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The Organisation for Economic Co-operation and Devel-
opment (OECD) was set up under a Convention signed in Paris on
14th December, i960, which provides that the OECD shall pro-
mote 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 multi-
lateral, non-discriminatory basis in accordance with inter-
national obligations.

The Members of OECD are Australia, Austria, Belgium, Cana-
da, Denmark, Finland, France, the Federal Republic of Germany,
Greece, Iceland, Ireland, Italy, Japan, Luxembourg, the Nether-
lands, New Zealand, Norway, Portugal, Spain, Sweden, Switzer-
land, Turkey, the United Kingdom and the United States.

The OECD Nuclear Energy Agency (JVEA) was established on
20th April 1972, replacing OECD's European Nuclear Energy Agency
(ENEA) on the adhesion of Japan as a full Member. NEA now groups
eighteen European Member countries of OECD and Australia, Canada and
Japan, with the United States as an Associated country. The Commission
of the European Communities takes part in the work of the Agency.

The objectives of NEA remain substantially those of ENEA, namely
the orderly development of the uses of nuclear energy for peaceful purposes.
This is achieved by:

— assessing the future role of nuclear energy as a contributor to eco-
nomic progress, and encouraging co-operation between governments
towards its optimum development;

— encouraging harmonisation of governments' regulatory policies and
practices in the nuclear field, with particular reference to health
and safety, radioactive waste management and nuclear third party
liability and insurance;

— forecasts of uranium resources, production and demand:
— operation of common services and encouragement of co-operation

in the field of nuclear energy information ;
— sponsorship of research and development undertakings jointly orga-

nised and operated by OECD countries.
In these tasks NEA works in close collaboration with the International

Atomic Energy Agency, with which it has concluded a Co-operation Agree-
ment, as well as with other international organisations in the nuclear field.

© OECD, 1976.
Queries concerning permissions or translation rights should be
addressed to:

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

The year covered "by this report was of far-reaching signifi-
cance for the role of the OECD Nuclear Energy Agency, characterised in
particular by greatly increased effort in areas which had clearly as-
sumed a special international importance for the development of nuclear
power. It was also a year of severe budgetary stringency, reflecting
the concern of Member countries with the worst economic recession since
the 1930s.

Nevertheless, 1975 saw growing recognition that nuclear power
was the only new energy source which would be available on a sufficient
scale Defore the end of this century to supplement more traditional
sources in meeting increased demands for electric power in Member coun-
tries.. Although the necessary expansion of nuclear capacity would
create a major task for industry, it was also clear that a parallel
effort by governments would be required, notably to ensure that indus-
trial initiative was encouraged and adequately supported.

In addition, governments would of course continue to bear the
primary responsibility for assuring the safety of nuclear power through
the application of suitable regulatory measures, and for improving pub-
lic understanding of these matters. Similarly, the search for and
exploitation of adequate uranium resources, and provision of the indus-
trial capacity required for the successive stages of the nuclear fuel
cycle, would be largely dependent on governmental encouragement and
support. Development of advanced reactor systems, in particular fast
breeders, would also remain for some time dependent on official finan-
cial support.

These developments, and their effects on NEA's programmme,
had been foreseen in 1974-- and planning for a substantial reorganisa-
tion of the Agency's internal structure was already well under way by
the beginning of 1975- The main implications of this planning had
emerged by mid-year, and led to much greater emphasis than previously
being placed on three aspects of the Agency's programme: nuclear safety,
radioactive waste management, and economic and technical studies
related to the nuclear fuel cycle. A high priority was also accorded
to the Agency's contribution, in support of the efforts of national
authorities to achieve improved public understanding and acceptance of
nuclear power. The importance of widening international cooperation
in these priority fields was increasingly recognised as the year
progressed.

This evolving scene was also influenced by a growing inter-
relationship between the work of NEA and of the International Energy
Agency (IEA)*. Because the IEA is concerned with all forms of energy,

The IEA, set up on 15th November 1974-, now comprises the following
18 Member countries of OECD : Austria, Belgium, Canada, Denmark,
the Federal Republic of Germany, Ireland, Italy, Japan, Luxembourg,
the Netherlands, New Zealand, Norway, Spain, Sweden, Switzerland,
Turkey, the United Kingdom and the Unitsd States. (In addition, in
May 1976, Greece became also a Member of IEA.)
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it is naturally obliged to follow with particular interest the prospec-
tive expansion of nuclear energy and its consequences. The need to
maintain a complementary and mutually beneficial relationship between
the IEA and HEA is thus specially important, while avoiding wasteful
duplication of effort, and practical arrangements to this effect were
given particular attention during 1975« The basis of these was con-
firmation that NEA was able and willing, within its existing mandate,
to assume responsibilities corresponding to cooperative needs defined
by IEA in the nuclear field, particularly on operational questions or
those calling for special technical expertise. The differences in
membership of NEA and IEA were a complicating factor but, by the end of
the year, a satisfactory equilibrium had been achieved on most questions.
Details of the cooperation which has been established between the two
Agencies will be found in many places in the present Report.

If 1975 was characterised by financial stringencies for NEA,
it nevertheless saw the allocation of substantial new resources for the
pursuit of the Agency's revised and expanded programmes. Although it
was impossible to avoid temporarily slowing down a number of activities,
and phasing out others which were peripheral to the main progress of
nuclear power, the very significant increase in the resources appropri-
ated for 1976 will permit both an enlargement of the total programme
and increased emphasis in the priority areas. The first results can
be expected to feature prominently in the Agency's 1976 Activity Report.
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SUMMARY

As explained in the Introduction to this Report, 1975 saw a
concentration of NEA's technical work on nuclear safety, radioactive
waste management, and studies related bo the nuclear fuel cycle.

Although the safety record of nuclear power throughout the
world is outstandingly good, it is impossible to over-emphasise the
importance of maintaining this record. For over ten years NEA has
provided - first in its Committee on Reactor Safety Technology (CREST),
and since 1973 in the development of this into the more general Commit-
tee on the Safety of Nuclear Installations (CSNI) - an international
specialist forum for the analysis and evaluation of safety problems and
the coordination of experimental work for their solution.

This work greatly increased in 1975 both in volume and scope,
particular attention being given to the safety of light water reactors,
which are in widespread use, and of sodium-cooled fast breeder reactors
which are being developed in several OECD countries. During the year
work began on a modest scale on the safety of nuclear ships and of high-
temperature gas-cooled reactors. Attention was also given to protec-
tion from man-made and natural external impacts, and to reliability of
systems, components, and certain materials. A comprehensive study was
made of the structures of national licensing authorities.

The growing importance of NEA's work on radioactive x̂ aste
management, particularly on its technological aspects, led during 1975
to the creation of a new specialist Committee to take over direction of
the Agency's activities in this field. The mandate of the new Commit-
tee includes development of an international waste management R & D
programme vithin the OECD framework, embracing both NEA interests and
those of the International Energy Agency (IEA). This programme will
include exploration of disposal possibilities in stable geological forma-
tions and exploitation of the facilities at the Eurochemic Company's*
plant site in Mol, Belgium, .where a significant quantity of high- and
medium-level wastes from irradiated fuel reprocessing is available to
provide a practical basis for the work.

Work also proceeded during the year on the up-dating of HEA's
1972 report on Radioactive Waste Management Practices-. The" revision is
to embrace all aspects of the objectives, concepts and strategies for
waste management in OECD countries, and the new report will, in partic-
ular, cover the inter-relationship between radiation protection, safety
and waste management involved in fuel cycle operation.

Eurochemic (the European Company for the Chemical Processing of
Irradiated Fuels) was one of the original joint undertakings of the
Nuclear Energy Agency (dating from 1957). Established to provide
European countries with technical know-how in the complicated field
of fuel reprocessing, Eurochemic ended its reprocessing operations in
December 1974- and is now being maintained on "stand-by".
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A further operation for the disposal of bulky though low
activity packaged wastes into the deep Atlantic took place during the
summer under NEA's supervision. Wastes disposed of came from Belgium,
the Netherlands, Switzerland and the UK.

The practical interpretation of health protection recommenda-
tions of the ICRP (International Commission on Eadiological Protection)
in which NEA has long played a leading role (e.g. by elaborating stan-
dards, codes of practice, guides, etc.) was the subject of an inter-
national study meeting in March 1975. This followed requests from
"users" of ICRP recommendations for clarifications about the Commission's
work and the application of its results. The meeting took the form of
a seminar, and was attended by over 100 such users from government and
public health services and regulatory authorities.

A further extension during 1975 of the area of application of
the 1960 Paris "Convention on Third Party Liability in the Field of
Nuclear Energy", resulting from its ratification by the Federal Republic
of Germany and by Italy, brought the provisions of the Convention into
force in twelve European countries of OECD. Thus the special provisions
of the Paris Convention, together with the 1963 Brussels Supplementary
Convention (which substantially increases, through. State intervention,
the compensation available under the Paris Convention alone) is now fully
operative in a large area of Europe. These Conventions are open to acces-
sion by OECD countries outside Europe, which could be of growing impor-
tance for nuclear trade and other exchanges between all Member countries
of the Organisation.

1975 also saw the entry into force of the 1971 Brussels
"Convention relating to Civil Liability in the field of Maritime
Carriage of Nuclear Material" following its fifth ratification. Devel-
oped under the joint auspices of the Intergovernmental Maritime Consul-
tative Organisation (IMCO), NEA and IAEA, this Convention brings the
transport of nuclear material definitively into line with the legal
regime of the Paris Nuclear Liability Convention, thus eliminating the
previous possibility of conflict with other international conventions
governing maritime transport.

The greatly increased importance now assumed by nuclear power
in the longer term planning of OE^D countries has required the deepening
and intensification of NEA's studies of uranium resources, production
and demand.

Work was completed in 1975 on an expanded and up-dated report
on natural uranium resources and production capacity, together with
preliminary demand estimates, and this report was published at the end
of the year. At the same time a new study was begun of the overall
fuel cycle requirements (natural and enriched uranium, fuel fabrication,
reprocessing, production and recycling of plutonium) which can be
expected to result from various possible reactor strategies (the "mixes"
of different reactor types which could be chosen) to meet nuclear power
requirements up to and into the beginning of the next century. In all
this work there was close cooperation between NEA and the International
Atomic Energy Agency (IAEA).

During 1975 the OECD Halden Reactor Project was extended by
three years to 31st December 197§"I The Halden programme is increas-
ingly concerned with questions of reactor safety, and appropriate links
were therefore established with the work of NEA's Committee on the
Safety of Nuclear Installations. Halden has also become one of the
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most important centres in the world for the development of automatic
computer-based control methods for large nuclear power stations, and
here too there are very close links with research into methodF for
guaranteeing safety in nuclear installations.

Prolongation of the OECD High Temperature Reactor Project
(Dragon) was also under discussion during the latter part of 1975- A
number of the participant countries showed interest in its continuation,
and all recognised the promise of high temperature reactors, as genera-
tors both of power and of process heat. However, agreement on an ext-
ension was not achieved by the close of the year.*

NEA's interest in Gas Cooled East Reactor (GCFR) development
was maintained in 1975? principally through the Agency's Coordinating
Group in which nine countries collaborate by pooling the results of
notional development programmes. The mandate of the Group, which
currently runs until October 1976, provides essentially for a collabo-
rative programme of research concerning fuel element technology, safety
and plant design, and also provides for close liaison with the Brussels-
based Gas Breeder fleactor Association of industrial firms interested
in the system.

The "International Programme in the Field of Food Irradiätl::r:

(jointly sponsored by NEA, IAEA and the Food and Agriculture Organisation
of the United Nations) continued during the year to give major attention
to wholesomeness testing of a range of irradiated foods, as well as
pursuing a modest research programme into alternative methods - other
than those based on animal feeding trials - for wholesomeness evalua-
tion. In December 1975 the Project Agreement, originally covering the
five years 1971-1975•> was prolonged to 31st December 1978.

