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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
Atomic Energy Agency in Vienna, with which it has concluded a Co-operation Agreement, as
well as with other international organisations in the nuclear field.
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Director of Information, OECD
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INTRODUCTION

In only twenty years, nuclear energy has moved from the
laboratory to industrial maturity. Today this source of energy is a main
and indispensable element in the energy supply of many OECD countries,
and of the OECD as a whole.

This impressive evolution is due in no small measure to the
international co-operation efforts undertaken since the very early years
of nuclear energy through organisations such as NEA. Under their impulse,
many governments have taken steps to expand or accelerate their nuclear
electricity programmes. Nuclear energy has not fulfilled the high hopes
foreseen by some 20 years ago, nor has it always followed projected
capacity trends. Nevertheless, of all forms of energy, nuclear energy
has the largest projected growth rate in the next fifteen years and no
other significant option is available to cover the necessary energy needs
of many OECD Member countries.

The year 1977 was characterized more by consolidation than
expansion. The rise of energy costs, the lack of vigour following the
economic recession associated with the oil crisis, and the slowing down
of economic growth rates are among the factors which have again brought
about reductions in 1977 in the projected rates of nuclear energy growth
in the OECD area.

A series of other political and social considerations have also
contributed to a sense of uncertainty, which has itself tended to lead to
a deferral of programmes. In this respect, consideration of methods to
minimise nuclear weapons proliferation from the spread of peaceful nuclear
technology can potentially affect major areas of the nuclear fuel cycle.
President Carter decided in 1977 to defer reprocessing of spent nuclear
fuel in the United States pending a thorough reassessment, and to dis-
continue current efforts on a US breeder demonstration plant. A number
of exporting countries have reinforced their conditions for transferring
nuclear materials, equipment and technology, notably to countries which
are not party to the Non-Proliferation Treaty.

In October 1977 > a major International Nuclear Fuel Cycle
Evaluation was initiated by some 4-0 countries, both exporting and recipient,
to determine the realistic options for balancing proliferation and energy
supply considerations. The INFCE programme, upon completion at the end
of 1979, should allow removal of some of the present uncertainties and
provide more solid bases for defining and implementing a non-proliferation
system likely to be acceptable worldwide.



From the social point of view the difficulties met by public
authorities in gaining public confidence in nuclear power continue to re-
quire considerable attention. The speed of technological progress
associated with nuclear development is no doubt among the reasons for
public resistance, while the special character of nuclear technology and
fear over the potential risks of radiation following an accidental release
of radioactive material are also factors. These indicate the vital
importance of impartial programmes of public information.

Such is notably the case in relation to long-lived radioactive
wastes. In this particular area of considerable public interest,
international co-operation can help develop a broad consensus on both
criteria and technology. This, in turn, can help in providing adequate
safety assurances to the public at large, a consideration emphasizing
the importance of wide publicity for the results of successful internat-
ional co-operation.

Paced with this challenge, NEA has, as a primary objective, to
ensure through international co-operation that the nuclear option is
available for consideration in its true worth. The safety and regulatory
aspects of nuclear development have represented in 1977 about two thirds
of HEA's total effort; and a high degree of priority was given to questions
of nuclear safety and of radioactive waste management. Similarly, the
growing need of Member countries for an integrated appraisal of technical,
economic, safety, environmental and political questions influencing the
nuclear fuel cycle was increasingly taken into account. Finally, a general
effort was made to achieve greater visibility for the positive results of
the NEA programme, as a contribution to improved public understanding of
the factors underlying nuclear power programmes.

As in previous years, the NEA programme continued to involve
close collaboration with the International Atomic Energy Agency (IAEA) and
the Commission of the European Communities. Within the OECD, close
collaboration was maintained with the Combined Energy Staff and the
Environment Directorate.
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TRENDS IN NUCLEAR POWER

1. It was noted in the Fifth Activity Report that during 1976
the outlook for nuclear energy had become clouded by uncertainty. The
Report went on to note that the general slow down in the rate of economic
projected growth had resulted in significant delays in the expected growth
of nuclear power. This effect was magnified "by the trend towards energy
conservation, uncertainties in the availability of fuel cycle services,
and the continuing evolution of regulatory requirements in several Member
countries. While the effects of these economic factors were noted, it
was recognised that increased public questioning of plans for the
development of nuclear power had also had a significant effect.

2. Throughout much of 1977» the outlook for nuclear power continued
to be uncertain. There was a notable elevation of decisions relating to
implementing of nuclear power programmes from the utility/regulatory
structure, to the political level. In several Member countries, planned
nuclear power programmes became the subject of official enquiry and
some Governments commissioned studies as to the future requirements of
these programmes as part of developing an overall energy policy. Pending
the resolution of the associated uncertainties, there was a tendency on
the part of both government and indixstry to avoid major new commitments
of any type in the energy sector during 1977-

3. The nature of the public concern relative to nuclear power
continued to change during 1977- I* was noted in the Fifth Activity
Report that enquiries had already begun to shift during 1976 from matters
relating to reactor safety to nuclear fuel cycle operations and particu-
larly waste management. Beginning early in 1977» the initiation, of a
major reassessment of nuclear policy in the United States added a new
dimension to this whole issue, and there was considerable interest as to
the possible influence of this reassessment on the nuclear programmes of
the other countries of the world.

4-. In the face of these continuing and new uncertainties, as well
as a continuation of the general economic situation noted earlier, there
were no dramatic changes during the past year in estimates of growth
of nuclear power. Table 1 presents nuclear power growth estimates
published by HEA at the end of the 1977 report period. These estimates
are further illustrated by the graph shown in Figure 1.

5. As the year 1977 progressed, new signs began to appear. At
major symposia as well as at ministerial meetings, several countries
again re-affirmed the importance of nuclear power to their energy plans.
Studies such as the "Workshop on Alternative Energy Strategies" [ 1J and
"Nuclear Power - Issues and Choices" [2] reiterated the need for the

[ i] Sponsored by the Massachusetts Institute of Technology.

[2] Sponsored by the Ford Foundation.
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Table I

NUCIiEAR POWER GROWTH ESTIMATE (GWe)

(Installed capacities of plants in operation at end of year indicated)

o
I

OECD Countries

"Present Trend" (1) Estimate

"Accelerated Nuclear"
Estimate

Non-OECD Countries (2)

"Present Trend"

"Accelerated"

TOTAL

"Present Trend"

"Accelerated"

1977

85

85

2
2

87
87

1978

102

102

3
3

105
105

1979

122

122

4

4

126

126

1980

141

141

5
5

146

146

1981

158

167

7
9

165
175

1982

180

199

9
12

189

211

1983

204

242

12

16

216

258

END

1984

231

287

15
21

246

308

OF YEAH

1985

259

343

19
25

278
368

1986

295

394

23
31

318
425

1987

33S

449

28
38

364
487

1988

376

510

33
45

409
555

1989

419

570

39
52

458
622

I99O

459

640

45
60

504
700

1995

660

1,090

90
130

750
1,220

2000

850

1,640

150
25O

1,000

1,890

(1) The terms "present trend" and "accelerated" nuclear power growth are defined in Chapter III, "Studies on the
Nuclear Fuel Cycle".

(2) Countries considered : Algeria, Argentina, Bangladesh, Brazil, Chile, Colombia, Cuba, Egypt, Hongkong, India,
Indonesia, Iran, Iraq, Israel, Korea, Kuwait, Malaysia, Mexico, Niger, Pakistan, Peru, Philippines, Saudi Abaria,
Singapore, Taiwan, Thailand, Union of South Africa, Uruguay, Venezuela.



Figure 1
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development of nuclear power and confirmed its advantages in terms of
economics, safety and environmental compatibility. There were also some
new government initiatives, which included efforts to reduce the
complexity of regulatory procedures and more involvement in selected
areas of the fuel cycle (principally uranium exploration, enrichment,
and spent fuel handling).

6. An important event in 19771 which served to clarify the intent
of the reassessment of the nuclear policy of the United States, was the
announcement of an "International Nuclear Fuel Cycle Evaluation" (given
the acronym "IETFCE"). At the organising Conference held in Washington
during October 1977» it was emphasized that IEFCE was not a negotiation
but was intended as an objective and in-depth analysis of alternative fuel
cycle options, with particular reference to non-proliferation objectives.
Participating countries pledged their co-operation while reserving the
right to draw their own conclusions from the Evaluation and to pursue
their respective nuclear programmes in the meantime. IEFCE is due for
completion by the end of 1979-

7- Although the outlook for nuclear power was thus somewhat less
obscure by the end of 19771 it was still too early to make a confident
forecast of longer term trends. In the United States, there was no net
increase in orders for nuclear power plants during 1977 (i.e., new orders,
less cancellations). Elsewhere in the OECD community, there were some
reductions in official estimates of nuclear power growth. There was con-
tinued development of advanced reactors in most OECD countries with major
nuclear programmes.

8. The reassessment of nuclear policy implicit in the INFCE
programme focussed considerable attention on the fuel cycle during 1977«
Well before these developments, there had been concern over the long-term
adequacy of uranium resources, the inadequacy of reprocessing capacity
and the consequent problem of spent fuel storage, and the establishment
of central repositories for high-level wastes.

9- Reactions to the U.S. nuclear policy reassessment indicated
that there were likely to be divergent approaches towards the solution
of these problems. On the one hand, the United States has decided to
defer the reprocessing and recycling of spent nuclear fuels, in favour
of once-through fuelling of current generation reactors pending resolution
of several longer term uncertainties. This approach has been designed to
avoid the separation of plutonium as a discrete material and would obviate
the early need for reprocessing plants and for high-level waste reposit-
ories on a large scale. However, it would require facilities for the
long-term storage of spent nuclear fuels as discharged from reactor sites
and potentially, an appropriate means for their ultimate disposal. As the
adoption of this policy would also mean poorer uranium utilisation, it
would also require the identification and exploitation of substantially
greater quantities of uranium resources, as well as the development and
demonstration of advanced reactor concepts offering considerably improved
fuel utilisation. In the near term, such a development programme would
minimise the danger of diversion of materials for nuclear weapons programmes.

10. Other countries, less favourably-endowed with both conventional
fuels and uranium resources, saw their best opportunity for independence
from imported energy supplies through the self-sustaining growth of fast
breeder reactors. Thus, they have maintained their need to reprocess
spent fuels from current generation reactors, to recover the plutonium
produced and to attain the experience in recycle techniques necessary to
ensure success for liquid metal fast breeder programmes at the earliest
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feasiole time. Thus, while INFCE may help to produce a more unified view,
it may equally illustrate the need to adopt different reactor systems and
different approaches to the nuclear fuel cycle, according to the differing
circumstances confronting the governments of Member countries.

11. Whatever the outcome of the INFCE review, the future demand
for fuel cycle services is unmistakable. Nuclear power is inevitable as
a major contributor if the needs for energy in Member countries are to
be satisfied, at least until the end of the century. In the following
paragraphs, the supply and demand outlook is summarised for each sector
of the fuel cycle. A more detailed treatment is presented in Chapter III,
under "Studies on the Nuclear Fuel Cycle".

12. With respect to world uranium resources, a recently published
joint assessment by the NEA and IAEA [ 3J listed 2.2 million tonnes of
uranium in the "Reasonably Assured" category and 2.1 million tonnes in
the "Estimated Additional" category [4j. As shown on Figure 2, a prepon-
derance of these presently estimated resources lie in four countries:
the United States, Canada, Australia and South Africa. While this is
partly due to a concentration of past exploration activity in these
countries, exploration programmes have now been reported in more than 50
countries, many of which have had no previous activity of this kind. In
addition, many areas of the world that have to date received relatively
little attention appear favourable for the occurrence of uranium, and the
prognosis for further discovery must therefore be regarded as very good.

15. A comparison between uranium resources and projected requirements
shows that present "Reserves'! 4J, the lower-cost sub-category of "Reasonably
Assured Resources" from which uranium production is normally drawn, amount
to 1.65 million tonnes U, and correspond to about 20 years of forward
requirements, assuming that uranium demand follows the "Present Trends "[ 4] .
However, for economic, technical, and political reasons, all of these
Reserves are unlikely to be exploited, and additional reserves would
accordingly be necessary to meet the needs of this period. Thus, even in
the near-term, but especially in the longer-term, substantial additions
are needed to present Reserves, both by transfer from other resource
categories and through new discoveries.

14. This then raises the question of the ability of the uranium
industry to achieve annual production levels sufficient to meet projected
needs. A comparison between annual requirements and attainable production
capabilities, indicates that the expected growth of nuclear power could
be sustained until about 1990. The conditional nature of this judgement
is emphasized because several conditions, each contributing to the
provision of sufficient economic incentive to uranium producers, must be
fulfilled before "attainable production capabilities" can be realised.

15- Despite concern in recent years about the adequacy of uranium
enrichment supplies, an NEA study which had been substantially completed
by the end of the year [ 5] indicates that sufficient capacity is now

[3] "Uranium resources, production and demand", NEA/IAEA, December 1977.

[4] These terms are defined in Chapter III of this Report.

f 5] "Nuclear Fuel Cycle Requirements and supply considerations, through
the long-term", NEA, published in March 1978.
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planned to cover demand at least until 1990. Although enrichment project
delays or stringent contract terms could again tighten the supply
situation, the present trend towards delays in reactor construction would
counter-balance this. In any event, it is possible to adopt an optimistic
outlook with respect to the adequacy of uranium enrichment services.
Three very positive factors that engender such confidence are the general
recognition of the essential nature of these services, the willingness
of governments to provide them, and the trouble-free operation of plants
already in existence.

16. Whether and when a given country will have spent fuels reproces-
sed is likely to depend on the adequacy of its supply of natural uranium
and other energy resources, its intentions concerning adoption of fast
breeders and its conclusions concerning the wider political implications
discussed in paragraphs 9 and 10. In fact, only a modest amount of fuel
is expected to be recycled to light water reactors in the short-term.
However, although the United States has embarked on a programme to
evaluate means to provide for long-term storage of spent fuels, reprocess-
ing remains the chosen option of several other countries with major nuclear
programmes, largely to provide plutonium for fast breeder reactors sched-
uled for introduction in the 1990s. Spent fuel arisings (i.e. annual world
potential reprocessing requirements) which amounted to only about 2,000
tonnes of uranium in 1977) will increase to about 6,000 tonnes in 1985»
and 11-14,000 tonnes in 1990. The cumulative figures rise to 76,000-
88,000 tonnes uranium content by 1990. These data demonstrate that what-
ever decision is reached concerning the future of reprocessing there is
an urgent need to resolve the mounting spent fuel storage problem of
reactor operators. There will evidently need to be a combination of
construction of long-term storage facilities for those countries that
choose to forego the reprocessing option and also, almost certainly,
construction of additional reprocessing capacity to meet the demand from
those desiring to retain the recycle and breeder strategies. Reconcilia-
tion of this with non-proliferation objectives will be the central
challenge to international co-operation in the coming years.

17- Meanwhile, the uncertain situation concerning the back end of
the fuel cycle has not reduced the importance of radioactive waste
management, which has remained central to the programme planned in most
Member countries. In spire of the relatively limited amounts of radio-
active waste produced so far and the availability of perfectly satisfac-
tory storage techniques for a period measured in decades, there is a
strongly expressed public desire to have in place approved programmes for
the ultimate disposal of long-lived waste, and the demonstration of
acceptable solutions.

18. Increased support was therefore provided to E & D in this field,
particularly to programmes aiming at the assessment of geological formations
as possible waste repositories. However, progress is often impeded by the
paradoxical contrast between the demands for demonstration and resistance
to any type of field investigation and in-situ experiments. The latter
are, of course, essential, to assess the suitability of deep, stable
geological formations. Nevertheless, some useful progress has been
achieved. A good example is the general programme initiated in Sweden
to investigate the feasibility of virtually permanent containment of
long-lived waste or spent fuel elements in unfractured hard-rock formations.
Other countries are also embarking on such programmes. These include
theoretical assessments of the long-term reliability of the various man-
made and natural barriers which are intended to prevent migration of thé
radioactivity into the biosphere.
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•19• During the period covered by this report, Member countries
continued to allocate considerable funds for the purpose of nuclear
research and development. However, as a reflection of the diverse
approaches to the development of advanced reactors and fuel cycle concepts,
the characteristics of some programmes underwent change. In the
European countries and Japan, there was continued emphasis on fast
breeder reactor development, as well as on thermal reactors including
high-termperature gas-cooled reactors (HTRs) and advanced gas-cooled
reactors (AGEs). Fuel cycle support, including waste management, also
received substancial attention. In the United States, on the other hand,
t!ie level of .funding for the civilian nuclear programme was curtailed.
In particular, the effort devoted to the liquid metal-cooled fast breeder
(LMFBR) programme was reduced by termination of a major demonstration
project. However, increased emphasis was placed on other possible
breeders, notably water cooled and gas cooled. Fuel cycle support was
also cut, pending studies of more "proliferation-resistant" cycles.
Overall, the NEA Member countries continued by their programmes to
demonstrate the vital importance of nuclear power to their future energy
needs.
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II. REGULATORY ASPECTS





BACKGROUND

20. The reinforcement of the Agency's Programme in the field of
safety and regulation of nuclear activities has confirmed the interest
of Governments in expanding their co-operation on those aspects of
nuclear development which are regarded by the public and responsible
national authorities as the most critical. In the process of implement-
ation of this enlarged programme, 197f was largely seen as a transitory
period during which a number of practical impediments had to be overcome.
The Agency's activities during 1977 show the progress since achieved in
developing a significant and coherent programme in this field.

21. Established activities on reactor safety research have been
consolidated and complemented by new initiatives concerning installations
of the nuclear fuel cycle, such as enrichment and reprocessing plants.
Co-operation in relation to licensing and regulatory control of nuclear
installations, which started on a modest scale, is progressively taking
shape. Work in the field of radiation protection, for which the Agency
has also developed a traditional role, is now focussed on major problems
associated with the nuclear fuel cycle. Thus, particular attention has
been given to radiological protection problems connected with industrial
operations. Finally, in the field of radioactive waste management, the
long-term problems of which are seen by many as the most critical for
the future of nuclear energy, a sound foundation for further co-operative
programmes has been established through intensified exchanges of
information and experience. Particularly important was the publication
in September 1977 of an expert report on "Objectives, concepts and
strategies for the management of radioactive waste arising from nuclear
power programmes". The conclusions and recommendations in this report
will be closely studied in preparation for future action at inter-
national level.

22. Efforts which have been made in expanding international co-
operation in the field of safety and regulation will only be fruitful
if pursued with continuity. It is also particularly important that this
part of the Agency's programme should not develop only as a dialogue
between highly specialised experts. On the contrary, the results
achieved by international co-operation should be widely publicised as
a contribution to a better understanding by the public of the real
problems of nuclear development. This consideration will be increasingly
important in the continuing development of the ÏJEA programme.
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NUCLEAR SAFETY AND LICENSING

23. The Agency's programme in nuclear safety and licensing is guided
and co-ordinated by the Committee on the Safety of Nuclear Installations
(CSNI). This Committee was set up in 1974-, replacing the former Committee
on Reactor Safety Technology (CREST) whose scope was more limited, with
the broad aim of intensifying co-operation between the industrialised
countries in nuclear safety research, and also to provide a forum enabling
a free exchange of views between regulatory authorities in the different
countries. Bringing the two interests together in this way was intended
to encourage co-operation between research groups and regulatory agencies,
especially in determining research targets, with the ultimate aim of
ensuring that research results do in fact come to benefit the licensing
process. In practice, achieving this means enriching the fund of data
available to the designers of nuclear installations and to the regulatory
authorities and, wherever possible, reaching an international consensus
on important safety issues.

24-. The process of developing the Agency's activities in this field
towards effective co-operation, as reported last year, has continued.
Meanwhile, the Coiniiiittee on the Safety of Nuclear Installations had review-
ed in detail the whole field of nuclear safety and licensing and identified
priority areas for its future programme. During 1977» further progress
was made in bringing the programme into line with such priorities and the
Committee decided, at its annual meeting in November 1977, to discontinue
or reduce some of its less pressing tasks so as to concentrate the limited
resources of the Secretariat on important questions.

25. During 1977 the programme on safety and licensing could conven-
iently be subdivided under the following headings:

- Safety research relative to specific or selected
reactor types;

- Safety problems common to all nuclear installations;

- Safety of the fuel cycle;

- Safety of nuclear ships;

- Licensing questions.

REACTOR SAFETY RESEARCH

WATER REACTOR SAFETY RESEARCH

Emergency core cooling

26. The coolant in water reactors is at high pressure, and if a
rupture were to occur in the system of pipes, valves and vessels contain-
ing it, some of the water would turn to steam and escape. This state of
affairs is referred to as a loss-of-coolant accident (LOCA). Should the
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coolant loss become serious, additional cooling must be provided to the
core within a short time (about one minute) to prevent the fuel from
melting.

27. Quite apart from making the system, including its automatic
initiation and its power supplies,as reliable as possible, some
uncertainties persist about the behaviour of the injected water and its
effectiveness in cooling the fuel. There is of course no reasonable way
of performing a full-scale test on a full-size power reactor, although
recent tests on a large-scale facility in Idaho, United States, have
given encouraging results.

28. Even if it were possible to carry out a Loss of Coolant Accident
(LOCA) simulation and an Emergency Core Cooling System (ECCS) test on a
large power producing reactor system, it would not be possible to test
every conceivable combination of circumstances to demonstrate conclusively
by experiment that no unpredicted hazard to the public would arise. The
assessment of the consequences of accident sequences has to be obtained
from a broad understanding of the phenomena involved, coupled with an
ability to do calculations simulating the postulated sequence of events.
Computer codes are a useful tool to perform these calculations and it is
necessary to demonstrate that these codes provide an adequate description
of the events being studied. It is on the basis of these code calculations
that designers of engineered safety features take important design
decisions. The effectiveness of ECCS has been generally confirmed by
both experiment and theoretically by calculation inspite of the difficulty
of predicting in detail complex thermohydraulic problems involving
transient times of fractions of a second in the conditions of pressure,
temperature and flow. More detail and precision in several specific
areas are being sought in current programmes.

29. Emergency core cooling in water reactors is very high on the -
list of priorities of the Committee on the Safety of Nuclear Installations,
and a Working Group on Emergency Core Cooling in Water Reactors has existed
since 1^73 to investigate a number of specific subjects, such as certain
hydraulic phenomena, code development, and the performance of equipment
and fuel in accident conditions.

30. The Group has so far evaluated heat transfer information and
calculation techniques applicable to the reflooding phase of a LOCA in
a pressurized water reactor and to spray cooling of a bundle during the
latter stage of a LOCA in a boiling-water reactor. Modelling of the
rewetting phenomenon in a BWR has also been discussed, as well as BWR
non-equilibrium counter current flow in the upper portion of bundles
during reflood and current BWR reflood computer codes for BWR with top
core spray. The main conclusions are that further experimental and theo-
retical v;ork is appropriate to give an even better understanding of local
effeccs and of non-equilibrium conditions and to elucidate the problem
of scaling up experimental results to possible industrial applications.

