sub-Committee continued to promote detailed
exchanges of information, notably in the form of compilation studies. In
this respect a questionnaire was issued to collect information on regula-
tory inspection practices during the commissioning stage of nuclear power
plants. In addition, delegates reported on regulatory measures and decisions

[11] "Backfitting" is the process by which regulatory requirements speci-
fied after initial approval are introduced.



adopted in their respective countries as well as on the regulatory impli-
cations of incidents and accidents with safety significance. Such a free
exchange of information on the experience gained in Member countries un-
doubtedly contributes to a better identification of the improvements
which have to be made in the licensing procedure and therefore to the
overall degree of safety of licensed nuclear installations.

• {•
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CHAPTER VI

NUCLEAR LAW





INTRODUCTION

136. Activities in the field of nuclear law are concentrated in three
areas : nuclear third party liability and insurance questions ; provision
and dissemination of information on nuclear law ; and supporting and
advisory services to other sectors of the Agency's programme and to the
joint undertakings.

137 • During 1979» work on nuclear third party liability, conducted
under the guidance of the Group of Governmental Experts on Third Party
Liability in the Field of Nuclear Energy, culminated in the approval by
the Steering Committee for Nuclear Energy of draft protocols revising the
Paris Convention on Third Party Liability in the Field of Nuclear Energy
and the Brussels Convention Supplementary to it.

138. In regard to information on nuclear law, a Workshop on Nuclear
Law Data Processing for the IAEA's International Nuclear Information
System (HUTS) provided a useful forum for discussions between lawyers
and computerised information specialists and resulted in a number of
recommendations to improve the System and to harmonise related practices.
NEA now processes nuclear law data for fifteen Member countries for trans-
mission to UTIS.

THIRD PARTY LIABILITY

Revision of the Paris and Brussels Conventions

After more than two years of work the Group of Governmental
Experts on Third Party Liability in the Field of Nuclear Energy reached
agreement at their meeting in June on a series of amendments to modernise i
the Paris Convention of 29th July 1960, on Third Party Liability in the j
Field of Nuclear Energy, and the Brussels Convention on 31st January 1963* ,
supplementary to the Paris Convention. The proposed amendments were en- )
dorsed by the Steering Committee for Nuclear Energy at its session in
October, and were being prepared by the end of the year for submission in
the six authentic languages for adoption at a meeting of the Council early
in 1980. Thereafter, the amending Protocols will be open for ratification i
by the Signatories to the Conventions. '

140. There were three main reasons to modernize the Paris and •
Brussels Conventions. In the first place, the unit of account used to
express the liability and compensation amounts in the Conventions - the
European Monetary Agreement Unit of Account (EMA u/a) - had become obsolete '<
as it was based in an official price of gold which has now been abolished.
Agreement was reached to recommend its replacement by the Special Drawing' !
Right (SDR) of the International Monetary Fund, the use of which as a new I
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international unit of account has become increasingly widespread. Since
the initial value of the SDR, introduced in 1969, was the same as that
of the EMA u/a, the recommendation was that the amounts currently ex-
pressed in EMA u/a should be replaced by identical amounts in SDRs.

141. The second reason for a revision of the Conventions was that
due to inflation, the purchasing power of the amounts of liability and
compensation established by the Paris and Brussels Conventions has been
significantly eroded since the date of their adoption in 1960 and 1963
respectively. While it did not prove possible to reach agreement on a
modification of the liability amounts established by the Paris Convention,
the experts agreed to recommend an increase of the compensation amounts
provided for by the Brussels Convention by a factor of 2.5. This figure
was arrived at by calculating the average effect of inflation experienced
by the Signatories. The practical effect will be to re-establish the value
of the effective compensation available to victims of a nuclear incident.
The Brussels Convention established a system whereby such compensation is
payable in different "slices" or "tiers". The first is payable, up to a
ceiling specified in national legislation by the operator of the nuclear
installation involved in the incident. Should this money be insufficient
to compensate all victims in full, the State in which the installation
concerned is situated is responsible for paying the second tier of com-
pensation. Should this also be insufficient, yet more money is available
by means of a joint contribution from the Contracting Parties to the
Brussels Convention. The proposal of the Group of experts will thus result
in the amount of 70 million units of account, corresponding to the tier
of compensation payable by the State in which the installation concerned
is located, being raised to 175 million, and the amount of 120 million
units of account, corresponding to the current ceiling of the joint con-
tribution by the Contracting Parties, being increased to 300 million.

Thirdly, experience gained in the application of the two
Conventions - and in particular that of Paris - had shown that a number
of amendments could usefully be adopted to facilitate the implementation
of the Conventions or to further harmonize their application. Several of
these amendments consisted in putting into effect, in the text of the >
Conventions, the content of Recommendations previously adopted by the
Steering Committee for Nuclear Energy and already incorporated in the : ':

national legislation of several Signatory countries. :.

143. For example, the inclusion of damage to the means of transport j
in the operator's liability is to be made mandatory. Further, the exclusion |
of nuclear damage to property on the site is extended to damage to any I
other nuclear installation on that same site. This amendment was felt to j
be necessary in order to ensure that the funds available for the compen- ,
sation of victims are not used up to compensate damage to these other
nuclear installations, but are instead reserved for genuine third parties.
Amongst other amendments was the insertion of a clause in Article 7(b) of
the Paris Convention expressly enabling a limit of liability lower than j
the reference limit set in the Convention, to be fixed for the operator ;
of certain installations or transports which are considered not to be !

capable of causing great damage. The purpose of this amendment is to ;
avoid burdening nuclear operators of such minor installations and trans- ;
ports with unjustified insurance or financial security costs. |

i

Ratification of the Conventions

144. Following ratification by the Netherlands, the Paris Convention
and the Brussels Supplementary Convention both came into force in that
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country on 28th December, 1979- This brings the number of Contracting
Parties of the Paris Convention to fourteen, and those of the Brussels
Supplementary Convention to ten [12],

INFORMATION ON NUCLEAR LAW

145. Provision and dissemination of information on nuclear law are
included in the Agency's statutory responsibilities connected with en-
couraging the harmonisation of regulatory policies and practices in the
nuclear field. In addition to publication of the Nuclear Law Bulletin
twice a year and preparation, in collaboration with the International
Atomic Energy Agency, of a study on the transport of nuclear materials,
emphasis has continued to be placed on disseminating legal information
by computerised means.

146. For several years, NEA has been collecting and processing
nuclear law data from its interested Member countries for insertion into
the International Nuclear Information System (INIS) operated by the IAEA.
Two more Member countries, Australia and Portugal, have now joined the
arrangement, and fifteen £13] Member countries now channel their legal
information through HEA. During the year, NEA provided UTIS with a nuclear
law data base for Austria, Belgium and Portugal and detailed information
on the legal regime governing nuclear activities in these countries is
now available to all users of INIS.

147. A Workshop on Nuclear Law Data Processing for INIS, held in
April in collaboration with IAEA, brought lawyers and computerised nuclear
information specialists together for the first time to discuss the methods
used to input legal data and to harmonize them. The Workshop also served
to inform lawyers about the services now provided and to compare them with
their needs. On this occasion, a technical demonstration was organised at
the French Atomic Energy Commission's Nuclear Research Centre at Saclay,
during which a dialogue was established with the INIS Computer at IAEA
Headquarters in Vienna. A main conclusion of this meeting was that an
international computer-based legal information system such as INIS, geared
to provide data on developments in nuclear law on a world-wide level, was
especially useful to lawyers and to representatives of other professions
in view of the expansion of nuclear trade and the consequent need for
information on legal systems governing nuclear activities in other coun-
tries. Proposals were made to facilitate further the retrieval of legal
data. These will be considered by the INIS Liaison Officers early in 1980.

OTHER LEGAL INFORMATION ACTIVITIES

148. Two further issues of the Nuclear Law Bulletin (N° 23 and 24)
were published in June and December. The Bulletin, which is the only
publication of its type, is available on subscription from the OECD and

[12] A list of ratifications and accessions in respect of these Conventions
is reproduced in Annex A.

[13] Australia, Austria, Belgium, Denmark, Finland, France, Italy, the
Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Turkey
and the United Kingdom.
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has a wide international readership. !Ehe information reported is drawn
essentially from a network of national correspondents.

14-9. Legal developments in the nuclear field, in 1979» revealed a
trend towards providing greater protection for potential victims of nu-
clear incidents. A number of countries enacted domestic nuclear third
party liability legislation and ratified the international Conventions
on the subject. A Convention on physical protection of nuclear materials
was developed under the auspices of the IAEA and several bilateral safe-
guards agreements were signed. Concern about nuclear safety was reflected
in reviews of national licensing regulations to improve licensing systems.
The texts of the most important enactments were reproduced in the Bulletin.
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STUDIES ON NUCLEAR ENERGY DEVELOPMENT AND THE FUEL CYCLE

150. Studies on Nuclear Energy Development and the Fuel Cycle have
traditionally enjoyed high priority in the NEA programme of work, nota-
bly as one of the means available to Member Governments to evaluate the
technical and economic conditions underlying national decisions on nu-
clear energy development. This work includes surveys of resource avail-
ability and fuel cycle demand projections, co-ordination of R & D in
specific technological fields and promotion of separately-financed pro-
jects by interested Member countries. It is guided and co-ordinated by
the Committee for Technical and Economic Studies on Nuclear Energy Devel-
opment and the Fuel Cycle, known in short as the Fuel Cycle Committee
(FCC). This Committee is supported by a number of specialised working
parties, many of which are jointly sponsored with the IAEA.

In 1979) the major part of the work in this area continued to
be devoted to the following activities :

- Uranium Resource and Demand Evaluation ;

- Assessment of Speculative Uranium Resources ;

- Co-ordination of Research and Development in Uranium Exploration
Techniques ;

- Uranium Extraction ;

- Nuclear Fuel Cycle Requirements and Supplies Through the Long
Term.

152. The Agency also continued to make a substantial contribution
to the International Nuclear Fuel Cycle Evaluation (INFCE), a major part
of the NEA programme being adapted to provide information relevant to the
INFCE fields of study. This was notably the case for INFCE Working Group 1
(Availability of Nuclear Fuel and Heavy Water) which drew very substan-
tially on the information collected for the next NEA/IAEA report en
Uranium Resources, Production and Demand, which was prepared in parallel
with the INFCE studies (see paragraph 154 below).

153. In anticipation of the completion of the INFCE studies in
early 1980, the Fuel Cycle Committee also initiated some thinking on its
future role in the context both of the NEA longer term programme orien-
tations relating to the nuclear fuel cycle and of the wider international
nuclear scene. Towards the end of the year, a small group was set up
within the FCC for the purpose of preparing further thoughts on this
matter for consideration by the Steering Committee for Nuclear Energy in
1980.
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Assessment of Uranium Resources, Production a.U Demand

154. Studies in the area of uranium resource assessment were contin-
ued and broadened under the general direction of the FCC. By December 1979,
a new edition of the joint MEA/IAEA report "Uranium Resources, Production
and Demand" had been prepared for publication and its release was timed
to coincide with the completion of MFCE in February 1980. This report,
which continues a tradition of NEA/IAEA co-operation in publications of
this kind started twelve years ago, was prepared by the NEA/IAEA Steering ;
Group on Uranium Resources [14] based on data collected by the HEA/IAEA •
Working Party on Uranium Resources.