Other continuing technical activities during 1975 covered
isotopic batteries (notably for cardiac pacemakers) and direct conver-
sion of beat to electricity by magnetohydrodynamic (MHD) and thermionic
processes. In view of developing priorities in other fields, however,
work on direct conversion received reduced attention, and towards the
end of the year the Steering Committee for Nuclear Energy decided that
1-TEA should discontinue its activities in this field.

Largely due to the stimulus to nuclear energy development
resulting from the energy crisis, 1975 saw rapidly increasing demands
for the services of NEA's Computer Program Library (CPL) at Ispra,
Italy, where the scope of the program collection was further extended
to cover environmental aspects of nuclear energy and fuel cycle analysis
calculations. 160 new programs were received by the library during the
year, and 730 "program packages" were sent out.

The 1975 programme of the Neutron Data Compilation Centre
(CCDN) was largely devoted to streamlining and concentrating data compi-
lation activities to make the most effective use of a new computer instal-
lation. Substantial additions were made to the Centre's data files
during the year: for example the content of CINDA (Computer Index of
Neutron DAta) increased from 110,000 entries referring to 20,000 liter-
ature references to 130,000 entries referring to some 25,000 literature
references.

The Project in fact came to an end on 31st March 1976, the last day
of the existing Dragon Agreement.
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The CPL and the CCDN operate in close association with NEA's
specialist Committees NEANDC (Nuclear Data Committee) and NEACRP
(Committee on Reactor Physics). The work of the two c?ntres is also
increasingly related to calculational aspects of studies undertaken
through NEA's Committee on the Safety of Nuclear Installations.

The work of NEA continued to be directed by the Steering
Committee for Nuclear Energy, under the chairmanship in 1975 of
Mr. R. Loosch of the Federal Republic of Germany.

Canada, formerly an Associated Country of the Agency, became
a full Member on 1st April 1975. Later in the year it was announced
that Finland would become a full Member as from 1st January 1976? thus
bringing the total membership to 22 countries, plus the United States
as an Associated Country.

' • Agency's staff complement at 31st December 1975 totalled
85, including 38 of graduate level. Of the 83, 17 were employed at
the Neutron Data Compilation Centre at Saclay, and 12 at the Computer
Program Library at Ispra.

The Secretariat's operating costs for the year 1975 totalled
some 9 million French francs. In addition, the operating costs of the
Ispra Program Library and the Saclay Data Centre were some 2.2 and
3.6 million French francs respectively. Contributions to these costs
were made only by the countries participating in the two services.
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I. NUCLEAR POWER, PRESENT AND FUTURE





CURRENT TRENDS

1. Despite the many economic and related difficulties experienced
throughout the OECD area during 1975? for nuclear power the year "brought
much promise, together with consolidation and some encouragement for the
nuclear industry.

2. Since the oil crisis of autumn 19735 it has "become increasingly
clear that every part of the energy supply sector is intimately interre-
lated and interdependent and that, in a general way, trends in one area
tend to be reflected by compensating trends in others. Thus the natural
and much declared wish of most industrialised countries to reduce their
dependence on imported oil has continued to stimulate other power develop-
ments, and notably that of nuclear power, which has now clearly established
its competitivity for electricity production in comparison with all con-
ventional fossil fuels.

3. On the other hand, during 1975, two further and to some extent
complementary trends became apparent, namely a growing effort to reduce
all forms of energy consumption through greater efficiency in its use [i],
together with a quite important decrease in total energy demand below
what had been forecast prior to the economic depression.

4. These various trends have had significant effects on the fore-
cast growth of nuclear power. Firstly, the additions of newly-installed
nuclear generating capacity during 1975 were much smaller than had been
foreseen a year ago [2]. Moreover the short-term forecasts for the deve-
lopment of nuclear capacity up to 1980 were also decreased compared with
what had been expected last year. These changes were especially striking
in the USA and Japan, whereas for OECD Europe they were much less pro-
nounced. The overall result was that total forecast installed nuclear
generating capacity for the whole OECD area in 1980 was reduced to between
185 GWe (maximum) and 171 GWe (minimum)rather than the previously foreseen
209 GWe.

5. Forecast data for 1985 were similarly changed, whereas 5̂ -6 GWe
of installed nuclear generating capacity was previously foreseen by this
date, no more than 484 GWe and possibly as little as 437 GWe are now
expected.

[1] Not only for immediate reasons of financial economy but, increasingly,
due to realisation that inefficient use represents both waste and
probably greater environmental damage.

[2] Additions amounted to some 9 GWe for OECD countries. At the same time
the contribution of nuclear generated electricity as a percentage of
total generation increased from some 6 % in 197^ to some 8 % in 1975«
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Figure 1
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6. These revised forecasts (for the non-Communist world) are shown
in Figure 1, which in fact covers the expected expansion of nuclear gene-
rating capacity to the end of the century. Besides the main reasons al-
ready noted for this expansion being more modest than previously foreseen,
there is no doubt that improved forecasting techniques have been partly
responsible. It is also to be noted that various difficulties concerning
the practical construction of new nuclear power stations have - notably
in the United States - led to some reductions in forecast capacities. (Thus
average construction times, which were around five years in the US in the
sixties, have now risen to some seven years or more.

7. Ehe reasons for these extra delays are manifold, eg. - increased
complexity of the systems due to increases in size ; more elaborate in-
strumentation and safety systems; more detailed control from licensing
authorities. "Basic" construction times however are still of the order^
of about five years in many countries, especially in Europe and there seem
to be good prospects of maintaining or even improving this situation if
current efforts towards standardisation and replication of major plant
units prove successful. It is however to be noted that the projections in
Figure 1 for installed nuclear capacities for 1980 and 1985 - even for
the lower expansion rate - assume that some reduction will be achieved in
overall power station lead times.

8. An additional feature of the 1975 scene was the entry into
service of the first very large capacity (1,300 MWe) commercial light
water reactor unit [3]» This has opened a new dimension for the electri-
cal power industry which is now seeking breathing space in order to con-
solidate the technical achievements. Clearly the utilities feel they now
have a range of proven water reactors at their disposal which have reached
a certain maturity as robust and economic nuclear steam generating systems.
What is now sought is a "consolidation phase", with more efforts to stan-
dardise plant units and also complete nuclear plants, and so further im-
prove economics and overall reliability. Such developments would in the
long term help to simplify and shorten licensing procedures and reduce
construction times, thus increasing hopes of achieving expanded nuclear
programmes which, are still very ambitious.

9- Despite the considerable competitive margin currently enjoyed
by nuclear power, the very steep increases in nuclear plant investment
and operating costs during 1975 leave no grounds for complacency. General-
ly speaking, investment costs have doubled since the early seventies due
to inflation, increased safety requirements, and higher environmental
protection costs. Fuel cycle costs have also increased very, substantially:
for LWRs they have trebled (from 2 to 6 millsAWh-) since 1973. This has
been mainly because uranium prices have increased some five times, enrich-
ment costs three times, and reprocessing costs'also some three times as
compared with three years ago.

10. These differing increases in different sectors have inevitably
changed proportional relations. Natural uranium costs now amount to
almost half of the total fuel cycle costs ; enrichment accounts for one-
third, and reprocessing and fuel fabrication some 10 % each. Three years
ago enrichment costs comprised the largest part at 36 %, while fuel fa-
brication and uranium were responsible for the remainder in about equal
shares, reprocessing costs being then thought negligible due to credit
for recovered uranium and plutonium.

[3] Biblis in the Federal Republic of Germany.



11. These changes have been accompanied by even more severe rises
in the costs of conventional fossil fuels. These rises, coupled with the
general wish to reduce dependence on imported oil, have alone been suffi-
cient to support most OECD countries' adoption of nuclear power as a
major part of their energy programmes. Despite sporadic and sometimes
very strong opposition, the past year also saw a widening public appre-
ciation of the lower environmental burden of nuclear plants and of the
unparalleled efforts (and expense) devoted to their safety. Overall,
therefore, and despite certain delays and set-backs, 1975 was - in the
terms of the international conference organised in Paris in April of that
year - a year of nuclear energy maturity.

NUCLEAR FUEL CYCLE

14?. The continuing expansion of nuclear generating capacity would
be impossible without an equivalent expansion of available fuel supplies,
enrichment capacity, fuel fabrication capacity, irradiated fuel repro-
cessing capacity, and finally appropriate facilities for dealing with the
nuclear wastes which will arise in due course.

13. Of these various stages of the nuclear fuel cycle, the most
fundamental is of course that of uranium supply, which has for more than
a decade been the subject of regular surveys by the HEA Study Group on
the Long-term Role of Nuclear Energy (KELT) which in its work has the
fullest co-operation from the International Atomic Energy Agency (IAEA).

14. Although this Group was initially concerned only with uranium
resources and production capacity, and whether these were sufficient to
meet predicted demand over the coming years, more recently attention has
been given to similar analyses for enrichment and reprocessing. Results
of the latest survey of all these aspects were published at the end of
the year in a comprehensive report entitled Uranium Resources, Production
and Demand [4].

15. This report, coming at the end of a year which saw large
increases in uranium prices (with some difficulties in procurement of
supplies for the short-term and also in obtaining contracts for long-
term supply), nevertheless indicated no fundamental problems over re-
sources at prices which are now recognised as "reasonable" [5]-

16. The situation is illustrated in Table I. It may be noticed that,
compared with previous information in this series of reports (and also
in the MELT reports), new cost categories have been adopted to take account
of inflation and other market changes. However the new category of "below
$ 15 per lb of oxide" corresponds very largely to the previous low cost

[4] OECD December 1975« This report up-dates and expands a previous one,
under the same title, published by HEA in August 1973.

[5] The price rises during 1975 were a natural result of a "tight" market,
the reasons for which ranged from the creation or maintenance of re-
serve stocks by consumers in some countries to uncertainty whether
sufficient new production capacity could be brought on line in the
early 1980s. By mid-1975 the price had risen to about $ 20/lb UzOg,
and by the end of the year it was above $ 25/lb UjOß- However, analy-
sis of the near-term supply and demand situation suggests that an
easing of market conditions may be expected in the near future.
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TABLE I

/
H

Forecast Cumulated Uranium Demand
10* tonnes U

By year

1980
1985

1990
1995
2000

Low (a)

200
500

1,100
1,900
3,000

High. (b)

220
590

1,350
2,500
4,000

Uranium Reserves, 10 tonnes U

Reasonably
Assured

Resources (c)

1,080
("Reserves")

730

Estimated
Additional
Resources (d)

1,000

680

Below $ 15/lb oxide

$ 15 - $ 30/l"b oxyde

(a) Assuming low growth rate of installed nuclear capacity, together with recycling of plutonium
extracted from irradiated fuel.

(b) Assuming high growth rate of installed nuclear capacity, and no recycling of plutonium.

(c) Refers to uranium in known ore deposits of such grade, quantity and configuration that it could
be recovered within the given production cost range. Reasonably Assured Resources in the cost
category below $ 15/lb UjOg are considered as "Reserves" : these reserves are the only ones
currently considered as '"guaranteed" for the immediate future.

(d) Refers to uranium surmised to occur in unexplored extensions of known deposits or in undiscovered
deposits in known uranium districts, and which could be discovered and produced within the given
cost range. Estimated Additional Resources do not therefore represent uranium as yet definitively
known to be available and recoverable.

WUE : $ 15/lb oxide is equivalent to $ 39/kg uranium metal.



category of "up to $ 10/lb oxide", while the $ 15-8 30/lb oxide category
comprises wha: had previously been considered within the $ 10 - $ 15
limits, together with some new material. Overall, the uranium reserves in
the low cost category correspond to about 15 years forward requirements,
and show some increase (210,000 tonnes) on previous estimates, mainly due
to new data from earlier discoveries in Australia and to reassessments
from several other countries to take account of the higher cost limit.