31. The current theoretical models do not directly couple
descriptions of the blowdown and of the reflooding phases of this accident
sequence. Even when a better theoretical understanding is obtained, a
fully comprehensive calculation is likely to be unwieldy and lengthy, but
it will provide greater'precision in assessing risks. The approach adopted
is therefore to undertake simultaneous experimental and theoretical studies
of the various separate phenomena involved, using the data as input to
simpler calculations to study the effect of small changes in an individual
plant.
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32. One of the first actions of the Working Group on Emergency Core
Cooling in Water Reactors was to initiate an international comparison of
calculations for LOCA "standard problems". Such exercises as, for example,
the one described in paragraph 31, provide a method of comparing the
models and the computer codes of the various vendors, research institutions
and regulatory organisations with respect to one another and to a common
experimental data base. Participants are requested to submit "best-
estimate" and "safety analysis" predictions of systems parameters which
include pressure, differential pressure, density, mass flow rate and metal
temperature time histories, etc. In many cases, the predictions were
submitted by report prior to the release of the test data. Such exercises
provide a strong basis for confidence that the models and codes do not
contain hidden errors.

33« The Working Group has so far sponsored eight exercises on
standard problems; detailed examination of the first four was completed
in 1976» two others are now being conducted, two more are being prepared.
The main purpose of these exercises is not to compare computer codes as
such, nor to verify particular models, but to contribute to improving
confidence in the judgements implicit in the codes. The codes compared
are whenever possible the well-defined (not necessarily most advanced)
best-estimate codes used in licensing.

34-. It is already possible to state some general conclusions from
the work done so far on LOCA Standard Problems. The best estimate code
calculations for the separate effects problems indicate that there is
not yet a full understanding of the limitations of the theoretical models
and the numerical methods. Moreover, best estimate predictions for current
codes, particularly when applied to new situations, must be treated with
caution. There is a clear need for groups undertaking code development
to investigate the inherent limitations in their codes.

Pressure and temperature loads on a reactor containment following a LOCA

35- As a further extension of the "standard problem" principle, a
proposal has been made for a new exercise on the pressure and temperature
loads on a reactor containment following a LOCA. During a LOCA, the
containment structures are loaded by jet forces at the site of rupture,
differential pressures acting on the partition walls, internal pressure
in the containment shell, and strains in the walls caused by non-uniform
temperature distribution.

36. The phenomena occurring within a light water reactor containment
during a LOCA - such as the rapid rise of internal pressure and tempera-
ture - are currently being investigated through experiments with model
containments. Comparison of the experimental results with the results of
model calculations has revealed discrepancies indicating the need for
further development of calculational methods.

37. Calculations using computer codes developed for containment
design involve a number of simplifications regarding the physical effects
involved. To obtain information about the reliability and usefulness of
such codes in spite of these and other possible uncertainties, the Battelle-
Institut at Frankfurt-am-Main, Federal Republic of Germany, is conducting
integral large-scale experiments in which LOCAs are simulated under
original conditions in a model scale plant.
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38. An international standard problem exercise has therefore been
sponsored by the OSUI on the pressure and temperature loading on a reactor
containment following a LOCA, using procedures similar to those adopted
in the programme on loss-of-coolant accidents. At the invitation of the
government of the Federal Republic of Germany, the exercise is being org-
anised on the basis of one of a series of large-scale experiments being
undertaken at the Battelle-Institut, Frankfurt-am-Main, in which LOCAs
are simulated in a model plant to provide information about the reliability
and usefulness of existing computer codes developed for use in containment
design.

Transient two-phase flow

39. In. order to determine the consequences of postulated loss-of-
coolant accidents., it is extremely important to analyse the phenomenon of
two-phase flow [6j in transient conditions. As a result of recommendations
made at a specialist meeting held in 1976, "benchmark" numerical methods
are now being developed in order to ensure that mathematical models are
properly handled (in the benchmark technique, a given problem is analysed
using different mathematical methods but identical input). Also, bench-
mark experiments are in hand under carefully controlled conditions, in
order to derive the form of the constitutive operations describing diff-
erent events and conditions during a postulated LOCA. Another specialist
meeting on transient two-phase flow will be sponsored by OSNT in 1978 in
France and is under preparation.

Fuel Element Behaviour

40. Specialist meetings on fuel element behaviour under accident
conditions were held in 1973 (France) and 1976 (Norway). Although national
research programmes in this important field are proceeding satisfactorily,
the 1976 meeting made a strong recommendation for more in-pile tests to
be carried out under accident conditions up the highest burn-up values
encountered in water reactors (about 35>000 MWd/t).

41. A small expert group has therefore been set up to try to
introduce a greater degree of co-ordination into this important field.
The experts will look into the general question of the propagation of
fuel element failures in water reactors and, in particular, will review
the need for a substantial in-pile test programme.

FAST REACTOK SAFETY RESEARCH

"Trends and Options" Group

42. A number of Member countries have substantial programmes of
research and development on liquid metal cooled fast reactors (LMFBR) and
since 1976 the Agency has held discussions with some of the senior experts
involved to examine the potential for a concerted effort with regard to
safety questions, especially accident phenomena. These meetings revealed
considerable common understanding about the trends and options in safety

[6] Conditions in which two phases of the coolant are present together,
i.e. steam and water.



research connected with this type of reactor. Information about reactor
behaviour in accident conditions will be obtained largely from in-pile
safety test facilities, and the specialists have begun to exchange
information about their research in this field. Benchmark calculations
are being done regarding the thermal propagation of fuel failures from
subassembly to subassembly, information exchanged on fuel motion diagnostics,
and a detailed technical review carried out in respect of programmes and
facilities for the study of post-accident heat removal.

43. Fuel and Clad Motion Diagnostics for Fast Reactor Safety Test
Facilities in the United States play dominant roles in the sequences and
energetics of hypothesized core disruptive accidents in fast reactors.
It is necessary for these motions to be measured in in-pile experiments
on core-disruptive accidents in order to verify accident analysis codes.
Full utilization of the capabilities of existing and future fast reactor
safety test facilities furthermore requires availability of fuel and
olad motion diagnostics techniques appropriate to the experiments to be
performed. A substantial amount of research has recently been undertaken
in this area. A specialist meeting on this topic was held in December
1977> where current results and research plans were reviewed. This
included the diagnostics requirements of the different classes of in-pile
test, the potential of different diagnostics techniques and progress in
developing diagnostics systems. Techniques considered included hodoscopes,
coded-aperture systems, flash X-ray systems, in-core diagnostics, and
in-situ radiography.

44. In the first instance, the "Trends and Options" programme is
for the period 1977/1978 and involves those countries which possess large
in-pile test facilities, but other OECD countries interested are being
kept informed of its progress. At the end of 1977, a small group of
senior experts was formed to review national LMFBR safety research
programme plans in the light of the activities of the group on Trends and
Options in LMFBR safety research.

Nuclear aerosols

45. A small group of experts to study nuclear aerosols in reactor
safety is concentrating its initial work on aerosol processes inside
containments and in building leak paths, on computer modelling, and on
aerosol formation and characterization.

SAFETY RESEARCH HT SUPPORT OF LIGHT-WATER REACTORS AND FAST REACTORS

Fuel-Coolant Interactions

46. Although marked progress has been made during the last few
yearsj the safety assessment of the LMFBR still requires a better under-
standing of fuel/coolant phenomena, and there is a clear need to carry out
experiments under realistic conditions not too far removed from those
obtained in a reactor. This was confirmed at a specialist meeting on the
specific subject of sodium/fuel interaction in fast reactors held in Tokyo
in 1976, where clarification was sought of the chain of events leading to
an energetic interaction and of the differences between basic vapour
explosions and the real sodium/fuel interactions that take place in
postulated LMFBR accidents involving disruption of the whole core.
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47. Disagreement exists amongst researchers in different countries
about the possibility of an energetic molten fuel-sodium interaction in
an LMFBR. While some experts feel that available experimental data do
not demonstrate convincingly that such an interaction is impossible, others
claim to have developed a theory based on analytical and experimental
results which virtually rules out a vapour explosion under LfflPBR conditions.

48. In order to advance the dialogue and perhaps resolve this
controversy, a small group of experts was formed to obtain a fundamental
and basic understanding of all types of fuel-coolant interactions in
general and to advance the science of vapour explosions. The United
Kingdom agreed to assume scientific leadership for this work. The experts
will attempt to identify certain key experiments in which conflicting
theories would be expected to give different results.

49» The group of experts, which met twice during 1977» intends to
eliminate, if at all possible, the more important uncertainties so as to
prepare the way for agreement on firmer and more specific conclusions
regarding fundamental mechanisms. The group's conclusions are expected
not only to contribute to improving the safety of LMFBRs but also to make
an impact on all reactor systems.

Reactor noise

50. The Committee on the Safety of Nuclear Installations (CSNI) and
the ÏÏEA Committee on Reactor Physics (1TEACRP) co-operate on subjects of
mutual interest, and in this framework the two committees sponsored
jointly a specialist meeting on reactor noise in the United States in 1977«
(An earlier meeting was arranged by EEACRP in 1974). Generally speaking,
this took stock of recent progress in applying noise analysis for detecting
incipient failures with a view to increasing plant availability and safety
in operation. In particular, attention was given to at-power reactor noise,
surveillance and diagnostics of LWRs and LMFBRs, noise analysis and monit-
oring of the balance of the plant.

SAFETY OF GAS-COOLäD REACTORS

51. Since 1975, when a specialist meeting on the safety of the high
temperature gas-cooled reactors recommended drawing up a status report,
identifying a concerted research programme, and looking into the potential
safety problems of ÏÏTGR plants used as a source of process heat, the
prospects for the successful development of this reactor system have
declined. Ho new activities are envisaged at present but an exchange
of progress reports is being maintained. A number of countries are
conducting some research on the safety of the gas-cooled fast reactor
concept, and the Secretariat is keeping in touch and is preparing a
review of this work.

F 7] i.e., in a reactor operating at steady power, there are many minor
variations in neutron density (which is measured) caused by mechanica]
and hydrodynamic processes (vibrations, coolant flow etc.) Changes
in the characteristics of these minor variations can be interpreted
for the benefit of the operator.



SAFETY PROBLEMS COMMON TO ALL NUCLEAR INSTALLATIONS

PROBABILISTIC ASSESSMENT

Probabilistic safety analysis of nuclear power plants

52. In recent years, "probabilistic" methods i:or analysing the
safety and reliability of nuclear plants in quantitative terms have
increasingly come into use, in parallel with the established deterministic
methods. The probabilistic techniques are used to calculate the likeli-
hood of plant outages or accidents, and of their consequences, on the
basis of known probabilities of individual component or system failures.
A prerequisite is of course a substantial fund of data on component and
system reliability.

53« The Agency has initiated an exchange of information on national
activities in the field of probabilistic safety analysis of nuclear power
plants, in particular on the application of probabilistic studies to site
evaluation. This exchange will be intensified in the future.

Anticipated transients without scram [ 8]

54. Since 1973j the Agency has regularly reviewed the technological
problems raised by the so-called Anticipated Transients Without Scram.
The Committee on the Safety of Nuclear Installations continues to exchange
information on the substantial studies which are being carried out in
several Member countries on the possible need for a second, separate and
redundant shutdown system for PWRs and BWRs.

Problems of Rare Events in the Reliability Analysis of Nuclear Power Plants

55« In assessing the safety of nuclear installations there is now
considerable interest in various types of rare event. These range from
rare modes of failure in the component parts of the plant, and the simul-
taneous occurrence of weakness in a structural member and extremely high
load, to rare catastrophic failures affecting the whole plant. Then there
is an obvious need to seek understanding of the occurrence of these events
in space and time so as to be able to make some adequate estimate of their
probability of occurrence.

56. The basic questions involved are what constitutes a rare event,
what events should be treated as such, and what are the best methods for
analysing rare events from a statistical viewpoint (for they involve the
study of very small samples and extreme values of probability distribut-
ions) and for handling the problems of reliability analysis involving
them. Since the practical and theoretical information available about
rare events is very sparse, despite their importance in the reliability
analysis of nuclear plants, the subject is particularly well suited to an

[ 8] These are significant accident conditions which may be expected to
occur at least once during the lifetime of the nuclear power plant,
and for which a specific safety system response is designed.
"Without scram" implies consideration of the situation should the
designed safety system fail to respond when needed.
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international approach, and in 1975 the Agency set up a Task Force with
the main task of exploring methods of handling problems of rare events in
nuclear plant reliability analysis.

57. To enhance discussions between experts in the different fields
concerned, a small group was formed composed of specialists on the
statistical analysis of rare events and engineers specialising in the
reliability analysis of structures (such as pressure vessels and contain-
ments) and systems used for the automatic protection of the plant. The
aim was to formulate a quantified probabilistic statement on specific
reliability characteristics. The subjects covered included statistical
modelling of rare events, decision theory and small sampling theory
applied to rare events. The discussions covered man-made phenomena (for
example possible design errors relating to rare events with significance
for nuclear safety) as well as natural phenomena (such as abnormally
strong earthquakes, tornadoes,' floods and so forth) since they involve
different approaches to modelling.

58. The work of the Task Force confirmed that the consequences of
rare events as well as their probability of occurrence have to be consid-
ered in a safety analysis, and it became clear that pertinent data were
in sh.r -supply. Great emphasis has been placed upon common mode failures
and general dependencies as well as upon human factors. Existing methods
of treatment were also reviewed, and it was concluded that their validity
depended upon knowledge of the specific physical properties and phenomena
involved. A further conclusion was that additional consideration should
be given to applying the results of safety and reliability assessments to
decision-making models, and it was recommended that more work should be
done on modelling common mode failures and human error.

59- Towards the end of 1976, another small research group on rare
events was established, composed of experts with wide responsibilities for
appropriate research programmes, to investigate the findings of the Task
Force. During the year, the research group has examined questions of rare
event data collection and analysis, common mode failure analysis, human
error analysis and quantification, decision theory and statistics applicable
to rare events. Multidisciplinary exchanges and tutorial programmes on
rare event problems were also discussed. The lessons learned have been
applied in practice in an assessment of the protective system of an LWR
power plant in a Member country, with the result that certain improvements
have already been made, in particular to the testing and inspection
procedures. The Task Force has now begun to give attention to the
reliability assessment of reactor structural and mechanical components.

SITING RESEARCH

60. Like any other industrial plant, nuclear installations are
exposed to the risk of external impacts of either man-made or natural
origin. Although the risk can be substantially reduced by appropriate
site selection, it nevertheless remains important to assess the probability
of this hazard and, if judged necessary, to include provisions to minimise
or eliminate the consequences.

61. The Agency and its Committee on the Safety of Nuclear Installat-
ions have been active in three main areas under this heading: protection
against earthquakes and against man-made impacts caused by an exploding
gas cloud or a crashing aircraft. This work was undertaken as a result
of the conclusions and recommendations reached in 1976 by the Working Group
on the Protection of Nuclear Installations against external impacts.



Seismic safety and antiseismic design

62. With regard to seismic safety, a vigorous development was
realised through two diversified, trut coordinated, initiatives. The first
was to set up an Expert Group charged with studying some of the most
controversial and important problems, such as the determination of
reference ground motions to be used as a design basis of nuclear plants,
the correlation between macroseismic data and physical parameters of ground
motions, and the application of probabilistic analysis methods to the
seismic safety assessment. The Group was also charged with reviewing the
experimental data collected from recent earthquakes, with regard to those
problems.

63. The second initiative was to co-sponsor and organise, in
collaboration with the Italian nuclear authorities, a specialist meeting
to review the numerous data of a geological, geophysical and structural
nature collected during the 1976 Friuli (Italy) earthquakes by scientific
teams from a number of countries. This was perhaps a unique opportunity
for improving the data base for antiseismic design, because the Friuli
earthquakes, due to their exceptionally long duration, were among the
most instrumented and recorded earthquakes ever experienced. The object
of the specialist meeting, which was held in Rome in October 1977 and
attended by more than 160 people from 15 countries and 2 international
organisations, was to interpret and discuss the experience of Friuli.

64. During 1977» four fundamental problem areas were considered:

- the definition and description of the source terms,
including examination of the applicability and relative
merits of the probabilistic and deterministic approaches
to the seismic risk assessment;

- the determination of the terms of propagation of the
seismic disturbance;

the relative effects on structures of different types of
seismic waves and the available methods for describing the
physical parameters of ground motion in terms appropriate
to the antiseismic design of structures;

- the present state of practical experience achieved through
the study of actual earthquakes and their effects, as well
as the problem of seismic records libraries.

External impacts of man-made origin

65. Since 1974-, the Agency has also been active in comparing the
methods and regulations used in the different countries for protecting
nuclear plants against external impacts of man-made origin, and identify-
ing subject areas requiring further experimental or theoretical analysis.
Aircraft crash statistics were collected from Member countries and the
probability of an aircraft crashing on a nuclear site was estimated.
Recently, an expert group identified a number of unresolved questions
related to the physical phenomena taking place in an exploding gas cloud.
These need further research and analysis to enable reliable predictions
to be made of the potential hazard to a nuclear plant of a drifting,
explosive cloud. Information was also compiled on the dangers due to
toxic gases entering a nuclear site, and the toxic properties of various
hazardous chemicals, based upon data provided by the United States.
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SAFETY OP THE FUEL CYCLE

NUCLEAR FUEL CYCLE

66. The need for assuring a coherent safety approach to all types
of nuclear installations throughout the entire fuel cycle has been studied
during 1977, notably to establish whether the quantitative risk
assessment methodologies applied to the safety assessment of reactors
could be applied to fuel cycle facilities. A working group was set up
to assess the safety status of the fuel cycle; and to review for each
stage of the fuel cycle the potential risks and safety problems involved,
identifying critical safety issues and problem areas where further research
or analysis was needed. A consensus of opinions was reached on a number of
key issues, and a preliminary draft report was prepared.

67« The group agreed that the overall risk from fuel cycle facilities
is substantially lower than from power reactors, even for plants having
the highest apparent risk, such as those for reprocessing, high-level
liquid waste storage and plutonium handling. Although some accidents
having potentially severe consequences were conceivable, the probability
of significant radiological consequences was confirmed as very much
smaller than for power reactors, a conclusion which will be justified in
detail in the final report of the group.

MATERIALS RESEARCH

68. For some years the Agency has sponsored studies of particular
aspects of the mechanical and metallurgical behaviour of steels used in
nuclear plants, for the integrity of pressure vessels and ducts is
obviously of critical importance to safety. For this reason Member
countries are themselves conducting a great amount of research into these
questions, and although there is still substantial scope for international
co-operation it is necessary for such joint efforts to be confined to
specific subjects where an international consensus is not only desirable
but feasible.

69. With this objective in mind, the Committee on the Safety of
Nuclear Installations in 1976 redefined the programme of its working
group [ 9l dealing with these questions along fairly narrow lines, and the
reconstituted group met in September 1977» The programme now comprises
some 15 specific topics in fracture mechanics, welding and heat treatment,
and non-destructive testing which are important from the safety standpoint.
To begin with, the group has designated a number of reporters to collect
information and prepare status reports on important subjects. When these
reports have been assembled and discussed by the group Cthis is expected
to be during the first half of 1978) a work plan aimed at co-operative
action will be formulated.

The Working Group on the safety of steel components in nuclear
installations o Continuing an arrangement made under the auspices
of the former Committee on Reactor Safety Technology (CREST), the
secretariat of the group is shared by MEA and the Commission of the
European Communities.
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70. Highest priority was placed on the general subject of fracture
mechanics, an analytical approach to predicting the fracture behaviour
of solids. Substantial progress has been made during the last two years
particularly in techniques applicable to pressure vessel inspection. The
CSÏJT Working Group's programme will comprise possible further improvements
to fracture mechanics as an analytical tool, in both elastic and plastic
conditions, the choice of criteria governing the instability of cracks,
fatigue crack growth, the phenomenon of crack arrest and the application
of probabilistic methods.

71. Activities under the heading on non-destructive testing comprise
studies of, for example, how to discriminate between natural phenomena
and significant defects in a component, how to characterise defects,
and how techniques and equipment used for ultrasonic examination of
steels can be refined to improve the repeatability of results. A longer
term aspect is a practical programme of non-destructive tests being carried
out in sequence in a number of European test facilities on a set of large
pressure vessel steel sections made available by the United States. The
plates range in size from 2 to 10 tons and carry various attachments such
as nozzles. During the programme, which started in 1975» the plates have
been subjected to identical tests in six countries; the intention is that
at the end of the programme (involving eight countries in all) in early
1978, they will be cut up for accurate defect determination. In this
way a fairly objective assessment will be obtained not only of the
reliability of the different techniques used but also of the personal
performance of the many operators involved in the programme. The logistic
arrangements for transporting the plates are being co-ordinated by an ad
hoc group known as the Plate Inspection Steering Committee (PISC).

72. Weldments and their associated "heat-affected zones" (HAZ) are
the most critical areas in pressure circuits, as potential weak spots.
Repair welds, carried out when defects have been detected ultrasonically
or otherwise in the original weld, are especially sensitive. Therefore
the determination of the properties of the HAZ is one of the most
important topics in the group's programme, theoretically through fracture
mechanics with regard to crack growth, and experimentally using the
techniques of non-destructive testing.

SAFETY OF NUCLEAR SHIPS

73« That the practical problems of designing, building and
operating nuclear ships are already fairly well understood is clear from
the technical success of the civil vessels which have so far seen service,
to say nothing of the many military ships operating less conspicuously.
However there are many differences between running experimental ships like
"Savannah", "Otto Hahn" and "Mutsu" and operating a full scale nuclear
merchant fleet. If the latter is to enjoy the same freedoms as convent-
ional shipping - and many experts believe that nuclear propulsion for
merchant ships will become an economic proposition before the end of the
century - it will be necessary to overcome a number of safety-related
problems affecting design and supervision, and to bring about far-reaching
international agreement on safety requirements.

74. During the last 15 years, civil nuclear ships have made over
1000 entries into about 100 foreign ports? involving 40 countries. This
large number of movements has not given rise to a single incident with
safety significance, but maintaining such an exemplary record with a
free-ranging nuclear merchant fleet would clearly be a problem of a



different order. In fact, all these port entries required special
bilateral agreements to be drawn up beforehand between the flag and host
countries. Such a procedure would be impracticable if the number of
nuclear ships reached even small fleet proportions.

75- Reaching an international consensus on these questions would
not be easy, and in any event would take a long time. For this reason,
the Agency set up in 1974-> under the auspices of the Committee on the
Safety of Nuclear Installations, a Working Group on the Safety of Nuclear
Ships. In spite of the heightened interest in nuclear propulsion after
the 1973 rise in oil prices, this question was still of fairly low
priority in comparison with the safety problems of land-based nuclear
plants.

76. By the end of 1976 the group had produced a comprehensive
review paper on the safety of nuclear ships comprising seven chapters:
the overall problem, general design basis, ship design criteria, design
criteria for the nuclear steam supply system, radiation protection,
waste management and operations. In drawing up the paper, about 4-0 key
safety questions were identified, including not only technical problems
needing further study, but also areas where it was not possible to reach
an international consensus at that stage. During 1977» the group began to
deal systematically with these issues, and discussed some 30 position
papers prepared by members of the group. A consensus began to emerge with
respect to certain of the general questions but the approach is, neverthe-
less, regarded as preliminary in view of the large amount of material on
complex issues. In late 1977» it was decided to transmit the review paper
as a working document to the International Maritime Consultative Organis-
ation (IMCOJ as a contribution to its work on the development of an
international safety code for nuclear merchant ships.

77. All this work and related questions was discussed at a Symposium
on the safety of nuclear ships, held in Hamburg, Federal Republic of
Germany, in December 1977- This was organised with the collaboration of
the International Atomic Energy Agency and hosted by the Gesellschaft fUr
Kernenergieverwertung in Schiffbau and Schiffahrt (GKSS). Some 65 papers
were given by authors from 15 countries. The sessions covered a broad
spectrum of safety considerations, ranging from the safety of the ship and
its nuclear propulsion plant, safety-related research and development and
operating experience to legal and administrative questions and the important
problem of manning.