155« The report examines uranium exploration, resources and produc-
tion on a country-by-country basis and for the first time widens its
coverage of uranium resources with descriptions of some of the high-cost
low-grade resources and the potential resources likely to exist beyond
"Reasonably Assured" and "Estimated Additional Resources", as defined in
the report. The assessment of production capability from known resources
has been extended beyond the year 2000 for some of the major producers.
Information on uranium demand has also been revised in the light of more
recent forecasts of nuclear power growth, particularly the projections •
produced by the International Nuclear Fuel Cycle Evaluation (INFCE). This '.
latest edition of the report puts emphasis on the comparison of annual :
uranium availability with annual requirements. This is considered to be i
more useful in assessing future supply/demand balances than comparisons
of resources and cumulative demand. The following paragraphs highlight
the findings and conclusions of the report. ,

156. World [15] uranium reserves at costs up to $ 80/kg U [16] from
which production is normally drawn, have increased by some 200,000 tonnes
in the last two years and now total 1.85 million tonnes U. The increase
was due mainly to discoveries in Brazil and Canada and improved knowledge
about deposits in Namibia, South Africa, Spain and the United States.
Present reserves are equivalent to the cumulative estimated requirements
until between 2000 and 2005. However, for economic, political and technical
reasons, some of these reserves will not be exploited during this time-
scale. Thus, additional reserves will probably be necessary to meet the
needs prior to this period.

157 • Reasonably Assured Resources, at costs up to $ 130/kg U (in- J
eluding reserves), now total 2.59 million tonnes uranium and Estimated j
Additional Resources in the same cost category amount to 2.45 million i
tonnes uranium. These resources are referred to as "known" resources. j

The Steering Group on Uranium Resources has the following membership :
Australia, Canada, France, Federal Republic of Germany, Italy, Japan,
South Africa, United Kingdom, United States and the Commission of the
European Communities.

[15] Data were not supplied or estimated for Eastern Europe, USSR or China.
Thus, "world" as used here refers to the World Outside Centrally
planned economy Areas (WOCA).

[16] Defined as Reasonably Assured Resources that occur in known mineral
deposits of such size, grade and configuration that they could be
recovered at costs below $ 80/kg U (» 30/lb UJOQ) with currently
proven mining and processing technology.
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In addition, the Steering Group's judgements on the size of Speculative
Resources, contained in the report "World Uranium Potential - An Inter-
national Evaluation" [^71, are listed and some countries have given their
own estimates of Speculative Resources in their national reports. Some
countries have also given estimates of uranium resources recoverable at
costs greater than & 13O/kg IT, which could be important in the context of
long-term supply, particularly for example for breeder reactors for which
uranium costs are much less significant than for thermal reactors.

158. While production amounted to about 38,000 tonnes uranium in
1979, the production capability was about 44,000 tonnes per year. This
capacity could increase to 119,000 tonnes per year by 1990 if there is
sufficient economic incentive and stability to provide the basis for
orderly growth. As shown in TableII, production capability beyond 1990
from currently known resources could peak at little above 120,000 tonnes
in the mid-1990s and then decline over the first quarter of the 21st cen-
tury. Production during that period will depend increasingly on resources
yet to be discovered.

159» Exploration programmes have been reported in ovev 40 countries
and government sponsored reconnaissance programmes have been initiated
in several countries. Exploration expenditures increased to about
$ 570 million in 1978 and greater expenditure is expected for 1979* Some
of the increase in expenditure is accounted for by cost inflation but it
appears that considerably more exploration is being carried out.

160. In addition to the risk associated with investment in explora-
tion there are other constraints such as lack of access to prospective
areas due to difficult terrain or government restrictions (such as in
national parks and reserve areas), insufficient outcrop of rock, limited
techniques for discovering buried ore bodies and difficulties in the
selection of target areas and exploration techniques in areas where the
geology is not well known.

161. The projections of nuclear power growth, for the World Outside
Centrally planned economy Areas (WOCA), developed by IEFCE have been
adopted for the purposes of the report. These forecasts (see Table III)
can be interpreted as a downward adjustment of the forecasts made in the
previous edition of this report. For the year 2000, the IKFCE high fore-
cast is 1,206 GWe, and the low forecast 833 GWe. The downward revisions
actually represent a delay in the planned introduction of new nuclear
power stations and this is most significant for the short-term balance
of uranium supply and demand. However, both the earlier and the newer
forecasts project continued growth of nuclear power for the periods con-
sidered. Substantial additions to uranium reserves are necessary to
support this growth.

162. Uranium requirements in 1980 are expected to be in the range
28,000 tonnes to 32,000 tonnes, which would be well below the maximum
attainable production capability in that year of nearly 50,000 tonnes.
The annual requirements may differ from the projections due to enrichment
plant feed commitments and changes in uranium stocks but the excess of
production capability over demand appears to extend until about 1990.
Projections of annual requirements to 2025 are given in Table IV for four
reactor strategies. Two of these, the current technology light-water

[17] "World Uranium Potential - An International Evaluation". A joint
report by the OECD (HEA) and IAEA - OECD, Paris, December 1978.
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Table U. PROJECTION OF MAXIMUM ATTAINABLE PRODUCTION CAPABILITIES
FROM KNOWN RESOURCES OF MAJOR PRODUCING COUNTRIES

;. 1980-2025
:.v - -^ (1,000 tonnes U)

YEAR

1980

1985

1990

1995

2000

2005

2010

2015

2020

2025

AUSTRALIA t

0. 6

12.0

20. 0

17. 0

10.0

2.0

^CANADA

7.2

14.4

15. 5

15.4

12.5

10.8

10. 7

10. 6

10.5

10.4

FRANCE

3.5

4. 0

4 .4

3. 1

1.6

NAMIBIA

4 .1

5.0

5.0

4.6

4.6

SOUTH

AFRICA

6.5

10.6

10.4

10.0

10.0

10.0

10. 0

10. 0

10.0

10.0

UNITED

STATES

19.9

31.4

40.8

46.7

51.6

46.7

40.7

25.4

12.3

OTHERS1

7.3

17. 1

18.2

20.2

16.5

14.5

9. 5

7.0

11.0

PHOSPHATES

1.0

3.5

5.0

6.0

8.0

10.0

12.0

13.0

14.0

16.0

TOTAL

50. 1

98.0

119. 3

12a o

114.8

94.0

82.9

66.0

57.8

36.4

1. Tiie figures in 'others' for the period 1995 to 2025 and all of the "phosphates' figures were taken from a report of INFCE Working Group 1.



reactors with a once-through fuel strategy and accelerated introduction
of advanced fast breeder reactors define the upper and lower limits for
uranium demand corresponding to the HTFCE nuclear power projections. The
other two are mixed reactor strategies which, though not in themselves
more plausible than single strategies, define a more likely range of
demand to be compared to supply.

Table III

NUCLEAR CAPACITY (GWe) GROWTH ESTIMATES TO YEAR 2000

World Outside Centrally
planned Economy Areas
(WOCA)

OECD

1979

112

108

1985

High

303

280

Low

257

238

1990

High

533

483

Low

433

388

2000

High

1,206

1,020

Low

833

683

163. Uranium requirements until 1990 can now be fairly precisely
determined by reference to the reactors in operation and under construc-
tion. The continued operation of early generation reactors and the over-
whelming dependence on Light Water Reactors (IWRs) mean that the ratio
of uranium consumption to power output will remain relatively high. It
is generally accepted that by 1990, recycle of uranium and plutonium will
not make a substantial contribution and that fast breeder reactors will
not yet have been introduced in significant numbers. These factors indicate
that annual uranium demand will increase over the decade 1980 to 1990 from
28,000 tonnes U to about 60,000 tonnes U for the low HTPCE forecast ; or
from 32,000 tonnes U to about 88,000 tonnes for the high IHPCE forecast.
As shown by Table II these requirements are well within the attainable
production capabilities during this time-scale.

164. Beyond 1990 the projections of uranium demand cover an increas-
ingly wider range, as uncertainties about choice of reactor types and
rates of nuclear power growth increase. Annual requirements in the year
2000 would reach 200,000 tonnes U under conditions of high nuclear power
growth and use of light water reactors without improvement in uranium
consumption or any recycle of used fuel. Conversely, under assumptions
of low nuclear power growth, recycle of uranium and plutonium and their
use in fast breeder reactors, the uranium requirements would be half that
amount, or about 100,000 tonnes U in the year 2000. Later the projections
diverge even more as uranium requirements for programmes using light water
reactors continue to increase rapidly while projected annual requirements
level off and eventually decrease under assumptions of low growth and full
utilisation of fast breeder reactors.

165. Cumulative requirements for the period 1980 to 2000 could be
in the range 1.2 million to 2.1 million tonnes U and lifetime requirements
for the reactors in operation by 2000 could be in the range 2.5 million
tonnes U to 5*0 million tonnes U if there is no recycle of uranium and
plutonium. This compares with the latest assessment of total Reserves,
other Reasonably Assured Resources and Estimated Additional Resources
(as defined in each case), recoverable at prices up to $ 130/kg U, of
5.0 million tonnes U. Since a significant proportion of these will not
be recovered for technical or political reasons, the urgent need for
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Table IV. URANIUM REQUIREMENTS FOR ILLUSTRATIVE
FUEL CYCLE STRATEGIES FOR THE WORLD1

(1,000 tonnes U)

YEAR

1980 Ann
Cum

1990 Ann
Cum

2000 Ann
Cum

2015 Ann
Cum

2025 Ann
Cum

YEAR

1980 Ann,
Cum

1990 Ann

2000 Ann
Cum

2015 Ann
Cum

2025 Ann

LWR - DOMINATED SINGLE-TYPE
STRATEGY

ONCE THROUGH CURRENT

TECHNOLOGY LWRs

LOW

29
29

66
499

136
1,520

220
4,260

260
6,710

HIGH

32
32

88
617

199
2,080

433
6,810

593
12,040

FBR - DOMINATED SINGLE-TYPE

STRATEGY

U-Pu FUELLED

ADVANCED FBRs

LOW

28
28

56
447

100
1,270

88
2,730

48
3,420

HIGH

32
32

78
561

146
1,763

122
3,750

47
4,590

FBR/LWR DOMINATED MIXED STRATEGIES

UPPER MIXED STRATEGY

10« FBRs IN 2025

OXIDE-FUELLED FBRs

LOW

28
28

56
455

108
1,280

164
3,370

190
5,180

HIGH

32
32

78
568

161
1,780

323
5,400

430
9,240

LOWER MIXED STRATEGY

60% FBRs IN 2025

ADVANCED FBRs

LOW

28
28

56
454

96
1,250

99
2,740

89
3,690

HIGH

32
32

78
568

133
1,690

174
3,990

183
5,790

1. Data were not supplied nor included for USSR, Eastern Europe, nor China.

N.B. Cumulative from 1980.

SOURCE: A report of INFCE WGl, where the strategies are identified, in order, as: Lla, Hla, L3b, H3b, RMS-1, AMS-4 (RMS

strategies have 2 years hold-up of plutonium, AMS strategies have 1 year hold-up of plutonium).
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discovery of additional resources is further emphasized by the range of
projections for cumulative requirements to 2025. These are from 3.4 million
to 12 million tonnes U depending on the rate of growth of nuclear power,
the choice of reactors and the treatment of spent fuel. Lifetime require-
ments would range from 4 million to 20 million tonnes IT for a large scale
advanced FBR strategy and for a current technology once through LWR strat-
egy respectively.