17- Regarding enrichment demands, Figure 2 summarises projected
developments to the year 2000. The same high and low limits as in. Table I
have been applied, and the figure also shows existing committed and pro-
jected capacity.

18. Although Figure 2 indicates that there is no immediate need for
concern over enrichment, it also shows that Itcrge increases in separative
work requirements are to be expected in the last two decades of the cen-
tury, and possibly even beyond. Additional capacity will in fac4: be re-
quired at a rate of some 8,000 tonnes SW/year in the late 1980s, rising
to about 10,000 tonnes SW/year thereafter. Since it would seem certain
that the economic penalties resulting from fuel cycle shortages will
exceed by far the costs associated with a temporary over-supply, clearly
the provision of sufficient enrichment capacity remains an objective of
high priority for the nuclear power industry.

19» Figure 3 gives similar information for reprocessing demands for
light water reactor (oxide) fuels. This is an area where substantial
concern developed during 1975» it becoming clear that there is virtually
no existing capacity for reprocessing these types of fuels. Although con-
siderable efforts are already under way to improve this situation, it is
inevitable (in view of the long construction "lead times" involved) that
cumulative reprocessing requirements will exceed cumulative capacity for
at least the next ten years. This delay in reprocessing will of course
have consequences on uranium and separative work demand which will be
somewhat increased due to unavailability of uranium and plutonium for
recycling. Although this aspect is perhaps unimportant in the short term,
it could easily become critical in the early 1980s.

20. This change in the reprocessing situation, previously thought
to present no problems, is mainly because experience in the construction
of large reprocessing plants for highly irradiated LWE fuel has resulted
in a substantial reassessment of the actual costs for such a service, so
that the economic incentive for reprocessing (i.e. to recover uranium and
plutonium for re-use) has become very doubtful. As already mentioned,
reprocessing costs now amount to about 10 % of the total fuel cycle costs.
However, safety considerations alone make it impossible to abandon repro-
cessing, since the conditioning of the highly radioactive wastes contained
in the fuel is a prerequisite for its safe storage or ultimate disposal.
Should sufficient reprocessing capacity not be available when needed, it
will be necessary to construct additional spent fuel storage capacity,
preferably at the sites of new or existing reprocessing plants, to accom-
modate irradiated fuels awaiting treatment.

LONGER-TERM ASPECTS

21. For the immediate future there seems to be no real competition
for the established water cooled reactors for the production of nuclear
electricity. This is due to their favourable cost structure and to the
fact that the corresponding fuel cycle does not present severe technical
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Figure 2

WORLD* ANNUAL SEPARATIVE WORK REQUIREMENT

200

150 -

s
I
&
I
S

100

50

Projected Uranium f '
Enrichment Capacity /

Committed Uranium
Enrichment Capacity

0 L i l l i

NoPu
Recycle

Recycle

High

Low

1975 1980 1985 1990 1995 2000

Excluding ffie USSR, Eastern Europe and China.



Figure 3

WORLD* ANNUAL LttfR FUEL REPROCESSING REQUIREMENT
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problems. However, these reactors and especially the LWRs are not able to
utilise their uranium fuel very efficiently, and in the longer term this
would inevitably result in supply difficulties. From the point of view of
fuel conservation, it is therefore essential to develop the fast breeder
reactor« This is a requirement based on considerations of long-term na-
tional economics rather than short-term commercial incentives. For this
reason, strong government backing is required for fast breeder development,
as neither industry nor utilities wouii be able to support such a long-
term development on their own.

22. Following these considerations (which are not new but have been
strongly reinforced by the energy crisis) several nations have made good
progress in their breeder development, resulting in a number of prototypes
which are already operating (Phenix, France), in the commissioning phase
(PFR Dounreay, UK), under construction (SHR 300, Kalkar, Federal Republic
of Germany and Joyo, Japan), or planned (LMFBR, Clinch River, USA).
However, it became clear during 1975 that the commercial introduction of
fast breeder reactors is unlikely to be significant before the 1990s. In
order to achieve a smooth and progressive introduction, development work
for these reactors, as well as relevant safety research, must be main-
tained as major efforts. In addition, the reprocessing of breeder fuel
and also the development of advanced fuel types - to increase breeding
ratios - require increasing attention.

23. The high temperature reactor, ah advanced thermal reactor sys-
tem which has received considerable attention in the past, experienced
some severe set-backs during 1975« In particular, all orders for commer-
cial HTRs in the US were cancelled or had to be returned to the manufac-
turing company. The reasons are not fully known but it seems clear that
they were essentially economic.

24-. These events in the US inevitably affected the European situa-
tion, and on both sides of the Atlantic governments and industry are now
reconsidering the whole HTR field. While there is no doubt that this
reactor type has some definite technical advantages over EWRs, it has
become no less clear that short-term economic considerations can play a
decisive role even if longer-term advantages (such as better fuel econo-
my and the potential for high grade heat production) favour the system.

25- Further, like any reactor system with a high uranium utili-
sation factor, the HTR requires development of the corresponding fuel
cycle technology. For this reason, if gouvernments should conclude
that HTR development remains important from the point of view of
national economies, a large further effort will be needed to bring the
system to a development stage where its intrinsic advantages can be
translated into economic benefits.

26. In addition to electricity generation, the HTR system appears
to be specially suited for the production of high grade nuclear heat,
i.e. the system could eventually replace the use of fossil fuels in a
potentially large heat market. A considerable research and development
effort to adapt the system for such process heat production continued
during 1975 in Germany, the US and also in Japan. The folloxving processes
are under consideration : nuclear heat for steel making, coal gasifica-
tion, methane reforming and hydrogen production from water. Another appli-
cation could be for the transport of heat in chemical form, i.e. nuclear
heat would be converted to chemical energy at the reactor site and, after
transport in some gaseous form, then used for heating and even power pro-
duction at a consumer site. The reaction gas would be transported back
to the reactor for re-use after reforming, thus circulating in a closed
loop.
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27. A special advantage of the HTE is its ability to operate on a
Thorium/Uranium fuel cycle, so that it could be operated as a high-
efficiency converter reactor thus contributing to uranium conservation.
However, this fuel cycle requires substantial technical development work
and it is at present uncertain whether its advantages merit its promotion
in parallel with fast breeder development. It seems, nevertheless, that
the HTR's ability to provide high grade process heat in itself warrants
further development effort.

CO-OPERATION WITH THE INTERNATIONAL ENERGY AGENCY

28. As mentioned in the Introduction to this Report, the Interna-
tional Energy Agency (IEA) created at the end of 197^, h.a-3 an inevitable
interest in the development of nuclear power as a major future energy
source - whetner as an alternative or as a complement; to conventional
fossil fuels.

29- During its first year of existence (1975) the IEA was heavily
occupied with the definition of its working programme and structure. Among
the principal areas of common interest with HEA are those covered by the
NELT Study Group on the Long-term Role of Nuclear Energy, where close
collaboration has developed. This began with examination and revision
of nuclear power growth projections necessary for KELT'S current work on
forecasting requirements for natural and enriched uranium. In this context
the Nuclear Energy Agency undertook to produce estimates of such require-
ments for the Member countries of IEA also. Future collaboration is
planned in the field of fuel reprocessing, where HEA is preparing a
detailed study of the present supply and demand situation.

30. Regarding high temperature nuclear process heat (see paragraph
26) the Federal Republic of Germany has offered to make its experience
available and to lead a study on longer-term prospects in this field in
the framework of the IEA's energy research and development activities.
It is intended that HEA should collaborate closely in this matter, taking
into account the interest of Member countries which in the past have
pursued nuclear process heat developments within the Dragon high tempera-
ture reactor project (see paragraphs 151 to 157).
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II. REGULATORY ASPECTS





r

BACKGROUND

31« For some time past there has been a trend in many OECD countries
(notably the United States) towards separation of institutions concerned
with the promotion of nuclear technology from those entrusted with en-
suring its safety through appropriate regulations and controls.

32. The developing programme of JJEA has reflected this trend and,
as was noted in the Introduction to the present Report, increasing empha-
sis is being given in the Agency's current and planned programmes to
questions of nuclear safety research, licensing of installations, fuel
cycle operations (notably radioactive waste management) and overall legal
struccures to guarantee public protection against nuclear hazards.

33. As has been frequently stated, this growing effort is in no
way an indication of previous laxity in the fields concerned, but rather
of determination to maintain the outstandingly good safety record which
nuclear power has established for itself.

34-. Of the various aspects of MEA's work on regulatory questions,
by far the greatest attention during 1975 was given to safety research
(at all levels from fundamental theory to practical experiment) and ra-
dioactive waste management. In the former field the expansion of action
during the year was unprecedented, reflecting not only the rapid growth
of nuclear power, but to some extent also the recognition that interna-
tional co-operation is often the most expeditious and economic route to
the early achievement of nuclear safety objectives. In addition, growing
public concern with questions of safety and regulation, naturally re-
flected in governmental attitudes, was also linked with recognition that
international action in these fields was more likely to be accepted as
disinterested than work which might be said to be linked with some par-
ticular national energy programme.

35« In the field of licensing a further reason for increased inter-
national effort is that variations in national regulations and practices
constitute an impediment to international trade, and can thus retard nu-
clear expansion and also influence the acceptance of nuclear power by
the public as a whole.

NUCLEAR SAFETY AND LICENSING

36. EEA activities in the field of nuclear safety and licensing
are directed and co-ordinated by the Committee on the Safety of Nuclear
Installations (CSNI). The objective of CSTTI is not to provide a compre-
hensive coverage of its field of concern, but rather to identify (and
endeavour to resolve) specific problems of current interest. Since the
CSNI brings together some of the most influential experts in nuclear
safety and licensing from the whole OECD area, it is particularly well
placed to carry out this work.



37» The CSNI is in principle ready to examine any question of
nuclear safety submitted to it, but in order to maximize the relevance
and the efficiency of its work and to avoid duplication with other inter-
national bodies, attention is being given to a list of safety topics
which may be appropriate for priority discussions by the Committee. This
list will be completed during 1976 and serve as a guideline for CSHT's
future programme in the field of nuclear safety and licensing.

58. In the meantime, the Committee has continued its work in what
have become "traditional" areas (light-water reactor safety, safety
aspects of steel components in power reactors, anti-seismic plant design,
neutron kinetics "benchmark" calculations, fuel/coolant interactions in
sodium-cooled fast breeder reactors and problems of thermohydraulic
behaviour in molten sodium. To this list has been added a number of
new topics, notably protection of installations against external impacts
(e.g. crashing aircraft); high temperature reactor safety; and safety
of nuclear ships.

LIGHT-WATER REACTOR SAFETY

39. One of the most investigated topics concerned with light-
water reactor safety is that of emergency core cooling systems (ECCS)
and the related questions of fuel element behaviour in the event of a
loss-of-coolant accident (LOCA).

40. Following a meeting of ECCS specialists in October 1972, held
under the sponsorship of CSNT's predecessor committee CREST (Committee
on Reactor Safety Technology), an ad hoc Working Group on Emergency Core
Cooling had been set up by CSNI i.i November 1973> *o provide the Com-
mittee with considered and harmonised views on a number of related ques-
tions. It was decided that the Working Group should concentrate initi-
ally on two major subjects, namely critical flow discharge and blowdown
performance of pumps l&].

41. A first meeting of the Working Group (in May 1974) had con-
cluded that sufficient information was available for practical use in
the safety analysis computer programs currently employed for licensing
reactors, that enough was known to set realistic bounds for pump perfor-
mance during an accident, and that the latter data were sufficiently
conservative for current safety analysis practice. However it was rec-
ognised that, as more advanced computer codes were developed, some imp-
rovement might be necessary in the critical flow discharge model being
used, and that further work would also be needed to develop more advanced
pump models suitable for such programs.