LICENSING OF NUCLEAR INSTALLATIONS

78. The CSNI Sub-Committee on Licensing continued to provide a
forum for an exchange of information and views among regulatory authorities
of Member countries. In 19771 the Agency's programme in the field was
somewhat broadened with the organisation of the first Specialist Meeting
on regulatory questions and the preparation of a number of compilations
and studies on subjects of regulatory interest.

REGULATORY INSPECTION PRACTICES

79. A Specialist Meeting on regulatory inspection practices of
nuclear power plants was held in Madrid in September 1977» The meeting
provided a forum for exchanges of experiences between regulatory experts
of NEA Member countries on the criteria, procedures and practical problems



of regulatory inspection of nuclear power plants at all stages of their
life, from site selection and plant construction to operation and final
decommissioning. In a special background report prepared by the
Secretariat, a thorough description was given of the current systems for
nuclear regulatory inspection in Member countries, their scope and object-
ives, the level of effort and manpower required throughout the plant life,
the documentation associated with regulatory inspection, the procedures
applied for incident and accident reporting, and the duties and powers
of inspectors. The conclusions of the meeting confirmed that the basic
philosophy for regulatory inspection was very similar in NEA Member
countries, but discrepancies existed between the various regulatory inspec-
tion authorities and experts as regards operational criteria, organisat-
ional arrangements, effort involved as well as terminology applied.
The participants also indicated subjects which needed further development
of exchanges between national regulatory authorities.

80. The OSNI sub-Committee on Licensing endorsed these proposals
and two working groups have been set up with the task of collecting and
analysing relevant information respectively in the fields of regulatory
inspection and of regulatory review for licensing purposes.

EXCHANGES OP VIEWS

81. The criteria, practical implementation and technical and
economical difficulties of the application of backfitting [10 J provisions
to nuclear plants continued to occupy the sub-Committee; A number of re-
ports on national practices and on practical cases of application of
backfitting procedures to specific plants or systems were discussed by
the sub-Committee on Licensing. Several examples of "site backfitting"
(that is, backfitting applied to a site or induced in a plant by variations
of site-related parameters) were also reported and it was observed that
site backfitting problems were far more frequent than foreseen and
deserved particular attention by regulatory authorities. A typical
example might be the difficulty of applying new, stricter, seismic safety
requirements to a plant already built.

82. Proposals have been made to apply probabilistic methods of
analysis to the licensing review of nuclear plants. The CS1TI sub-
Committee on Licensing therefore began to review this with particular
reference to the regulatory implications of quantitative risk assessments
based on probabilistic analysis and the problems of introducing such an
approach into the licensing process.

COMPILATIONS AND STUDIES

83. A report was prepared on the safety and siting of nuclear
installations near international borders in NEA Member countries. Prep-
aratory work was also undertaken for a report on the procedures and
methodologies applied in Member countries for the selection and planning
of nuclear sites.

[ 10] i.e. modifications to plant or equipment, after such plant or
equipment has already been in service, resulting from change in
regulations or technological progress.



84-. The Description of Licensing Systems and Inspection of Nuclear
Installations in NEA Member Countries, first compiled in 1975> was
completely revised, raising to twenty th^,number of countries covered by
the study. This was published in two parts at the end of the year.

INFORMATION EXCHANGES

85» In conjunction with the International Energy Agency, NEA
produced a new edition of the Nuclear Safety Research Index. The 1977
edition of this annual compilation comprises some 2500 pages in four
volumes and contains reports on about 900 actively-researched safety
projects and computer codes, classified according to the safety issues
addressed by each. In parallel with the evolving pattern of CSNI
activities, preliminary studies were begun on the possible extension of
the Index in future editions to cover safety research connected with gas-
cooled reactors and out-of-pile nuclear fuel cycle installations.

RADIOACTIVE WASTE MANAGEMENT

86. The promotion of closer forms of co-operation between Member
countries in the field of radioactive waste management is one of the
priority objectives of NEA. This priority was confirmed at the end of
1975 by the formation of a specialided Radioactive Waste Management
Committee. The programme envisaged at that time put the emphasis on two
main areas: the solidification of "high-level" wastes and their condit-
ioning for further storage and disposal; and the disposal of long-lived
radioactive waste into deep geological formations. Efforts have continued
to concentrate on these subjects during 1977 5 some attention also being
devoted to other issues associated with different types of radioactive
waste. As a significant result of the experience gained so far, a
comprehensive evaluation of radioactive waste management policies and
practices in OECD Member countries, initiated in 1975» was completed
during the first part of 1977« It resulted in the publication by the
Agency of an Experts' Report entitled "Objectives, Concepts and Strategies
for the Management of Radioactive Waste Arising from Nuclear Power
Programmes".

RADIOACTIVE WASTE MANAGEMENT POLICIES AND PRACTICES

87. Radioactive waste management is a complex issue influenced by
many safety, technical and economic factors as well as by decisions on
the structure and operation of the various stages of the nuclear fuel
cycle, particularly the ones which follow reactor operation. The Expert
Group which reviewed all these aspects under the Chairmanship of Dr. C.
Polvani, from Italy, was able to take into account the latest available
information, notably in the field of radiation protection where the
International Commission on Radiological Protection (ICRP) has published
a new set of recommendations (see section on Radiation Protection). Its
report therefore contains an up-to-date description of the state of the
art on the various scientific and technical aspects of radioactive waste
management. More important, perhaps, is the integration and analysis in
the report of all technical and non-technical considerations, which
permitted assessment of present practices and policies and of future trends
in the radioactive waste management field. The conclusions and recommend-
ations of the Expert Group were published under their sole responsibility,
but they nevertheless represent, in view of the composition and competence
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of the Group, widely-held opinions which so far have perhaps never been
expressed so clearly. Consequently, the report was intended as an
informal contribution to continuing public discussion in this important
matter.

88. The report emphasized that technology is already available for
the satisfactory treatment, conditioning and storage of most types of
radioactive wastes. The experts consider that present storage methods
are safe and can be pursued on an interim basis, notably in view of the
limited amounts of waste produced so far. The real difficulty lies, in
fact, in disposal, i.e., the final elimination of the waste from the
biosphere in such a way that it will not present an unacceptable risk
for present or future generations. Solutions already exist for the
disposal of short-lived, low and intermediate-level wastes such as
burial in the ground or dumping into the sea. The practical experience
gained, together with the administrative measures taken both at national
and international levels, should prevent any form of radioactive pollution
from such practices. The Multilateral Consultation and Surveillance
Mechanism for Sea Dumping of Radioactive Waste adopted by the OECD
Council on 22nd July 1977 is an example of the type of measures which are
being employed at the international level in this respect (see paragraph 152).

89. Solutions are less advanced for the disposal of long-lived
radioactive waste, represented essentially by the high-level wastes from
spent fuel reprocessing activities and the alpha-bearing wastes produced
as a result of plutonium recycling. In this respect, both the so-called
"throw-away" option for irradiated fuel and the reprocessing option
(to recover for recycling the remaining fissile material in the form of
uranium as well as the plutonium produced) lead to the production of long-
lived wastes. The requirements for their disposal will be similar even
if the treatment and conditioning steps present significant differences.
Among the methods available to provide a sufficiently long containment
time, disposal into deep geological formations on land is at present the
most promising, and most countries with advanced nuclear programmes are
increasing their efforts in this field.

90. Other potential disposal solutions exist, although they are
less advanced from the technological and scientific points of view than
geologic disposal on land. These include the possible emplacement of
long-lived waste in geologic formations under the deep ocean floor but
this is at an early stage of investigation. Destruction of long-lived
waste by nuclear transmutation is not yet feasible on the basis of
present technology.

91• The report concludes that more efforts should be devoted to
research, development and demonstration activities concerning disposal
solutions. It emphasizes the need to promote international co-operation
in this field because this would ensure a better use of available
resources, a uniform and probably higher degree of safety and possibly
increased public confidence. However, a number of constraints, including
lack of public understanding of the potential local impacts of waste
disposal operations have prevented more active progress with regard to
investigations and experimental exercises concerning the suitability of
various types of geologic formations. The report also suggests a
division of responsibilities between governments and industry concerning
the management of radioactive waste, the long-term responsibility
remaining; with governments. Finally, a detailed discussion is included
of the administrative, legal and financial aspects of radioactive waste
management which are important to ensure the required degree of safety
and protection over the long-term future. As an illustration



of this, the setting up of special funds is suggested to cover waste
disposal expenses when bhe need arises, which may be one or more decades
after waste production.

92. The general conclusion of the report is that the outstanding
problems of radioactive waste management can be resolved by the current
generation but the experts are aware that a principal obstacle to be
overcome is public opposition, even to the field tests and investigations
needed to contribute to a durable and final solution. This is evidently
a political problem, which must engage the responsibility of national
authorities as well as the experts concerned.

RADIOACTIVE WASTE DISPOSAL INTO GEOLOGICAL FORMATIONS ON LAND AND UNDER
THE OCEAN FLOOR

93« Almost every Member country with a nuclear programme is
presently involved in assessment of geologic disposal schemes. This is
partially the result of the position adopted recently by countries
offering reprocessing services, which leaves open the possibility of
returning high-level waste to the country of origin of the spent fuel.
The more recent request from some governments to have proven disposal
solutions available for long-lived waste or spent fuel before they licence
additional nuclear facilities, has also influenced the timing and scope of
research and development activities on geologic disposal.

94. NEA actively collaborates with other international bodies, such
as the Commission of the European. Communities and the International Atomic
Energy Agency, who are also giving more emphasis in their respective pro-
grammes to the disposal aspects of radioactive waste management. In par-
ticular, the Commission of the European Communities, in the frame of its
radioactive waste management and storage programme, takes part in the
financing of research and development activities carried out in its
Member countries, aiming at the investigation of various types of geo-
logical formations as potential disposal media.

95- The disposal of long-lived waste in deep geological formations
has also continued to enjoy high priority among the NEA activities in the
waste management field. The Co-ordinating Group on Geologic Disposal which
was created by the Radioactive Waste Management Committee for the purpose
of exchanging information and promoting co-operation, met in Stockholm in
September "1977 to discuss ways of strengthening co-operation among Member
countries.

96. There is no doubt that a truly international demonstration
programme would be beneficial in overcoming political and public anxieties.
The Agency continues to discuss the potential benefits of such programmes,
including closer co-ordination of national activities, the setting up of
joint in-situ experiments and the development of a safety analysis method-
ology. As a last step, the operation of a demonstration site or sites with
the emplacement of actual high-level waste in various geological environ-
ments may be considered. It is in the interest of Member countries to
design their respective programmes and co-operate in such a way that
their global efforts result in an authoritative assessment and demonstrat-
ion of the adequacy of the geologic disposal concept for the long-term
isolation of radioactive waste.

97- One of the highest priorities identified by the Co-ordinating
Group was the safety analysis of geologic disposal. In this respect,
NEA and the Commission of the European Communities Jointly organised a
Workshop on risk analysis and geologic modelling in Ispra, from
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23rd to 27th May 1977» The Workshop provided participants with an over-
view of the state of the art in this rapidly evolving field and promoted
extensive discussions, including consideration of a proposal by the ÏÏEA
Secretariat to set up a co-operative international project to analyse the
safety of geologic disposal. This proposal was aimed at the development,
by an international team of scientists, working together for two to three
years, of an internationally agreed methodology for the safety analysis of
geologic disposal. This subject was still under consideration in the
Radioactive Waste Management Committee at the end of the year.

98. There have been significant developments in international co-
operation during 19771 notably at Stripa in Sweden, where Swedish and
United States scientists are conducting experiments related to the
emplacement of high-level waste into granite masses. The Stripa experiments
are not only aimed at characterising the behaviour of granite when exposed
to heat sources, but also at testing instruments, experimental procedures
and mining techniques. Consequently, the results of the Stripa experiments
will have general interest for all those involved in geologic disposal
programmes. Other co-operative initiatives between the United States and
Canada, the United States and the Federal Republic of Germany, Austria,
Switzerland and Sweden present good prospects for additional joint ventures.
The Radioactive Waste Management Committee has also created a small Ad Hoc
Working Group which will review the potential for strengthened co-operation
and will define specific proposals for joint activities aimed at a convin-
cing demonstration, at the international level, of the long-term safety
of geologic disposal schemes. The Ad Hoc Working Group will report to the
Radioactive Waste Management Committee at its meeting in spring 1978.

99- Another concept which may be retained for the establishment
of international waste repositories, is disposal of long-lived wastes
into the argillaceous sediments underlying the deep ocean floor. The
Member countries which had expressed interest in pursuing this concept
(France, Japan, the United Kingdom and the United States) participated in
a second Workshop on Seabed Disposal of High-Level Radioactive Waste,
which was held during March 1977 in Washington D.C. The Workshop reviewed
the available information on the red clays that constitute the typical
abissal sediments in areas characterised by very slow sedimentation rates.
The United States presented the preliminary results of an important samp-
ling breakthrough: the development and successful use of a giant piston
corer, through which a 25 m core could be obtained (equivalent to 65
million years of continuous sedimentation). The mid-plate regions of the
deep ocean floor are apparently the most stable geologic environments
on earth, and for this reason they present attractive features from the
point of view of siting waste repositories.

100. However, a large number of questions must be answered and
many studies performed before a feasibility assessment of the concept is
possible. Among the foreseeable difficulties is the waste emplacement
method. A possible concept which is receiving some consideration in this
respect consists in burying the waste in the sediments by shooting missile-
shaped canisters. Preliminary experiments have shown that penetration of
the order of 50 m should be achievable and that the sediments respond
elastically and close immediately behind the penetrometer.

101. The prospects of the concept were found by the Workshop to be
good and the creation of a Seabed Working Group was proposed for the
purpose of strengthening existing exchanges and promoting additional co-
operation. During the discussions, specific technical work areas were
identified and Task Groups formed to increase the contacts among scientists
working in the same fields in the participating countries. The evaluation
of the concept of disposal of carefully conditioned high-level waste on



the sea floor was discussed, but most countries preferred to concentrate
their work on emplacement into formations under the sea floor.

102. During 1977 interest has been expressed by other Member
countries in the work of the Seabed Working Group» Its membership and
that of its various Task Groups may therefore be expanded to include other
Member countries wishing to contribute.

CONDITIONING OF RADIOACTIVE WASTE

103. The safety of all waste management concepts is closely linked
to the waste product form, including its physical and chemical charac-
teristics. This is particularly true for storage and transportation, when
reliance is not placed on natural barriers. The suitable conditioning of
radioactive waste is therefore an important element of the safety of
waste management schemes. For high-level waste from fuel reprocessing,
conditioning has consistently been identified as a priority area by the
Radioactive Waste Management Committee.

104. During the last few years, NEA has been involved in consider-
ation of an International E & D Programme at the site of the Eurcchemic
Company on the basis of the Company's own high-level waste solidification
programme. This proposed programme was designed to develop a possible
alternative to vitrification, which is the approach adopted 30 far by most
countries. Expressions of interest for this programme were received not
only from Eurochemic Member countries, but also from other countries and
from the Commission of the European Communities. The E & D programme was
based on the possible use of a metal matrix to incorporate high-level
waste granules in the form of calcines, phosphates or even glass beads
produced by a primary solidification process. The Eurochemic Company
finally selected a vitrification type solidification process which has
reached the point of industrial deployment. The proposed E & D programme
has therefore been deferred.

105. Solidification into forms suitable for storage, transport and
disposal is usually preceded by treatments to reduce waste volumes,
particularly for solid and low level waste. This last subject was the
topic of a technical Seminar which was organised jointly with the IAEA in
December 1977 on the Treatment, Conditioning and Storage of Solid Alpha-
Bearing Wastes and Cladding Hulls. As plutonium fuel recycling activities
are not yet fully developed, the production of alpha-contaminated waste
has not yet become significant, but prospective estimates show that very
large volumes may be expected. Minimisation of waste production and vol-
ume reduction techniques are therefore the two areas to which most effort
is currently devoted. The discussions of the Seminar concentrated
essentially on the selection and optimisation of plutonium fuel fabric-
ation processes with a view to reducing the amount of waste produced, and
on the development of various incineration techniques for combustible
wastes. Potential co-operative activities were then reviewed by a small
group of experts, which agreed to investigate further the prospects for
joint ventures in the processing of alpha-contaminated combustible wastes.
Proposals will be made to the Radioactive Waste Management Committee in
early 1978.

SURVEILLANCE OF RADIOACTIVE WASTE SEA DISPOSAL OPERATIONS

106. A decisive step in international regulation of sea dumping of
radioactive waste was the adoption, on 29th December 1972, of the London
Convention on the Prevention of Marine Pollution by Dumping of Wastes
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and Other Matters.[ 11] This was followed in 1974 by the Recommendations
of the International Atomic Energy Agency for applying the provisions
of the London Convention to radioactive waste. In fact, the essential
basis for these regulations was largely provided by the practical
experience accumulated with the dumping operations carried out over a
period of ten years under the supervision of NEA. Adoption by the OECD
Council, en 22nd July 1977? of a multilateral consultation and surveillance
mechanism for sea dumping of radioactive waste, directly associated with
the London Convention and the IAEA Recommendations, has been a further
important step.[ 12J Thus, regulation of dumping of radioactive material
at sea has probably attained, both legally and technically, a higher level
than that reached with regard to any other forms of marine pollution.

107. Under the OECD Council Decision, Participating countries under-
take to submit their radioactive waste sea dumping operations to interna-
tional review, while the NEA is charged with ensuring that such operations
are carried out in accordance with specified rules and procedures. The
main features of this consultation and surveillance mechanism are
(i) the establishment and up-dating by NEA of standards, guidelines and
recommendations to be applied to dumping operations, in furtherance of the
IAEA technical regulations; (ii) detailed prior notification of dumping
operations proposed by Participating countries; (iii) a consultation
system among Participating countries on the conditions proposed for these
operations, which may imply international advice on any aspect of the
proposed dumping; (iv) international surveillance of the operations by
NEA appointed Representatives. In applying this Mechanism, NEA must
maintain close co-operation with the IAEA on all matters relevant to the
regulation of dumping operations, and consult the OECD Environment
Committee on environmental policy aspects. A report on the execution of
dumping operations is to be made to the Steering Committee for Nuclear
Energy and to the Environment Committee. Reports will also be sent to
IMCO, which provides the Secretariat of the London Convention.

108. It is important to note that many of the countries participating
in the Council Decision are, in principle, opposed to disposal of radio-
active waste at sea. Their participation in the NEA consultation and
surveillance mechanism, gives material expression to their wish to ensure
that dumping operations are subject to effective international surveillance
in addition to the national controls applied under the London Convention.
The NEA consultation and surveillance mechanism is thus a careful balance
between these requirements and maintenance of the national powers and
responsibilities entrusted by the London Convention to the national
authorities of countries which undertake dumping operations.

[11] Signed by 62 countries, including 22 OECD Member countries; in force
since 30th August 1975«

( 12] With the exception of Australia, Austria, Japan and New Zealand
(none of which are involved in dumping operations for the moment),
all OECD Member countries participated in this Decision. Of the
four abstaining countries, Japan intends to participate at a later
date. Acceptance of the Decision by the Federal Republic of
Germany and Finland is contingent upon the requirements of their
constitutional procedures or other internal administrative provisions.
The text of the Decision is reproduced in Annex A.
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109. Folle ..'.if Vj.e OECD Council Decision, NEA arranged for
consultations with an Advisory Group of representatives from Participating
countries on the practical steps to be taken for its implementation. These
concerned, in particular, review of the existing guidelines for the ident-
ification of suitable dumping sites, up-dating of the NEA Guidelines for
sea disposal packages of radioactive waste, establishment of detailed
operating procedures, assessment and review of environmental, ecological
and radiological protection studies, assessment of tiae suitability of
proposed dumping sites. A comprehensive programme of action was estab-
lished following these consultations, and this will be carried out in close
liaison with the IAEA's current revision of their Recommendations for
applying the London Convention in the light of the most recent scientific
data. In the meantime, an NEA meeting of oceanographic experts reviewed
the continued suitability of the Atlantic dumping site used for previous
dumping operations under the supervision of NEA. While its validity was
confirmed for any operation proposed for 1978, a more fundamental review
is to be made in the light of the revised IAEA Recommendations.

110. Meanwhile, two further disposal operations were carried out into
the North-East Atlantic region [ I3] during the summer of 1977 in compliance,
on a voluntary basis, with the provisions of the multilateral consultation
and surveillance mechanism, whose formal adoption by the OECD Council was
to take place shortly afterwards.

111. The waste disposed of in these operations came from nuclear
establishments in the Netherlands and Switzerland on the one hand, and
the United Kingdom on the other hand. The total activity of wastes dumped
was 958 Curies of alpha emitters, 44,565 Curies of beta-gamma and 31,885
Curies of low-energy beta in the form of tritium. Two NEA Representatives,
of Irish and Spanish nationality respectively, were present to ensure
international surveillance. Both operations were well managed and the
cargoes were disposed of without incident.

RADIATION PROTECTION

BASIC CONSIDERATIONS

112. There is a continued and growing public awareness of the import-
ance of maintaining the quality of the environment. In this respect any
major enterprise should be critically reviewed in regard to its potential
effects on the environment and on public health. It is therefore necessary
to establish concepts and criteria by which any changes in levels of radio-
activity or radiation in the human environment can be judged.

113. These concepts and criteria are based on fundamental principles
and scientific data established by the International Commission on Radio-
logical Protection (ICRP). Because of the differing conditions that apply
in various countries, ICRP has stated that detailed guidance on the appli-
cation of its recommendations, either in the form of regulations or of
codes of practice, should be elaborated by international and national
bodies in the light of particular requirements.

[13] The dumping site was a rectangle bounded by 16°W to 17°3O'¥ and two
parallel lines 10 nautical miles North and South of latitude 46 N.
The area is some 900 km South-West of Land's End (United Kingdom) and
450 km beyond the edge of the Continental Shelf. The ocean depth in
this area is some 4.5 km.
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114. The objectives .of radiation protection measures are to ensure
protection of individuals, their progeny, and of mankind as a whole from
the harmful effects of ionizing raditions_, while making it possible for
activities beneficial to the whole of society, from which radiation exposure
might result, to develop. While the principal objective of radiation
protection is the achievement and maintenance of appropriately safe
conditions for activities involving human exposure, the level of safety
required for the protection of all human individuals is considered by
ICEP to be also adequate for all living things.

In any field of public and occupational health one of the
basic principles is that any practice or operation which may cause some
harm should be subject to appropriate justification and that the protect-
ion efforts should be pursued as far as is reasonably achievable. Further-
more, if gains or losses from the introduction of a practice or an operation
are not restricted to the same individuals, a further requirement is that
each individual is guaranteed an appropriate level of safety. Furthermore,
considerations of deleterious radiation effects have to be assessed in
perspective to other similar risks so as to arrive at a balanced approach.
Because of this, radiation protection principles have been developed into
a basic system of radiation dose limitations, which have been recently
reviewed and published in August 1977 by ICEP in its Publication No. 26.
The system is based on the following elements:

- no practice shall be adopted unless its introduction
produces a positive net benefit (justification of exposure);

- all exposures shall be kept as low as reasonably achievable,
economic and social factors being taken into account. (This
requirement implies a process of optimisation of radiation
protection); and

- the dose equivalent to individuals shall not exceed the
appropriate dose limits.