166. The projections for uranium requirements are compared to maximum
attainable production capabilities from known resources in Figures 1 and
2. This comparison shows that to maintain production levels at 120,000
tonnes per year or to increase them after the year 1995 to meet the pro-
jected requirements, increasing dependence must be placed on resources
which have not yet been discovered. Furthermore, as the lead times from
exploration to production from a uranium deposit now average about
15 years, the availability of uranium around the turn of the century
will depend to a considerable extent on the success of the exploration
undertaken iix the next ten years. These considerations also emphasize the
urgency of this matter.

Assessment of Speculative Uranium Resources : IUEEP

167. Work has continued throughout the year on the International
Uranium Resources Evaluation Project (IUREP). This Project was set up in
1976 to improve the knowledge of worldwide uranium resources mainly by
identifying areas favourable for uranium deposits and, if possible, by
stimulating exploration in these areas.

168. The first phase of the Project was undertaken by the NEA/IAEA
Steering Group on Uranium Resources who, with the assistance of expert
consultants, undertook a systematic review of world geology and a compi-
lation of an inventory of uranium occurrences. Areas were then identified
which are believed to be favourable for the discovery of uranium resources
in addition to those resources categorised as Reasonably Assured Resources
and Estimated Additional Resources, and estimates made as to the magnitude
of these Speculative Resources.

169. The compilation of the data base for the first phase of IUREP , ,
was completed early in 1978 and a comprehensive report was produced in ' !
June of that year. This long and highly technical document was condensed ' .|
by the Steering Group and the report "World Uranium Potential : An Inter- i
national Evaluation" was published by the OECD in December 1978. This j
report summarizes the estimates of the Speculative Resources and iden-
tifies sixty five countries as having good potential for additional uranium !
resources.

170. Discovery of a significant portion of the additional uranium ,
resources will require, in a majority of the sixty five countries, ex- ;
ploration work beyond that presently being undertaken. It was recommended !

that exploration should therefore be encouraged in all these countries,
and that IUREP should concentrate its efforts on those countries with a ;
relatively unknown, but promising uranium potential. It was envisaged ' j
that during this phase a further assessment in close co-operation with i
several of those countries identified as having good uranium potential '
could provide some of the necessary encouragement for further exploration.
In July 1979 aa Executive Group, responsible for the management of the j
next stage, which has been named the IUREP Orientation Phase, was formal- j
ly established. This group consists of representatives of governments
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Figure 2
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or bodies which are supporting the IUREP Orientation Phase by cash con-
tributions and/or by making available experts on uranium exploration [18].

171- The objectives of the IUEEP Orientation Phase are to :

- develop the existing data base used for the report on the First
Phase of IUEEP, with respect to speculative uranium resources
in selected countries, in close consultation with these coun-
tries, and to collect additional information on geology, uranium
occurrences and the status of exploration, as well as on tech-
nical and other related matters affecting exploration in these
countries ;

- prepare reports containing the results of such investigations
as well as suggestions concerning reconnaissance surveys over
areas identified as being of high potential ;

- attain a more reliable judgement of the speculative uranium
resources of these countries, better delineate areas in which
undiscovered resources may occur and make suggestions on addi-
tional work required to further identify and evaluate these
resources.

172. These objectives are to be achieved by sending missions con-
sisting of a small group of uranium experts, usually two or three geolo-
gists, to visit areas of interest in the countries concerned and to dis-
cuss with the local specialists all the factors relating to uranium re-
source potential and its evaluation within each country. The first evalu-
ation mission under the Orientation Phase was sent to Portugal in Sep-
tember 1979 and was completed in November 1979« The experts' report on
the mission indicated that the Speculative Resources of Portugal could be
higher than previously estimated during the first phase of IUREP. Evalu-
ation missions have also been requested by Austria, Colombia, Finland,
Madagascar, Norway, Turkey and Zambia and it is expected that missions
will be sent to these and possibly other countries during 1980. The exe-
cution of the missions to countries which are not members of the OECD
will be undertaken in collaboration with IAEA.

173 • In addition to supporting the TUREP evaluation missions the
Executive Group has requested that an edited and updated version of the
comprehensive Phase I report, which would be of great value to the uranium
industry, be published by the OECD and the costs met from the Orientation
Phase funds. It is expected that the new report will be available by mid-
1980.

Co-ordination of Research and Development in Uranium Exploration Techniques

As the report on "World Uranium Potential" indicates, a signifi-
cant portion of the potential for further discovery of uranium is thought
to occur in countries in which there have been active exploration pro-
grammes under way for several years and substantial deposits have already
been discovered. It is believed that, in these countries, the major ura-
nium deposits which occur at or near the surface have been discovered.

[18] The following participate in the Orientation Phase of IUREP : France,
Federal Republic of Germany, Italy, Japan, the Netherlands, United
States and the Commission of the European Communities.



Remaining buried deposits will "be increasingly difficult to locate. Further
research and development effort is therefore required to refine existing
exploration techniques and to develop new ones. It is necessary both to
improve detection of near-surface deposits in new uranium provinces and
to develop methods and instrumentation capable of detecting buried ore
bodies which do not give a gamma signal at the surface.

175 • Recognition of the need to identify further uranium deposits
led in 1976 to the setting-up jointly with IAEA of a Joint Group of
Experts on R & D in. Uranium Exploration Techniques. This has selected,
through a series of workshops, a number of uranium prospecting techniques
lending themselves to collaborative R & D. The workshops enable the experts
to exchange information on the state of present research, to discuss in-
tended future research, to identify areas in which international co-
operation in R & D could be expected to lead to the early discovery of
new uranium deposits and to formulate appropriate proposals. So far seven
such workshops have been held.

176. These proposals have been circulated to the authorities in those
countries believed to be interested in uranium exploration with an invi-
tation to provide support for a collaborative project based on the propos-
als. Organisation meetings have been held or are to be held to draw up a
detailed programme of work, designate the lead organisation and lead
scientists to provide the co-ordination function, determine the contri-
butions to be made from on-going national exploration programmes and the
arrangements for exchanging information and monitoring progress. So far,
fifteen countries [19] are participating in one or more of these projects,
details of which are provided in the following paragraphs.

Project 1 - Uranium Exploration Case Histories.

177 • Knowledge of the effectiveness of presently available explora-
tion techniques and a broad awareness of the full range of possible tech-
niques permit those undertaking exploration activities to make the most
effective use of the resources available to them. The project is intended
to collect and analyse systematically information about general explora-
tion practice, indicating the degree to which each has been successful
and under what conditions, and to publicize details of the various ap-
proaches adopted. As part of this project, an Advisory Group meeting was
held in Vienna in November 1979 at which senior exploration personnel
from the world's mining industry presented and discussed a number of case
histories. The proceedings of this meeting will be published by the IAEA
towards the end of 1980.

Project 2 - Uranium Pavourability by Mineral Analyses

178. Unusually high uranium concentrations in certain minerals in
granites and stream sediments can serve as a geochemical indicator for
identifying and delineating geological provinces that are promising for
uranium deposits. The project (Lead scientist : Dr. D. Dahlem, U.S. Dept.
of Energy) is designed to demonstrate the usefulness of various minerals
as indicators of regional uranium favourability. During 1979» as a part of
this project, rocks and stream sediments were sampled and analysed by a

[19] Australia, Austria, Canada, Denmark, France, Federal Republic of
Germany, Ireland, Italy, Netherlands, Portugal, South Africa, Spain,
Sweden, United Kingdom, United States.
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wide variety of techniques in seven countries, "both in areas rich, in
uranium and areas without known deposits. The geochemical petrological
and mineralogical analyses were carried out on bulk samples and on indi-
vidual minerals.

Project 3 - Gases in Uranium Exploration

179« Emanometry is a widely used uranium exploration technique that
depends on two gases associated with the natural decay of uranium : radon ' .
and helium. Exploration by emanometry has been successful in finding near-
surface uranium deposits but results have been erratic and the effective-
ness of this method is highly controversial. To reduce uncertainties asso-
ciated with this technique, a project has been set up, with NEA as the
lead Organisation. Test sites have been selected in several countries,
each site containing a different type of mineralization,and two of these
were examined in October by participants in the Project with a view to
recommending further studies in these areas. In addition to establishing
several longer-term studies,arrangements were made for the compilation
of a bibliography of the most useful references on this topic for publi-
cation during 1980. A sub-committee was set up to define methods for the
absolute measurement of radon.

Project 4 - Improvements in the Measurement of Natural Gamma Radiation

180. The measurement of natural gamma radiation from the daughter
products of uranium remains the basis of the most important and widespread i
technique in uranium exploration. Using this technique, the probability
of locating a new uranium ore body can be related directly to the confi-
dence with which small gamma radiation anomalies can be detected. This
emphasises the need for sensitive, accurate and reliable instrumentation
and especially for correct data interpretation. The project is under the <
scientific lead of Dr. L. Ljzfvborg of the Risjrf National Laboratories in
Denmark. v

181. The participating countries are co-operating in the selection ->!
of the first two dynamic test strips to be established in Europe. These }•.''
strips, which will be used for the calibration of airborne radiometric V :
spectrometers, are in Spain and Sweden. Arrangements have been made for . j
the direct intercomparison of the radiometric calibration pads in Canada, . j
Denmark, Finland, Sweden and the U.S.A. '•= j

i
Project 5 - Borehole Logging j

182. Within the borehole logging project (Lead scientist :
Dr. P. Killeen, Geological Survey of Canada) several areas have "been [
identified in which collaborative work offers the promise of substantial j
benefits to exploration in a relatively short time. j

183. Work continued throughout 1979 on the preparation of a manual ;
on borehole logging which will be published by the IAEA in 1980. New i
facilities have been built in Canada and the United States for the cali- ' j
bration of borehole logging equipment and certain existing facilities !
have been improved. Work has progressed on the assembly of a standard
detector and sleeve for international exchange. Development and field "
testing of several new logging tools took place during the year and the
results of several of these tests have been published in scientific jour-
nals .



184. The programme for the development of direct uranium measurement
using both a pulsed fission neutron system and a californium-based delayed
fission neutron system has progressed satisfactorily. Detailed studies
have continued at test sites in all the participating countries. The de-
convolution technique for real-time processing of gamma-ray logs, which
is now being used in several countries, has been refined.

Project 6 - Uranium in Granites

185. It is important to be able to recognize which groups of plutonic
rocks are likely to contain significant quantities of uranium-bearing
minerals associated with granites, and to develop techniques to assist
in the discovery and evaluation of these minerals.

186. During 1979 reconnaissance and detailed geochemical and/or
geophysical surveys were undertaken by all the participating countries
with each country applying its particular expertise to a different part
of the project. Drilling was used in several of the field test areas in
order to provide good subsurface samples and geological information.
Highly specialized laboratory studies are being undertaken on the many
samples collected.

Project 7 - Recognition of Uranium Provinces

187. The ability to recognize regions as uranium provinces, or more
importantly as economic uranium provinces, before discoveries are made
is vitally important if the world's uranium potential is to be realized.
The work under this project which was established in December 1979 (Lead
organisation : Institute of Geological Sciences, London) is to be covered
by four sub-groups. These sub-groups will each deal with one of the fol-
lowing topics : interpretation of Landsat images for known uranium prov-
inces and field checking of results ; statistical analysis of the large
volumes of available geochemical data ; metallogeny of uranium provinces
consisting of a study of the characteristic features of the geological
environments, ore-forming processes and quantitative parameters that can
assist in the recognition and identification of the different types of
uranium provinces ; the collection of analyses of common rock types to
determine their average uranium content.

Project 8 - Biogeochemical Exploration for Uranium

188. The project is based on the recognition that biogeochemical
prospecting, by collecting and analysing a wide range of organic material,
has proved successful in locating blind ore bodies in certain areas. How-
ever, before the techniques can be applied in many of the world's potential
uranium areas they will need to be further evaluated and, in some instances,
modified.