42. At its second meeting, held in September 1975? the Working
Group evaluated heat transfer information applicable to the reflooding
phase of a loss-of-coolant accident in a pressurised-water reactor, with
the main objective of examining various heat transfer correlations intro-
duced in computer programs used in safety analyses, and discussed tech-
niques adopted to calculate the reflooding rate during a loss-of-flow
accident in a PWR. The conclusions were that further experimental and
theoretical work was needed to give a better understanding of local
effects, and that studies of the mixing of emergency cooling water and
superheated steam were also desirable for a better understanding of the
overall reflooding process. The Working Group also discussed reports
on spray cooling of a BWR (boiling water reactor) and modelling for

[6] Both of these affect the speed with which emergency core cooling can
check fuel over-heating in the event of- loss of normal cooling.
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computing purposes of the rewetting phenomenon ; here again it was con-
cluded that further experimental and theoretical work was needed to give
a better understanding of local effects..

43. In addition to the above, the ad hoc Working Group on emerg-
ency core cooling at its first meeting had decided to initiate, in the
framework of CSNT, an international programme of comparative analyses
of standard problems on loss-of-coolant accidents, as part of a general
evaluation of mathematical models used to analyse the nuclear power
reactor performance.

44. Such standard problems provide a systematic and expeditious
method for comparison of the models of the various suppliers, vendors,
research institutions and licensing organisations with respect to one
another and to a common experimental data base. Suitable choices of
standard problems can provide valuable comparative indications of analyt-
ical capabilities in the light of most recent experimental information.
Such comparisons between analysis models also establish whether the
analytical methods are consistent; i.e. any unique features of a parti-
cular method can be identified.

45. Detailed examinations of a first two standard problems
were completed in 1975, and two further problems will now be considered.

SAFETY ASPECTS OP STEEL C0MP0KEM3

4-6. Steel (of various kinds) is one of the major materials used in
nuclear power plants, and knowledge of its behaviour under the special
conditions to which it may be subjected is of vital importance to safe
design and operation of such plants. For some five years a special
Working Group, originally established by CSNI's forerunner CREST, has
been concerned with both mechanical and material behaviour of nuclear
steels and steel components f8].

4-7» This Working Group is currently preparing "state-of-the-art"
reports in four main areas: fracture mechanics, welding and heat-
treatment, non-destructive testing, and the safety of structures
operating in the creep range. These reports are to be examined by CSNI
which will then decide which specific topics require further study with
particular emphasis on safety aspects.

48. During 1975» the Working Group participated in a programme of
non-destructive testing in which experimental blocks of steel, with arti-
ficially introduced flaws, were made available by the United States Pres-
sure Vessel Besearch Committee to European institutes specialising in
non-destructive testing techniques. The European institutes were thus
able to test their equipment and to compare results with those of tests
made in the United States. This programme will be completed by the
spring of 1977 and will be followed by final destructive examinations of
the test blocks.

[ ?! Analysis of a straight pipe depressurisation experiment, and the US
Semiscale isothermal blowdown test number 11.

[ 8l The Working Group is known as the CSNI Working Group on Mechanical
and Material Problems relating to the Safety Aspects of Steel Compo-
nents in Nuclear Plants. Its secretariat is assured jointly by the
Commission of the European Communities and NEA.



4-9. A "Plate Inspection Steering Committee" (PISC), comprising
representatives of the European institutes and of the Working Group sec-
retariat, is co-ordinating this work.

ANTI-SEISMIC DESIGN OF NUCLEAR INSTALLATIONS

50. Precautions against the possible effects of earthquakes are of
great importance in nuclear power plant design, even in countries of sup-
posedly low seismicity (i.e. low as recorded in historical times). This
subject has always been a matter of particular concern for the CSNI, as
it was previously for CREST. Despite considerable and continuing study,
current knowledge is not yet adequate to resolve all the problems
involved.

51. A major technical question concerns the definition of "refer-
ence earthquakes", and of numerical parameters corresponding to chosen
intensities. As part of the CSNT programme, these matters were examined
in detail during 1975 by anti-seismic design specialists. As a result,
efforts are being made to analyse the nature of seismic movements in much
finer detail in order to better assess their effects on the foundations
of buildings. Advanced methods for calculating the interaction between
the soil and the foundations are already available, and it should be pos-
sible to adapt these to the requirements of nuclear design. Calcula-
tions relative to plant structures and equipment, however, remain limited
by lack of data about the. behaviour of damaged materials.

52. There was agreement among the specialists that a probabilistic
approach to protection against earthquakes could usefully complement the
more traditional deterministic approach, though there remain some reser-
vations due to the difficulty of assessing probabilities of such rare
phenomena.

THREE-DIMENSIONAL NEUTRON KINETICS AND KINETICS BENCHMARK CALCULATIONS

53. Safe reactor design is of course fundamentally dependent on a
sufficient understanding of (and the ability to predict theoretically)
the three-dimensional kinetic behaviour of neutrons in defined conditions
of core structure, moderator and control rod performance. In recent
years such understanding has become increasingly dependent on so-called
"benchmark" kinetics calculations, and developments in this field have
therefore become extremely important.

54. Since mid-1973 two NEA committees (the CSNI and the NEA Com-
mittee on Reactor Physics, NEACRP) have been closely concerned with
developments in this field, and in particular have collected proposed
methods (submissions) for the solution of 1-, 2-, and ^-dimensional
kinetics benchmark calculations for both thermal and fast reactors.
These contributions and their underlying theory, as well as recent devel-
opments in three-dimensional neutron kinetics methods and applications
covering both operational transients and excursion analysis, were the
subject of a joint examination by CSUT and NEACRP specialists early in
1975-

55- In fact little information directly relevant to reactor safety
could be deduced at this stage. The examination was nevertheless valu-
able because it showed the way to a more correct use of available compu-
tation methods.
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56. Further work continued during the year, notat>ly on the compar-
ison of different computer programs running identical 1-, 2- and
3- dimensional benchmark problems.

FUEL/COOLANT INTERACTIONS IN SODIUM-COOLED FAST BREEDERS

57- An important aspect of sodium-cooled fast breeder reactor
technology, with particular significance for the safety of such reactors,
is the behaviour of the molten sodium coolant and its possible reactions
with the fuel. This has been a subject of study by NEA for some years,
first in CREST and more recently in the CSNI.

58. Current work is mainly concerned with comparing mathematical
"models" for sodium/fuel interactions and the application of appropriate
computer programs to well-defined test cases. Some of the models exam-
ined have been shown to be inadequate, and subsequently improved, while
there has also been considerable progress on program development and
refinement.

59. This work is taking place under the general surveillance of a
small expert Working Group, which during the year gave special attention
to the effects of fragmentation, heat transfer, vapour production and
hydrodynamics in fuel/coolant interactions. Progress in these and
related fields is reported periodically in the Sodium/fuel interaction
newsletter which is produced under the auspices of the Working Group.

THERMO-HYDRAULIC BEHAVIOUR IN MOLTEN SODIUM

60. Closely allied to interactions between molten sodium and fuel
in fast reactors, the basic hydrodynamic behaviour of the coolant in
relation to reactor core geometry is of special concern from the points
of view of both safety and efficiency of these reactors.

61. Within NEA, this field is covered by an independent group of
experts known as the Liquid Metal Boiling Working Group, which since
1972 has been sponsored by CREST and subsequently the CSNI [9].

62. The LMBWG concentrates mainly on the thermohydraulic behaviour
of sodium, and basic boiling phenomena. Meetings of the Group are
organised at regular intervals (1-J years) and the sixth meeting was held
in October 1975- A large number of reports on the behaviour of block-
ages in sub-assemblies, and on boiling sodium behaviour and its conse-
quences, were presented and evidenced the important efforts currently
devoted to this field of fast breeder reactor research. In particular,
much progress was reported on computer program development for relevant
thermohydraulic calculations.

PROTECTION AGAINST EXTERNAL IMPACTS

63. Apart from "internal hazards" inherent in nuclear installa-
tions, any such installation is inevitably exposed to some extent to the
risks of damage resulting from accidents such as explosions in nearby

•_9] At its 48th session on 25th April 1975, the NEA Steering Committee
extended the Group's mandate until 1977 > with the agreed possibility
of further extension.
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plant (not necessarily associated with the nuclear plant), explosions of
dangerous materials (such as liquified natural gases) in transit by
tanker or pipeline, or direct impact from, e.g. crashing aircraft.

64. Although these risks can he (and are) minimised by siting
nuclear plant away from large chemical complexes, storage areas for
dangerous materials or transport routes, certain possibilities nonethe-
less remain, notably those of aircraft crashes, or from drifting clouds
of explosive gas or vapour from volatile chemicals which may leak into
the atmosphere.

65. To assess these risks, as well as both technical and adminis-
trative measures for their minimisation, the CSKT established in late
197^ an expert group known as the Working Group on the Protection of
Nuclear Installations against External Impacts. During its first year
of work this group has concentrated on man-induced external impacts
(other than acts of sabotage which were excluded from its mandate) with
the first objective of identifying differences in national protective
regulations and practices. However it has become increasingly clear
that impacts resulting from natural phenomena, such as floods or earth-
quakes, must also be considered, either independently or in relation to
man-induced external impacts.

66. In the latter category, it seemed clear that aircraft crashes,
and the risks of explosion relating to leakage of volatile chemicals,
were the main hazards to be investigated.

67. Concerning aircraft crashes, a broad consensus has already
been reached that the risk of damage to a nuclear installation from such
crashes is sufficiently significant to be considered in plant design.
This is in fact already the practice in most countries, though it is
clear that different approaches are used from country to country (resul-
ting in varying requirements for protection against external impacts
from aircraft) largely according to local conditions such as aircraft
densities, aircraft types in use, area of territory considered, popula-
tion densities and distribution of airports in relation to power plant
location. General agreement has also been found that the risk to
nuclear installations from aircraft crashes can be greatly reduced if
they are sited away from airports, airfields or military practice drill
ranges. The principal airborne danger then appears to be from low-
flying high-performance military aircraft.

68. It must be emphasised that a serious accident sequence leading
to a reactor core melt-down, or a dangerous release of radioactivity
into the environment, is not an inevitable consequence of an aircraft
crashing on to a nuclear plant site. Aircraft crashes must thus be
considered as part of a broader perspective, which should include both
other types of external impact and internal accidents.

69. Concerning dangers from explosive gas or vapours, it is well
known that when certain gases, vapours or some types of dust, mix with
air or oxygen in certain proportions, explosions can occur. In the
event of tonne quantities of liquified pressure gas, liquid natural gas
of other explosive gases or vapours leaking and forming gas clouds over
a nuclear site, the potential explosion hazard is very serious. Such
leakages could occur from process plants, storage tanks, pipe-lines or
transport vehicles (road or rail tankers or ships) within the vicinity
of the nuclear plant, and the probability of their occurrence is likely
to increase with the rapid expansion of the chemical industry. (Inci-
dentally it may be noted that, for risks similar to the potential risks
from nuclear energy, safety measures applied to chemical activities are
not necessarily as stringent).



70. These various chemical hazards do not appear to have yet been
examined in relation to their potential dangers for neighbouring plant
or installations. In particular, the risk of detonation in gas clouds
(which, close to the source of the resulting explosion, can have devas-
tating effects) merits the fullest possible technical investigation.
The complex mechanics of gas-cloud drift, and the possible effects of
meteorological uncertainties, are additional subjects requiring more
detailed study. As a first step, work was begun on compilation of a
list of dangerous chemicals regularly stored and transported.