116. This system is designed to •ensure that the total radiation
detriment from any practice or operation resulting in exposure of
individuals and populations shall be justifiable in relation to the
benefit that has been obtained from the practice or operation. As the
distribution of benefits and detriments over the population are not the
same, the benefits can be used to justify the detriment only if all detr-
iments to individuals are sufficiently low to be acceptable. This condit-
ion is ensured if all doses to individuals are below a dose limit. Most
decisions about human activities being based on a balancing of costs and
benefits, it is also recognised that the conduct of the chosen practice
should be adjusted to maximize the benefit to the individual or to society.

117. The above considerations deriving from IGEP Publication No. 26
constitute a new basis for radiation protection policies; it was accord-
ingly necessary to initiate a review of the existing OECD radiation
protection norms.
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REVISION OF BASIC RADIATION PROTECTION NORMS

118. NEA has a statutory obligation to establish and keep under
review basic radiation protection norms. The first Radiation Protection
Norms established in 1959 have since been revised in 1963 and in 1968.
Following the 1968 revision it was agreed that any further updating should
be carried out in collaboration with IAEA, WHO and ILO. This was because
it was clearly in the interest of all concerned to have a single internat-
ional series of recommendations on radiation protection norms in the future.
In view of this, arrangements were made in 1977 with the three other
organisations concerned to prepare a joint revision of the relevant norms,
taking into account the new principles set down in ICRP Publication 26.

119. During October 1977 a first meeting was convened by the four
organisations at which a draft set of norms was prepared for consideration
by their respective Member countries. Based on them, the Expert Group
in charge of this revision will establish a final version. It is planned
that this work be concluded in late 1978 or early 1979.

RADIATION PROTECTION CONSIDERATIONS RELATING TO THE NUCLEAR FUEL CYCLE

120. Following the directives established by the Steering Committee
for Nuclear Energy, the NEA Committee on Radiation Protection and Public
Health has given highest priority to radiation and environmental protection
questions directly related to the nuclear fuel cycle.

121. The acceptability of nuclear power in the mind of the general
public depends substantially on assurances available on public health and
on the health and safety of workers. These questions are directly related
to the very low level but continuing doses received from the routine oper-
ation of nuclear installations; from the potential for unforeseen develop-
ments associated with the disposal of radioactive wastes over the long
term; and from doses received as a result of possible accidents. The
Committee has selected those topics of radiological importance of the
greatest significance at international level. Work has accordingly been
concentrated on the following topics:

- mining and milling operations;

- planned radioactive effluent releases;

- radiation and environmental considerations relating
to radioactive waste management;

- biological and environmental behaviour of plutonium;

- isolated large scale releases as might characterize
major accidents;

- worker doses.

Mining and milling operations

122. Particular radiation and environmental protection problems arise
in relation to these activities, which are known as the front end of the
nuclear fuel cycle. These are assuming increasing importance in view of
expansion of uranium mining and milling operations, during which radium
and radon are released to the environment. The potential harmful effects
have long been recognised, and particular attention in recent times has
been devoted to such questions as the proper handling of tailings resulting
from mill operations.



123. Uranium and its daughter products, thorium-230, radium-226 and
radon-222 are of particular importance because of their radiotoxicity.
Uranium has a chemical toxity comparable to that of lead. Despite the
small quantities of radionuclides contained in milling wastes, some of
them, in the absence of suitable management, represent sources of low-
level radiation exposure to local and more distant populations over
extended time periods. Monitoring programmes are being applied to
evaluate tailings leakage, via atmospheric and liquid pathways, for
various currently-employed stabilisation techniques. A seminar on these
topics will be held in 1978.

124. Particular attention has also been given in 1977 to developments
in techniques to ensure the protection, through personal dosimetry and
area monitoring, of uranium mine workers. This question was discussed
at a Specialist Meeting held in 1976, and arrangements have now been made
to establish a radiation protection concept for radium and radon, in
implementation of basic IOEP principles.

Planned radioactive effluent releases

125. Radiation protection practice for waste products during the
nuclear fuel cycle requires that almost all the waste be contained, except
for small amounts of radioactive effluents which may be released from
nuclear installations to the environment after careful assessment of the
risk of exposure to man. Authorisations for such releases are based on
the fundamental criteria to avoid all unnecessary exposure and to justify
any exposure by keeping it at the same time as low as readily achievable.
Most of the radionuclides released have short half-lives and create only
local radiation protection problems.

126. A certain number of other radionuclides, due to their relatively
long half-lives and their widespread dispersion, accumulate in the environ-
ment and may represent long-term sources of irradiation at worldwide level.
The significant radionuclides in this latter group are iodine-129, carbon-14,
krypton-85 and tritium. These four radioisotopes, which are mainly produced
at and released from reprocessing plants, are accumulating in the environ-
ment and would become significant long-term sources of irradiation if
current waste management practices were continued indefinitely without
modification.

127. Tritium exists in the environment both naturally and artifici-
ally. Natural tritium is produced by the interaction of cosmic rays with
various nuclides in the atmosphere. Artificial tritium has arisen from
the atmospheric tests of nuclear weapons and from the nuclear power
industry, in particular at the reprocessing stage. The inventory of
tritium released to date from the nuclear industry is small by comparison
with the other two sources; its importance, however, will increase with
the rapid expansion of nuclear power. In the long term, measures may
therefore be required to control the release of tritium. Because of its
moderate half-life (12.3 years), such control measures will consist of
extraction and storage to allow time for decay of its activity.

128. The importance of the release of carbon-14 to the environment
arises from its incorporation into the carbon content of the biosphere.
Carbon forms the structural base of all organic matter and participates
in almost all biological and biochemical processes. Carbon-14 exists in
the environment both naturally and artificially. It is produced naturally
by the inter-action of cosmic radiation with the atmosphere; its artificial
source results from atmospheric testing of nuclear weapons and the
releases from the nuclear power industry. Its production in nuclear



reactors is primarily a consequence of activation processes. Carbon-14-
released to date from the nuclear power industry is also negligible toy
comparison with the other two sources, although its significance is
increasing given the expansion of industry. Its half-life is 5,750 years
but many suitably stable forms for storage are readily available.
Technologies to reduce carbon-14- discharges are being developed and will
be available if required.

129. Iodine-129 is a fission product with an extremely long half-
life of 17 million years. It occurs in the environment both naturally
and artificially. As the human thyroid gland preferentially absorbs
iodine, removal of iodine-129 from airborne effluents released by reprocess-
ing plants may become necessary. Methods for doing so already exist and
concepts for its storage or disposal may be developed.

130. Krypton-85 is a radionuclide with a half-life of 10.8 years.
It occurs naturally only in trace quantities. Nearly all krypton-85
in the atmosphere is of artificial origin from the testing of nuclear
weapons and releases from the nuclear power industry. It is produced as
a fission product during the irradiation of fuel in nuclear reactors but
its release during normal operations is very small. On the basis of
present waste management practice, essentially the total krypton-85
content of the fuel is released in the off-gas stream from fuel dissolution
in reprocessing plants. To date, no measures have been taken to limit
this release but legislation has been adopted in some countries for its
limitation in the future. Retention technology is becoming available and
considerable development effort has been directed for the subsequent
management of this waste.

131. The Committee on Radiation Protection and Public Health has
launched a special study on effluent releases from the nuclear fuel
cycle and its radiological significance and this is dealing with these
four radionuclides. The study discusses the magnitude of the problem in
relation to production, dispersion and critical pathways and estimates
the collective doses and dose commitments. Its purpose is to arrive at
an internationally agreed consensus on the policies to be followed in
relation to effluent releases. The basis for selecting management
strategies is being discussed and the new ICRP procedures of optimisation
are being applied to satisfy the requirement of keeping exposures "as
low as is reasonably achievable". The study is also intended to assess
the costs and potential risks associated with the management of these
radioisotopes and to provide an international foundation, necessary in
view of the long-term and worldwide nature of the problems, from which
member countries may develop their own concepts and policies.

132. As part of the preparations for this study, a meeting of
specialists directly involved in research and regulatory aspects relating
to iodine-129 was convened in 1977 to assess the status of present know-
ledge for this particular isotope. Topics such as production and discharge
rates, environmental transport, short and long-term radiation protection
aspects as well as radiation protection methods and the management of the
retained isotopes were discussed and will be included in a HEA publication
to be issued early in 1978.

133. In order to better define technical problems in the field of
effluent control, the Radioactive Waste Management Committee promoted
two enquiries during 1977» The first was related to the state of the
art on sampling and measurement of individual radionuclides present in
off-gases released by nuclear facilities. The technology presently
available does not satisfy the desire for a detailed knowledge of the
actual composition of radioactive gaseous effluents, notably for



radionuclides such as carbon-14-, the presence of which has been estimated
from theoretical calculation rather than from practical sampling and
measurements. The second enquiry covered the testing of high efficiency
particulate (HEPA) filters, in extreme operating conditions, and the
availability of adequate testing equipment. In this respect high
radiation and high temperature fields are two of the main criteria to
be considered. These enquiries may lead to further co-operation in this
area and will contribute to a better assessment of the overall technology
on radioactive effluent control.

Radiation and environmental considerations relating to radioactive waste
management

134-. The report on Objectives, Concepts and Strategies for the
Management of Radioactive Waste arising from Nuclear Power Programmes,
prepared by an NEA Expert Group, and published in 1977» is analysed in
the waste management section of the present Report (paragraphs 87-92). The
Report also addresses the radioactive waste management issues from the
radiation protection point of view, particularly with regard to the long-
term hazards of specific types of waste. The following radiation and
environmental protection objectives are defined:

- to comply with radiological protection principles for
present and future generations;

- to preserve the quality of the natural environment;

to avoid pre-empting present or future exploitation of
natural resources;

- to minimise any impact on future generations to the extent
practicable.

Biological and environmental behaviour of plutonium

135» Plutonium is already present in the environment; the testing
of nuclear weapons up to 1962 released about 6 tonnes into the atmosphere.
It can now be found in trace quantities in soils and oceans throughout
the world as a result of widespread dispersion from these tests. Discharges
of plutonium to the environment from nuclear fuel operations are controlled
and restricted to the limits derived from the accepted primary standards
of radiological protection. The need for early decisions on acceptable
levels requires that full scientific advice is available on the biological
and environmental behaviour of plutonium.

136. In view of this, the Committee on Radiation Protection and Public
Health has launched a study on this subject. The objective of the study is
to bring together the salient facts about the biological and environmental
behaviour of plutonium and some other transuranium elements in order to
assist in the appreciation of the plutonium risk and to make documented
contributions to the nuclear debate. The relevant report is due for
publication in late 1978 or early 1979.



Isolated large scale releases as might characterise ma.jor accidents

137. Despite the very high standards of safety so far achieved in
nuclear fuel cycle activities and the increasing stringency of regulatory
measures applied to design, construction and operation, particularly
within the nuclear power industry, the potential for radiation accidents,
however improbable, cannot be totally discounted. It is therefore impor-
tant that measures taken to minimize the incidence of radiation accidents
be complemented by effective arrangements designed to mitigate the effects
of radiation accidents. HEA co-sponsored a symposium with IAEA to discuss
these questions during spring 1977« Much of the symposium was devoted
to considering the objectives of emergency plans handling accident
situations.

Worker doses

138. The increasing weight given to the treatment and storage of
radioactive waste, while reducing the rate of discharges, inevitably
involves a growing participation by workers in treatment and storage
operations and results in an increase of the occupational exposure levels
experienced in nuclear plants. Health and safety experts and regulatory
authorities are therefore now focussing on the causes and trends of
occupational exposure in nuclear plants. A basic objective is an approp-
riate balance between design and operational safety and occupational
exposure. A special study has been prepared, in collaboration with IAEA,
to collect information on the levels and trends of occupational exposure
in specific operations in nuclear power plants and reprocessing plants.
Data will be collected and analysed in order to identify those activities
or plant systems where further effort may be required to keep occupational
exposures as low as reasonably achievable.

RADIATION PROTECTION PROBLEMS RELATING TO CONSUMER PRODUCTS

139- During the past 10 years NEA has undertaken a number of studies
on the use of radioisotopes in consumer products and for other purposes.
A guide was published in 1970 which contains a basic approach for the
safety analysis and control of products containing radionuclides and
available to the general public. Preparatory steps have now been made for
its updating in order to take into account the changing situation in the
use of such devices.

140. A number of specific standards have been published during the
past few years covering the use of radioisotopes in certain devices
resulting in a significant radiation protection problem. These have
included radioluminous timepieces, betalights and cardiac pacemakers. In
view of the necessity to concentrate NEA's work in the radiation protection
field on topics directly related to the nuclear fuel cycle, work in hand
on different aspects relating to the presence of radioisotopes in consumer
products or building materials has been phased out. The last two studies
in this field, dealing respectively with ionizing chamber smoke detectors
and the presence of naturally occurring radioisotopes in building materials,
were completed during 1977'

Ionization Chamber Smoke Detectors (ICSDs) containing radioactive
sources appear at present to be an important application of ionizing radi-
ation. In the past, their use has been directed mainly towards the
protection of property but because of their ability to detect smoke during
the early stages of a fire there has been considerable interest in recent



years in using them to protect life. As a result ICSDs specifically-
designed for use in private homes are now available. Within the general
framework of radiation protection rules, recommendation for ionization
chamber smoke detectors in implementation of radiation protection standards
have been prepared and approved by the Steering Committee for Nuclear
Energy in 1977« The recommendations are intended to promote the setting
up of harmonised national policies concerning the approval, distribution,
use and disposal of such detectors and to ensure adequate protection of
the public against any radiation or contamination hazards which might
result from them. These recommendations will be published in early 1978.

142. In 1974, the Committee on Radiation Protection and Public Health
undertook to prepare a report on the radiological problems caused by the
presence of radioactivity in certain building materials. This report will
be brought to the attention of competent authorities in Member countries
as an independent Expert Group report not committing national authorities.
The Expert Group Report, as approved by the Committee on Radiation Protect-
ion and Public Health will be published in 1978.

PUBLIC UNDERSTANDING

5 While intensive efforts by governments, industry and electricity
utilities to raise the level of public information on the safety-related
aspects of nuclear power development are now a continuing process, there
was in 1977 general recognition that the nuclear debate, at national and
international levels, had clearly shifted and was now focussing more
directly on the political and social options involved. A consequential
development has been a reappraisal of public information oriented efforts,
in particular in the European OECD countries, to allow for a wider and
more fundamental discussion of the role of nuclear energy in future
energy supplies. A significant illustration of this trend has been the
public enquiry initiated by the United Kingdom authorities in relation
to the proposed expansion of the Windscale reprocessing facilities.

144. At the same time, more active forms of public participation in
the decision-making process were initiated in a number of countries with
important nuclear power programmes. These were introduced through amend-
ments to existing nuclear laws, new specific regulations or structural
changes. Surveys on public attitudes to nuclear power have also become a
regular process to comprehend better the psycho-sociological motivations
frequently underlying public concern and opposition to nuclear development.

145. These new trends have necessarily influenced the contribution
that NEA is making in support of national authorities' efforts. Since
the findings of international organisations often carry particular weight
with public opinion, a more vigorous external and public information policy
is to be promoted to give greater visibility to the results of NEA work,
particularly in relation to matters of public concern. This approach is
based on the belief that the evolution of acceptable policies, particularly
in the field of safety and regulation, will be facilitated by enlightened
public debate, a process wüich may be encouraged by publishing the work
of independent experts whenever Member government, either individually
or collectively, are not in a position immediately to reach final concl-
usions. This may apply, for example, particularly where policy options
are involved. Such independent expert reports may serve as reliable
information sources and encourage the development of a better informed
international consensus on matters of public concern. The NEA Report on
"Objectives, concepts and strategies for radioactive waste management",
published in September 1977, is a prime example of this approach.

- 46 -



146. The NEA system of information notes on safety and regulatory
aspects, launched in 1976 to serve as a specific contribution to national
authorities' efforts to inform the public, was continued during the year
1977 on an experimental basis. In view of the many other existing inform-
ation sources, the practical value of these information notes was doubtful
and it is likely that they will be discontinued in 1978 to release effort
for a more immediately useful contribution along the lines described in
the previous paragraph.

NUCLEAR LAW

147. During the past twenty years, nuclear law has developed,
in parallel with the rapid development of the peaceful uses of atomic
energy, from a basic - and necessarily fragmentary - set of rules into a
comprehensive legal discipline composed of elements of constitutional,
administrative, civil, criminal as well as public and private international
law. Prom the very beginning, it has been shaped by international co-
operation and harmonisation, and the Agency has played a leading role in
this field. Despite considerable differences in the constitutional and
administrative framework of NEA Member countries, the laws and regulations
are to a great extent similar, if not identical, in substance. This is
particularly evident in the field of radiation protection and third party
liability for nuclear damage where common standards and international
conventions have had their strongest impact.

148. Nuclear law has reached a period of consolidation, and govern-
ments have taken steps to refine and improve the existing legal framework
governing their nuclear activities. Examples can be found in a number of
Acts separating more clearly the responsibilities for health, safety and
environmental matters from those having to do with commercial and promot-
ional roles, as well as in legislation strengthening the participation of
the public in the licensing procedure for nuclear installations. While in
most NEA Member countries the "front end" of the fuel cycle is completely
covered by detailed legislative and regulatory regimes, its "back end"
has so far not been given the same degree of attention. There is, however,
a growing recognition of the need to establish a suitable administrative
and legal framework for this part of the fuel cycle as well, in particular
with respect to the long-term management of radioactive waste. This work
calls for close international co-operation and harmonisation. The Multi-
lateral Consultation and Surveillance Mechanism for Sea Dumping of Radio-
active Waste is a first step in that direction.

NUCLEAR THIRD PARTY LIABILITY

149. Portugal ratified the 1960 Paris Convention on Third Party
Liability in the Field of Nuclear Energy on 29th September 1977j and
Finland acceded to the 1963 Brussels Supplementary Convention on 14th
January, 1977- The number of Contracting Parties to these Conventions has
therefore increased to thirteen and nine respectively.[14] The Vienna
Convention on Civil Liability for Nuclear Damage entered into force '
12th November, 1977« The qaeution of establishing a relationship beween
that Convention and the Paris Convention, which had already been studied
by the Group of Governmental Experts on Third Party Liability in the Field
of Nuclear Energy in close collaboration with IAEA in 1974 and 1975» lias
therefore gained practical interest.

[ 14] A list of signatures, ratifications and accessions in respect of
these Conventions is reproduced in Annex B.
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150. The Group of Governmental Experts continued its work on the
modernisation of the Paris Convention and the Brussels Supplementary-
Convention. There was general agreement among the Group that the gold-
based European Monetary Agreement unit of account, which is used to express
the limits of liability and compensation established by the Conventions,
should be replaced by the Special Drawing Eight of the International
Monetary Fund. The majority of experts was also in principle in favour of
increasing these amounts, which have remained unchanged since the adoption
of the Convention« in 1960 and 1965 respectively, to re-establish their
values in real terms. The Group of Governmental Experts reported to the
Steering Committee for Nuclear Energy which agreed that, as a minimum
the Convention should be revised with respect to the unit of account and
charged the Group of Governmental Experts to continue its work on the
modernisation of the Conventions with a view to bringing this to an early
conclusion.

151« Upon recommendation of the Group, the Steering Committee adopted,
on 27th October 1977, a decision on the Exclusion of »Small Quantities of
Nuclear Substances from the Application of the Paris Convention. This
Decision was taken under Article 1(b) of the Convention and replaces the
Decision of 26th November, 1964 on the same subject. The purpose of the
new Decision, which is considered as an interim measure, is to align the
previous technical Annex A with the currently applied IAEA Regulations
for the Safe Transport of Radioactive Materials, pending a comprehensive
decision based on technical studies under way.

MULTILATERAL CONSULTATION AND SURVEILLANCE MECHANISM FOR SEA DUMPING
OF RADIOACTIVE WASTE

152. This Mechanism was adopted by a Decision of the OECD Council
on 22nd July, 1977 upon recommendation by the Steering Committee for

, Nuclear Energy.[ij] As explained on page 34, it is intended to strengthen
international co-operation for protecting the marine environment against
radioactive pollution and to put it on a formal basis. A primary aim of
the Decision is to further the objectives of ,the London Convention on the
Prevention of Marine Pollution by Dumping of Wastes and Other Matter which
was adopted on 29th December, 1972 and entered into force on 30th August,
1975- Ten NEA Member countries are among the 35 States that have so far
ratified the Convention.

153» The OECD Council Decision waives none of the provisions of the
London Convention, in particular those applying to radioactive waste,
nor does it derogate from the responsibilities and powers which it assigns
to governments as regards the granting of permits and the application of
measures for preventing marine pollution and controlling dumping operations.
Furthermore, the Decision does not affect the specific responsibilities
entrusted to IAEA by the Convention. Rather, the new Mechanism supplements
the system formed by the London Convention and the IAEA Provisional
Definition and Recommendations by adding further compulsory rules for
participating countries on the sea dumping of radioactive wastes. In this
sense, it develops a political objective, which is binding on those OECD
countries which have adhered to it, irrespective of the geographical area
where the dumping is to take place. It is worth noting that this new
OECD Mechanism is the first international regulatory system of this kind,
and that it has no equivalent in respect of the control of other forms of
marine pollution.

[ 15] The text of the Decision is reproduced in Annex A.
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INFORMATION ON NUCLEAR LAW

154. Preparation by the Secretariat of studies on nuclear regulations,
publications on nuclear law and its participation in a computerised nuclear
information system are one aspect of NEA's work on harmonising the legal
and regulatory provisions of participating countries in the field of the
peaceful uses of nuclear energy.

LICENSING AND INSPECTION OF NUCLEAR INSTALLATIONS

155» The Sub-Committee on Licensing and the Committee on the Safety
of Nuclear Installations has been charged with promoting exchanges of
information on the practices followed by participating countries regarding
licensing and inspection of nuclear installations as well as on regulations
in this field.

156. In view of the rapid development of regulations and the changes
in the structures of the competent national bodies, the study of 1975 of
national licensing and inspection systems was substantially redrafted in
1977• The new study, which now covers twenty Member countries, [ 16]
presents analyses of each national system including the applicable legal
and legislative provisions and the practices in force.

COMPUTERISED INFORMATION ON NUCLEAR LAW

157» Under an arrangement concluded in 1974- between NEA and IAEA,
the NEA Secretariat is responsible on behalf of the International Nuclear
Information System (INIS) for the collection and computerised processing
of data on nuclear legislation and regulations as well as on available
legal literature in those of its Member countries which have decided to
entrust it with this task.r 17]

158. The modifications to the computerised information techniques,
studied by the NEA Secretariat in collaboration with INIS to enable a
better dissemination of literature on nuclear law, became effective early
in 1977« This has increased considerably the volume of legal information
inserted into INIS during the past year.

NUCLEAR LAW BULLETIN

159. Numbers 19 and 20 of the Nuclear Law Bulletin were published
in May and December 1977 respectively. The Nuclear Law Bulletin is
published in English and French on subscription and its readership goes
well outside the OECD area. It is, in fact, the only international
periodical issued in the field.

[16] Austria, Belgium, Canada, Denmar Finland, France, Federal Republic
of Germany, Greece, Italy, Japar jcembourg, the Netherlands, Norway,
Portugal, Spain, Sweden, Switzerxand, Turkey, United Kingdom and the
United States.

[17] Austria, Belgium, Denmark, Finland, France, Italy, the Netherlands,
Norway, Spain, Sweden, 'I'urkey and the United Kingdom.