189. In. addition to these eight projects, preliminary discussions
have taken place during the year on the following three areas of E & D :
non-radiometric sub-surface geophysical methods ; geochemical exploration
for uranium ; and improvements in drilling technology. Further studies
of these topics are planned, details of which will be finalized early in
1980.
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Uranium Extraction

190. In 1978 the Fuel Cycle Committee expanded its work on uranium
availability by creating, jointly with the IAEA, the HEA/IAEA Working
Group on Uranium Extraction. The Group is concerned with improving the
levels of uranium recovery from ores and evaluating the probable recov-
eries which will be realised from the resources identified by the Working
Party on Uranium Resources. To meet these objectives the Group has a
mandate which covers the collection, exchange and dissemination of in-
formation on ore processing, and the improvement of the methodologies
for evaluating the economic potential of uranium ore bodies.

The Extraction Group has begun compiling a file which will
contain details of the processes used at uranium mills. For this purpose
a questionnaire was distributed in the autumn of 1979 which requested
operators of uranium ore processing plants to give descriptions of the
ore characteristics, the milling of the ore and the process and chemicals
used in extracting the uranium. The responses will be analysed to relate
processes to ore types and the data on each processing plant will be
stored in the International Uranium Geology data base on file in the IAEA
computer. The information will also form part of a publication, which the
Group plans to have ready for release in 1981. The Extraction Group has
also collected information on research on uranium ore processing under
way in Member countries and the ensuing discussion may be the first stage
in international co-ordination of research programmes.

192. Available information on models for estimating costs of uranium
recovery has also been collected by the Extraction Group. The Group plans
to construct a general system or model for making such estimates that
would be usable in any part of the world and could be applied in areas
where there has been little experience in uranium mining.

193» The work of the Extraction Group is co-ordinated with the work
of other working groups under the direction of the Fuel Cycle Committee
and with the Co-ordinating Group on Uranium Mill Tailings (see Chapter III,
para. 31). The expertise of these groups has been made mutually available
in order to avoid duplication of effort.

Nuclear Fuel Cycle Requirements and Supply Considerations Through the

Long-Term

In February 1978, FEA published an expert group report entitled
"Nuclear Fuel Cycle Requirements and Supply Considerations, through the
long-term", better known as the "Yellow Book". In publishing this report,
the Agency had sought to fulfil three objectives. First, as a source of
data on uranium and fuel cycle services, the report identified future
potential imbalances between supply and demand, and possible areas for
international co-operation in tne resolution of such problems. Secondly,
in examining several alternative nuclear power scenarios through the long-
term (defined as the year 2025), it showed the potential impact of ad-
vanced reactors on projected uranium and supporting services requirements,
thereby establishing a basis for further assessment of options relative
to development of uranium resources and of specific reactor systems. Fi-
nally, as a comprehensive data source, it was intended to provide assis-
tance to those having responsibilities in planning, forecasting, and pro-
gramme management in areas relating to the fuel cycle.



195* The analysis of alternative reactor strategies in the longer
term made it clear that continued reliance on thermal converters would
result in rapid depletion of currently known uranium resources, while
breeder reactors could provide a virtually inexhaustible source of energy
supply within foreseeable extensions of known resources. Production from
currently speculative resources would extend the supply for such reactors
somewhat. Breeder reactors could provide a virtually inexhaustible source
of energy within foreseeable resources. These considerations illustrate
both the potential benefits available from successful development and
deployment of the breeder and the importance of continued uranium explora-
tion and development.

196. Preliminary work on an updated version of the "Yellow Book"
has been initiated by the Secretariat and the Working Party on Nuclear
Fuel Cycle Requirements [20]. The Working Party agreed on a procedure
for drafting a nuclear power growth questionnaire. Preliminary discussions
were held on procedures for extending nuclear growth data to 2025 and on
the world breakdown to be used in the investigation of regional variations
in supply and demand of uranium and nuclear fuel cycle services.

197. The Secretariat undertook work aimed at improving its fuel cycle
computation capabilities (hardware and software). Work has continued on
the development of a small computerized nuclear fuel cycle data file.

[20 1 The Secretariat of the Working Party is assumed jointly by the NEA
and the IAEA.
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CHAPTER VIII

TECHNICAL CO-OPERATION





GAS-COOIED FAST REACTORS

198. Since 1971, the Co-ordinating Group on Gas-Cooled Fast Reactor
Development has been active in evaluating the validity of the concept of
gas cooling for fast reactors as a back-up solution to liquid metal fast
breeder (LMFBR) development. The Co-ordinating Group has tried to estab-
lish an internationally co-ordinated programme of work to be undertaken
at their own expense by national research centres and by industrial under-
takings in the participating countries. At present, ten countries [21]
and two international bodies are represented, in the Co-ordinating Group.
The Italian authorities have also expressed interest in participating in
the activities of the Co-ordinating Group, which agreed at its meeting
in December 1979 to propose this for approval by the Steering Committee
for Nuclear Energy.

199« During 1979, the Co-ordinating Group continued its programme
on the consolidation of reference design features for a gas-cooled fast
reactor. The rcope of the development work being carried out in the na-
tional research centres has covered :

- feasibility of the fuel element concept ;

- materials and corrosion investigations ;

- experimental studies on performance aspects ;

- plant safety and design ;

- component development.

200. During 1979, the Co-ordinating Group sponsored two specialist
meetings, respectively on GC3TR Safety and Associated Design Features, in
Belgium (this meeting was co-sponsored by the International Working Group
on High Temperature Reactors) and on GCFR Heat Transfer, in Switzerland.

201. To take stock of the progress achieved to date and to provide
a basis for consideration eventually of a possible international GCFR
demonstration plant project, a comprehensive report on GCFR Development
Status and Introduction has been prepared for distribution in 1980.

[21] Austria, Belgium, France, the Federal Republic of Germany, Japan,
the Netherlands, Sweden, Switzerland, the United Kingdom, the
United States, the Commission of the European Communities and the
European Association for the Gas-Cooled Breeder Reactor (GBRA).
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JOINT UNDERTAKINGS

Eurochemic

202. During 1979, the evolution of Eurochemic [22] was marked by the
application of a Convention between the Government of Belgium and the
Eurochemic Company. This provided for takeover of the installations and
execution of the legal obligations of the Company and entered into force
on 30th October 1978 [23].

203. According to the Convention, the first transfer of Eurochemic's
property took place on 2nd April 1979, when the Belgian State became owner
of the Fuel Reception and Storage Building on behalf of a new Company to
be constituted by the Belgian Government and industry. After having clean-
ed and decontaminated the building, Eurochemic agreed to keep it in safe
stand-by condition, at the Government's charge, until the new Company had
been created.

204-. In preparation for the next transfer of ownership involving
mainly the reprocessing plant and auxiliary installations, Eurochemic
carried out an extensive cleaning and decontamination programme in co-
operation with specialised enterprises. This programme has yielded valu-
able information to Eurochemic shareholders.

205. As regards the low- and medium-level radioactive waste result-
ing from the Company's reprocessing activities, Eurochemic has undertaken
under the terms of the Convention to carry out their treatment and con-
ditioning. Accordingly, it continued the operation of its bituminization
facility which, by the end of 1979, had produced 2,257 drums incorporating
382 m3 of medium-level waste streams having a total activity of 230,000 Ci
beta and 830 Ci alpha. These drums were stored on-site in a special facil-
ity constructed for the purpose. Construction of two additional storage
bunkers was continued.

206. The Convention provides that the treatment and conditioning of
Eurochemic's high-level waste resulting from the reprocessing of highly-
enriched uranium MTR fuel shall be undertaken by the new Company, on be-
half of Eurochemic, in an installation to be constructed at Mol. These
wastes will be vitrified according to the process developed by the French
Commissariat a l'Energie Atomique (CEA). This is already applied, on an
industrial scale, at Marcoule (J'rsL:|lce)» I n 1979, negotiations started on
the necessary contractual arrangements between Eurochemic and the Belgian
Government, on the one hand, and between the latter and the CEA and the
French Societe Generale pour les Techniques Hbuvelles (SG1T), which will
construct the installation, on the other hand.

[22] 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. The Company
ceased reprocessing operations in 1974- hut its duration has been ex-
tended until 1982 to enable the Company to carry out a technical
programme to meet its remaining legal obligations.

[23] The main features of the Convention are described in the Seventh
Activity Report.



207. Eurochemic's high-level waste resulting from the reprocessing
by the PUREX process of natural and slightly enriched uranium fuel will
be vitrified according to the PAMELA process developed by Eurochemic and
the German company Gelsenberg A.G. This work will be undertaken and fi-
nanced, with the support of the Government of the Federal Republic of
Germany, by the Deutsche Gesellschaft fUr die Wiederaufarbeitung von
Kernbrennstoffen (DWK). An agreement to this effect was signed in 1979*
R & D work on the PAMELA process continued under the terms of a co-
operation agreement between Eurochemic and DWK.

Halden Reactor Pro.iect

208. 1979 was the first year of the seventh Agreement governing the
OECD Halden Reactor Project [24], The Secretariat continued to advise and
service the regular meetings of the Programme Group and Board of Management
of the Project, and played an active part in the negotiations for the
1979-1981 Agreement, in particular in relation to the provisions concern-
ing patent and information diffusion rights.

209. The Project continued its research programme which is centred
on two main areas : process control and supervision, and fuel reliability
and safety experiments. The efforts in the first area are directed towards
exploiting the capabilities of modern process computer technology to im-
prove the efficiency and safety of nuclear power plants. The Project has
investigated the merits of a variety of computer-based approaches to con-
trol and instrumentation needs, and has developed prototype programs for
several specific applications. The Project's fuel programme aims at pro-
viding high quality detailed performance data on light water reactor fuel
from in-reactor measurements. This contributes to establishing design and
operational guidelines for defect-free operation, and to defining fuel
performance characteristics under postulated accident conditions used in
support of safety evaluations.

210. A further description of the activities of the Halden Project
during 1979 is given in Annex B.

[24] The Halden Project dates from July 1958, when the Boiling Heavy Water
Reactor at Halden, south of Oslo, built and owned by the Norwegian j
Institutt for Atomenergi, became the subject of a Joint Undertaking -,|
under an Agreement signed by Austria, Denmark, Euratom (representing I
the six countries then comprising the European Economic Community), j
Norway, Sweden, Switzerland and the United Kingdom. The Project has
since continued under a series of further Agreements, the latest of !
which covers the three-year period 1979-1981. Signatories to this
Agreement - besides the Norwegian Institutt for Atomenergi - are the
Austrian Studiengesellschaft fur Atomenergi GmbH, the Central Elec- i
tricity Generating Board of the United Kingdom, the Danish Energy ;
Agency, the Finnish Ministry of Trade and Industry, the Italian !

Comitato Nazionale per l'Energia Nucleare, the Japan Atomic Energy
Research Institute, Kernforschungsanlage Jttlich GmbH (representing '•
a German group of companies working in agreement with the Federal I
German Ministry of Research and Technology), the Netherlands Energy ]
Research Foundation, 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. The co-operative programme of research at Halden
is particularly relevant to the safety of modern nuclear power plants.
For this reason, technical liaison with the Project is maintained by
the Nuclear Safety Division.
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International Food Irradiation Project

211. The problem of world food shortage is serious and is growing
(mainly in the developing countries) where the supply of basic foodstuffs
is not only often inadequate but food losses due to microbial attack,
insects and decay are very high. Annual grain losses throughout the world,
mainly due to post-harvest spoilage and insect damage, are estimated to
exceed 33 million tons. The annual world losses of potatoes and onions
alone average around 25 per cent of the total crop.