HIGH TEMPERATURE REACTOR SAFETY

71« Among the advanced reactor types currently being considered
for inclusion in the future nuclear power programmes of many countries
the high-temperature gas-cooled reactor presents a number of interesting
features. Although this reactor type has certain inherent safety fea-
tures (e.g. self-limitation of "runaway" because reactivity decreases
with increasing temperature) there are various factors affecting safety
which have still to be fully investigated. For this reason a specialist
meeting on HTGR safety was organised in May 1975«

72. The meeting brought into perspective various differences in
national approaches to the safety assessment for this type of reactor,
and identified a number of areas for further safety research. Subse-
quently, steps were taken to establish a special Working Group of the
CSEL to follow up all aspects of HTGR safety.

UUCI/EAR SHIES

73. Although nuclear ship propulsion is already almost commonplace
in some of the world's armed services, very few non-military nuclear
ships have been constructed: the US Savannah, the Soviet icebreakers
Lerdn and Arktika, the German ore carrier Otto Eahn and the Japanese
research vessel Mucsu. However, as a result of~the trend towards
larger and faster ships and the rapid increases in oil prices, nuclear
powered merchant ships should now be economically competitive even at
relatively modest powers, and in many countries interest is therefore
growing.

7yf-, Nevertheless, the lack of internationally agreed criteria for
the construction, operation and maintenance of nuclear powered merchant
ships continues to hamper their development: their operation is at
present governed by bilateral agreements between the country under whose
flag a ship is sailing and the countries for which port-entrance permis-
sion is required.

75« General safety criteria for nuclear ships are laid down in
Chapter 8 and Annex C of the I960 International SOLAS (Safety of Life
at Sea) Convention, which was developed under the auspices of the Inter-
governmental Maritime Consultative Organisation (IMCO). It has been
recognised that both Chapter 8 and Annex G need revision before nuclear
shipping will be generally accepted.

76. In view of the long time required to establish international
regulations and criteria, CSUI felt the need to set up a Working Group
on the Safety of Muclear Ships well in advance of their introduction
on a wide scale. The objective of this Group is to examine the options
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available to licensing authorities regarding nuclear safety provisions
for nuclear powered chips. IMCO, informed of this initiative, has
decided to delay the revision of Chapter 8 and Annex C of the SOLAS
Convention until the CSNT study has been completed.

OTHER WORK

77' The possible effects of very rare events on the reliability
analysis of nuclear power plants were examined during the year by an
expert group charged with exploring methods for statistical analysis of
such events.

78. The principle of an exchange of information following a nuclear
accident or an occurrence with safety significance in a nuclear instal-
lation was agreed in 1973 by the CSNT's Sub-Committee on Licensing. As
in previous years, there were no accidents during 1975 5 reports were
received on several "occurrences with (possible) safety significance",
and details were circulated amongst the Members of the Sub-Committee.
These incidents were discussed at the annual meeting of the Sub-Committee
with a view to avoiding similar events in the future.

79. As noted in the previous Activity Report, CSNI's Sub-Committee
on Licensing is interested in compiling national structures and proce-
dures for licensing and subsequent inspection of nuclear installations.
During 1975, the preliminary survey already made of licensing and inspec-
tion regimes in member countries was further developed (with help and
advice from REA's Legal Affairs Section) into a comparative study of
structures and procedures in 17 OECD countries. To take account of the
very rapid evolution of this part of the nuclear regulatory scene, the
study will be up-dated at regular intervals.

CO-OPERATION WITH THE I1WERNATI0FAL EKERGY AGENCY

80. The interest of the International Energy Agency (IEA) in
nuclear safety has already "been mentioned in the Introduction to this
Report. Itaring 1975 this field became one of the ZEA's priority con-
cerns in relation to its energy research and development programme, and
a special Working Party on Nuclear Safety was set up for which HEA pro-
vides the Secretariat.

81. During the year some twenty proposals for collaborative efforts
were examined by the Working Party, these falling into three categories:

a) actions related to the Huclear Safety Research Index,

b) multilateral information exchanges, and

c) co-operative projects.

CTuclear Safety Research.Indes

82. Following a proposal by the Working Party on Unclear Safety
the IEA Governing Board invited NBA to publish annually an Index of
Nuclear Safety Research in Member countries, and to establish a Reference
Library of progress and topical reports.
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83. Such an Index had in fact "been prepared and issued by NEA -
on the initiative of CREST and subsequently of the CSNI - since 1970,
and its adaptation to meet IEA requirements presented no problems. The
first issue under NEA/IEA sponsorship, which is making use of the
classification system developed by the Commission of the European
Communities, was published in August 1975 •• it covered some four hundred
projects in the field of light water reactor safety. Both CSNI and the
IEA Working Party on Nuclear Safety considered it desirable to expand
this coverage to other reactor types, and proposals to this end are now
being developed.

Multilateral information exchanges and cooperative -pro.jects

84-, Following examination by the Working Party on Nuclear Safety,
several co-operative,projects on nuclear safety research, proposed by
Member countries, became subjects of agreements for information exchange
and dissemination via CSMI and its ancillary bodies. These projects
concerned LOFT (Loss of Flow Test Facility), PBF (Power Burst Facility),
HSST (Heavy Section Steel Technology), and USER (Nuclear Safety Research
Reactor).

85. In conjunction with these multilateral information exchanges
it is envisaged that "national coordinators" will review annually the
progress of the co-operative projects.

CO-OPERATION WITH THE INTERNATIONAL ATOMIC ENERGY AGENCY

86. In 1974- the International Atomic Energy Agency began a compre-
hensive programme for the establishment of safety codes and guides for
nuclear power plants. The programme envisaged five codes of practice
and some 50 guides in the areas of governmental organisation for licens-
ing of reactors, siting, safety criteria for reactor design and con-
struction, safe operation and quality assurance.

87. NEA? through CSNI, has contributed to this IAEA work, partic-
ularly in reviewing proposals for new codes and guides. In two areas,
namely the safety of nuclear ships, and the development of codes and
guides for novel safety requirements resulting from advances in safety
research, NEA has assumed the leading role.

RADIOACTIVE WASTE MANAGEMENT

88. The accelerated development of nuclear energy as a counter-
measure to the energy crisis has inevitably directed increased attention
to the problems of radioactive wastes, and in particular to research
and development programmes for the resolution of these problems. This
subject has been a major preoccupation of the Nuclear Energy Agency for
more than 10 years. It is also one of the main matters of concern
related to nuclear power to be identified by the International Energy
Agency during an extensive enquiry into alternative energy sources.

89. For this reason a special working group, set up for the
purpose by the IEA, early in 1975 began a detailed investigation of
ways and means to coordinate and speed-up - in an international frame-
work - the many separate research and development programmes currently
devoted to radioactive waste management technology. Or. the proposal
of the IEA working group, an international research and development
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programme on radioactive waste management was adopted during the year.
The Steering Committee for Nuclear Energy agreed that NEA should accept
responsibility for this as "Lead Organisation", and the programme was
combined with the on-going work of KEA in this field, to be managed as
a whole. The objectives of the combined programme are essentially:

- to contribute, through discussion and demonstration at
international level of the safety and suitability of waste
management options, to the development and- adoption of con-
cepts for the safe management of radioactive wastes from
nuclear energy programmes and, therefore, to more ready
acceptance of nuclear development;

- to achieve close co-ordination of national programmes, with
priority accorded to solution of the most important
problems;

- to this end, to promote a comprehensive exchange of infor-
mation and experience on the various R and D and related
aspects of radioactive waste management;

- to promote operational cooperation on such E and D activi-
ties through Joint ventures, either within existing national
or international facilities or as completely new projects
(and either with or without separate financing);

- to encourage each interested country to contribute as much
as possible to this operational co-operation according to
its ability, its facilities and its expertise.

90. The practical direction of this programme is in the hands of
a new Radioactive Waste Management Committee, set up in the framework
of KEA and working in close liaison with the Agency's Committees on the
Safety of Nuclear Installations and on Radiation Protection and Public
Health.

91. The Radioactive Waste Management Committee, at its inaugural
meeting in October 1975, agreed the general lines to be followed by the
research and development programme, in which priority is being given
to the disposal of wastes into geologic formations and to the "condi-
tioning" of highly active wastes to- facilitate their handling and long-
terjn storage with minimal risk. The Radioactive Waste Management
Comnittee also agreed on a series of measures covering a general exchange
of iiformation on the management of nuclear wastes, with the particular
object of identifying subjects for new co-operative actions and developing
appropriate frameworks in such activities. Appropriate coordination is
maintained in this area of work with the Commission of the European
Communities and the IAEA.

DISPOSAL IMTO GEOLOGIC FORMATION

92. Radioactive waste disposal into geologic formations, which
appears as one of the most promising future solutions for the long-term
isolation of these wastes from the biosphere, is being studied by a spe-
cially formed Co-ordinating Group on Geological Disposal, set up by the
Radioactive Waste Management Committee. This Co-ordinating Group held its
first meeting in December 1975 at Clausthal-Zellerfeld in the Federal
Republic of Germany, following a preparatory seminar organised by KEA in
co-operation with the German authorities. During this preparatory meeting
it became clear that a very substantial research and development effort



was required to enable a practical demonstration to be made of the con-
cept of disposal into geologic formations. This was true for the disposal
of both high activity wastes and of alpha-emitting (long-lived) wastes.

93« A preliminary examination showed that some countries already
had very advanced programmes in these fields, while others were still in
the planning stage. It also became clear that geologic formations likely
to be suitable for very long-term isolation of radioactive wastes had
already been identified in a number of countries - and comprised for the
moLt part salt formations, crystaline formations or certain clays-,

94-• The Co-ordinating Group, in view of the interest in co-operative
activities concerned with waste disposal into geologic formations - and
the fact that some countries envisaged using very similar formations for
such purposes - decided to set up an international programme in this
field. Besides a wide exchange of information, the objectives of the
programme will include interchange of research workers between the various
institutes concerned, and joint research and experimental projects.
Subjects such as risk evaluation methods, studies of geological phenomena,
the measurement of geological parameters and development of appropriate
instrumentation, and methods for sealing off access after a given period
of use, present similar interests for all countries with plans for
waste disposal into geologic formations. On this basis, the Co-ordinating
Group was able to define the main lines for co-operation over a very
wide area.

CONDITIONING OP WASTES

95- Ehe conditioning of highly radioactive wastes comprises an
important stage in the management of wastes produced during the reprocess-
ing of irradiated fuels. Currently, these writes are usually stored in
liquid form at the site of the reprocessing pj.ant. Their solidification
would allow a higher level of safety both during preliminary storage at
their site of origin, and during subsequent transport prior to final dis-
posal. The method of solidification adopted can be chosen to facilitate
ultimate disposal; to date, most research programmes have been concen-
trated on calcination and vitrification processes.

96. A number of other techniques can also be envisaged such as,
for example, the incorporation of high activity wastes in metallic
matrices. Compared with glass these offer much superior heet conduct-
ivity, while eliminating the risks of dispersion inherent in calcination.
This technique has already been extensively studied by the Eurochemic
Company [10], and a proposal was under discussion at the end of the year
for a research and development programme to take the work further. This
programme is to be open to non-Eurochemic countries, and interest has
been shown from Japan and the United States, as well as the Commission
of the European Communities.

97. There is in fact an accumulation of high activity wastes at
the Eurochemic site, resulting from the Company's earlier fuel reprocess-
ing activities, and these are to be solidified by calcination using the
fluidised-bed process developed in the United States. The calcinates
obtained by this procedure are in the form of easily dispersable granules
with a relatively high leaching rate, and Eurochemic is expected to
produce some 80 cubic metres of such granules. Their incorporation into

[10] See Annex A page 68.
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metallic matrices, besides facilitating cooling, should also result in
compact blocks of solidified material which can be easily and safely
transported and stored. The proposed research and development programme
at Eurochemic will include a full evaluation of the characteristics of
the final products, with particular reference to their suitability for
the methods of final storage or disposal which are currently envisaged.
By comparing this evaluation with equivalent assessments (by other lab-
oratories) of other types of solidified products, it is hoped to achieve
some degree of harmonisation of testing and evaluation procedures for
solidified and conditioned wastes.