160. As it is intended to supply mainly information on regulatory
and legislative developments in the nuclear field, the Bulletin naturally
reflects the prevailing tendencies. Accordingly, in 1977 5 considerable
changes occurred in the licensing systems for nuclear installations in
certain countries, as demonstrated by the German Federal Ordinance of
18th February 1977 on the nuclear licensing procedure, the Swedish Act of
3rd May 1977 on the special permit to load reactors with nuclear fuel, the
French Decree of 12th October 1977 concerning environmental impact studies,
and the Swiss draft Federal Order reorganising the licensing procedure for
nuclear installations; this matter is also under discussion in the United
States. The texts of the German Federal Ordinance, the Swedish Act and
the draft Swiss Order have been reproduced in full in the Bulletin or as
a Supplement.

NUCLEAR CONGRESS INTER JURA 1977

161. NEA was a co-sponsor of the Third Congress of the International
Nuclear Law Association held in Florence from 2nd to 5th October 1977-
The papers presented dealt with questions of third party liability and
insurance for nuclear damage, regulations on radiation protection, the
impact of nuclear power on the environment and the conditions for nuclear
power plant contracts. The NEA representatives presented 3 papers dealing
respectively with the establishment of the Multilateral Consultation and
Surveillance Mechanism for Sea Dumping of Radioactive Waste, revision of
the Paris Convention and the Brussels Supplementary Convention, as well
as nuclear law and computerised information.



III. TECHNICAL DEVELOPMENT





STUDIES ON THE NUCLEAR FUEL CYCLE

162. As noted in the preceding Activity Report, the NEA has in
recent years substantially reinforced its studies of the nuclear fuel
cycle, in response to the needs of its Member countries. These have
been conducted under the auspices of the Study Group on the Long Term
Role of Nuclear Energy (MELT), which was established in 1964. With
the passage of time, a considerable evolution has occurred with respect
to NEA's programme and priorities, with increased emphasis on technical
and economic studies in the area of the nuclear fuel cycle. This has
resulted in a notable widening of the scope of the NELT Group, and the
creation of several new subsidiary bodies. During 1977, the Steering
Committee for Nuclear Energy took note of these changing requirements,
and agreed to replace NELI with a new Committee having an appropriate
mandate to conduct this part of the Agency's activities. As a result,
the Committee for Technical and Economic Studies on Nuclear Energy
Development and the Fuel Cycle (or, "FCC") was formed, and has taken
charge of this aspect of the NEA programme.

ASSESSMENT OP URANIUM RESOURCES AND DEMAND

163. Under the new FCC Committee, studies in the area of uranium
resources assessment were continued and broadened. In December 1977,
a new edition of the joint NEA-IAEA report, "Uranium Resources,
Production and Demand" was published. This report, which continues a
tradition started 10 years ago of NEA-IAEA co-operation in publications
of this kind, was prepared by a Working Party under the Joint NEA/IAEA
Steering Group on Uranium Resources [18].

164. The report maintains its customary approach of first examining
the world uranium resources position and of up-dating resource estimates
on a country-by-countiy basis. This new edition also offers a more
comprehensive treatment of uranium exploration activity, production and
availability, for purposes of comparison with newly-revised estimates
of future demands for uranium. In addition, a greater number of coun-
tries have been included within the scope of the report, and their
activities summarised. The following paragraphs highlight the findings
and conclusions of the report.

165. Known world uranium "reserves" (the portion of the world's
Reasonably Assured Resources from which production at costs up to
$ 80/Kg U is normally drawn) now total 1.65 million tonnes of uranium.
Present Reserves correspond to about 20 years of forward requirements
on what is now considered to be the likely growth of nuclear power.

[18] 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.
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Table 2 ATTAINABLE PRODUCTION CAPABILITIES
(tonnes U)

Argentina

Australia

Brazil

Canada

Central African
Empire

France

Gabon

Germany, F.R. .

India

Italy

Japan

Mexico

Niger

Philippines

Portugal

South Africa . . . .

Spain

Turkey

United States . . .

Yugoslavia

Total (rounded) . .

1977

130

400

n.a.

6,100

0

2,200

800*

100

200*

0

30

0

1,609

0

85

6,700

191

0

14,700

0

1978

280

500

n.a.

6,450

0

2,850

(1,200)

100

200*

0

30

20

2,400

0

86

8,800

191

0

19,300

0

1979

360

500

385

6,950

0

2,850

1,200*

100

200*

0

30

90

3,850

38

90

9,700

339

0

20,300

0

1980

360

500

385

7,950

0

2,850

(1,200)

100

200*

120

30

170

4,100

38

95

11,700

678

100

22, 600

0

1981

310

1,800

385

9,750

0

3,350

1,200*

150

200*

120

30

550

4,300

76

100

11,700

678

100

26,300

120

1982

310

4,600

385

30,200

1,000

3,600

1,200*

150

200*

120

30

550*

9,000

76

270

12,900

678

100

31,200

120

1983

390

8,300

385

11,150

1,000

3,600

1,200*

200

200*

120

30

550*

9,000

76

270

12,800

678

100

32,300

120

1984

600

10, 600

385

12,500

1,000

3,600

1,200*

200

200*

120

30

550*

9,000

38

270

12,600

678

100

34,300

180

1985

600

11, 800

385

12,500

1,000

3,700

(1,200)

200

200*

120

30

550*

9,000

0

270

12, 500

1,272

100

36, 000

180

1990

600

20, 000

385

11,250

1,000

4,000

1,200*

200

200*

120

30

550*

9,000

0

270

12,000

1,272

100

47,000

440

33, 000 42, 000 47, 000 53,000 61, 000 77,000 82,000 88, 000 92,000 110, 000

( ) numbers taken from the 1975 Uranium Report.
* Estimated by the Steering Group of the Joint NEA/IAEA Working Party on Uranium Resources.



For economic, technical and political reasons, however, all of these
reserves will probably not be exploited and additional reserves may be
necessary to meet the needs of this period.

166. Uranium resources (including Reserves) in the "Reasonably
Assured" category, exploitable at costs up to # 13O/kg TJ, now total
2.2 million tonnes, and Estimated Additional Resources in the same cost
range amount to a further 2.1 million tonnes uranium. The report did
not consider it feasible at this stage to quantify uraniun resources
recoverable at costs above 0 130/kg U, but recommends that studies be
made to identify and evaluate resources which might be produced in the
medium or long term future in the cost category between {? 1J0 and
$ 260/kg U.

167. Although production will amount to close to 30,000 tonnes
uranium in 1977» estimates of uranium resources show that there is the
ability to produce upward of 90,000 tonnes/year by 1985» if there is
sufficient economic incentive and stability to provide the basis for
orderly growth. Beyond 1985» increasing importance must be placed on
production in countries which have not until now provided substantial
supplies of uranium, and additional resources must be identified wherever
possible. Estimates of the projected attainable capacities for uranium
production throughout the world, are shown on Table 2.

168. Exploration programmes have been reported in more than 50
countries, many of which have had no previous exploration activity.
The report indicates that many areas of the world that have to date
received relatively little attention are favourable for the occurrence
of uranium, and that the intensity of exploration is increasing.

169. Becav.se of a variety of factors, nuclear power growth estimates
have been revised downward. Demands for uranium are computed on the
basis of these power growth estimates. Projected demand levels have
therefore also been reduced, as noted in the following section. As an
illustration, it was estimated in the previous edition of this report,
published two years ago, that nuclear power capacity installed by 1985
would amount to 479-530 GWe (gigawatts electric). In the new edition,
the corresponding estimate is now 277-368 GWe.

170. In the revised report, two different estimates have been made
of the future growth of world nuclear power: one, based on present
trends in energy utilization and supply; and another, assuming an
accelerated need for nuclear capacity. The "present trend" estimate,
which also takes cognizance of current delays in the construction of
new reactors, must at present be regarded as the more realistic estimate.
The revised nuclear power growth estimates, up to the year 2000, are
shown on Table 1 and illustrated on Figure 1. (pp. 10 and 11 respectively).

171. The levels of world requirements for natural uranium, and
particularly the more likely "present trend" figures (see Table 3), are
considerably less than those stated in the previous edition of this
report. As stated above, the major reason for this is the corresponding
reduction in the estimated growth of nuclear power. One factor that has
tended to sustain demand estimates is the general recognition that there
will probably be little recycling of spent fuel to light water reactors
before the 1990s.

172. The new demand estimates still represent significant multiples
of present levels, and will pose a formidable challenge to the uranium
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Figure 3

WORLD CUMULATIVE URANIUM REQUIREMENTS
(1977-2000)

Cumulative Uranium Requirements 00 tonnes U) Cumulative Uronium Requirements (10^ tonnes U)
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* Recycle begins in 1985.
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industry, as well as to its consumers. The industry must provide suf-
ficient additions to reserves to sustain required production rates, and
also overcome physical obstacles to expansion of production. In doing
so, it will have to cope with a variety of political and economic problems.

Table 3

WORLD URANIUM REQUIREMENTS*

(1,000 tonnes U)

YEAR

1977
1980

1985
1990

1995
2000

WITHOUT

"ACCELERATED"
POWER GROWTH

ANNUAL

23
45
88
156
234

338

CUMU-
LATIVE

23
130

7̂7
1,107

2,127

3,591

BECYCLE

"PRESENT TREND"
POWER GROWTH

ANNUAL

23
41

71
102
134
178

CUMU-
LATIVE

23
128
423
873

1,^77
2,276

WITH RECYCLE*

"ACCELERATED"
POWER GROWTH

ANNUAL

23
43
82
126
181
242

CUMU-
LATIVE

23
130
464
999

1,797

2,885

"PRESENT TREND"
POWER GROWTH

ANNUAL

23
41

65
85
104

125

CUMU-
LATIVE

23
128
411

796
1,278

1,859

* Based on 0.25 % U-235 enrichment plant tails assay.

+ Beginning ?ln 1985.

173» The projected requirements for uranium suggest that it would
also be significant to improve reactor technology. More advanced
reactor systems that would conserve uranium resources, would help nuclear
power to play the major role in supplying world energy needs foreseen in
the longer term.

A comparison of the estimated world cumulative demand for
uranium up to the year 2000 and presently known uranium resources indicates
(see Figure 3) that Reserves are sufficient to cover actual needs until
1992-1996 (for "accelerated" and "present trend" nuclear power growth,
respectively, assuming that spent fuels are not recycled). However,
current Reserves may only be sufficient to cover the lifetime requirements
of reactors in-being in 1986-1988, under the same set of assumptions.
If spent fuels were recycled at the earliest opportunity (about 1985),
the stated coverages of demand by Reserves could be extended by another
2 to 3 years. The total of Reasonably Assured Resources could cover
demand until 1995-2000, under the two conditions of nuclear power growth,
assuming no recycle.
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Figure 4

WORLD ANNUAL URANIUM REQUIREMENTS
(1977-2000)

Annua/ Uranium Requirements (J<T ft//a)
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175- This then raises the question as to whether Reserve levels will
be sufficient to sustain the requisite annual production levels of uranium
in the future. Figure 4-, which shows a comparison of the world's annual
uranium requirements with production capabilities, indicates that pro-
jected production capabilities could support the growth of nuclear power
until at least 1990 in all instances except "accelerated" growth, without
recycle. The term "could" is stressed, because several conditions must
be fulfilled before "attainable production capabilities" (as shown on
Table 2) can be realized. Conditions which contribute to provision of
economic incentive to uranium producers, include: (i) the orderly growth
of nuclear power to assure sufficient lead time for planning, and to
attract the necessary capital; (ii) the absence of market perturbations
(e.g. unloading of stocks, changes in enrichment contract terms, etc.)
that can disturb the equilibrium between supply and demand; and (iii) a
reduction in the recent inflationary pressures on plant construction and
operation, which have been particularly damaging to the uranium mining and
milling industry. Beyond 1990, the projections show increasingly greater
demands on annual output. It seems clear that production rates, based on
presently-known Reserves, must eventually decrease as higher grade ores
become depleted and each deposit is mined out. This then places added
emphasis upon the necessity for a continually increasing tempo of explor-
ation activity, to bring other resources into the Reserve category, and
for new discoveries.

176. One of the main conclusions of the report is the need for an
accelerated exploration effort. In order that the optimistic projections
of production prior to 1990 be realised, significant exploration and
development effort will be required to convert existing Estimated
Additional Resources to the Reasonably Assured category. To sustain even
these levels of production and to meet demand forecasts beyond 1990, new
sources of supply must be identified, largely through new discoveries,
which must be forthcoming at an increasing rate.

SPECULATIVE URATTIUM RESOURCES ASSESSMENT

177. The new edition of "Uranium Resources, Production and Demand"
presents the most recent world estimates of uranium in both the
"Reasonably Assured" and "Estimated Additional" Resources categories.
The categories are carefully defined in the report, and the resources
therein have been estimated mostly on the basis of direct geological
evidence. The recognition of the need for expanding the world uranium
resource base to meet long-range demands has, however, led to efforts
to assess what further potential resources are likely to exist, and in
what regions exploration should be concentrated to identify them. As
noted in the Activity Report for 1976, this effort, designated the
"International Uranium Resources Evaluation Project" (IUREP) is also
under the Joint ÏÜEA/IAEA Steering Group on Uranium Resources. Throughout
1977 ? the Group, drawing upon the contributions of geological consultants
and its own members, reviewed the present body of knowledge relating to
uranium resources, and evaluated the potential for new discovery through-
out the world. Much of the required effort has been completed, and the
report of the Group is scheduled to be made available to Member Governments
by May 1978. It is also intended to prepare an abbreviated version for
general publication soon after.
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CO-ORDINATION OF EESEAECH AND DEVELOPMENT IN URANIUM EXPLORATION
TECHNIQUES

178. In response to this need to identify new uranium deposits
a Group of Experts was also set up in 1976, jointly "by NEA and IAEA,
on Research and Development in Uranium Exploration Techniques. The
Group was concerned with the selection of new prospecting techniques
for collaborative R & D, co-ordination of the collaborative effort
and effective dissemination of the knowledge acquired. [19!

179. The Group agreed that its programme of work should be
pursued by way of workshops at which specialists on subjects considered
by the Group as being likely to justify further study would exchange .
information and prepare proposals for R & D. The criterion to be
satisfied was that the effort required and related expenditure could be
expected to show a substantial return in terms of an increased rate
of discovery and availability of uranium. It was also recognised that
substantial additional funding would be required from the public sector
to achieve the increased level of exploration considered necessary.

180. Three such workshops were held during 1977, on Exploration
Case Histories and the Relevance of Gases in Uranium Exploration (Ottawa)
and the Measurement of Natural Gamma Radiation in Uranium Exploration
(Harwell). From the proposals received from these workshops the Group
selected those which, in its view, promised a valid programme of work
covering a period of three years. These will be augmented by proposals
emerging from future workshops.

181. The Group adopted a range of criteria in the selection
process, including the impact of a project on uranium ore discovery and
assessment, technical feasibility, the advantages of international
involvement, and cost. In attempting to determine a realistic level of
proposed expenditure, reference was made to the present world annual
rate of expenditure on uranium exploration, estimated at £ 5OO million,
and an overall figure of about #10 million was considered justifiable
for R & D to support continuation of this level of activity. The
selected proposals are being prepared in a standardised form for con-
sideration by interested countries.

NUCLEAR FUEL CYCLE REQUIREMENTS AND SUPPLIES THROUGH THE LONG TERM

182. For the first time since the series of reports on "Uranium
Resources, Production and Demand" was started, cue latest edition of
this publication did not include data on fuel cycle requirements and
supplies, other than for uranium. The principal reason for this was the
simultaneous preparation of a companion report during 1977, entitled
"Nuclear Fuel Cycle Requirements and supply considerations, through the
long term". The latter report, under the direction of the NEA Working
Party on Uranium Demand, was ready for publication by the end of 1977
following its approval by the Ste ring Committee for Nuclear Energy.

[19I The Group has so far benefitted from the participation of represen-
tatives from Australia, Canada, France, Federal Republic of Germany,
India, Japan, Portugal, South Africa, Sweden, United Kingdom, United
States and the CEC. Other countries interested in R & D in uranium
exploration techniques are being encouraged to join.
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183- _ In publishing this report, NEA has sought to fulfil three
objectives. First, as a source of data on uranium and fuel cycle services,
the report identifies future imbalances between supply and demand, and
possible areas for international co-operation in the resolution of such
problems. Secondly, in examining several alternative nuclear power scenarios
through the long term (defined as the year 2025)» it shows the comparative
needs of advanced reactors for uranium and for supporting services, thereby
establishing the basis for further development of uranium resources and
specific reactor systems. Finally, as a comprehensive data source, it
should provide assistance to those having responsibilities in planning,
forecasting, and programme management in areas relating to the fuel cycle.
The principal findings and conclusions of the Working Party are summarised
in the following sections.

184. As the basis for determining fuel cycle demands, the growth of
nuclear power was estimated for the short term (i.e., to the year 2000) as
shown earlier in Figure 1. For the longer term, extrapolation of earlier
growth patterns resulted in the nuclear power levels shown in Figure 5»
By the year 2025, installed nuclear capacities amount to 2,150 and 6,650
GW(e), corresponding to extensions into the longer term of "present trend"
and "accelerated estimates", respectively. Although the breadth of these
estimates is characteristic of the extreme uncertainties in long-range
nuclear forecasting, the intent in the long term is to identify comparative
relationships between reactor strategies and their fuel cycle needs.
Within this context, these uncertainties can be tolerated.

Table 4 ENERGY GROWTH PARAMETERS USED IN DERIVING
NUCLEAR POWER GROWTH ESTIMATES
("present trend"/"accelerated")

World primary energy
EJ (10 18 joules) ...

requirement,

Electrical energy (primary) share of
total, %

Electrical system load factor,

Nuclear share of electrical
capacity, % ,

1985 1990

245/285

31/34

50/51

16/17

289/360

33/37

48/51

23/24

2000

372/559

35/43

47/53

32/39

2025

551/1088

38/54

46/56

43/57

185« As the data in Table 4 indicate, nuclear power is expected to
make an increasingly significant contribution to the total energy needs of
mankind. This finding by the Working Party is by no means original, as
study after study has confirmed that the major source for projected in-
creases in power production in this century must be nuclear energy. No
other significant option is available to meet the needs of the OECD coun-
tries during this period.
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Figure 5
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URANIUM

186. Information contained in the report with regard to uranium
demand and availability in the short term were presented earlier in para-
graphs 163-176. An analysis of alternative reactor strategies in the
longer term makes it clear that continued reliance on thermal converters
in this period will result in rapid depletion of known uranium resources.
Even with dramatic increases in known resources, nuclear power would "be
able to play only a temporary role in satisfying world energy needs.
The use of advanced near-breeders (including those which utilise thorium)
can do much to reduce the total rate of depletion of uranium resources,
but their requirements will still result in eventual depletion of known
resources. On the other hand, breeder reactors, if demonstrated to be
economically feasible, would provide a virtually inexhaustible source of
energy supply within foreseeable extensions of known uranium resources.
In fact, the introduction of breeders in the longer term could, by the
year 2025, reduce annual requirements for uranium far below levels for the
year 2000, even with the projected doubling of the amount of installed
nuclear power during the period. By the year 2025, the cumulative
uranium requirements of the breeder can have reached a plateau, while
the cumulative requirements of other reactor strategies would continue
to rise.

187« In the view of the Working Party on Uranium Demand, these facts
argue strongly not only for the continued development and commercial demon-
stration of the breeder, but also for the supporting services required to
ensure its success. Experience must be gained now in the applicable fuel
fabrication, reprocessing and recycle techniques to assure the rapid, self-
sustaining growth of nuclear power in the long term. The importance to
this objective of a short doubling time makes it essential that progress
in these techniques keep pace with the development of the breeder reactor
itself. However, the rate of development would be moderated by identifi-
cation of new uranium resources. Investigation of proliferation-resistant
fuel cycles may lead to results that would allow a more unified inter-
national attitude toward advanced converter and breeder reactors.

188. Finally, it must be stressed that, on the basis of the long-
term requirements for uranium, all reactor strategies require augmentation
to a greater or lesser extent of what are presently considered as uranium
resources. A concentration of past exploration effort has led to a concen-
tration of low-cost uranium resources in only a few countries. Very large
areas of the world remain to be explored. The prognosis for further dis-
covery is therefore excellent but, as in the short-term, a favourable
environment is necessary to encourage the expenditure of the necessary
effort.

ENRICHMENT SERVICES

189. Figure 6 illustrates future world demands for uranium enrich-
ment services in the nearer term. There are currently plans for the
expansion of the uranium enriching capacities of several countries, and
these are also summarised in Table 5«



Figure 6
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Table 5

Existing and Planned Commercial Enrichment Capacity
in the World (io3 tonnes Separative Work per Year) 4

U.S. DOE
(Gaseous Diffusion)

U.S. DOE
(Centrifuge)

Eurodif
Coredif
Urenco

South Africa
Brazil
Canada
Australia
Japan

Total

USSR (export)

1977

17

-

-
-
0.2
-
_
-

-

17.2

1

1980

21

-

6.1
-

0.6
-
-
-

-

27.7
2

1985

26.6

8.8

10.8
4-.6-5.4-

2-5
0.01-5

0.2-2.5
-

0-0.3
0.1

53-65

1.5-3

1990

26.6

8.8*

10.8
5.4-10.8

2-10

5
0.2-2.5

0-9
O-O.3

0.1-6

59-90

* Does not include private enrichment ventures that might eventually
materialise.

+ Where a range of capacities is stated, the first figure refers to
firm plans, while the last figure represents plans for further
expansion, if markets should warrant such expansion. However,
when the first figure in a given range is zero, the entire project
must be regarded as extremely conditional.

190. The planned enrichment capacities shown above, have been
plotted on Figure 6 to provide a comparison of projected supply and
demand. This comparison indicates that sufficient capacity is now planned
to cover demand at least until 1990, in the event of either "present trend"
or "accelerated" nuclear growth and assuming no recycle of spent fuels,
with considerable excess capacity before that date. Before passing such a
judgement, however, it should be noted that the demand for enrichment
services has been computed here on an "as-needed" basis, taking into
account due delays for chemical conversion and fuel fabrication. Depending
on the nature of future enrichment contracts which may increase the tend-
ency to stockpile against actual needs, the actual demand could be higher
than shown here, and the adequacy of planned capacity could be diminished
accordingly.

In the longer term, demands for enriching services are pro-
jected to continue to increase steadily, except in the case of some
strategies involving the J7BR and the HWR (on the thorium cycle). In the
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latter instances, it could even be possible to reduce enrichment demands
to the order of present levels, by the year 2025.

FUEL FABRICATION

192.• Although current world capacity is adequate to fulfil needs
for fabrication of fuel assemblies and for all intermediate steps down
to chemical conversion, it is apparent from Table 6 that an increase in
annual capacity of almost an order of magnitude could be required by the
year 2000. The acknowledged importance of this industry will undoubtedly
be an important factor in attaining the necessary growth. However, aside
from coping with the physical problem of expansion, the industry must also
deal with technological changes, due to the introduction of breeder or
other advanced reactor fuels that may be introduced in the 1990s.

Table 6

Future World Demand for Fabrication Services
and Plans for Supply

(thousand tonnes uranium per year)

Demand (*)

Supply (+)

1985

11-15
15

1990

19-28

1995

28-48

2000

38-74

(*) Demands are shown for conditions of both "present trend" and
"accelerated" nuclear power growth.

(+) Present world capacity: 6.4 tonnes uranium/year.