212. Irradiation as a food preservation process has been shown to
provide a very effective means of reducing post-harvest losses from in-
festation, spoilage and premature germination, while requiring far less
energy than other preservation methods. It can also replace the use of
chemical treatments, some of which are known to be harmful and are a
matter of increasing concern to health and environmental authorities.

213. Against this background, the International Project in the Field
of Food Irradiation [25], set up by NEA in collaboration with the Inter-
national Atomic Energy Agency and the Food and Agriculture Organization
of the United Nations and with the support of the World Health Organisa-
tion., has the following objectives :

- V/holesomeness testing of irradiated food ;

- Research on and investigations into the methodology of whole-
someness testing ;

- Dissemination of information resulting from the work undertaken
and of other information concerning wholesomeness testing of
relevance to the programme ;

- Assistance to national and international authorities in their
consideration of the acceptability of irradiated food.

214. A description of the Project's activities to these ends and a
list of the national authorities and organisations participating in the
Project is given in Annex C.

[25] The Project Agreement came into effect on 1st January 1971 for an
initial period of five years and has subsequently been extended until
31st December 1981. HEA provides the Secretariat for the governing
bodies of the Project which is at present supported by twenty four
countries. Australia has applied to accede to the Project Agreement
with effect from 1st January 1980. On the other hand, the Turkish
authorities have decided to withdraw from the Project.
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CHAPTER IX

NUCLEAR SCIENCE





INTRODUCTION

215. During 1979 HEA activities in the field of nuclear science have
gradually become more closely associated with the work of the NEA Data
Bank at Saclay. While the major scientific committees of NEA are the
Committee on Reactor Physics (NEACRP) and the Nuclear Data Committee
(.NEAHDC;, a large operational role is exercised by the HEA Data Bank,
under the control of its Management Committee. This distribution of work
helps to maintain awareness among Data Bank staff of the wider physics
issues addressed by these scientific committees, and thus serves to en-
courage appropriate early adjustments to future plans and working prior-
ities within the Data Bank.

216. The Data Bank itself, set up on 1st January 1978 [26], completed
in 1979 a two-year conversion period to its new computing environment of
nuclear data files and computer program testing work taken over from its
predecessors - the Neutron Data Compilation Centre (CCDN) and the Ispra
Computer Program Library (CPL).

NEA SCIENTIFIC COMMITTEES

217. The NEANDC and the NEACRP both held formal meetings during 1979
and in addition organised meetings on specialist topics. The Committees
are of long standing and represent a considerable body of experience in
their respective fields. Their mandates were reviewed by the Steering
Committee for Nuclear Energy at its session in April, and extended for
a further four-year period.

218. The NEACRP organised, in co-operation with the IAEA, a Symposium
on Fast Reactor Physics at Aix-en-Provence in September. About 250 partici-
pants from 20 countries discussed the status of the main fields of research
and developments since the last such meeting in 1973 in Tokyo. This sympo-
sium covered the whole field of fast reactor physics but most contribu-
tions could be grouped into the following major categories :

i) Verification of calculational methods for the design of con-
ventional and heterogeneous cores (containing "islands" of
fertile material for breeding, distributed among the fissile
elements). This is achieved by critical experiments and from
the experience gained in operating fast reactors.

[26] The Member countries originally participating in the Data Bank were :
Austria, Belgium, Denmark, Finland, France, the Federal Republic of
Germany, Greece, Japan, the Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland, Turkey and United Kingdom. Italy joined as from
1st January 1979.
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ii) Extensive studies on large heterogeneous fast power reactors.

iii) Possible alternative design concepts with reference in particu-
lar to the International Nuclear Fuel Cycle Evaluation (INFCE).

219« The overall conclusions drawn from the symposium were that
current calculational methods and nuclear data were largely sufficient
for conventional cores under normal conditions, but that for accident
configurations or for non-conventional designs more refined methods were
necessary. Although these techniques have been developed and successfully
verified they are not widely used and further work is needed to find
simple but reliable approximations to be used in routine design calcula-
tions. Most of the integral measurements on heterogeneous cores have not
yet been fully evaluated but to date there are no major discrepancies
with the refined calculations. The interest in heterogeneity stems from
the ability of such cores to improve the performance of fast reactors.
Although different studies converged with respect to several such aspects,
no firm conclusion could be drawn of the overall advantage of these con-
cepts, as intensive thermohydraulic, safety and cost-benefit analyses
would also have to be included.

220. A specialist meeting was held in November 1979 on the Calcula-
tion of Three-Dimensional Rating Distributions in Operating Reactors.
The meeting concerned verification of new fast computing techniques for
the calculation of three-dimensional power rating distributions, known
as "coarse mesh" or "nodal" methods, and provided an opportunity for
interaction between scientific research, the code development community
and the nuclear power utilities, who are the end users of such programs.
For the first time at such meetings, the utilities provided a substantial
quantity of real operating data to demonstrate the validity and accuracy
of the new methods for prediction of power peaking and fuel management.
The greatly increased speed of the new methods over established fine mesh
diffusion and transport techniques has great potential for guidance to
power plant operators with "on-site" computers. The strong current interest
in providing more information to operators of light water reactors will
encourage development of even faster techniques with "real time" calcula-
tions for use in detailed reactor simulators. In connection with this
trend, the meeting was also concerned with the reliability of mathematical
convergence methods. It was concluded that coarse mesh methods have reached
a stage of development where it is credible to use such calculations to
give better information to reactor operators, both in reactor simulation
and for power reactor management.

221. During 1979 NEANDC sponsored a specialists' meeting on Fission
Product Capture Cross Sections, which was held in Bologna, Italy, and
which brought together 30 experts from Member countries to discuss new
measurements, theoretical calculations and evaluations. These neutron
capture reactions are of particular importance in fission product poison-
ing at high burn-up in reactors, and in the evaluation of the fission pro-
duct inventories. Because of the difficulties in preparing samples for
direct differential experimental studies, a reliable estimation of these
cross sections must also take into account integral data from reactor
based experiments and the constraints imposed by current nuclear theoreti-
cal models. The meeting was held following considerable effort in several
Member countries on evaluation of fission product data, and allowed the
specialists to compare their techniques and results.

222. Following a specialists' meeting sponsored by NEAMDC in late
1978 on nuclear data for the higher plutonium and americium isotopes,
the Committee co-operated with IAEA in a more wide ranging specialists'
meeting at Cadarache, France, in May 1979» to review not only recent work
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on evaluation of the major actinide cross sections, but also the radio-
active decay of these elements of importance in fuel cycle studies and
waste management. NEANDC played a substantial role in the definition of
the technical programme, and the co-ordination of European and US parti-
cipation.

223. At its 20th and 21st meetings, NEANDC expressed its intention
to co-ordinate the preparation of a series of monographs on topics in
nuclear measurement and the application of nuclear data in reactor tech-
nologies. The first of these monographs on neutron fission cross sections,
which is intended to provide an intelligible source of information for
non-specialists, was prepared during 1979-

TOE NEA DATA BANK

224. The NEA Data Bank at Saclay, France, offers to scientists and
technologists the nuclear physics information and computer programs neces-
sary for reactor design and other calculations over a wide range of nu-
clear energy applications. One peculiarity of the Data Bank is that its
services cover all stages from the measurement of data to their use in
reactor physics applications and the continuing feedback process necessary
for the gradual refinement of these data. Such integration is achieved
through continuing close contacts with the corresponding NEA scientific
policy committees (NEACRP, NEANDC and also CSNI), indispensable if the
Data Bank's work is to remain relevant to the evolving needs of nuclear
technology, and through regular contact with users of its services.

New Data Handling Methods

225. Since its setting-up in 1978, two years have been spent in the
Data Bank in an intensive conversion effort, to arrive at the pattern of
computer use likely to prove most economical and best suited to the com-
bination of tasks taken over from the two earlier centres. It was decided
to run major computer tasks on the large IBM and CDC computers of the
Compagnie Internationale de Services en Informatique (CISI) at Saclay,
and to install a "heavy mini" PDP 11/70 satellite computer in the Data
Bank building to be used as a remote terminal for dispatching jobs to the
larger computers, and for local work as a data store and for data entry
from terminals. This conversion period ended in November 1979 with the
surrender of the IBM 370/125 computer previously used by the CCDN, and
kept at the Data Bank until all its functions had been taken over with
new software by the PDP 11/70.

Computer Program Services

226. The computer program services of the Data Bank extend from
collecting programs in the field of nuclear energy from their authors on
receipt of user requests, through compiling and testing these programs
in an appropriate computer environment and ensuring that the computer
program package is complete and adequately documented, to distribution
of program packages to users in OECD Member countries in Western Europe
and Japan. The categories most strongly represented among the packages
distributed to customers from the Data Bank's program collection in 1979
are shown in Table V.



Table V

Category-

Radiological Safety, Hazard and Accident Analysis

General Mathematical and Computer System Routines

Gamma-Heating and Shield Design Programs

Steady State and Transient Heat Transfer

Cross Section and Spectrum Calculations, Generation
of Group Constants, Lattice and Cell Problems

Static Design Studies

Group Cross Section Libraries

Percentage of total
distribution

21

17

12

12

12

8

7

227. 125 new programs were collected and tested during 1979 and over
900 program packages were despatched to users in the Member countries.

228. Each program received at the Data Bank is compiled, and executed
with one or more test cases supplied by the authors. Where very wide
interest is shown in a particular program, more detailed testing and
possibly conversion for use on a different computer (normally CDC to IBM
or vice versa) may be undertaken. The package sent out to requesters nor-
mally consists of a magnetic tape containing the source code for the pro-
gram, any auxiliary routines or library data necessary to run it, and the
input and output data for the test case. The program report, plus other
documentation which the Data Bank feels may be of value to the user,
completes the package. Feedback from users of these packages is collected
and published as part of the SECU [27] project.

229. A similar service is provided to IAEA countries, not members of
OECD, through an IAEA Liaison Officer on long-term secondment to the Data
Bank. Program exchange with the United States and Canada passes through
the National Energy Software Centre at the Argonne National Laboratory,
and the Radiation Shielding Information Centre at the Oak Ridge National
Laboratory. Thus, all U.S. and Canadian programs which are freely avail-
able for release to users in OECD countries, or to all countries, can be
obtained through the Data Bank. The latter, in turn, supplies copies of
nuclear energy programs received from the rest of the world to the US
centres.

230. The increasing size, complexity and functional integration of
computer program systems is of course accompanied by an increase in the
cost of producing this software. This results in difficulties in making
these programs transportable between similar computer systems (it is the
Data Bank's task to identify during testing and as far as possible to
resolve such difficulties) and increasingly causes the programs to be
offered for sale or barter rather than on free exchange through the Data
Bank and associated centres in the United States. By individual negotia-
tions with author institutions, by contacts through national representa-
tives on the Data Bank Committee, and by a general statement approved by

[27 ] Service on Experience in Code Utilisation.
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the Steering Committee for Nuclear Energy, the Data Bank has attempted to
maintain and encourage a liberal attitude to multilateral program exchange.