98. As recorded in greater detail in the section of this Report
devoted to Eurochemic, the Company's wider programme on radioactive waste
management offers a number of other opportunities for co-operative effort,
notably concerned with the incorporation in bitumen of low and medium
activity wastes, and with the treatment and conditioning of alpha-
contaminated solid wastes.

INFORMATION EXCHANGE

99« The Radioactive Waste Management Committee has examined a
number of other subject areas in which joint action by interested coun-
tries appeared promising. Among these, wastes contaminated with alpha-
emitters have attracted particular attention, notably in relation to the
possibly recycling of plutonium in thermal reactors, which would lead to
growing production of active wastes at plants for the fabrication of
mixed uranium-plutonium fuels.

100. The treatment, storage and disposal of irradiated fuel cladding
material from reprocessing plants, the decontamination and decommissioning
of nuclear facilities, and technologies to reduce drastically the release
of gaseous wastes into the atmosphere, have also been considered by the
Waste Management Committee as areas where joint action might be desirable.
The Committee has established a system for the exchange of information in
these various fields, in which specialist national correspondents collect
and distribute details of work under way, and keep the Committee informed
of developments.

RADIOACTIVE WASTE MANAGEMENT OBJECTIVES, CONCEPTS AND STRATEGIES

101. As reported in NEA's Third Activity Report, it was decided in
197/J-, after consultation with the Committee on Radiation Protection and
Public Health, to follow up the Agency's 1972 Report on radioactive waste
management practices [11] with a further study which would discuss, in
the light of the most recent developments in radiation protection prin-
ciples, the main problems of radioactive waste management and the most
promising approaches to their solution.

102. The new study, which is being carried out by a group of experts
from interested countries, is intended to define basic objectives in radio-
active waste management, as well ŝ the various possible strategies for

111] "Waste Management Practices in Western Europe". Report of a
specialist study group under the chairmanship of Dr. M. Powell,
Deputy Chief Medical Officer of the Irish Department of Health.
OECD Publications, 1972.



achieving these objectives. The study will include an examination of
the administrative, legal and financial problems of very long term waste
management. It is hoped to complete and publish the study in 197&«

SEA DISPOSAL

103. A further operation for the disposal of packaged solid radio-
active wastes in the deep Atlantic Ocean took place during the summer of
1975 under the surveillance of UEA. The plans for the operation were
examined by the Committee on Radiation Protection and Public Health,
which had raised no objections from the health point of view, taking
into account the quantities of wastes to be disposed of. Some 4,500 tonnes
of low and medium activity wastes, incorporated in concrete or bitumen,
were discharged in the same general area as was used for previous opera-
tions [12].

The wastes disposed of in this operation came from nuclear
establishments in Belgium, the Netherlands, Switzerland and the United
Kingdom. Their total activity comprised some 770 curies of alpha-
emitters (essentially transuranic elements), 28,000 curies of beta-gamma,
and 30,000 curies of low-energy beta in the form of tritium-contaminated
wastes.

105. Transport of the wastes to the disposal area was effected in
two voyages by the British m.v. TOPAZ, already used in previous OECD
supervised operations. Both the transport and discharge operations at
sea were completed without incident in conditions virtually identical
with those on previous occasions.

106. The operation was carried out in conformity with the require-
ments of the 1972 Convention or. the Prevention of Marine Pollution by
Dumping of Wastes and Other Matter (London Convention) and of the Inter-
national Atomic Energy Agency recommendations concerning application of
this Convention to radioactive waste disposal. The London Convention
came into force in August 1975, and will thus govern any future operations
for sea disposal of radioactive wastes.

RADIATION PROTECTION

107- Although the main emphasis in the part of the Agency's pro-
gramme concerned with regulatory aspects is currently divided between the
safety of nuclear installations and radioactive waste management, other
work has continued, notably that concerned with the protection of health
and the environment against radiation hazards. Nevertheless, a reduction
in the effort available for work in this field meant that in 1975 some
activities not directly related to the development of nuclear power and
the nuclear fuel cycle had to be temporarily interrupted.

108. With these considerations in mind, the Committee on Radiation
Protection and Public Health made a full analysis of all possible future
activities with a view to revising priorities and arriving at an agreed
future programme. Although there were some differences of view, the
Committee agreed that its future programme should cover the following
topics:

[12] Circle of 70 nautical miles diameter, centred on the point 46 15'
North, 17 25' West. The area is some 900 km south-west of Land's
End (United Kingdom) and 450 km beyond the edge of the concinental
shelf. The ocean depth in this area is some 4.5 km.
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109.

- radiation protection and environmental aspects of nuclear
power stations;

- radiation protection and environmental aspects of other
parts of the nuclear fuel cycle, notably radioactive waste
management;

- other sources of radiation exposure.

The Committee also decided that the detailed programme within
this framework should be kept flexible.

ICRP RECOMMENDATIONS AMD PROTECTION STANDARDS

110. It is now nearly 20 years since KEA's predecessor, EEEA, was
called on [13] to encourage the elaboration and harraonisation of uniform
rules and standards for the protection of public health. This is why,
over the years, the Agency has prepared a series of guides and recommend-
ations ranging from Basic Radiation Protection Norms (first adopted by
Member countries in 1959) to such precise interpretations as Radiation
Protection Standards for the Design, Construction, Testing and Control
of Radioisotopic Cardiac Pacemakers (1974). All these guides have been
based on the scientific recommendations of the International Commission
on Radiological Protection (ICRP) which for nearly half a century has
reviewed and assessed research on the effects of ionising radiations [14-J,
and reported on the fundamental principles for health protection against
such radiations.

111. Interpretation of ICRP recommendations is, however, left to
the national bodies responsible for formulating regulations and codes of
practice. The various KEA standards and guides comprise an intermediate
step in this chain of interpretation.

112. Although this arrangement has worked very satisfactorily over
the years, there have been quite frequent proposals that the "users" of
radiation protection guides and recommendations should from time to time
have direct contact with the ICRP itself. This led HEA early in 1975
to organise a seminar on the practical application of ICRP Recommendations,
intended for representatives of public services responsible for the prep-
aration and implementation of national regulations in the radiation pro-
tection field, as well as for specialists responsible for related policy
decisions. The seminar was mainly concerned with the translation of
ICRP Recommendations into regulatory form, and with problems facing users
when applying these regulations, ifliere were also discussions between
experts directly involved in ICRP work and those faced with routine day-
to-day radiation protection problems.

113. The meeting was very well supported (120 experts from 19
countries and six international organisations). It was proposed that a
further similar meeting should be organised in two to three years' time,
particularly to discuss new scientific evidence and concepts which might
by then have been incorporated into ICRP Recommendations.

[13] Article 11 of Statute.

[14i The ICRP was originally established in 1928, to assess possible
dangers from the medical uses of X-rays.

-h' a •rlT-np--ranrmp. of work during the first five years



RADIATION EXPOSURE

Acceptance of nuclear power by the general public depends
substantially on their feeling assured on questions of public health,
in particular in relation to the effects of radiation doses which might
result from the routine operation of nuclear installations as well as
doses which might be received following possible accidents. In this
respect it is of great importance to see radiation exposure from nuclear
power production in perspective with other sources of ionising radiation
to which the public is exposed. These include natural radioactivity,
the use of ionising radiations in medicine and industry, the use of
radioactive materials in products available to the general public, and
fallout from atmospheric testing of nuclear weapons.

115. For these reasons, and in particular to promote better under-
standing of the relative significance of all potential sources of radia-
tion exposure, early in 1975 NEA commissioned a report [15] on all aspects
of population exposure. This report, which was prepared by
Sir Edward Pochin (United Kingdom;, a former chairman of the IGRP, was
completed towards the end of the year. It provides a scientifically
accurate background for use by representatives of national authorities
with responsibilities connected with nuclear power production and its
environmental consequences, as well as by other persons concerned with
this subject.

NUCLEAR LAW

116. NEA's legal work was also somewhat reoriented during 1975?
to bring more support to Agency activities related to nuclear safety,
and to the joint undertakings Halden, Dragon, Eurochemic and the Inter-
national Food Irradiation Project. In addition, NEA's legal advisory
work during the year embraced help for the OECD Environment Directorate
in the preparation of a Report on Energy and the Environment, as well as
advice on legal aspects of transfrontier pollution.

117. Effort was nevertheless maintained in the more traditional
fields of harmonising national and international nuclear regulations,
notably concerning third party liability, and the collection and dis-
semination 01' nuclear law information.

PARIS CONVENTION

118. • Nuclear third party liability is governed mainly by the I960
Paris Convention [16], which has been in force since April 1968. Other
Conventions in the field are largely derived from its principles, and
NEA Irs therefore particularly concerned to facilitate its application and
to increase as rapidly as possible the numbers of Contracting Parties.

[15] The report was published by OECD in January 1976 under the title
"Estimated Population Exposure from Nuclear Power Production and
Other Radiation Sources".

fl€] Convention on Third Party Liability in the field of Nuclear Energy,
developed within the Nuclear Energy Agency and signed in July I960
by sixteen Member countries.
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119. The Paris Convention provides, without proof of fault "being
required, for absolute and exclusive liability (though limited in time
and in amount) of the operator of a nuclear installation for damage
caused by an incident in or connected with his- installation. The
operator must further cover his liability at all times through insurance
or some other form of security. This approach is now the basis of all
international and most national nuclear liability legislation throughout
the world.

120. During 1975» Italy and the Federal Republic of Germany ratified
the Paris Convention and its Additional Protocol [17]? so bringing its
application into effect in twelve countries: Belgium, Denmark, Finland,
France, the Federal Republic of Germany, Greece, Italy, Norway, Spain,
Sweden, Turkey and the United Kingdom.

BRUSSELS SUPPLEMENTARY CONVENTION

121. The Brussels Supplementary Convention increases the amount of
compensation available under the Paris Convention (at least 5 million
European Monetary Agreement units of account) to 120 million EMA u/a
through intervention by the Contracting States. This much higher limit
has long been considered desirable by many countries. However, the
additional compensation which it would provide would be called upon only
if the operator's cover under the Paris Convention proved insufficient.

122. The Brussels Supplementary Convention and its Additional
Protocol [181 (which came into force on 4th December 1974-) received one
new ratification during 1975» that of the Federal Republic of Germany.
This brought the number of Contracting States to which the Convention
applies to 7: Denmark, France, the Federal Republic of Germany, Norway,
Spain, Sweden and the United Kingdom.

TECHNICAL SCOPE OF THE PARIS CONVENTION

123. Among the problems raised by Nuclear Liability Conventions
is that of defining limits of application, notably limits for "small
quantities of nuclear substances" below which the Conventions should not
apply. Unnecessary practical difficulties could be created if the full
provisions of these Conventions, were applied to only minute quantities
of radioactive materials. The Steering Committee for Nuclear Energy is
in fact empowered to exclude nuclear installations and substances from
application of the Convention, if it considers such exclusion to be
warranted in view of the small risks involved.

[17] An additional Protocol to the Paris Convention, adopted in 1964»
is designed to avoid conflict with the similar Vienna Convention
on Civil Liability for lifuclear Damage , developed under the aegis
of the International Atomic Energy Agency and adopted by a
Diplomatic Conference in 19°3. The Vienna Convention is not yet
in force.