REPROCESSING

193» The situation with respect to spent fuel reprocessing is
considerably more complex than it was a year ago, when the last ÏTEA
report on this subject was issued [20]. There is considerable uncertainty
in the world today relative to reprocessing spent fuels. Some countries
are considering whether it may be prudent to forego reprocessing of spent
fuels so as to ease the problem of safeguarding of nuclear materials.
Such a decision, and the time span over which it is feasible to forego
reprocessing depends among other things, on the adequacy of supply of
natural uranium and other energy resources, and on plans for fast breeder
development. Only a modest amount of fuel is expected to be recycled
to light water reactors in the short term. While the United States
has embarked on investigations of possible means of long-term storage
of spent fuels pending resolution of its non-proliferation concerns,
reprocessing remains the chosen option of several other countries with
major nuclear programmes, largely to provide plutonium for fast breeder
reactors scheduled for introduction in the 1990s.

[20] "Reprocessing of Spent Uuclear Fuels in OECD Countries", OECD
Nuclear Energy Agency, January 1977.

- 66 -



194. Spent fuel arisings, or potential reprocessing requirements,
are shown on Figures 7 and 8 on the annual and cumulative bases, respec-
tively. It may be observed that the amount of spent fuel currently being
discharged into reactor cooling ponds is rapidly increasing, presenting
both a storage problem for reactor operators and a potential market for_
the emerging reprocessing industry. World spent fuel arisings, which will
amount to about 2,000 tonnes of heavy metal content in the current year,
will increase to about 6,000 tonnes in 1985, 11-14,000 tonnes in 1990, and
27-48,000 tonnes by the year 2000. These data demonstrate the urgent
need to resolve the mounting spent fuel storage problem of reactor operators.
For the period during which countries forego the reprocessing option, it
will be necessary that new regulatory criteria for handling and storing
spent fuels be developed. In addition, plans for long-time storage in
national repositories need to be established. Although several other
countries having major nuclear programmes intend to establish away-from-
reactor storage facilities, these are usually planned in conjunction with
reprocessing plants.

195. Since the publication of the NEA study on reprocessing cap-
abilities in the OECD countries, the United States has announced its
intention to defer,for the present,use of the reprocessing option; hence,
its contribution in the short term to the reprocessing capabilities of
the OECD is questionable, pending completion of the current reassessments.
Likewise, the spent fuel arisings of U.S. reactors may be deleted from the
total OECD demand for reprocessing services. Thus, it may also be of use
to analyse supply and demand relationships for reprocessing on a regional
basis. In Table 7> the European Region is taken as an example.

Table 7

Comparison of Possible Supply and Demand for Reprocessing
Services in Europe in the Short Term

(l.OOO tonnes Uranium)

European Demand
Annual

Cumulative

Reprocessing Capacity
Annual
Cumulative

1980

0.8

2.3

0.8-0.

1.5-2.

9
0

1985

2.7-3.1

12.O-13.5

0.9-1.9
5.6-7.6

1990

4.7-6.5

31.7-39.3

4.1-7.6

18.8-32.5

196. As noted in the HEA report on reprocessing, there is an
imbalance between supply and demand for reprocessing services in the
European Region.' There is even greater imbalance in the OECD Pacific
Region, and the needs of the Developing Countries have also not been
taken into account. To illustrate the magnitude of the short-fall on
a world-wide basis, the total planned reprocessing capacity, assuming
no U.S. contribution, has been plotted on the demand curves of Figures
7 and 8. Thus, it is estimated that the current (end of 1977) 4,000-
tonne world inventory of unreprocessed spent fuels will increase to
about 60,000 tonnes by 199C (based on "present trend" nuclear power
growth, and the lower estimate of planned reprocessing capacity). Several
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I
Figure 7

ANNUAL REPROCESSING REQUIREMENT
1977-2000
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Figure 8

CUMULATIVE REPROCESSING REQUIREMENT
1977-2000
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measures have been proposed to increase the adequacy of reprocessing
services and for interim storage. The need for reprocessing to provide
plutonium for fast breeder reactors has also been stated by the Commission
of the European Communities. Some, while recognising the need for reproc-
essing, consider that plutonium may be better held in stored spent fuels,
until it is needed for breeder programmes in the longer term. However,
the opposite view is that reprocessing and recycle must take place in the
shorter term not only to provide start-up plutonium for fast breeders,
but to gain the experience required to achieve a reasonably short doubling
time and thereby sustain a rapid and significant growth rate for nuclear
power.

LTSTTERNATIOFAL MJCLEAR FUEL CYCLE EVALUATION (INFCE)

197« To respond to the growing concern that the spread of peaceful
nuclear technology, and in particular of enrichment and reprocessing
capacity, would increase the risk of proliferation of nuclear weapons,
a Conference was convened in Washington from 19th to 21st October 1977 on
the initiative of the United States. Some 40 countries were represented,
together with 4- international bodies, and the Conference was concerr"=!d
with the organisational arrangements for an international nuclear fuel
cycle evaluation, to be carried out co-operatively over the following two
years. While not a negotiation, the Evaluation is intended as an in-depth
analysis of alternative fuel cycle options, with particular reference to
non-proliferation considerations and assurances of supply (both of tech-
nology and of materials) to customer countries.

198. As it was apparent that a major part of the NEA programme was
relevant to the HTFCE study, the Agency took part in the organising Con-
ference and tabled a document summarising the relationship of its work with
the scope proposed for IÏÏPCE. It was also agreed, particularly in the
interests of avoiding duplication of effort, that the results of NEA
work should be available as a contribution to INFCE and that, having
regard to available resources and the needs of the ÏTEA programme, careful
consideration should be given to any requests for assistance or advice
made by any of the appointed co-Chairmen of the various UTFCE Working
Groups.

199- Consequently, by the end of the year HEA had become involved
to a greater or lesser extent in nearly all of the INFCE Working Groups.
A particularly large contribution was developing in support of Working
Group I (on Fuel and Heavy Water Availability) to which the two reports
mentioned earlier on "Uranium Resources, Production and Demand" and "Nuclear
Fuel Cycle Requirements and Supply Considerations through the Long Term"
were made available, together with advice on their interpretation.

GAS-COOLED FAST REACTORS

200. The Co-ordinating Group on Gas-Cooled Fast Reactor Development
was set up in 1971 between seven European countries to undertake common
studies covering this interesting reactor technology and is now supported
by ten countries and two international bodies [21], The basic philosophy of

[21] Austria, Belgium, the Federal Republic of Germany, France, Japan,
Sweden, Switzerland, the Netherlands, United Kingdom, United States,
the Commission of the European Communities and GBRA (Gas-Breeder Reactor
Association).
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the Group has remained the same as was defined at its creation in
i.e. to keep the option of the gas-cooled fast reactor open as a 'back-
up solution to LMFBR development.

201. During 1977 the United States joined the Group. This in-
creased considerably the information available to the participating
countries in many areas of GCFR development. The total effort spent
in the past on GCFR relevant work is of a comparable magnitude in the
U.S. (37 million US£) and in the remaining countries (4-3 million US#
together). The work in the U.S., which groups government and industry
efforts, is oriented towards the project definition phase of a demon-
stration plant and included, during 1977, research and development on
fuels and reactor materials, reactor core and fuel element design and
GCFR physics studies. In addition, control systems development, safety
studies and environmental site studies were under way. The U.S. pro-
gramme is also supported by Helium Breeder Associates, a grouping of
interested utilities.

202. On the European side, the most significant event was the
start-up of the first in-pile test in the helium loop in the BR-2
reactor in Mol with uranium oxide fuel elements. These tests will
continue into early 1978 when it is planned to start new tests with
mixed uranium-plutonium oxide fuel elements. In addition, the work on
heat transfer, corrosion phenomena, tribological effects, physics
calculation, core design and safety analysis continued in the partici-
pating countries.

203. Increased international co-operation in the high temperature
reactor field, including the GCFR, was established during 1977 between
the U.S. and the Federal Republic of Germany in a so-called umbrella
agreement, which was also joined by Switzerland and France. The terms
of this agreement foresee a still closer co-operation between the four
participating countries and this could favourably influence future
GCFR developments.

204. Concerning their future work, the Co-ordinating Group agreed
during 1977 to continue their collaborative effort and to prepare a GCFR
status report which would identify the development work necessary to
bring the GCFR option closer to realisation.

ISOTOPIC BATTERIES

205. The NEA Study Group on Isotopic Batteries F22] was originally
conceived as a means of stimulating and coordinating research and develop-
ment on an international scale in the use of various radioisotopes as the
primary energy sources in batteries and generators. Such sources have
the advantages of very long life and a high degree of reliability as
compared with their conventional chemical counterparts. For several
years now the Study Group's programme has concentrated on miniature
batteries for use in cardiac pacemakers. The first plutonium 238 powered
pacemaker was implanted in a human being in Paris in 1970- These
devices owe their origin to a co-ordinated multinational programme
launched in 1967 under the aegis of the Agency.

[22] The Study Group's membership comprises Austria, Denmark, France
the Federal Republic of Germany, Spain, Sweden and Switzerland.



206. The Study Group was responsible, in conjunction with the
Committee on Radiation Protection and Public Health for th<? preparation
of the MEA Interim Radiation Protection Standards for the Design,
Construction, Testing and Control of Radioisotopic Cardiro Pacemakers,
published in August 1974. These include a series of severe tests to
which prototype batteries must be submitted in order to demonstrate,
with a large margin of safety, that they will not release their radio-
active contents due to containment failure.

207. The Interim Standards were introduced on a provisional
basis with the recognition that experience from carefully controlled
clinical investigations would be required to determine with the required
degree of confidence, the balance between the benefits to patients and
risks to the general public. This experience will also enable an
informed judgement to be made on the validity of the Standards and
whether the use of radioisotopic powered cardiac pacemakers may be freely
authorised, given that the performance of non-nuclear batteries is also
steadily improving.

208. A considerable part of the Study Group's programme of work
in 1977 has been devoted to improving the design and efficiency of the
battery capsules and to increasing the margins of safety provided by
the prototype safety tests. An improved French version of a plutonium
battery has been subjected to incineration, impact, crush and corrosion
tests and fully met the requirements of the tests specified in the
Interim Standards. The reduced dimensions of this battery together
with improvements in integrated electric circuitry and reduced energy
consumption requirements have enabled a much smaller pacemaker to be
designed, weighing only 80 grams (as against 160 grams for previous
models) with a calculated lifetime of 4-0 years. An even smaller
battery is under development which will enable a lifetime pacemaker
to be designed weighing only 30 grams. However, there remains the
key problem of improving the performance of electrode leads and
research into this aspect is continuing.

209. A final report on cremation practice in Switzerland has
been prepared which concludes that under Swiss conditions, which are
believed to be representative of cremation conditions generally, there
would be no release of radioactive material to the atmosphere in the
event of cremation of a pacemaker bearer. It was also concluded that
the possibility of a pacemaker being misplaced and remaining undetected
in a crematorium over many years was negligible.

210. A review of the performance of chemical batteries used in
cardiac pacemakers is nearing completion and will attempt to provide
a comparison of performance between such batteries (in particular
lithium iodide batteries) and plutonium batteries. It has already
become clearly established that lithium iodide batteries have achieved
a considerably improved performance estimated to provide a lifetime of
the order of 10 years. This is reflected in a decreasing demand in
the United States (the biggest market) for plutonium powered pacemakers-
It is interesting to note that lithium iodide batteries have been in
use for about 5 years and the two biggest manufacturers claim no battery
failures among 30,000 implantations.

211. This trend away from nuclear batteries has also been reflec-
ted in a lack of commercial interest in supporting the development of
gaseous tritium sources which are theoretically very promising and
inherently much safer than plutonium batteries. On the other hand the
prospects for developing betavoltaic generators using tritium are more
promising and limited financial support has been made available for
further research.
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JOINT UNDERTAKINGS

EUROCHEMIC

212. The Board of Directors of the Eurochemic Company f 23] had put
forward in 1976 proposals to the Belgian Government with a view to an
overall settlement of the problem concerning its future and fulfilment of
its legal obligations to its host country. These related, in particular,
to the radioactive wastes produced by eight years' operation and stored
at the company's site at Mol. ås a result, the principle of an agreement
that Belgium, or a Belgian Company, should take over the plant and site
and resume reprocessing activities was discussed and approved by the Board
and the Belgian authorities.

213. Accordingly, the period under review has been marked by intense
legal and technical work to elaborate and finalise a Convention between
Eurochemic and the Government of Belgium on takeover of the installations
and execution of the legal obligations of the Company. A Negotiating
Group, made up of representatives of Belgium and of Eurochemic and the
Agency, met throughout the year to work out solutions to the problems
raised by this transfer. These are embodied in a draft Convention, which
determines how the installations shall be transferred to a new Belgian
Company and specifies each party's financial and other responsibilities,
the various steps for completing Eurochemic's work and for the transfer to
the Belgian Company, and Eurochemic's contribution to the dismantling
expenditure to be borne by the Belgian Company.

214-. From the technical viewpoint, the Board had initially decided to
use a process developed by Eurochemic (the LOTES process) together with
another process financed and developed at Eurochemic by Gelsenberg AG, Essen
(the PAMELA process), for solidifying the Company's high-level liquid wastes.
However, following detailed investigations, it emerged that further devel-
opment work was required on the LOTES process before a semi-industrial
facility could be set up as planned. In view of the time-schedule fore-
seen under the Convention for the transfer of the installations, the
Board finally selected, in conjunction with the PAMELA process, a more
advanced and technically proven process - the AVM - developed at Marcoule
(Prance) which could treat the wastes more rapidly and could also be used
for treating the wastes subsequently produced by the Belgian Company when
it operated the plant. The original draft Convention was then modified
to provide that Eurochemic will now treat only the low and medium-level
wastes, store them in the facilities constructed for that purpose and
effect the transfer of the high-level wastes before solidification.
These operations should be completed at about the end of a further
extension period of the Company until 1982, at which time the total site
and responsibilities will be taken over by the Belgian Company. The latter,
against reimbursement, will treat the high-level wastes and store them on
behalf of Eurochemic. These technical changes were made following detailed
negotiations in the Negotiating Group and discussions in the Board of
Directors.

f 23] The European Company for the Chemical Processing of Irradiated Fuels
was set up as an OECD joint undertaking in 1957 for an initial fifteen-
year period 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- but was extended for five years so as to carry out
a technical basic programme to meet its obligations.
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215« At its December meeting, a majority of the members of the Board
approved in principle the draft Convention between Eirrochemic and the
Belgian Government, subject to formal approval by their national author-
ities. This approval was endorsed by the General Assembly.

216. As a consequence of these technical reorientations and the
decision to limit extension of the Company's duration to 1982, the Board
agreed that, despite the interest of the proposed International R and D
programme [ 24J on the conditioning of high-level waste, planned as a
complement to the basic termination programme, it was preferable to post-
pone this and to reconsider it in a different context.

217. In parallel with the above activities, work on the basic technical
programme continued as planned. The facility for incorporating the low and
medium-level wastes (bituminization facility) was commissioned in the
autumn with a first campaign treating the low-level wastes for sea dumping,
while treatment of the medium-level wastes was about to begin. Construct-
ion of the building to store these wastes was completed, and the
conditioned wastes will be progressively stored according to schedule.
The cleaning of the solid waste pond was also carried out satisfactorily,
while fuel elements were removed from the fuel storage pond except for a
set of elements whose removal was being negotiated. Decontamination of
the plant and ancillary facilities which were on standby was proceeding to
enable interventions for the purpose of recommissioning after the necessary
adaptations had been made by the Belgian Company.

HALDEN

218 During 1977, the second year of the current three-year extension
to the Halden Agreement [ 25] the OECD Halden Reactor Project continued its
research programme in the two areas of fuel performance and process control
and supervision. Specific subjects included fuel-clad interaction, fuel
behaviour in transient conditions, control of core power distribution and
operator-process communication.

F 24] See also Chapter II, paragraph 104.

[25] The Halden Project dates from July 1958, when the Boiling Heavy
Water Reactor at Halden, south of Oslo, built and owned by the
Norwegian Institutt for Atomenergi, became the subject of a Joint
Undertaking under an Agreement signed by Austria, Denmark, Euratom
(representing the six countries then comprising the European Economic
Community), 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 1976-1978. Signatories to
this Agreement are - besides the Norwegian Institutt for Atomenergi -
the Austrian Studiengesellschaft für Atomenergie GmbH(as from 1st
January 1977)1 the Danish Atomic Energy Commission, the Finnish
Ministry of Trade and Industry, the Italian Comitato Nazionale per
1'Energie Nucleare, the Japan Atomic Energy Research Institute,
Kernforschungsanlage Jttlich GmbH (representing a German group of
companies working in agreement with the German Federal Ministry of
Research and Technology), Reactor Centrum Nederland, AB Atomenergi of
Sweden, and the Electric Power Research Institute of USA. Other
United States organisations - the Nuclear Regulatory Commission,
USNRC (formerly USAEC), Combustion Engineering Inc. and General
Electric Co. - are participating as associated parties.



219. These research activities of the Project are particularly-
relevant to the nuclear safety of modern power plants. For this reason,
technical liaison with the Project is effected by the NEA Nuclear Safety
Division and the Project's safety-related activities are reported regularly
to the Committee on the Safety of Nuclear Installations and its subsidiary
bodies.

220. The co-operative programme of research at Halden is organised
through NEA. In 1977» a representative of the Agency continued to attend
the meetings of the Programme Group and Board of Management of the Project
in an advisory capacity. Similarly, the Agency has advised the Project
on matters of general policy and has played an active part in the negot-
iations for a further extension of the Project for the three years
1979-1981.

221. A more detailed description of the activities of the Halden
Project during 1977 is given in Annex C.

DRAGON PROJECT

222. Following the termination of the Dragon Project on 31st March
1976 the Project Board of Management invited NEA to assume responsibility
for ensuring that the various actions to bring the Project's affairs to
an orderly conclusion, in particular the disposal of assets, were carried
out to the satisfaction of the Signatories. The winding up of the Project's
affairs had virtually been completed by the end of 1977 and only one or
two minor accounting actions remained before the final balance sheet
could be submitted to the Signatories. At the same time, the final Chief
Executive of the Project had been preparing a report on its technical
achievements and this will be published as a Dragon Technical Report in
1978.

223. Meanwhile, the Project Historian has distributed the first
draft section of his history of the Dragon Project to Signatories for
comment. Work is continuing on the remaining sections and the history
is expected to be completed in draft form by the end of 1978. Following
appraisal during 1979 of the history by an Assessment Panel as to its
quality and suitability, consideration will be given to its publication.

FOOD IRRADIATION

224. The acceptability of food irradiation as a preservation process
depends on a careful evaluation by the competent health authorities of
the toxicological, microbiological and nutritional aspects to determine
the wholesomeness of irradiated foods. Animal feeding studies have, ii.
the past, been adopted as the basis from which the required evidence has
been obtained but these require, for each food tested, an expenditure
ranging from about 0 100,000 to as much as 0 500,000 or more, as well as
access to suitable facilities for carrying out the tests. Clearly, only
a few countries could afford to finance research on this scale, particularly
as the process may be an uneconomic or unnecessary alternative to preser-
vation by refrigeration or chemical treatment.

225. However, there are many areas in the world where adequate
facilities for food storage and preservation do not exist and cannot
easily be provided because of a lack of an appropriate supporting infra-
structure. In such areas, and for many commodities, irradiation of food
offers a significant contribution to the reduction in losses from infest-
ation, spoilage or untimely germination.
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226. The International Project in the Field of Food Irradiation was
set up in 1971 under the sponsorship of IJEA, the International Atomic
Energy Agency and the Food and Agriculture Organisation of the United
Nations. It provides a mechanism whereby, for a comparatively modest
annual contribution, interested countries may collectively finance
expensive wholesomeness testing research. A list of the national author-
ities of the twenty four countries participating in the Project in 1977
is given in Annex C. The studies so far commissioned by the Project and
carried out under contract by specialised laboratories, have been concer-
ned with wheat, wheat flour, potatoes, fish and rice. Studies on onions,
mangoes and dried dates are under way. In addition, the Project is
carrying out research into new methodology for testing the safety of
irradiated food and also provides an extensive information service on all
aspects of food irradiation.

227. The Project is largely guided in its programme of work by the
recommendations of Joint FAO/IAEA/WHO Expert Committees on Irradiated
Food. The most recent of these met in Geneva in August/September 1976
and examined data prepared by the Project on a variety of irradiated
foods. For the first time, recommendations were made for the unconditional
acceptance for human consumption of wheat and wheat flour, potatoes,
chicken, papaya and strawberries. This significant advance has encouraged
the participating countries to agree to an extension of the Project
Agreement until 1981.

228. The programme of work during this further period will include
studies with animals but will lay more emphasis on radiochemical invest-
igations into the basic components of foods. This work has already
involved extensive reviews, commissioned by the Project, of the scientific
literature and will form the basis of a coordinated programme on radiation
chemistry in cooperation with a number of national laboratories involved
in such studies. The general principles of radiation chemical reactions
which have so far emerged may permit a reduction in the extent to which
biological testing is needed and the application of evidence of safety
of one form of irradiated food to other varieties of the same food.
This possibility was recognized by the 1976 Joint Expert Committee.

229. The central objective of the extension programme is therefore
the provision of data for the next Joint FAO/IAEA/WHO Expert Committee
on the Wholesomeness of Irradiated Food. These will be intended to permit
the Joint Committee to consider the acceptability for human consumption
of a wide variety of irradiated foods or classes of foods.

230.
Annex D.

More details of the Project's activities in 1977 are given in



IV. NUCLEAR SCIENCE





COMPUTER PROGRAMS AND DATA FOR RESEARCH AND DEVELOPMENT

231. The bulk of the Agency's work lies in the coordination of
different aspects of national nuclear programmes at a scientific manage-
ment level. The two scientific committees of the Nuclear Science Division,
the NEA Committee on Reactor Physics (NEACRP) and the NEA Nuclear Data
Committee (.NEANDC.) both work in this way. Further, substantial effort
within this part of the Agency is directed into basic support services
for long-term research and development at a technical level, provided
during 1977 by the Neutron Data Compilation Centre (CCDN) at Saçlay, and
the Computer Programme Library (.CFL; in Ispra, Italy. The Working Group
on Nuclear Energy Information (NINF Group) has in these terms operated at
an intermediate level in recent years, reviewing and evaluating techniques
and working methods in this area of scientific and technical information.
Rationalisation of these support activities has been the keynote of 1977»
although the organisation changes will not formally take effect, or begin
to produce results, until 1978.

232. The future of CPL and CCDN was resolved at the end of 1977, when
the Steering Committee for Nuclear Energy decided to create an NEA Data
Bank [ 26J at Saclay as of 1st January 1978 in succession to these centres.
The principal justification for this creation was that the complementarity
of the professional resources needed to operate the CPL and CCDN meant that
their combination would create a service potential considerably greater
than could be provided by their continued separate operation.

233. Similarly, it was felt that the major interest of the NINF Group,
e.g. the general bibliographic aspects of nuclear information, would be
more appropriately expressed within the IAEA International Nuclear
Information System (INIS) activities, while specialist studies outside the
scope of INIS, such as the current one on the use of Generalised Data
Management Systems for handling scientific information, might be recommen-
ded to the Steering Committee on an ad hoc basis. Consequently, the
mandate of the NINF Group was not prolonged beyond the conclusion of this
study.