Neutron and Other Nuclear Data

231. Nuclear Data Services are provided in co-operation with a number
of different centres, but most notably within a four-centre network for
world exchange of neutron physics data. Experimental and evaluated neutron
data, and bibliographic information about work in this field, are compiled
and exchanged with the other centres, so that requesters from OECD coun-
tries (other than the U.S. and Canada which are served from NNDC [28])
can obtain neutron data compiled worldwide by a single request to the Data
Bank. Particular groups of files maintained at the Data Bank and available
for searching to answer users1 requests are :

i) CUTOA Computer Index to Neutron Data (Bibliography) ;

ii) Numerical data neutron cross-section measurements (some 3 million
data points in all compiled by the four centres, plus several
specialised files) ;

iii) Evaluated neutron data :

- general cross-section evaluations (ENDF/B, ENDL, JENDL, KEDAK,
UKNDL and others),

- Dosimetry reactions,

- Fission product data ;

iv) Photonuclear and charged particle nuclear data ;

v) Nuclear structure and decay data (especially the ENDSF library
used to produce "Nuclear Data Sheets").

232. Most of the work of physicists at the Data Bank is devoted to
compilino> numerical data from neutron physics measurements, and to main-
taining -che detailed CINDA index to the neutroa physics literature and to
these experimental data files. The remaining files are contributed by
other data centres under exchange agreements, or by individual physicists,
for distribution to users.

233 • The increase in the number of requests for data from the NEA
Data Bank and also in the number of data sets to be compiled and exchanged
in "EZFOR" computer format with other neutron data centres has continued
over recent years. This large quantity of data has in the past caused con-
siderable problems, and backlogs had accumulated both of newer data await-
ing compilation, and of data previously compiled in an older format and
requiring translation and recompilation in EZFOE format for transmission
to other centres. New interactive software for direct data compilation
on the PDP 11/70 computer and improved verification procedures have great-
ly increased output, and it has been possible during 1979 to recompile
about 70 per cent of the older data and also to reduce the waiting time
between notification of new neutron data experiments in laboratory reports
and compilation at the Data Bank to only a few months longer than the
delay inherent in journal publication.

[28] National Nuclear Data Centre, Brookhaven, United States.
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234. The number of requests for neutron and other nuclear data has
risen to about 350 for 1979» as compared to some 200 requests three years
ago. The increase is mostly in the number of requests for data from eval-
uated files, and is at least partly due to better publicity for the data
available at the Data Bank. In this context, several man-months of pro-
gramming work have been devoted to improving the selectivity of retrievals
from evaluated files in the three main formats (used respectively in the
Federal Republic of Germany, the United Kingdom and the United States).

Publications

235* During the conversion period, very little effort had been avail-
able for producing publications other than the routine indexes to programs,
work in progress and. data available. However, it was possible to publish
one SECU bulletin. An important exception concerned the publication in
1979 of the archival edition of the CIMDA Computer Index to Neutron Data.
This compendium in three volumes was published by IAEA on the basis of a
magnetic tape file supplied by the Data Bank and to which all neutron
data centres contributed.
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STEERING COMMITTEE FOR NUCLEAR ENERGY

236. The Steering Committee for Nuclear Energy held two sessions,
respectively in April and October 1979» At its session in April, the
Committee elected Mr. Hiroshi Murata (Japan) as Chairman, and
Messrs. J. Cunningham (Ireland) and V.O. Eriksen (Norway) as Vice-
Chairmen. These replaced Mr. B. Aler (Sweden), Chairman, and
Miss L.M.J. van de Winkel (Netherlands) and Mr. O.J.C. Runnals (Canada),
Vice-Chairmen.

237* As mentioned in Chapter IV, the Committee devoted substantial
effort during the year to reaching an international consensus on the
situation relating to radioactive waste management. The object was to
express this in the form of a Statement to which all members could sub-
scribe. By the end of the year, however, it had become apparent that
further background work would be necessary before a constructive consensus
could be developed in this field at governmental level.

238. The Steering Committee was also actively involved in the orga-
nisation and discussion of the role of NEA in reviewing the lessons to
be learned from the accident at the Three Mile Island nuclear power sta-
tion. Otherwise, the Committee continued to devote much attention to
questions on nuclear safety and regulation, with emphasis on co-operative
R & D efforts on the disposal of radioactive waste into deep geological
formations ; the surveillance of radioactive waste sea dumping operations ;
and the revision of the Paris and Brussels Nuclear Third Party Liability
Conventions. The Committee also supported on-going activities in the field
of science and development, notably the successful setting-up of the
Orientation Phase of the International Uranium Resources Evaluation
Project (IUREP).

STAFF

239. In 1979* the total staff establishment of the Agency remained
at 85, of which 58 were in the Secretariat (including 28 professional
staff) and 27 in the Data Bank. Fourteen of the latter were at profes-
sional level.

240. The structure of the Secretariat in 1979, including the Data
Bank, is shown in Figure 3«

BUDGET

The appropriation authorised for the Agency as a whole in 1979
amounted to 26.3 million francs, of which 17.2 million francs represented
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appropriations in respect of staff. The difference "between these amounts
and the corresponding figures for 1978 (see Table VI) arises mainly from
price increases. The transition period in which the Data Bank has been
operating since it was set up ended in 1979« This period was marked "by
creation of a new computer environment permitting important savings to "be
made as from 1980.

Table VI

Secretariat

DATA BANK

Total

1979

Total
Appropriations

16.6

9-7

26.3

Appropriations
for staff

11.8

5.4

17.2

1978

Total
Appropriations

14.9

8.9

23.8

Appropriations
for staff

10.8

5-1

15.9

MEETINGS, CONFERENCES AND SYMPOSIA

242. As a support of the work undertaken within NEA Committees, a
number of Specialist Meetings were held during 1979, with particular
emphasis on radiation protection, nuclear safety, radioactive waste man-
agement questions, and uranium exploration and mining techniques. These
included :

- A Workshop on the Migration of Long-Lived Radionuclides in the
Geosphere (organised jointly with the CEC) - Brussels, Belgium,
29-31 January 1979 ;

- A Specialist Meeting on Gas-Cooled Fast Reactor Safety and
Associated Design Features (organised jointly with IAEA) -
Brussels, Belgium, 13-15 March 1979 ;

- A Workshop on Low-Flow, Low-Permeability Measurement in Largely
Impermeable Rocks (organised jointly with IAEA) - Paris, France,
19-21 March 1979 ;

- A Workshop on Nuclear Law Data Processing for the International
Nuclear Information System (organised jointly with IAEA) - Paris,
France, 2-3 April 1979 ;

- A CSNI Specialist Meeting on Fuel-Coolant Interaction in Nuclear
Eeactor Safety - Bournemouth, United Kingdom, 2-5 April 1979 ;

- A Specialist Meeting on Gas-Cooled Fast Reactor Heat Transfer -
WUrenlingen, Switzerland, 14-16 May 1979 ;

- A Specialist Workshop on Uranium Biogeochemistry (organised
jointly with IAEA) - Lulea, Sweden, 3-5 September 1979 ;
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- A Workshop on the Use of Argillaceous Materials for the Isola-
tion of Radioactive Waste - Paris, France, 10-12 September 1979;

- A Workshop on the Comparison of Calculations for the CSNI Con-
tainment Standard Problem - Garching, Federal Republic of
Germany, 17-18 September 1979 ;

- A Workshop for the Comparison of Calculations for CSNI Standard
Problems N° 7 & 8 on Loss-of-Coolant Accidents - Idaho Falls,
United States, 25-27 September 1979 ;

- A CSNI Specialist Meeting on Plastic Tearing Instability -
St. Louis, United States, 25-27 September 1979 ;

- A CSNI Specialist Meeting on Behaviour of Off-Gas and Ventila-
tion Systems under Accident Situations - Karlsruhe, Federal
Republic of Germany, 24-26 October 1979 ;

- A Workshop on the Comparison of Calculations for CSNI Benchmark
Problem N° 1 on Numerical Techniques for Transient Two-Phase
Flow - Paris, France, 30-31 October 1979 ;

- A Workshop on High Temperature Incineration of Alpha-Bearing
Waste - Mol, Belgium, 6-8 November 1979 ;

- A CSNI Specialist Meeting on Regulatory Review in the Licensing
Process - Madrid, Spain, 7-9 November 1979 ;

- An NEACRP Specialist Meeting on Calculation of 3-Dimensional
Rating Distributions in Operating Reactors - Paris, France,
26-28 November 1979.

243. The following conferences and symposia were also organised by
the Agency in 1979 :

- An IAEA/ILO/WHO/NEA/ICRP Topical Seminar on the Practical
Implications of the ICRP Recommendations (1977) and the Revised
IAEA Basic Standards for Radiation Protection - Vienna, Austria,
5-9 March 1979 ;

- A Symposium on the On-Site Management of Power Reactor Wastes
(organised jointly with IAEA) - Zurich, Switzerland, 26-
30 March 1979 ;

- An International Symposium on Occupational Radiation Exposure
in Nuclear Fuel Cycle Facilities (organised jointly with IAEA) -
Los Angeles, United States, 18-22 June 1979 ;

- An International Symposium on the Underground Disposal of Radio-
active Wastes (organised jointly with IAEA) - Otaniemi near
Helsinki, Finland, 2-6 July 1979 j

- An International Symposium on Fast Reactor Physics (organised
jointly with IAEA) - Aix-en-Provence, France, 24-28 Septem-
ber 1979 ;

- A Seminar on Marine Radioecology - Tokyo, Japan, 1-5 October 1979 ;

- An International Symposium on Uranium Evaluation and Mining
Techniques (organised jointly with IAEA) - Buenos Aires,
Argentina, 1-6 October 1979*
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PUBLICATIONS

244. Reports and proceedings published by NEA during the year
included :

- The Proceedings of the Seminar on In Situ Heating Experiments
in Geological Formations, Ludvika/Stripa, Sweden,
13th-15th September 1978.

- A Report on "World Uranium Potential : an International
Evaluation", dated December 1978.

- The Proceedings of an International Conference on Neutron
Physics and Nuclear Data for Reactors and other Applied
Purposes, Harwell, United Kingdom, 25th-29th September 1978.

- The Nineteenth Annual Report on the OECD Halden Reactor Project.

- The Proceedings of the Specialist Meeting on Personal Dosimetry
and Area Monitoring Suitable for Radon and Daughter Products,
Paris, 20th-22nd November 1978.

- The Proceedings of the Workshop on the Migration of Long-Lived
Radionuclides in the Geosphere, Brussels, Belgium, 29th-
31st January 1979»

- The Seventh NEA Activity Report, 1978.

- A Report by an NEA Group of Experts on "Exposure to Radiation
from the Natural Radioactivity in Building Materials".

- The Proceedings of the Symposium on the On-Site Management of
Power Reactor Wastes, Zurich, 26th-30th March 1979.

- Recommended Operational Procedures for Sea Dumping of Radioactive
Waste.

- Guidelines for Sea Dumping Packages of Radioactive Waste
(Revised version).

- The Proceedings of the Workshop on Low-Flow, Low-Permeability
Measurements in Largely Impermeable Rocks, Paris, 19th-
21st March 1979-

- A State-of-the-Art Report by a Group of Experts of the NEA on
"Nuclear Aerosols in Reactor Safety", June 1979.

- Four volumes of the 1979 Nuclear Safety Research Index
[Volumes I and II : Water Reactors ; Volume III : Fast Reactors ;
Volume IV : Computer Codes].

- N" 23 and 24 of the Nuclear Law Bulletin.

- An information leaflet on the Agency "Functions and Main
Activities".