[18] An additional Protocol to the Brussels Siipplementary Convention,
with the same purpose as that to the Paris Convention, was
similarly adopted in 1964.
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124. A technical study to assess possibilities and methods for the
exclusion of small quantities of nuclear substances, in installations
and during transport, from the scope of the Paris Convention has accord-
ingly been under way for some years. This study also includes redefin-
ition of the notion of a nuclear installation. During 1975 proposals
were developed for the exclusion of low-enriched uranium. Following
their consideration by the Group of Governmental Experts on Third Party
Liability, it was decided to prepare a Recommendation to the Steeri:ig
Committee on this matter.

BRUSSELS CONVENTION 03 THE MARITIME CARRIAGE OP NUCLEAR MATERIAL

125. The (Brussels) Convention relating to Civil Liability in the
Field of Maritime Carriage of Nuclear Material came into force on
15th July 1975, ninety days after the fifth ratification (Denmark).
Germany also ratified this Convention on 1st October 1975 and thus it is
now applied in France, Germany, Spain, Denmark, Sweden and Norway.

BRÜSSELS CONVENTION ON THE

MARITIME CARRIAGE OF NUCLEAR MATERIAL

DATES OF THE RATIFICATION

Country Ratification

Denmark
France

4th September 1974
2nd February 1973

Germany, Federal Republic 1st October 1975
Norway 16th April 1975
Spain (accession)
Sweden

21st May 1974
22nd November 1974

126. The Convention was adopted in December 1971 by an International
Diplomatic Conference in Brussels, held under the joint auspices of the
Intergovernmental Maritime Consultative Organisation (IMCO), NEA and the
IAEA.. It is designed to exonerate shipo\«iers - whenever the carriage
of nuclear material is involved - from liability coder maritime law for
nuclear damage in cases where the operator of a nuclear installation is
liable under the provisions of the Paris or Vienna Conventions.

127. The Convention is thus intended to resolve an outstanding
difficulty related to maritime carriage of nuclear material. A].though
both the Paris and Vienna Conventions specifically "channel" on to the
operator of a nuclear installation all liability for nuclear damage
caused by a nuclear incident occurring in his installation - or involving
nuclear material in the course of carriage to or from his installation -
the Conventions expressly do not affect the application of existing
international conventions in the field of transport. As a result, dual
liability could arise due to simultaneous application of both nuclear
and maritime transport conventions.



128. This situation has in recent years created important practical
difficulties for the maritime carriage of nuclear substances [19],
"because maritime carriers have required very high or unlimited indemni-
tiss, in addition to nuclear liability insurance, to protect them against
possible liability under maritime law. The new Convention thus confirms,
in this special area of maritime carriage, the nuclear conventions'
principle of channelling all liability on to the nuclear operator
concerned.

INFORMATION

129. Because of the increasing quantities (and complexities) of
published information on nuclear law, the possibilities of applying
modern automatic data-processing techniques to its classification,
storage, retrieval and diffusion have attracted growing interest. A
promising practical approach, originally suggested some five years ago,
was to include nuclear law in the scope of the IAEA's International
Nuclear Information System (IBIS). Agreement between NE& and IAEA for
a collaborative effort in this sense was reached in 1974-. Under this
agreement NEA is charged with the collection, through its network of
legal correspondents, of information and texts on nuclear law develop-
ments in interested KB&. Member countries, and subsequent processing of
these data into a form appropriate for transmission to IMS.

130. Since the IMS data-processing mechanisms were originally
designed to handle mainly scientific and technological information, a
number of difficulties arose with purely legal information. Work
during 1975 was therefore concentrated on analysing these problems in
liaison with IMS, establishing clear definitions for the subjects
covered, and studying cataloguing and indexing methods adapted to the
specific requirements of nuclear law. This work included preparation
of proposals for the "enrichment" of the IMS "Thesaurus" in legal terms.

131. This groundwork was completed towards the end of the year,
and the NEA legal contribution to IMS became operational. In parallel,
negotiations were initiated with a number of Member countries to ascer-
tain their interest in the project, and to date seven countries have
agreed to use the NEA services to transmit information on their own
nuclear law to IMS [20].

NUCLEAR LAW BULLETIN

132. As usual, two issues (Nos. 15 and 16) of the Nuclear Law
Bulletin were published during the year, No. 15 being accompanied by an
Analytical Inde:c covering the first 15 issues.

[19] Not least in connection with radioactive waste disposal operations
carried out under HEA supervision in the Atlantic Ocean.

[20] Belgium, France, Italy, the Netherlands, Spain, Turkey and the
United Kingdom.



135» The objective of the Bulletin is to provide information on
the various developments in nuclear law which have occurred in the six
months preceding each issue. This information is collected through a
network of correspondents in different countries and international
organisations.

154. The Bulletin summarises and analyses legislative and regula-
tory activities, reports court decisions, and describes the activities
of international organisations in the field of nuclear law. It also
contains articles and studies which highlight different aspects of
national and international nuclear law. Each issue contains a biblio-
graphy of pertinent recent publications.

135« The continually expanding readership of the Nuclear Law Bul-
letin is ample demonstration that, with the many legal implications of
increasing international co-operation in the nuclear field,it is indis-
pensable for nuclear law specialists to be provided with the full texts
of the principal laws, regulations and agreements in their field.
Since 1968, these texts have been regularly published in the Bulletin
and its Supplements.

NUCLEAR INTER JURA CONFERENCE - 1975

136. The regulatory problems of nuclear installations, relations
between nuclear and maritime law, and legal problems encountered by
suppliers and customers in the nuclear industry were among the main
subjects discussed at the second conference of the International Associa-
tion of Nuclear Law, which was held in Aix-en-Provence in autumn 1975«
Under the title "Inter Jura 1975", the Conference was sponsored by NEA,
the French Commissariat ä 1'Energie Atomique and Electricite de France.

SECURITY COMIROL

137- Under the Convention of 20th December 1957 on the establish-
ment of a security control in the field of nuclear energy, NEA is called
on to ensure that none of its joint undertakings (in practice the
Eurochemic Company, and the Halden and Dragon Reactor Projects) are used
for any military purpose.

138. In pursuit of this mandate the Agency has carried out regular
inspections of the undertakings concerned. However, as a result of the
expansion of the European Communities and the growing number of Member
countries which have concluded, agreements with the IAEA in connection
with the Treaty on the Non-Proliferation of Nuclear Weapons, there is
now a substantial duplication of control procedures in installations
subject to the NEA control. Negotiations are under way to eliminate
this.





III. TECHNICAL DEVELOPMENT





JOINT UNDERTAKINGS

139- Besides NEA's substantial involvement in the preparation of
Extension Agreements for the Halden and Dragon Keactor Projects and
for the International Food Irradiation Project, as well as the Agreement
to establish a research and development programme at Eurochemic on high-
activity waste treatment, the Agency has also been closely concerned
with scientific and technological developments both within these Projects
and in other areas.

EUROCHEMIC

140. Although fuel reprocessing operations by the Eurochemic Com-
pany /?27 were brought to an end in 1974, the Company remains active
and indeed its operation has been prolonged until 1979• This has been
mainly due to Eurochemic's obligations - now the plant is on standby -
to its host country, Belgium, concerning the conditioning and storage
of the wastes produced by eight years of operation and subsequent plant
decontamination. A basic programme, established for this purpose,
includes conditioning and interim storage of the accumulated wastes,
plus rinsing and partial decontamination of the reprocessing installa-
tions. Eventually, if in the meantime the installations are not taken
over for further work, the basic programme will also include plant
dismantling.

141- Meanwhile the Netherlands, which had participated in the Com-
pany since its inception, decided to withdraw as from the end of June
1975•, thus reducing Eurochemic membership to twelve countries /227. On
withdrawal, the Netherlands agreed to pay its contribution to the Com-
pany's legal obligations to Belgium under the basic programme, and will
in return have access to technological information resulting from that
programme. An Agreement to this effect is being prepared.

142. 1975 was in fact essentially marked by approval of this basic
technical programme and by decisions of principle on its financing, as
well as the preparation - in consultation with non-Eurochemic OECD
countries - of the so-called associated research and development pro-
gramme, and completion of studies by a joint Eurochemic/Belgoprocess /
Working Group set up to assess the mutual advantages of a takeover by
Belgoprocess of the Eurochemic reprocessing installations at Mol.

European Company for the Chemical Processing of Irradiated Fuels.
The Company was formally constituted on 27th July 1959 following
ratification of the International Convention under which, it was
set up.

/j?27 Austria, Belgium, Denmark, France, the Federal Republic of Germany,
Italy, Norway, Portugal, Spain, Sweden, Switzerland and Turkey.

/_?3_7 Belgoprocess: A Belgian Group formed with a view to studying the
best possible way of solving the overall problems of the country's
reprocessing requirements, and in particular to consider taking over
the Eurochemic plant.



14-3 • Future activities of the Company are planned to provide parti-
cipant countries with experience in the management of medium and high-
level wastes on a larger scale than hitherto. The overall costs of the
basic programme are estimated at approximately 1500 million Belgian
francs (excluding costs for dismantling) and under decisions of principle
taken in 1975 by the "Eurochemic Special Group" of the NEA Steering
Committee /247, these costs would be divided among the countries on a
scale based on national income. However, since no unanimous agreement
on financing had been reached by the end of the year, the Eurochemic
Board of Directors decided to refer the matter again to the Special Group
in order to achieve a workable arrangement.

144. During the year, work continued on plant decontamination and
on completion of the facility for incorporating medium-level wastes into
bitumen. Following a recommendation by the Eurochemic Technical Commit-
tee, the Board of Directors agreed that a fluidised bed calcination
process should be adopted for solidifying high-level wastes: in this
context negotiations were begun with the United States Energy Research
and Development Administration (ERDA) for exchange of technological data
and practical experience with specialists from the US Idaho Centre where
a fluidised bed calcination facility has already been constructed.

5 C o n s i d e r a b l e progress was made in finalising the technical
and legal aspects of the associated research and development programme
on high-level waste conditioning. This programme, which is planned as
an extension of parts of the basic programme, will be open to participa-
tion by non-Eurochemic Member countries: it will concentrate on techni-
ques for solidifying liquid high-level wastes and embedding them in
metallic matrices.

146. Growing evidence emerged during 1975 of a radical development
of demand for reprocessing facilities. This will clearly change the over-
capacity of recent years to a substantial undercapacity by the end of
the 1970s. The creation of the Belgoprocess Group is one consequence of
this trend, and may well result in the establishment of a new company
or organisation to take over the Mol plant for reprocessing fuels from
Belgian utilities. Initial capacity \rould probably be some sixty tonnes
of uranium per year. Participation by other countries might be envisaged
on a reciprocal basis.

14-7. Fuller details of the technical work at Eurochemic during 1975
are given in Annex A.

the majority of participating governments.



HALDEN

148. The OECD Halden Reactor Project /c[5_7 continued during 1975
to concentrate on performance testing of water reactor fuel elements
and assemblies, and in particular to investigate fuel failure mechanisms.
Increasing attention was also given to fuel characteristics and behaviour
(e.g. densification, fuel temperatures, fission gas release, etc.) of
importance for safety analyses, while plans were developed for several
new fuel safety experiments. Work continued on computerised control
systems for improved plant performance and reliability, with emphasis on
core power distribution control, operator-process communication, and
"prime cause analysis" of plant disturbance situations. Fuller details
of the work of the Project during 1975 are given in Annex B.

149. Negotiations for a new 3-year extension of the Halden Project
Agreement for 1976-1978 were concliided during 1975- A budget of
73 million Norwegian kroner for the three years was agreed.

150. The new programme will cover three main research areas: fuel
performance and safety studies; process supervision and control; and
mathematical modelling and simulation of reactor behaviour. For its
preparation, a feasibility study was performed by a small Group of everts
from safety research organisations in Germany, Italy, Japan and the
United States, with the participation of the Secretariat of the NEA
Committee on the Safety of Nuclear Installations (CSNI). As a result
of recommendations by this Group the new programme includes activities
related to safety research both on fuel and in the computer control
area /267.