NEA SCIENTIFIC COMMITTEES

234. The major responsibility of the NEA Nuclear Data Committee
(NEANDC) and the NEA Committee on Reactor Physics (.NEACRP; lies in
research policy coordination. Their method of work is one common within
NEA: regular, usually annual, plenary meetings of the major committee to

[26] Countries which have so far joined the Data Bank are Austria, Belgium,
Denmark, Finland, France, Federal Republic of Germany, Greece, Japan,
the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland,
Turkey, the United Kingdom.
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review the existing state of knowledge, identify gaps and follow work in
progress on specific topics. They contribute to forward planning by
proposing topics for new research and by coordinating national efforts in
current projects. The plenary meetings are interspersed with special
meetings organised under the aegis of the committees as it becomes apparent
that progress made warrants a stocktaking. Work on a topic may have
reached the point where an international consensus on the research results
is feasible and useful, either as a firm base for further research or for
applications. It is then appropriate to extend the discussion to a wider
audience, frequently with co-sponsorship of meetings with IAEA.

235« Over the years both committees have evolved in parallel with
similar bodies in IAEA, and developed a certain complementarity in their
work. In the area of nuclear data, NEANDC covers a narrower subject scope
(data directly related to fission reactors) in greater technical depth,
while the IAEA International Nuclear Data Committee (INDC) has interests
extending into charged particle data and a wider range of applications and
research policy. In view of the close relationship in their functions,
the two committees alternate their meetings and also maintain a common pool
of technical information, at present concentrated on neutron cross section
standards and discrepancies which is reviewed at each meeting. This closer
integration of their work is at present on an experimental footing, and
subject to review.

236. Because of this agreement, there were NEANDC specialist meetings
in 1977 but no full meeting of the committee. A planned specialist
meeting on the Li6 (n, a) cross-section was merged with the international
Symposium on "Neutron Standard cross-sections and flux measurements"
(Washington, March 1977), and the corresponding session organised by
NEANDC. A second specialist meeting on "Neutron data of structural
materials for fast reactors" (Geel, December 1977) was organised jointly
with NEACRP.

237. In the field of reactor physics, the relationship between the
work of NEACRP and similar activities in the IAEA framework was clarified
at an IAEA consultants' meeting on Reactor Physics, held in May 1977-
This meeting recommended that NEACRP should take the leading role in
planning and discussing activities in the field of fast reactor physics,
thus helping to avoid overlapping and duplication between the Committee's
work and that sponsored by IAEA, notably through its International Work-
ing Group on Fast Reactors. The conclusions of the IAEA consultants
were endorsed by NEACRP at its 1977 meeting in the Netherlands.

238. Reactor physics questions important for safety have constituted
a large part of the work of NEACRP in 1977. The specialist meeting on
reactor noise SMORU II (Gatlinburg, Tenn., USA) was co-sponsored with
the NEA Committee on the Safety of Nuclear Installations (CSNI), with
the collaboration of the International Working Group on Nuclear Power
Plant Control and Instrumentation (IWGNPPCI) of the IAEA. Both practical
and theoretical aspects of reactor noise were treated and emphasis was
placed on the fields of at-power reactor noise, surveillance and the
diagnostics of LWR, surveillance and techniques of LUFBR reactors, noise
analysis and the surveillance of the balance of the plant. The results
of the NEACRP coordinated programme of shielding benchmark calculations
and experiments (intended in particular to establish the neutron data
accuracy required to predict reactor shielding performance) were
presented at the Fifth International Conference on Reactor Shielding
(Knoxville, Tenn. USA).
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DATA CENTRES

239. During 1977, sixteen f 27] countries participated in the
financing of the CPL, and fourteen T28] in that of the CCDN. Separate
operation of these two Centres continued through 1977 in an atmosphere of
uncertainty due to prolonged considerations relative to the proposal to
set-up the Data Bank.

240. As foreseen, demands on the services of the two centres
continued to increase substantially. Additional posts to cope with the
increased workload at CPL had been created, but not filled pending
implementation of the Data Bank proposal. Other posts at CCDN and CPL
had been permitted to lapse in anticipation of the creation of the Data
Bank. The remaining staff were therefore required to make a determined
effort to maintain the appearance of 'business as usual' but at the price
of acquiring backlogs in the compilation of new material and in programme
testing. The CPL effort on Service Experience in Code Utilization (SECU)
has also had to be mainly passive in character, accounting for contributed
material with a minimum of critical analysis from the Library staff.

THE COMPUTER PROGRAM LIBRARY (CPL)

Approximately 300 establishments made use of CPL services on a
regular basis, while incidental requests were satisfied from a further
100 other establishments on an ad hoc basis. Through an observer from
the IAEA on permanent attachment to the CPL, a service to non-OECD
countries was provided: about 50 establishments outside the OECD area
requested programmes during the year.

242. CPL computer needs were filled mainly by use of the IBM 370/165
computer of its host establishment, the European Scientific Data
Processing Centre of Euratom, in Ispra. Some 180 new and important
programmes were added to its collection, of which 120 havo been tested
(an increase of 20% on the 1976 figure). The CPL continued to benefit
from its programme exchange agreement with the United States and Canada
and 80 of the new programmes were supplied from the Code Centres in
Argonne and Oak Ridge. The collection of programmes attracted a record
breaking 1400 requests, of which 1050 have been satisfied (compared with
the 1976 figure of 700). The backlog of unfilled requests at the end of
the year showed an increase of 50% compared with 1976.

243. As compared with 1976, the percentage distribution of these
requests under various categories in 1977 > was as follows:

[27] Australia, Austria, Belgium, Denmark, Finland, Prance, Federal
Republic of Germany, Italy, Japan, the Netherlands, Norway, Pox^tugal,
Spain, Sweden, Switzerland and the United Kingdom

[28] Austria, Belgium, Denmark, Finland, France, Federal Republic of
Germany, Italy, Japan, the Netherlands, Norway, Spain, Sweden,
Switzerland and the United Kingdom
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Table 8

Category of Request

Radiological safety, hazard and accident
analysis

General mathematical and computing system
routines

Gamma heating and shield design programmes

Steady state and transient heat ti-ansfer

Deformation and stress distribution
computations structural analysis and
engineering design

Static design studies

Spectrum calculations generation of
group constants lattice and cell problems

Depletion fuel management cost analysis
and reactor economics

All others

Total

Percentage of Total
Distribution

1977

16

13

10

9

9

8

8

7

20

100%

1976

10

7

12

8

8

7

8

6

34

100%

244-. This Table shows, in particular, a marked increase in
customer interest in computer programmes for analysis of the safety of
nuclear installations. This is, in particular, a consequence of the
effort made by the CEL to introduce its customers to the computer
programme EELAP 4 contributed by the United States authorities. This
programme was the subject of a special seminar in 1976, and was widely
publicised in the form of a special Newsletter during the year.

245. Computer programmes of United States origin attrnctc-d somewhat
less than 60% of all requests in 1977= in a normal year the requests
between the US and non-US programmes are more evenly distributed.
Conversely, CPL has been able to acquire the safety programme BRUCH-D
from the Federal Republic of Germany and a whole package of computer
programmes developed at the Japan Atomic Energy Research Institute
(JAERI) within the general programme laid down in the JAERI Safety
Evaluation Guidelines for Emergency Core Cooling Systems (ECCS) for Light
Water Reactors. JAERI provided the expertise necessary for the testing
and inclusion of these programmes in the CPL collection.

246. The Service Experience in Code Utilization (SECU) effort has
mainly been devoted to updating the information on shielding and data
processing computer programmes.
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24-7. The number of packages despatched to non-OECD countries was
also at the record high level of I50 (30 of which were of United States
origin) as compared to IO7 in 1976, and 57 in 1975«

THE NEUTRON DATA COMPILATION CENTRE (CCDN)

Service customers

248. Requests for neutron data continued to reach the CCDN at the
rate of about one per working day, largely from evaluators and reactor
physicists, and about equally divided "between the experimental and
evaluated data files. About five million data points were sent out to
requestors in 1977) a small increase on the previous year.

CCDN data files

249. The work of adding new data to the computer files has continued
smoothly during the year: experimental cross-section data compilation
was carried out, and a major part of the CINDA (Computer Index to Neutron
Data) entries prepared, at CCDN and at sister data centres of the "Four-
centre network" f 29]. Evaluated data files were added to by contributions
from research establishments, notably those in NEA Member countries. The
major files held at CCDN included the following three categories:

(i) Experimental neutron data

250. Experimental neutron data were compiled and exchanged with
other centres in EXFOR format, stored and distributed to CCD1T customers
in NEUDADA format:[30J

Current size of KEUDADA files
(added in 1977

Experiment series compiled in
EXPOR in 1977

Experiment compilations from
other centres

2.65 million data points
200,000 data points)

106

109

251. A particular effort was made to compile neutron resonance
parameters at the request of the NNDC, Brookhaven. This concerned, in
particular, important work carried out before 1970 at Saclay, using
their 60 MW accelerator.

[29] National Nuclear Data Centre (NNDC), Brookhaven, USA; the Nuclear
Data Section (NDS) of the IAEA in Vienna; the Cetro po Jadernym
Dannym (Nuclear Data Centre - CJD), Obninsk, USSR; and the CCDN.

[ 30] Each centre has its own computerized data storage and maintenance
system. CCDÏÏ has developed over the years the so-called NEUDADA
system (Neutron Data under Direct Access). There exists a need for
a suitable international interface between the computer formats in
use in each regional centre; the EXPOR format fulfills the role
of such exchange format.



252. The Harwell compilation of fission product yields was held
at CCDN for distribution, but continued to be maintained by the author.

253-

(ii) Evaluated data files

The current size of files held at CCDÍT was as follows:

1,640,000 data pointsEvaluations in EUDF/B IV (USA)
format

KEDAK (Germany, Fed. Rep.),
JNDL (Japan), UKNDL (UK) and
others often in UK format

about 700,000 data points

5 Contributions during 1977 from Member countries included the
Japanese JNDL-1 library (100,000 data points) and the second part of the
JNDL-FP evaluation, as well as a French evaluation of the capture cross-
sections for natural Titanium. An updated version of the ORNL NSDD
(Nuclear Structure and Decay Data) tape was received.

(iii) CUTDA bibliographic index

255. Current size of file:

(Added during 1977

145,000 entries
(about 30,000 references)

17,000 entries)

256. The CINDA master file was maintained by the.COM on behalf of
the four centres, while the printed editions were produced by IAEA using
a magnetic tape copy of this file. Two supplements to the CINDA 76/77
volume were published during the year.

257. Much effort was invested in improving the usefulness of CUTDA
as an index to numerical data exchanged in EXFOR, and in making formal
corrections to the file and assuring the completeness, in readiness for
generating an integrated Data Base, of neutron physics data and biblio-
graphic information. A CINDA manual was distributed to the many coders
contributing to the file either individually or within the four centres.

Preparations for the use of a Generalised Data Management System (GDMS)

258. An earlier examination by the Management Committee of the CCDN
computer use had recommended changes in the centre's pattern of computer
use, and in particular that GDMS use should be considered. This question
became more urgent with the proposal to set up an HEA Data Bank, which
would, in any case, impose major changes on the computer environment in
which neutron data compilation work was carried out. A test Data Base
has been generated at CCDN, using the Cullinane Corporation IDMS software,
which has been shown to give acceptable performance with CCDN's present
small IBM computer. Benchmark tests have likewise confirmed the suitab-
ility as a data base carrier of the DEC PDP II/70 terminal equipment
(linked to large computers on the Saclay site) proposed for the Data
Bank.
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THE WORKING GROUP ON NUCLEAR ENERGY INFORMATION (NINF)

259« During 1977 a specialist study was carried out under the
responsibility of the NINF group, on "The use of Generalised Data
Management Systems (GDMS) for handling scientific information". A
mixed group of information managers, data-handling scientists and
computer systems specialists met twice? in Paris and in Berkeley,
(United States), to produce a report aiming to:

Give a clear introduction to GDMS: what they are, and
why they may be useful in a scientific context.

Include a list of the capabilities required in a Generalised
Data Base Management System for handling scientific data.
Presented at a time when considerable effort is being invested
in GDMS software development, such an inventory may be in time
to influence the specifications of this third generation of
Data Management Systems.

Compare the costs and performance of GDMS and possible
alternatives as an aid to identifying the circumstances in
which GDMS use may be convenient and economically worthwhile.

Show by case studies of a variety of existing and potential
GDMS applications to scientific data (in different fields,
with more or less numerical content) what is involved in
GDMS use, and what advantages may result.

Survey the direction of development work in GDMS: hardware
development trends, software development trends, distributed
Data Base systems, and data base conversion.

260. The Report will be issued early in 1978.
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V. ORGANISATION AND ADMINISTRATION





STEERING COMMITTEE FOR NUCLEAR ENERGY]

261. The Steering Committee for Nuclear Energy held three sessions
in 1977j under the chairmanship of Mr. B. Aler (Sweden), the two Vice-
Chairmen being Messrs. B. Goldschmidt (Prance) and O.J.C. Eunnalls
(Canada).

262. The main questions dealt with "by the Committee included the
modernisation of the Agency's Statute; the setting up of the Multi-
lateral Consultation and Surveillance Mechanism for Sea Dumping of
Radioactive Waste; an in-depth review of the scope and priorities of
the Agency's nuclear safety programme; the creation of the new Committee
for Technical and Economic Studies on Nuclear Energy Development and the
Fuel Cycle; and the setting up of an NEA Data Bank to succeed the former
Neutron Data Compilation Centre and Computer Program Library.

263. When approving the draft programme of work for 1978 and the
corresponding budget, the Committee requested that attention be focussed
on a restricted number of priority tasks in the field of nuclear safety,
to be treated in greater depth. It also confirmed the priorities it
attached to reinforcing co-operative work in the management of radio-
active waste, providing support to Member countries for achieving accept-
ance and understanding of nuclear energy, and establishing a sound base
of technical and economic data on the nuclear fuel cycle.

STAFF

264-. On 1st May 1977, Mr- Ian Williams was appointed Director
General of the Agency in succession to Mr. Einar Saeland, who was retiring.
Pir. Williams, who had been Deputy Director General of the Agency since
1966, was succeeded in this latter post by Dr. William H. Hannum. on 1st
September 1977-

265. In 1977, the Agency's total staff establishment amounted to
90, of which 59 were in the Secretariat, 17 in the Neutron Data
Compilation Centre, and 14 in the Computer Program Library.

266. Following the revision of staff structure adopted in 1976, with
the major parts of the Agency's resources being deployed in areas of high
priority, some small adjustments were made in 1977 to reinforce the
effort available. In particular, the economic and technical studies on
nuclear energy development and the fuel cycle were considerably developed
in sophistication and scope; an additional professional post was therefore
granted to the Secretariat to strengthen the effort available for research
and investigation in this field. The total strength of professional staff
in the Secretariat was therefore brought to 29 out of a total of 59.
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267. While the staff structure at the Neutron Data Compilation
Centre (CCDN) remained unchanged, the staff of the Computer Program
Library (CFL; was increased by two professional posts, which however,
remained frozen pending a decision on the setting up of the HEA Data
Bank. The number of professional staff at the CEL was therefore brought
to 6 (out of a total of 14) and remained at the level of 9 at the.CCDIT
(out of a total of 17).

268. The structure of the Secretariat in 1977? including the two
NEA Services, is shown in Figure 9-

BUDGET

269. The appropriation authorised for the Agency as a whole in
1976 amounted to 20.8 million francs, of which 15.7 million francs
represented appropriations in respect of staff. The difference between
these amounts and the corresponding figures for 1976 (see Table 9)
arises mainly from the necessary adjustments in the cost of living and
the reinforcement in staff resources outlined in the preceding section.

Table 9

Secretariat

CPL

CCDN

Total

1977

Total
appropriati ons

15.0

5.2

4.6

20.8

Appropria t i ons
for staff

9-4

1.6

2.7

15-7

1976

Total
appropriations

11.4

2-9

4.1

18.4

Appropriations
for staff

8.4

1.5

2.5

12.0

MEETINGS, CONFERENCES AND SYMPOSIA

270. As a support of the work undertaken within ÏJEA Committees, a
number of Specialist Meetings were held during 1977, with particular
emphasis on radiation protection, nuclear safety and radioactive waste
management questions. These included:

a Workshop on Bisk Analysis and Geologic Modelling in
relation to the Disposal of Radioactive Wastes into Geologic
Formations (jointly with the Commission of the European
Communities) - 23-27 May 1977, Ispra, Italy;



a Specialist Meeting on Iodine 129 - 13-14 June, Paris and
15-16 June, Cadarache;

a Specialist Meeting on Reactor Noise - 19-23 September 19775
Gatlinburg, United States.

a Specialist Meeting on Regulatory Inspection Practices in
Nuclear Power Plants - 27-29 September 1977» Madrid, Spain;

a Specialist Meeting on the 1976 Friuli Earthquake and the
Antiseismic Design of Nuclear Installations - 11-13 October
1977, Rome, Italy;

a Specialist Meeting on the Collaborative Programme of Iron
Shielding Benchmark Experiments - 22-24 November 1977» Paris;

a Specialist Meeting on Fuel and Clad Motion Diagnostics for
Past Reactor Safety Test Facilities - 5-7 December 1977, Los
Alamos, United States;

a Specialist Meeting on Neutron Data of Structural Materials
for Fast Reactors - 5-8 December 1977, Geel, Belgium.

271. The following conferences and symposia were also organised
by the Agency in 1977«

an International Symposium on the Handling of Radiation Accidents,
jointly sponsored with the IAEA in collaboration with WHO, in
Vienna on 28th February/4th March 1977;

a Technical Seminar, jointly with IAEA, on the Treatment,
Conditioning and Storage of Solid Alpha-Bearing Wastes and
Cladding Hulls - 5-7 December 1977» Paris;

a Symposium on the Safety of Nuclear Ships in collaboration
with IAEA - 5-9 December 1977, Hamburg, Federal Republic of '
Germany;

The Agency also took part, as co-sponsoring Organisation, in the
International Conference on Reactor Shielding - 18-22 April 1977, Knoxville,
Tennessee, United States.

PUBLICATIONS

272.
included:

Reports and proceedings published by NEA during the year

a report by an NEA Expert Group on "Reprocessing of Spent
Nuclear Fuels in OECD Countries";

an Experts Report on "Objectives, Concepts and Strategies for
the Management of Radioactive Waste Arising from Nuclear Power
Programmes";

an Analytical Study on Nuclear Third Party Liability, as part
of an NEA Series on Nuclear Legislation;



a Status Report (1976) on MHD Electrical Power Generation;

the Proceedings of the NEA Specialist Meeting on Personal
Dosimetry and Area Monitoring Suitable for Radon and Daughter
Products (4-8 October 1976 - Elliot Lake - Canada);

the Proceedings of the Workshop on Risk Analysis and Geologic
Modelling in Relation to the Disposal of Radioactive Wastes
into Geological Formations (23-27 May 1977 - Ispra - Italy);

the Proceedings of a CSNI Specialist Meeting on the Behaviour
of Water Reactor Fuel Elements under Accident Conditions
(15-16 September 1976 - Spatind - Norway);

the Proceedings of the Second Meeting of the CSNI Task Force
on Problems of Rare Events in the Reliability Analysis of
Nuclear Power Plants, held on 5th-7th September 1977;

the Proceedings of the NEACRP-CSNI Specialist Meeting on
Reactor Noise (SMORN-II), held on 19th-23rd September 1977;

four volumes of the 1977 Nuclear Safety Research Index
/Volumes I and II: Water Reactors; Volume III: Fast Reactors;
Volume IV: Computer Codes_7»





ANNEXES





A. DECISION OF THE OECD COUNCIL OF 22nd JULY 1977 ESTABLISHING
A MULTILATERAL CONSULTATION AND SURVEILLANCE MECHANISM

FOR SEA DUMPING OF RADIOACTIVE WASTE

The Council,

Having regard to Articles 5(a)» 6 and 20 of the Convention on
the Organisation for Economic Co-operation ard Development (hereinafter
referred to as the "Organisation") of 14th December, 1960;

Having regard to the Decision of the OEEC Council of 20th
December, 1957 approved by the Council of the Organisation on 30th Sept-
ember, 1951 as amended /C(57)255; OECD/CCöi^; C(72)106(Einal); 0(75)68
(Final); C(76)172(Final}/, relating to the Statute of the OECD Nuclear
Energy Agency (hereinafter referred to as "HEA");

Having regard to the entry into force of the Convention on the
Prevention of Marine Pollution by Dumping of Wastes and Other Hatter
(hereinafter referred to as the "London Convention") to which a number of
Member countries are already party or intend to become party;

Taking into account the responsibilities entrusted to the
International Atomic Energy Agency (hereinafter referred to as "IAEA")
under the London Convention with respect to radioactive waste and other
radioactive matter and to the provisional Definition and Recommendations
established by the IAEA thereunder and as may be revised from time to
tima (hereinafter referred to as "the IAEA Definition and Recommendations");

Having regard to the Agreement of ~y)fh September, 1960 between
the Organisation and th.3 IAEA providing for close co-operation and con-
sultation between MEA and IAEA in regard to matters of common interest
with a view to harmonizing their efforts as far as is appropriate in the
light of their respective responsibilities;

Considering that the London Convention encourages international
and regional co-operation in the development of procedures for its effec-
tive application and the promotion, within appropriate international
bodies, of measures to protect the marine environment against pollution
caused by radioactive pollutants from all sources;

Considering that the Member countries are desirous of pursuing
the objectives of the London Convention and of maintaining and strength-
ening the co-operation already established within the HEA for the purpcse
of protecting the marine environment and public health in relation to sea
dumping of radioactive waste, through the setting up of a multilateral
consultation and surveillance mechanism;
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Considering that the purpose of the present Decision is consistent
with the objectives of the London Convention and the IAEA Definition and
Recommendatiouii, that several Member countries object in principle to sea
dumping operations, and that nothing in this Decision shall be interpreted
as encouraging the sea dumping of radioactive waste;

Having regard to the Report by the Secretary-General on the
Recommendation by the Steering Committee for Unclear Energy of 29th April
19775 concerning the establishment of a multilateral consultation and
surveillance mechanism for sea dumping of radioactive waste Eï

DECIDES:

Article 1

(a) The purpose of the present Decision is to set up within ISA a
multilateral consultation and surveillance mechanism for sea dumping of
radioactive waste, in order to further the objectives of the London
Convention.

(b) The Member countries which take part in the present Decision*
are hereinafter referred to as "Participating Countries".

Article 2.

(a) Without prejudice to the responsibilities of IAEA under the
London Convention, MEA shall, in consultation with the Environment Com-
mittee with respect to all environmental policy aspects:

(i) establish and keep under review, in the light of the experience
gained, standards, guidelines, recommended practices and pro-
cedures for the safe dumping of radioactive waste at sea, in
part icular:

- guidelines for the identification of suitable dumping sites,
taking account of Annex III.B to the London Convention and
of the IAEA Definition and Recommendations;

- its Guidelines for Sea Disposal Packages of Radioactive
Wastej with special attention to improvements intended to
facilitate their proper application;

- operating procedures, including those relating to the pre-
paration of material to be dumped, and criteria for the
suitability of ships, with special attention to improvements
intended to facilitate their proper application;

(ii) assess and keep under review studies made of the environmental,
ecological and radiological protection aspects of sea dumping
of radioactive waste;

* These were: Belgium, Canada, Denmark, Finland, France, the Federal
Republic of Germany, Greece, Iceland, Ireland, Italy, Luxembourg, the
Netherlands, Norway, Portugal, Spain, Sweden, Switzerland., Turkey,
United Kingdom, United States.
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(iii) assess the suitability of sites proposed "by national authorities
and keep under review those previously considered suitable for
dumping radioactive waste; such a review should take place no
later than five years after the relevant assessment or the
previous review and shall include the results of appropriate
monitoring.