- An information leaflet on the NEA Data Bank.
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ANNEXES





A. STATUS OF RATIFICATIONS OF-AND ACCESSIONS TO-

NUCLEAR THIRD PARTY LIABILITY CONVENTIONS

CONVENTION ON THIRD PARTY LIABILITY IN THE FIELD

OF NUCLEAR ENERGY (PARIS CONVENTION)

Country

Turkey-

Spain

United Kingdom

France

Belgium

Sweden

Greece

Finland (accession)

Norway

Denmark

Italy

Federal Republic of
Germany

Portugal

The Netherlands

Convention

10th October

31st October

23rd February

9th March

3rd August

1st April

12th May

16th June

2nd July

4th September

17th September

30th September

29th September

28th December

1961

1961

1966

1966

1966

1968

1970

1972

1973

1974

1975

1975

1977

1979

5th

30th

23rd

9th

3rd

1st

12th

16th

2nd

4th

17th

30th

29th

28th

Additional
Protocol

April

April

February

March

August

April

May

June

July

September

September

September

September

December

1968

1965

1966

1966

1966

1968

1970

1972

1973

1974-

1975

1975

1977

1979

- 105 -



CONVENTION SUPPLEMENTARY TO THE PARIS CONVENTION

OP 29th JULY 1960 ON THIRD PARTY LIABILITY IN THE

FIELD OF NUCLEAR ENERGY (BRUSSELS SUPPLEMENTARY CONVENTION)

Country

United Kingdom

France

Spain

Sweden

Norway-

Denmark

Federal Republic of Germany

Italy

Finland (accession)

The Netherlands

Convention and
Additional Protocol

24th March

30th March

27th July

3rd April

7th July

4-th September

1st October

3rd February

14th January

28th September

1966

1966

1966

1968

1973

1974-

1975

1976

1977

1979
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B. OECD HALDEN REACTOR PROJECT

In 1979 the activities of the Halden Project were continued in
two areas of research and development : Process Supervision and Control,
and Fuel Performance and Safety.

The different areas of work of the Process Supervision and
Control programme are : Core Surveillance and Control, Disturbance Anal-
ysis, Plant Status Detection, Operator Process Interaction and Computer
Reliability. The Fuel Performance and Safety programme comprises Fuel
Performance Limitations from Pellet-Cladding Interaction, Fuel Behaviour
under Loss of Coolant/Temperature Transients and General fuel performance
evaluation and modelling work.

Fuel experiments funded separately by the participating organi-
sations complement and expand the joint fuel performance and safety pro-
gramme. Joint cooperation on special topics in the process supervision
and control field has led to implementation of system solutions and prac-
tical demonstration of prototype systems on reactor power plants.

PROCESS CONTROL AND PLANT SUPERVISION

The cora surveillance and control studies are aimed at develop-
ing practical applications in commercial power plants. Fuel failure models
will be incorporated in the core control strategies in order to minimize
fuel failure risks. The activity during the last year has been concen-
trated on making a complete surveillance system. A. prototype of this sys-
tem, named SCORPIO, is expected to be operating next year. A core simu-
lator which includes hydraulic models for both BWR and PWR has also been
developed.

Minimization of frequency and consequences of plant distur-
bances is studied with the aim of developing computer based operator-
process communication systems. Emphasis has been on alarm and plant dis-
turbance analysis systems and developing techniques for plant and sub-
system reliability. In co-operation with German organisations participating
in the Project a prototype disturbance analysis system has been installed
at a nuclear power plant but the experiments have been delayed by the
delayed start up of the power plant.

In the area of plant status detection,work is being carried out
on computerized surveillance of protection systems. A prototype system
has been developed for presentation of information to the operator. A
reliability model has also been constructed for the demand failure prob-
ability of a particular protective action.
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The work on operator-process interaction has continued with
experiments on human performance and reliability in relation to computer-
and colour-display-based control rooms. The experiments aim at developing
guidelines for control room design. A study related to existing nuclear
power plants with conventional control rooms has been initiated with an
analysis of the existing philosophy, technology and man/machine interface.

In future control and instrumentation systems microcomputer
structures will play an important role. The assessment of microcomputer
structures for process control is concentrated on the properties of the
operating system and application software. Past technological progress
has left the development of software far behind the advances in hardware.
Work is therefore being carried out on implementation of high-level com-
puter language. Work on software reliability has continued with emphasis
on the development of a method for use of computers to check correctness
and completeness of the specification.

FUEL PERFORMANCE AMD SAFETY

The test irradiation and the associated analysis work conducted
have two main objectives :

- to investigate the basic phenomena leading to pellet-cladding
interaction defects during normal operation in order to alleviate
their performance-limiting impact from an economic as well as
from a safety point of view and

- to define fuel performance characteristics experimentally during
hypothetical accident conditions, e.g., loss-of-coolant/
temperature transients, in support of safety analysis.

The experimental as well as the modelling activities were con-
centrated on validating the data under Halden Reactor (HBWR) conditions
for utilization in analyzing fuel behaviour under IiWR conditions.

During 1979) "the programme included irradiations of about fifteen
jointly financed test rigs and assemblies, and more than thirty test car-
riers sponsored by participating organisations. The effects of a wide
range of design and fabrication variables on fuel behaviour are measured
in-reactor under various modes of operation, including load-follow, power
transient, and adverse cooling conditions by means of instruments and
equipment developed at the Halden Reactor Project. In many tests, simul-
taneous measurements of thermal/chemical and mechanical y rameters permit
in-depth studies of various factors separately or in combination.

Among the most important rigs that were loaded into the reactor
or have continued their irradiations were several diameter rigs with
heavily instrumented rods, load follow/power cycling rigs, and a rig
carrying 24- rodlets furnished with 18 in-fuel thermocouples for detailed
investigations of in-pile decalibration characteristics of these instru-
ments. A six rod rig equipped for internal pressurization of fuel rods
during irradiation in order to simulate pellet-cladding mechanical inter-
action (PCMI) stresses was loaded. Experiments with the gas flow/fission
product rig, where the fill gas pressure and composition can be varied,
were performed on several occasions during the year, and the rig and its
external operating system continued to function properly. The BWR/PWR
transient flow facility designed for in-reactor loss of coolant (IOCA)
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type experiments was successfully commissioned, and the first experiments,
using four Inconel clad fuel rods, were terminated. The initial tests
with the second loading of seven PWR type Zr-4 clad fuel rods located in a
bundle reproducing PWR spacing and configuration were completed at the
end of the year. Main experimental parameters were rod powers, time to
reflood, reflood rates and different blowdown/reflood modes.

The ramp testing and associated post irradiation examination
programme advanced satisfactorily and generated valuable fuel failure and
fission gas release data.

Fuel rod heat transfer characteristics during steady state,
rapid power changes and under adverse cooling conditions are being studied
by means of numerous central and peripheral fuel thermocouples and internal
and external cladding thermocouples.

Base irradiations and burn-up accumulation of a large number of
rods, incorporating new fuel design features continued, in preparation of
further experimentation in rigs for power ramp and/or rod diameter stu-
dies.

During the year under review, two workshop meetings were con-
vened in Halden with participation of experts from Member organisations.
A workshop meeting in March on fission product release discussed :

a) fission gas release models and their data base,

b) fission gas release at high burn-ups (data base and experimental
programmes) and

c) transient fission gas release and fuel failures.

In November a similar meeting was held and the themes and discussions
were focussed on three main subjects :

a) in-core instrument decalibration, '

b) qualification of the Halden data with respect co application
in code development and verification work and , ;

c) methods to extrapolate the Halden data to LWR conditions. j

The two meetings provided valuable input and aid in the planning of the i
Project's future work in the respective areas. j

Information on progress and achievements in the field of fuel !
reliability and safety experiments and fuel performance evaluation and
modelling has been prepared and communicated to Member organisations in
the form of topical reports and four quarterly progress reports. A major
part of the efforts in 1979 was expended on the reporting to the Enlarged <
Halden Programme Group Meeting at Hanktf, Norway, during June. At this !

meeting a total of 12 review papers and status reports in the Project's
fuel performance and safety programme were presented.

Evaluation of experimental data and results of analytical work
in many research areas were presented at this meeting with emphasis on :

- in-core instrument development and measuring accuracies ;

- fuel relocation and gap closure ;
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- cladding dimensional changes and deformation characteristics ;

- steady state and transient fission gas release ;

- power ramp behaviour ;

- heat transport aspects ;

- fission gas transport ;

- flow starvation behaviour.

REACTOR OPERATION

Reactor operation at Halden has been governed by the test fuel
experiments carried out. There have been three operating periods of up
to three months duration and three major shutdowns for installation of
experimental equipment and loading/unloading of test fuel. Plant opera-
tion has in general been satisfactory with only 3 % time lost due to
equipment malfunctions. The reactor availability was 48.2 % over the
year and the remaining time was used for scheduled shutdowns for prepa-
ration of test fuel experiments. The reactor power level has been 10-
13 MW when operating for continued fuel irradiation and the integrated
power was 1659 MWd. An inspection of the reactor vessel and primary cir-
cuit was carried out during the year in accordance with the requirements
of the Norwegian Boiler Authorities. The inspection results showed that
the reactor pressure vessel and primary circuit were in satisfactory
condition for continued operation.

Forty-three test fuel assemblies were in the reactor at the
end of the year for test irradiation. Eight test assemblies had been un-
loaded after completion of their irradiation schedules and eight assem-
blies had been loaded into the reactor during the year. In addition a
number of individual fuel rods were loaded/unloaded in irradiation test
rigs.

Plant work has mostly been concentrated on modifications as
required by the installations of experimental equipment. The most impor-
tant work was the installation of a flow starvation loop designed for
carrying out loss-of-coolant type transient fuel tests.
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C. INTERNATIONAL FOOD IRRADIATION PROJECT

The programme of work of the International Project in the Field
of Food Irradiation has as its principal aim the provision of objective
wholesomeness and related data on which national and international judge-
ments can he made as to the acceptability of irradiated food for human
consumption. This is intended, in particular, to enable the next Joint
FAO/IAEA/WHO Expert Committee on the wholesomeness of Irradiated Food,
which is to meet in November 1980, to consider acceptance of the preser-
vation of food generally by irradiation processing using radiation dosages
up to 10 kGy (1 Mrad). This level of radiation dose will cover a range of
doses suitable for treating almost all foods commonly consumed by man and
entering into national and international trade. It will then remain to be
approved and recommended to governments under the Codex Alimentarius Com-
mission's procedures which govern international trade in food commodities.
These procedures have already brought a draft General Standard for Irra-
diated Foods and a draft Code of Practice for the Operation of Radiation
Facilities used for the Treatment of Foods to an advanced stage towards
final approval.

The data are derived mainly from animal feeding studies carried
out by specialized laboratories under Project contracts and are supple-
mented by data from related studies undertaken in the Project's laborato-
ries at the Host Centre in Karlsruhe*, the Project's Co-ordinated Pro-
gramme on the Radiation Chemistry of Food and Food Components (CORC Pro-
gramme) and studies reported in the scientific literature.

During 1979, the work of the Project has been as follows :

WHOLESOMENESS TESTING

The following studies were continued or started under contract
in 1979

a) The effects of gamma radiation on the essential oil content of
spices and a sensory evaluation of irradiated spices
- Central Food Research Institute, Hungary

* The Host Centre is located at the Federal Research Centre for Nutrition,
Karlsruhe where the authorities of the Federal Republic of Germany pro-
vide generous facilities, including office accommodation, laboratories
and two staff members, all at no cost to the Project.
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b) Rat feeding and reproduction studies on irradiated dates

- Life Science Research, United Kingdom

c) Rat feeding and reproduction studies on irradiated onions

- Institut Framjais de Recherches et Essais Biologiques (IEREB),
France

d) Rat feeding and reproduction studies on irradiated cocoa "beans

- Life Science Research, United Kingdom

e) Rat feeding and reproduction studies on irradiated beans

- IFREB, Prance.

The studies described above and other similar studies already
completed have all failed to reveal any deleterious effects which could
be attributed to irradiation of the foods concerned.

METHODOLOGY RESEARCH

In the discussions which preceded the establishment of the
Project it was recognised that considerable effort should be devoted to
the methodology of wholesomeness testing with a view to replacing long-
term animal feeding studies by more satisfactory alternatives which would
be both less costly and likely to provide more reliable data. Accordingly,
a research programme of short-term mutagenicity screening tests has been
developed. This is designed to examine irradiated food items for various
effects in cultured mammalian cells, in bacteria and in mammals. The
studies carried out in the Project's laboratory have been concerned with
systems designed to test for mutation, transformation and chromosome
damage using rodent and human cells. This programme is being pursued in
coordination with several laboratories where other test systems are avail- '
able to ensure that the widest possible range of genetic tests will be ..•
applied. •; '•:

The Project's own programme of mutagenicity testing, involving j
the study of irradiated dates, fish and chicken, has been successfully j
completed. In the Project laboratory, extracts and digests of these food- j
stuffs have been tested on cultured mammalian cells using the sister |
chromatid exchange assay and a specific mutation test. No evidence of j
genetic toxicity has been observed in any of the samples, even in the
presence of a liver homogenate known to activate many mutagenic chemicals. |
A number of known mutagens have also been tested, either alone or incor-
porated in food, in order to demonstrate the effectiveness and sensitivity
of the techniques used. No genetic effects due to irradiation of the food ;
items have been detected. !

The results of these tests are in agreement with those obtained
by the othisV methods being studied in the Project's methodology research ;
programme. These are being brought together for publication in the scien- i
tific literature. i
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CO-ORDINATED PROGRAMME ON THE RADIATION CHEMISTRY OF FOOD AND FOOD

COMPONENTS (CORC PROGRAMME)

The report of the 1976 Joint FAO/IAEA/WHO Expert Committee on
the Vholesomeness of Irradiated Food marked a turning point in the recog-
nition of chemical studies as a basis for evaluating the wholesomeness
of irradiated food. "The analyses of radiolytic products that have been
carried out so far have removed much of the previous uncertainty about
the validity of extrapolating from one food to another in arriving at an
evaluation of the consequences of irradiation ... The general principle
of radiation chemical reactions, as revealed by analytical studies, will
reduce considerably the extent to which toxicological testing is needed
and will simplify the testing procedures ...".

This conclusion of the Committee has had a decisive impact on
international developments in this field, not least on the programme of
the International Food Irradiation Project. An inherent weakness in the
traditional testing of irradiated foods by animal feeding studies is that
there can be no certainty as to the cause of any effects, deleterious or
beneficial, observed in the test animals. Ideally, all radiolysis products
in an irradiated food should be known before an evaluation of its whole-
someness is made and a great deal of research has been carried out in
this area. However, the work is fragmented and the Project's CORC Pro-
gramme provides the direction for a co-ordinated programme, which is sup-
ported by the principal researchers and their laboratories in Europe,
the United States and South Africa. The objectives are to provide further
information to the 1980 Joint Expert Committee to support the use of
radiation chemistry data in the wholesomeness evaluation of irradiated
foods and groups of foods having similar composition.

INFORMATION

!Hhe Project's information activity has continued to fulfil its
role in the collection and dissemination of information on all food irra-
diation matters derived from the Project's own programme and from else-
where. The results of studies commissioned by the Project are published
in the form of Project Technical Reports of which six were issued during
the year. More general information, intended for a wide readership,
specialist and non-specialist alike, is published in a bulletin "Food
Irradiation Information" and the ninth issue was distributed during the
period under review.

Work has continued on preparing literature references for
computer storage at the Host Centre. The Activity Report covering the
period 1974-1978 has been published in English and French.
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LIST OF PARTICIPATING ORGANISATIONS IN THE PROJECT (December 1979)

AUSTRIA

BELGIUM

BRAZIL

DENMARK

FINLAND

FRANCE

GERMANY, FEDERAL REPUBLIC OF

GHANA

HUNGARY

INDIA

IRAQ

ISRAEL

ITALY

JAPAN

NETHERLANDS

NORWAY

PORTUGAL

SOUTH AFRICA

SPAIN

SWEDEN

SWITZERLAND

UNITED KINGDOM

UNITED STATES

AUSTRALIA

- Oesterreichische Studiengesellschaft
fiir Atomenergie Ges.m.b.H.

- Ministere de la Sante Pdblique jointly
with Institut National des Radio-
elements (IRE)

- National Nuclear Energy Commission

- National Food Institute

- Ministry of Agriculture and Forestry

- Commissariat a l'Energie Atomique

- Federal Ministry for Research and
Technology

- Atomic Energy Commission

- National Atomic Energy Commission and
Ministry of Agriculture and Food

- Atomic Energy Commission

- Atomic Energy Commission

- Atomic Energy Commission

- Comitato Nazionale per 1'Energia
Nucleare

- Atomic Energy Bureau of the Science
and Technology Agency

- Ministry of Public Health and
Environmental Hygiene

- Health Directorate, Ministry of Social
Affairs

- Junta de Energia Nuclear

- Department of Agricultural-Technical
Services jointly with the Atomic
Energy Board

- Junta de Energia Nuclear

- Board for Technical Development

- Departement Federal de l'Economie
Poblique, Division du Commerce

- United Eingdom Atomic Energy Authority

- Department of Energy

- Department of Health (with effect
from 1st January 1980)
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OECD SALES AGENTS
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ARGENTINA - ARGENTINE
Carlos Hirsch S.R.L.. Florida 163. *° Piso (Galena Guemes)
1333 BUENOS AIRES. Td. 33-1717-2391 Y 30-7122
AUSTRALIA - AUSTRALIE
Australia & New Zealand Book Company Ply Ltd.,
23 Cross Street, (P.O.B. 459)
BROOK VALE NSW 2100 TeL 938-2244
AUSTRIA - AUTRICHE
OECD Publications and Information Center
4 Simrockstrasse 5300 BONN Tel. (0228) 21 60 45
Local Agent:
Gerald and Co.Graben 31. W1EN I. Tel. 52.22.35
BELGIUM - BELGIOUE
LCLS
44rueOllel. B1070BRUXELLES .Tel 02-521 28 13
BRAZIL - BRES1L
Meslre Jou S.A., Rua Guaipa 518,
Caixa Postal 24090, 05089 SAO PAULO 10. Tel. 261-1920
Rua Senador Dantas 19 j/205-6, RIO DE JANEIRO GB.
Tel. 232-07. 32
CANADA
Renouf Publishing Company Limited,
2182 St. Catherine Street West,
MONTREAL, Quebec H3H 1M7 Tel. (514) 937-3519
DENMARK - DANEMARK
Munksgaards Boghandel,
Narregade 6, 1165 KOBENHAVN K. Tel. (01) 12 8570
FINLAND - FINLANDE
Akaleeminen Kirjakauppa
Keskuskatu I. 00100 HELSINKI 10. Tel. 65-11-22
FRANCE
Bureau des Publications de KOCDE,
2 rue Andre-Pascal, 75775 PARIS CEDEX 16. Tel. (1)524.81.67
Principal correspondant:
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Tel. 26.18.08
GERMANY - ALLEMAGNE
OECD Publications and Information Center
4 Simrockstrasse 5300 BONN Tel. (0228) 21 60 45
GREECE - GRECE
Librairie KaufTmann, 28 rue du Stade,
ATHENES 132. Tel. 322.21.60
HONG-KONG
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Sales and Publications Office. Baskerville House, 2nd floor,
13 Duddell Street. Central. Tel. 5-214375
ICELAND - ISLANDE
Snaebjorn Jbnsson and Co., h.f.,
Hafnarstraeti 4 and 9, P.O.B. 1131, REYKJAVIK.
Tel. 13133/14281/11936
INDIA - INDE
Oxford Book and Stationery Co.:
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Editrice e Libreria Herder,
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Libreria Hoepli, Via Hoepli 5, 20121 MILANO. Tel. 865446
Libreria Lattes. Via Garibaldi 3, 10122 TORINO. Tel. 519274
La diffusione delle edizioni OCSE e inoltre asiicurata dalle migliori
librerie nelle citta piu important!.

JAPAN - JAPON
OECD Publications and Information Center,
Landic Akasaka BMg., 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 - LBAN
Documenla Scienlifica/Redico,
Edison Building. Bliss Street, P.O.Box 5641, BEIRUT.
Tel. 354429-344425
MALAYSIA - MALAISIE
and/el SINGAPORE-SINGAPOUR
University of Malaya Cooperative Bookshop Ltd.
P.O. Box 1127. Jalan Pantai Baru
KUALA LUMPUR Tel. 51425. S4058. 54361
THE NETHERLANDS - PAYS-BAS
Staatsuilgeverij
Ver/.endboekhandel Chr. Plantijnstraal
S4JRAVENHAGH Tel. nr. 070-789911
Vow beslellingen: Tel. 070-789208
NEW ZEALAND - NOUVELLEZELANDE
The Publications Manager,
Government Printing Office,
WELLINGTON: Mulgrave Street (Private Bag),
World Trade Centre, Cubacade, Cuba Street,
Rutherford House, Lambton Quay, Tel. 737-320
AUCKLAND: Rutland Street (P.O.Box 5344), Tel. 32.919
CHRISTCHURCH: 130 Oxford Tee (Private Bag), Tel. 50.331
HAMILTON: Barton Street (P.O.Box 857), Tel. 80.103
DUNEDIN: T A G Building, Princes Street (P.O.Box 1104),
Tel. 78.294
NORWAY - NORVEGE
J.G. TANUM A/S Karl Johansgate 43
P.O. Box 1177 Scnlrum OSLO I Tel (02) 80 12 60
PAKISTAN
Mirza Book Agency, 65 Shahrah Quaid-E-Azam, LAHORE 3.
Tel. 66839

PORTUGAL
Livraria Portugal, Rua do Carmo 70-74,
1117 LISBOA CODEX. TeL 360582/3

SPAIN - ESPAGNE
Mundi-Prensa Libros, S.A.
Castello 37, Apartado 1223, MADRID I. Tel. 275.46.55
Libreria Bastinos, Pelayo, 52, BARCELONA 1. Tel. 222.06.00

SWEDEN - SUEDE
AB CE Fritzes Kungl Hovbokhandel,
Box 16 356, S 103 27 STH, Regeringsgalan 12,
DS STOCKHOLM. Tel. 08/23 89 00

SWITZERLAND - SUISSE
OECD Publications and Information Center
4 Simrockstrasse 5300 BONN Tel. (0228) 21 6045
Agent local:
Librairie Payot, 6 rueGrenus, 1211 GENEVE 11. Tel. 022-31.89.50
TAIWAN - FORMOSE
National Book Company,
84 5 Sing Suny South Rd. Sec. 3. TAIPI-I 107. TeL 321.0698

THAILAND - THAILANDE
Suksil Siam Co.. Ltd., 1715 Rama IV Rd.
Samyan. BANGKOK 5 Tel. 2511630

UNITED KINGDOM - ROYAUMEUNI
H.M. Stationery Office, P.O.B. 569,
LONDON SEI 9 NH. 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.200O6.
I'd. 1202)724 1857
VENEZUELA
Libreria del Este, Avda. F. Miranda 52, EdKcio Gr'ipan,
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
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