(b) Participating Countries carrying out a radioactive waste sea
dumping operation, either individually or collectively, undertake to apply,
taking into account the provisions of the London Convention and the IAEA
Definition and Recommendations, the standards, guidelines, recommended
practices and procedures adopted within the Organisation, in force at the
time of the operation.

Article 5

(a) Participating Countries shall notify NEA of the legal and
administrative measures which they have taken for applying, as appropriate,
the London Convention, the IAEA Definition and Recommendations and the
HEA standards, guidelines, recommended practices and procedures.

(b) Participating Countries shall notify IÖSA as soon as they have
determined to carry out, either individually or collectively, a radio-
active waste sea dumping operation, and in any case no later than six
months before the operation is scheduled to take place. If a new dumping
site is proposed, notification thereof shall be given no later than twelve
months before the operation is scheduled to take place, notification of
an operation shall include the following:

(i) the characteristics and composition of the wastes, including
estimates of the quantities, types of nuclides and activities,
in accordance with Annex III.A to the London Convention;

(ii) the dumping site selected;

(iii) reasons for the selection of the site, including an environ-
mental and ecological assessment in accordance with the IAEA
Definition and Recommendations or a reference to the relevant
assessment;

(iv) the operational procedures envisaged, including measures to
be taken in the event of incidents such as the release of
radioactive material from the containers.

(c) In addition to the notifications made pursuant to paragraph (b)
of this Article, the Participating Country or Countries intending to carry
out an operation shall, no later than three months before the operation is
scheduled to take place, provide HEA with:

(i) the number and specifications of the containers "\o be used and
a statement that the containers as a minimum conform to the
current HEA guidelines;

(ii) a description of the relevant characteristics of the ship
proposed to be used for the operation, together with a state-
ment that as a minimum it meets the requirements of the IAEA
Definition and Recommendations and any HEA criteria for the
suitability of ships;
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(iii) the name, qualifications and other relevant particulars of the
Escorting Officer to be appointed in accordance with Article
5(a) below, or a request to HEA to propose an Escorting Officer;
and

(iv) any other relevant information such as the timetable envisaged,
etc.

(d) All information referred to in paragraphs (b) and (c) of this
Article shall be supplied as soon as it is available and must be sufficient
to enable the consultation provided for by Article 4- below to take place.

(e) The Participating Country or Countries carrying out an operation
shall provide HEA with a certificate that the materials to be dumped have
been prepared in accordance with HEA standards, guidelines, recommended
practices and procedures, as soon as such preparations are completed.

Article 4-

(a) Upon receipt of the notification referred to in Article 3 above,
the HEA Secretariat shall circulate the information so provided to all
Participating Countries, together with comments and observations relating
a proposed radioactive waste sea dumping operation to the provisions of
the London Convention, the IAEA Definition and Recommendations and 3SEA
standards, guidelines, recommended practices and procedures.

(b) In. accordance with arrangements to be determined by the Steering
Committee for Nuclear Energy, the HEA Secretariat may, on its own initiative,
or shall, upon request by any Participating Country, seek the advice on
the proposed operation, as appropriate:

(i) of the competent Committee of HEA, or

(ii) as regards environmental and ecological assessments, in consul-
tation with the Environment Directorate, of an ad hoc internat-
ional group of specialists in these fields, or

(iii) of an ad hoc international group of specialists on other
aspects of the operation.

This procedure shall be initiated in sufficient time to enable the
advice to be formulated no later than two months before the operation is
scheduled to take place.

(c) Such advice shall be sought in the event that:

(i) a new site is proposed or the proposed site is not or is no
longer considered suitable by HEA;

(ii) it is planned to use new waste conditioning methods or types of
containers not previously recognised by HEA as suitable for
sea dumping;

(iii) it is planned to use a ship having characteristics not previously
recognised by HEA as suitable for sea dumping and of relevance
to the safety of the operation;

or in such other cases as may be determined by the Steering Committee
for ÏTuclear Energy in the light of the experience gained.
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(d) The NEA Secretariat shall inform all Participating Countries of
the advice obtained in accordance with paragraphs (b) and (c) of this
Article.

(e) The Participating Country or Countries intending to carry out
the operation shall take account of any advice obtained in accordance with
this Article and shall inform NEA of the decision taken, giving the reasons
therefor, which shall be reported accordingly to the Steering Committee
for Nuclear Energy.

(f) Following completion of the procedure laid down in this Article,
the Participating Country or Countries intending to carry out the operation
shall inform KEA of the final conditions adopted.

Article 5

(a) The competent authorities of the Participating Country or
Countries carrying out a radioactive waste sea dumping operation shall
appoint an Escorting Officer or Escorting Officers to supervise the
operation. At the request of these authorities, MEA may provide assistance
by proposing qualified candidates to perform the functions of Escorting
Officers.

(b) Escorting Officers shall have the duties and responsibilities,
powers and qualifications specified in the IAEA Definition and Recommenda-
tions and in relevant NEA guidelines and recommended practices and
procedures.

Article 6

(a) For each radioactive waste sea dumping operation carried out
by one or more Participating Countries, the Director-General of SEA shall
appoint a Representative and shall inform such Participating Country or
Countries of his name, qualifications, nationality and other relevant
particulars. The MEA Representative shall act in accordance with the
instructions of the Director General of MEA and shall report to him.

(b) The MEA Representative shall have the duty and right to verify
insofar as reasonably practicable by visual inspection and by the use of
the instruments required for a proper radiological control of the operation,
that the latter is being carried out in accordance with the final condi-
tions adopted in pursuance of the present Decision and, in particular,
that the materials to be dumped are in conformity with the certificate
provided pursuant to paragraph (e) of Article 3 above. For this purpose
he shall have the right to require that all necessary information is
provided by the Escorting Officer or Officers, and may make suggestions
and representations as to the conduct of the operation. The verification
by the MEA Representative shall begin when the materials to be dumped
arrive at the dockside and shall end when the contamination clearance
certificate for the ship has been issued.

(c) In case of inability of the MEA Representative to fulfill the
functions described in paragraph (b) of this Article, the Director General
of HEA shall be informed immediately and shall consult the competent
national authority or authorities as appropriate.
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Cd) In the event oi the NBA Bepresentative making suggestions or
representations to the Escorting Officer or Officers in respect of the
conduct of the operation, the NEA Eepresentative and the Escorting Officer
or Officers shall seek to reach agreement as to the action to be taken.

(e) In case of disagreement between the NEA Eepresentative and the
Escorting Officer or Officers OD the action to be taken in regard to the
following matters:

- the ship not appearing to be in the designated area,

- containers not appearing to be in conformity with the
approved specifications,

- no adequate observation of the dumping being possible,

- occurrence of significant radiation hazard to the crew or
significant contamination of the ship,

or to any other significant matter which has been determined in advance
by the Steering Committee for Nuclear Energy in the light of the experience
gained, the Escorting Office or Officers shall immediately suspend the
operation or particular action in question and report to the competent
national authority or authorities and the NEA Bepresentative shall report
immediately to the Director General of NEA. The competent national author-
ity or authorities and the Director General of NEA shall consult together
with a view to finding a mutually acceptable solution. If no mutually
acceptable solution is found and the competent national authority or
authorities decide to authorise continuation of the operation or particular
action in question, the circumstances shall be reported by the NEA Secret-
ariat to the Steering Committee for Nuclear Energy, at the earliest
convenient opportunity.

Article 7

(a) In conformity with the IAEA Definition and Eecommendations, the
NEA Secretariat shall maintain records of the nature and quantities of
all wastes dumped during radioactive waste sea dumping operations carried
out in accordance with the present Decision and of the location, time and
method of the dumping.

(b) The NEA Secretariat shall provide reports regularly on all
operations to the Steering Committee for Nuclear Energy and to the
Environment Committee.

(c) With the approval of the Participating Country or Countries
having carried out an operation NEA shall report to the Inter-Governmental
Maritime Consultative Organisation the information recorded pursuant to
paragraph (a) of this Article.

Article 8

The Organisation and its officials shall, to the extent provided
for in Article 19 of the Convention on the OECD and in Supplementary
Protocol No. 2 to the Conventioa, be immune from every form of legal
process in respect of any action or claim arising out of an operation of
sea dumping of radioactive waste carried out by one or more Participating
Countries in accordance with the provisions of this Decision. Each such
Participating Country shall ensure that any protection against third
party liability in respect of nuclear damage including any insurance or
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other financial security which may be available under its laws or regul-
ations shall apply to the Organisation and its officials, in respect of
any claim or action arising out of such operations of sea dumping of
radioactive waste, in the same way as that protection applies to nationals
of that Participating Country.

Article 9

Wo expenditure other than the cost of providing the necessary
Secretariat support and the HEA Representative shall be borne by the
budget of the Organisation.

Article 10

(a) The present Decision shall apply as from 22nd July, 1977> to all
Member countries taking part in this Decision.

(b) Other Member countries may subsequently take part in the
present Decision by notification to the Secretary-General of the Organis-
ation to that effect and this Decision shall apply to them as from the
date of receipt of such notification.

(c) Any Participating Country may terminate the application of the
present Decision to itself by giving six months' notice to that effect
to the Secretary-General.
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B. STATUS OF RATIFICATIONS OF-AND ACCESSIONS TO-
NUCLEAR THIRD PARTY LIABILITY CONVENTIONS

CONVENTION ON THIRD PARTY LIABILITY IN THE FIELD

OF NUCLEAR ENERGI (PARIS CONVENTION)

Country

Turkey

Spain

United Kingdom

France

Belgium

Sweden

Greece

Finland (accession)

Norway

Denmark

Italy

Federal Republic of
Germany

Portugal

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

1961

1961

1966

1966

1966

1968

1970

1972

1973

1974

1975

1975

1977

Additional
Protocol

5th April

30th April

23rd February

9th March

3rd August

1st April

12th May

16th June

2nd July

4th September

17th September

JOth September

29th September

1968

1965

1966

1966

1966

1968

1970

1.972

1973

1974

1975

1975

1977
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CONVENTION SUPPLEMENTARY TO THE PARIS COïïVENTION

01' 2 9 t h JULY 1950 ON THIRD PARTY LIABILITY Hi ÏHE

FIELD OF NUCLEAR ENERGY (BRUSSELS SIJPPLEMEBTARY COïTCEÏJTIOig)

Couu try-

United Kingdom

France

Spain

Sweden

Norway

Denmark

Federal Republic of Germany

Italy

Finland (accession)

Convention and
Additional Protocol

24th March

30th March

27th July

3rd April

7th July

4th September

1st October

3rd February

14th January

1965

1966

1966

1966

1973

1974

1975

1976

1977
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C. HALDEN PROJECT

The activities of the Halden Reactor Project continued in
1977 in two main areas of research and development: Process Supervision
and Control, and Fuel Performance and Safety.

The Process Supervision and Control programme is concentrated
on core surveillance and control, information retrieval and on-line
plant analysis, and computer structures for plant control and operator-
process communication.

The Fuel Performance and Safety programme comprises investig-
ation of fuel rod behaviour during steady state, load following, local
power shocks and accident type operational conditions by flow starvation
and LOCA-type transients. The behaviour of individual fuel test rods is
monitored in-pile using in-core measuring techniques developed at Halden.

Experiments funded separately by the participating organisations
also provide results which expand the data base generated through the
joint programme. The Project is actively collaborating with the partici-
pants regarding the utilisation of data from their programmes, in partic-
ular data giving generic information supplementing that resulting from
the joint programme.

PROCESS CONTROL AND PLANT SUPERVISION

A primary objective of the programme on computer-based core
surveillance and control systems is to improve the availability and
performance of reactor cores with their complex local limitations. The
requirement for load-following operation of large nuclear reactors may
necessitate an increase of the operating margins of the core variables,
but improved computer-based core surveillance and core power distribution
control may help reduce such an increase and thereby improve the operat-
ional flexibility and capability for load-following operation.

Another main goal is to enhance plant efficiency and safety by
using computerized systems for information retrieval and on-line plant
analysis systems, with interactive computer operated displays and consoles.
This development takes into account the need to select and present to the
operator the information which is relevant in the current plant situation,
in particular during disturbed plant conditions.

A third objective of the process supervision and control prog-
ramme is to develop techniques for ensuring high safety performance of
computerized systems. In this context the performance of computerized
protection systems is being studied.
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During 1977» the process supervision and control programme was
concentrated on further development of core control methods, development
of computer based information retrieval and plant analysis systems, and
studies of computer structures for plant control and operator-process
communication. The core control methods developed earlier have been
tested for practical applicability, and a conceptual design of a core
simulator system for core manoeuvring purposes has been worked out. The
information retrieval and plant analysis studies have covered methods
and procedures for information selection and display in computer-based
control systems, methods development to improve on-line reliability in
nuclear power plants, and continued deveiopment of disturbance analysis
systems. The work on computer structures for plant control and operator-
process communication has continued with studies of high reliability
computer structures, reliability of software in computerized protection
systems, safety system surveillance by computer and operator-process
communication. As a general tool for the process control activities an
experimental reactor control room facility has been built where the various
analysis and control methods can be tested under realistic conditions.
During the year, direct cooperation wiih Project participants in specific
fields of process control and supervision has continued; several methods
developed for core control will be tested on power reactor in the united
States, and a disturbance analysis system will be tested on a power
reactor in the Federal Republic of Germany.

FUEL PERFORMANCE AMD SAFETY

The aim of the Halden fuel programme is to provide high quality
data based on in-reactor measurements to meet the requirements for improved
performance of light water reactor fuel. The data from the experimental
fuel programme is used for developing and verifying submodels describing
specific processes in the fuel. These efforts include empirical as well
as mechanistic approaches. The resulting elemental models provide input
to larger models that predict fuel behaviour during anticipated duty
cycles.

The experimental studies comprise investigation of fuel rod
behaviour during operational conditions ranging from steady state, load-
following and local power shocks to accident conditions caused by flow
starvation and a LOCA-type transient. The behaviour of individual fuel
rods is monitored in-pile with respect to fuel and clad dimensional
changes, central temperature, and the release and transport of fission
products, both inside a rod and from defect fuel. In some experiments,
several of these parameters are measured simultaneously so that their
interrelationship can be examined.

The fuel performance and safety studies have in general been
carried out according to the 1977 programme proposal except that increased
emphasis has been placed on the stress corrosion cracking studies.
Investigation of steady state fuel cladding dimensional changes has cont-
inued with the fuel densification and swelling experiment which has reached
a burn-up of 26,000 MWd/t. A fifth irradiation experiment in the PWR rig
has given data on clad creepdown which is in reasonable agreement with
observations reported for PWR fuel. New experiments having both fuel
diameter and clad elongation measurement capability have yielded data
relating diametral deformations to fuel-clad gap and cladding thickness
and to axial elongation behaviour. During 1977 the investigations on
rod dimensional changes under power cycling have been centred on stress
corrosion cracking (SCC) behaviour. A new study aimed at providing data
relative to the basic mechanisms of SCC has been initiated. In addition
to this increased emphasis on SCC experiments, the load-following and
power ramping experiments have been continued.
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As part of the study of thermal properties, a thermocouple
decalibration experiment has been initiated which is expected to yield
improved data on fuel temperature and_gap conductance at higher burn-ups,
and data on the effects of fill gas composition. The exp'jT1*mental rig
for studying phenomenological LOCA behaviour of fuel rods has been
designed and preparations begun for its installation in the reactor- The
fission product behaviour studies have continued with correlation of data
fron more than a hundred data points covering a wide range of irradiation
conditions and fuel rod designs. Fuel performance evaluation duri ing 1977
has involved a continuing effort to improve models for fuel thermal
performance, fission product release, cladding and fuel thermomechanical
behaviour. There has also been increased emphasis on data qualification
aimed at defining the error bands and limitations of the data being
collected.

3EACT0E OPERATION

Reactor operation has been governed by the test fuel programme.
Fifty-eight test fuel assemblies have been irradiated. STine test
assemblies and eleven fuel rods have been unloaded after completion of
their irradiation schedules. There have been four scheduled shutdowns
for test fuel reloading, installation of test rig circuits and plant
maintenance. Plant operations have in general been satisfactory with
only 5-7% time lost for component failures and various 520 leakage repairs.
The reactor availability over the year was 52.1% as 42.4-% of the time
was scheduled shutdowns and preparation for test fuel experiments. The
complexity of the test fuel rig system has, however, made reactor start-
up more time consuming. The reactor power level has been between IO-I3
MW depending on test fuel limits, and the integrated power during the
year was 2056 MWd. Plant modifications have comprised duplication of
some pump circuits and improvement of various cooling circuit capacities.
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D. INTERNATIONAL FOOD IRRADIATION PROJECT

The programme of work of the International Project in the Field
of Food Irradiation during 1977 may "be divided into the following broad
areas of activity:

WHOLESOMEHESS TESTING

The following studies, carried out under contract, were completed
during 1977:

(a) Eat feeding and reproduction studies on irradiated fish
(Yellow-tailed flounder)

- Cannon Laboratories Inc., USA

(b) Eat feeding and reproduction studies on irradiated Indian
mackerel

- Bhabha Atomic Eesearch Centre, India

Both of these studies revealed no abnormal findings related to
the irradiated diets fed to the test animals.

The following studies were continued or started during 1977=

(c) Mouse feeding and reproduction study on irradiated fish
(cod/red fish)

- Huntingdon Eesearch Center, USA

(d) Eat feeding and reproduction study on irradiated mangoes

- Warf Institute Inc., USA

(e) Mutagenicity testing of capsaicin-free, non-irradiated and
irradiated paprika has been carried out by thé Central Food
Eesearch Institute in Budapest in co-operation with other
Hungarian laboratories. In addition, host-mediated assays have
been carried out in mice having a diet containing 35% of
untreated, autoclaved or irradiated paprika. None of these
experiments has indicated induction of or increase in reverse
mutations due to irradiated or unirradiated spices.

Contracts have been placed for studies on irradiated dried
dates with Life Science Eesearch Laboratories, UK, and on irradiated
onions with IFEEB, France. These studies will begin early in 1978.
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METHODOLOGY RESEARCH

A methodology research programme was commenced at the end of 1976.
This concentrated on the adaptation of new short-term tests for genetic
damage to the problem of wtolesomeneos testing of irradiated food. The
Project's laboratory at the Host Centre has been equipped for mammalian
cell culture and a number of tests for mutation, transformation and
chromosome damage have been developed, using rodent and human cells.
The main barrier to these tests is that ."ood-stuffs, because of their
physical nature, cannot be applied directly to isolated cells. Conside-
rable progress has, however, been made in developing methods of breaking
down complex foods to a usable form by means of enzymatic digestion in
vitro and by making use of the blood and urine of animals fed on irradiated
or unirradiated diets.

Close contacts have been maintained with laboratories where
other test systems are available, with a view to co-ordinating this type
of research and to ensure that the widest possible range of genetic tests
will be applied to the problem.

INFORMATION

The Project has continued to publish Technical Reports on the
various wholesomeness testing and related research studies carried out by
contracting laboratories and at the Host Centre. Issue "So. 7 of the
Project's Bulletin "Pood Irradiation Information" was published in June
and the preparation of Issue No. 8 was almost completed by the end of the
year. The Bulletin is intended for a wide readership, specialist and non-
specialist alike, and is distributed in some 70 countries and 5 inter-
national organisations.

A considerable amount of references to and abstracts from food
irradiation literature has been accumulated, which is being recorded on
magnetic tape for computer storage. In collaboration with the library
services of the Host Institute, an information service is provided to those
working in the food irradiation field.

FUTURE PROGRAMME

The main objective of the future programme will be provision
of the necessary data to permit the 1980 Joint FAO/IAEA/WHO Expert
Committee on the Wholesomeness of Irradiated Food to make further recom-
mendations regarding the acceptance of irradiated foods for human
consumption. Important elements will be the provision of radiation chem-
istry data and information supporting extrapolation of safety data within
and between major classes of foods. A subsidiary objective will be the
provision of the data requested by the 1976 Joint Expert Committee relating
to irradiated onions, rice and fish, together with data on other foods
investigated by the Project including totally irradiated diets. It is
also intended to accumulate data on the natural incidence of disease and
cancer in large populations of laboratory animals reared on irradiated
laboratory diets.

Research at the Host Centre into the methodology for testing the
safety of irradiated foods will be continued and intensified in co-
operation with other laboratories. The Project's information activities
are also to be increased to enable the heavy demands in data collection
and preparation for the 1930 Joint Expert Committee to be met.
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LIST OF PARTICIPATING ORGANISATIONS IN THE PROJECT (December 1977)

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

TURKEY

UNITED KINGDOM

UNITED STATES

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

- Ministère de la Santé Publique jointly
with Institut National des Radio-
elements (IRE)

- National Nuclear Energy Commission

- National Food Institute

- Ministry of Agriculture and Forestry

- Commissariat à 1'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'Energie
Nucleare

- Atomic Energy Bureau of the Science
and Technology Agency

- Ministry of Public Health and
Environmental Hygiene

- Health Directorate, Ministry of Social
Affairs jointly with the Council for
Fisheries Research

- 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 1'Economie
Publique, Division du Commerce

- Atomic Energy Commission (General
Secretariat)

- United Kingdom Atomic Energy Authority

- Department of Energy
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SPAIN - ESP AGNE
Mundi-Prensa libros. S.A.
Casteuo 37, Apartado 1223, MADRID-1. »275.46.55
Libreria Bastinos. Pelayo. 52, BARCELONA 1. «222.06.00
SWEDEN - SUEDE
AB CE FRITZES KUNGL HOVBOKHANDEL.
Box 16 356. S 103 27 STH, Regeringsgatan 12,
DS STOCKHOLM. « 0 8 / 2 3 89 00
SWITZERLAND - SUISSE
Librairie Payot, 6 rue Grenus. 1211 GENÈVE 11. «022-3I.89.S0
TAIWAN - FORMOSE
National Book Company,
84-5 Sing Sung Rd, Sec 3, TAIPEI 107. «321.0698
TURKEY - TURQUIE
Librairie Hachette,
469 Isliklal Caddesi. Beyoglu. ISTANBUL. «44.94.70
et 14 E Ziya Gõkalp Caddesi, ANKARA. »"2.10.80
UNITED KINGDOM - ROYAUME-UNI
H.M. Stationery Office, P.O.B. 569,
LONDON SEI 9 NH. «01-928-6977, Ett.410

49 High Holbom, LONDON WCIV 6 HB (personal callers)
Branches at: EDINBURGH, BIRMINGHAM. BRISTOL,
MANCHESTER, CARDIFF, BELFAST.
UNITED STATES OF AMERICA
OECD Publications Center, Suite 1207, 1750 Pennsylvania Ave,
N.W. WASHINGTON. D.C.20006. «(202)298-8755
VENEZUELA
Libreria del Este, Avda. F. Miranda 52, Edifioo Galipin,
CARACAS 106. « 3 2 23 01/33 26 04/33 24 73
YUGOSLAVIA - YOUGOSLAVIE
Jugoslovenska Knjiga. Terazije 27, P.O.B. 36, BEOGRAD.

«621-992

Les commandes provenant de pays ou I'OCDE n'a pas encore designe de depositaire peuvenl ètre adressees i :
OCDE, Bureau des Publications, 2 roe Andre-Pascal, 75775 PARIS CEDEX 16.

Orders and inquiries from countries where sales agents have not yet been appointed may be sent to:
OECD, Publications Office, 2 roe André-Pascal, 75775 PARIS CEDEX 16.
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