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 of this Agreement are - besides the Norwegian
Institutt for Atomenergi - the Danish Atomic Energy Commission,
the Finnish Ministry of Trade and Industry, the Italian Comitato
Nazionale per l'Energia Nucleare, the Japan Atomic Energy Research
Institute, Kernforschungsanlage Jülich 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.

/267 The studies on fuel performance and safety will include behaviour
during operational conditions ranging from steady state, through
load following with steep power transients, to accident conditions
caused by flow starvation and loss-of-coolant type transients. The
process supervision and control programme will concentrate on core
surveillance and control, and operator-process communication.



DRAGON

151. In the last Activity Report it was indicated that the OECD
Dragon Reactor Project - as well as other projects throughout the world
devoted to the high-temperature gas-cooled reactor system - had become
the subject of intensified interest as a result of the "energy crisis".
This was particularly because of the HTR's unique promise of very high
temperature heat suitable for industrial processes such as steelmaking,
production of hydrogen from water, or production of substitute liquid
or gaseous hydrocarbon fuels from coal or lignite.

152. Unfortunately interest could not be maintained at this high
level during 1975• Instead, as mentioned earlier in the present Activity
Report, the HTR system experienced severe setbacks particularly over
its expected commercial introduction for electricity generation, notably
in the USA. The repercussions of this development were strongly felt
in many countries, and also had their effect on efforts under way to
negotiate a prolongation of the Dragon Project Agreement beyond 31st
March 1976.

153. Another factor which significantly influenced the prospects
for this prolongation can be seen in the British decision to concentrate
future national nuclear power development effort on only two reactor
types, the steam generating heavy water reactor (SGHWR) for short-term
applications and the sodium cooled fast breeder for the longer term.
Thus HTR development in Britain received only very low priority, and
this was crucial because of the situation of the Dragon reactor experi-
ment in the UK. Apart from a relatively limited HTR effort in France,
the Federal Republic of Germany became the main participating country
with active and well advanced programmes in both application areas of
the HTR - electricity generation and process heat production. However,
in spite of the substantial interest also shown by some other Signatories,
it did not prove possible to agree a basis for a prolonged extension of
the Dragon Project. New proposals for a shorter extension of the Agreement
wer,? explored. Their purpose was to give time for the partners to consider
whether they wished to restructure the Dragon Project on a new financial
basis, possibly with additional participants.

The extension agreement of 1973 had provided for a decision
on any further extension to be taken by 30th June 1975 and the funds
available under the agreement were based on the assumption that, if a
further extension were not agreed, the Project would run down gradually
after that date. In the absence of such an extension agreement, it became
apparent to the Board of Management that the funds available would not
permit the winding-up of the Project to be deferred beyond early December.
Consequently, notice of desecondment was given to the majority of the
staff in September. During December, it became clear that no extension
would be agreed and the winding-up of the Project therefore began. (Other
attempts were made in early 1976 to reach agreement on an extension until
the end of 1976 ; however, no such agreement had been found by 31st March
1976 when the Project therefore came to an end.)

155» Just before the end of 1975 the German Kernforschungsanlage
Jiilich (KFA) which is the centre of German HTR development, injected
additional funds into the Project to provide for a limited data evalua-
tion programme.

156. These complex and prolonged negotiations have been a substantial
preoccupation of the MEA Secretariat, as have also the planning of arrange-
ments (in particular the protection of the interests of the Signatories [27])
in connection with the termination of the Project.



157« Details of the technical work of the Dragon Project during the
period of the present report are summarised in Annex C. A fuller account
is given in the Project's own Sixteenth Activity Report (1974—75) which
was published by OECD in December 1975.

POOD IRRADIATION

158. Although it has been known for many years that preservation
of food by irradiation offers considerable promise, the process tends
to be regarded with suspicion and in most countries is subject to strict
control by law. Objective scientific evidence is required to enable
the health authorities to make an informed judgement on whether irra-
diated foods may be accepted for human consumption.

159- To obtain such objective evidence involves testing procedures
which require highly specialised scientific and technical staff and
facilities over lengthy periods, and which are therefore very costly.
There is thus a sound case for work at international level enabling
interested countries, for a comparatively modest outlay, to support a
joint programme which would probably be prohibitively expensive if they
were acting individually.

160. These are the considerations behind the International Project
in the Field of Food Irradiation, set up in January 1971 under an
Agreement originally signed by nineteen Member countries of one or
more of the three sponsoring international organisations: NEA IAEA
and the Food and Agriculture Organisation (FAO) of the United Nations

/2s7
161. The Project's original Agreement covered a period of five
years (1971-1975)- An Extension Agreement under which the Project will
continue its activities for a further three years (to 31st December
1978) was signed by twenty-three countries in Paris on 16th December
1975.

Austrian Government, the Commission of the European Communities
(representing Belgium, Denmark, France, the Federal Republic of
Germany, Ireland, Italy, Luxembourg, the Netherlands and the United
Kingdom), AB Atomenergi of Sweden and the Swiss Government. The UK
Atomic Energy Authority, which had been Host organisation to the
Project since its creation in 1959? remained also as a separate
Signatory of the Dragon Agreement.

_/38"7 The nineteen original Signatory countries were Austria, Belgium,
Canada. Denmark, France, the Federal Republic of Germany, Israel,
Italy, Japan, the Netherlands, Norway, Portugal, South Africa,
Spain, Sweden, Switzerland, Turkey, the United Kingdom and the
United States.

Brazil, Finland and Iraq have subsequently joined the Project with
cash contributions while Hungary and India have joined with
contributions in kind. Canada has not acceded to the Extension
Agreement.

A full list of the various national authorities and organisations
participating in the Project in 1975 is given in Annex D.



162. The Project's programme of work dtiring the first five years
has been mainly devoted to wholesomeness testing (with laboratory
animals) of a range of irradiated food items. Initially the Project
carried out certain supplementary studies on irradiated wheat and
potatoes, as had been recommended in 1969 "by a Joint FAO/IAEA/WHO
Expert Committee on Irradiated Food. Further items (fish, spices,
mangoes, rice) have subsequently been included in the programme. In
addition, a modest programme of research into alternative methods of
testing irradiated foods and food components for wholesomeness has been
pursued at the Host Centre.

163. A further Joint FAO/IAEA/WHO Expert Committee on Irradiated
Food is to meet in Geneva in September 1976 and will examine wholesomeness
data on a variety of irradiated foods comprising those tested in the
Project's own programme of work and also those which have "been extensi-
vely tested elsewhere. One of the principal preoccupations of the Project
over the past year has been to establish detailed plans for gathering and
preparing all available data for preparation in a form suitable for pre-
sentation to the Joint Expert Committee. This preparatory work is being
carried out with help from a number of expert consultants. The recom-
mendations of the Joint Expert Committee will be crucial to the future
of irradiation as a food preservation process. Favourable recommenda-
tions, for example, would provide a stimulus to the application of the
process, particularly in developing countries where food wastage problems
are acute, and to the future programme of work of the Project.

164. An important decision of principle was taken during 1975 by
the Project's Scientific Programme Committee. Following a review of
the results of the Project's studies so far, and having regard to the
limited resources available, the Committee concluded that further syste-
matic wholesomeness testing of individual food items would be unreasonn-
ably time-consuming, costly and wasteful. It was therefore decided to
reorient the programme towards systematic review of all available data
and to studies specifically designed to provide additional data where
those existing were incomplete or suspect. At the same time it was
decided that future animal feeding studies should be much more oriented
towards determining the nature of radiation-induced changes in foods
and the toxicity of any radiolysis products identified.

165. NEA provides the Secretariat for the governing bodies of the
Project. A detailed account of the Project's work is given in Annex D.

GAS-COOLED FAST REACTORS

166. For some years now, interest in gas cooled fast reactors has
been concentrated in the NEA Co-ordinating Group /2$/ and the Brussels-
based Gas-Breeder Reactor Association /JO/, representing international
governmental and industrial interests respectively. Both groups have

Co-ordinating Group on Gas-cooled Fast Reactor Development, esta-
blished in 1971•, now supported by nine countries: Austria, Belgium,
France, the Federal Republic of Germany, Japan, the Netherlands,
Sweden, Switzerland and. the United Kingdom.

_/30,7 Created in 1969 by interested industrial groups in the countries
of the NEA Co-ordinating Group. The GBRA is directly represented
in the BTEA Group.



the long-term objective of assembling sufficient technological data and
experience to launch a joint project for the design, construction and
operation of a demonstration plant. Much of the proposed GCFR technology
would he derived from that of the thermal high-temperature gas-cooled
reactor, so that the severe setback suffered by the HIR. reported else-
where, inevitably influenced prospects for the GCFR also.

167- Two main GCFR concepts were nevertheless being pursued theo-
retically: one using pin-type fuel assemblies with vented elements, the
other based on coated particle fuels similar to those developed for the
Dragon HTR. During 1975 most effort was concentrated on the pin version:
the general areas of design and safety work, heat transfer, and irradia-
tion of experimental fuels were pursued experimentally in a number of
national establishments. More work is still required, however, on fast
neutron fuel irradiation, and on corrosion/erosion testing of rough and
smooth pin surfaces, especially to determine the effects of impurities
in the helium coolant.

168. With regard to coated particle fuels, some difficulties have
been encountered with a proposed silicon carbide coating which failed
to survive prolonged fast neutron irradiation. It would appear that
new coating methods will be needed if this type of fuel technology is
to be pursued.

169. The main design activities of the GBRA were reduced during
•̂ 975) emphasis being transferred to safety considerations. Several
expert meetings were devoted to a conceptual design study for a 1200 MWe
commercial reactor, with special reference to two safety analysis reports.

170« In summary, the hesitation to embark immediately on detailed
design studies for a demonstration GCFR plant, already noted in 1974-
and recorded in the previous Activity Report, remained strong in 1975-
Nevertheless a clear desire exists to keep open this option, and the
ability to intensify development work at a later stage.

DIRECT CONVERSION

171• For many years NEA and the International Atomic Energy Agency
have jointly sponsored International Liaison Groups concerned with two
scientifically interesting, though economically unsure, methods of
direct conversion of heat to electricity - magnetohydrodynamic (MED)
and thermionic generation. Through these Liaison Groups, Member coun-
tries have been able to follow worldwide developments in the two techno-
logies without becoming involved in heavy expenditure, other than for
such national programmes as they might wish to pursue.

MAGEETOHYDRODTNAMICS

172. Because any method of increasing the overall efficiency of
heat conversion to electricity in power stations must stimulate interest,
the possible use of MHD direct conversion systems in combination with
more conventional generating equipment has received considerable atten-
tion. At one time this included interest in some form of "closed-cycle"
MHD which could be used to increase the efficiency of nuclear power gene-
ration. However the very great problems of practical engineering for
reliable commercial operation of such plant have now virtually reduced
MHD work to open-cycle systems for use with conventional oil or coal-
fired heat sources. Even here, economic viability remains unproven,
although from the purely technical viewpoint better heat conversion
can be achieved at a cost.
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175• For these reasons NEA's interest in MHD, which dates from some
15 years ago, has become difficult to justify in face of competing
demands on the limited resources available. Towards the end of 1975
the Steering Committee for Nuclear Energy decided that consultations
should be initiated with the IAEA with a view to NEA disengaging from
its present commitments in this field. These consultations indicated
that the IAEA would continue its own small MHD programme, including
support of the Liaison Group.

174-. During 1975 the NEA/IAEA Liaison Group organised the Sixth
International Conference on MHD Power Generation (Washington, 9th-13th
June). The results of this Conference will be published in 1976 in
a Status Report on MHD Power Generation now in preparation.

THERMIONIC CONVERSION

175- Apart from the USSR and the US, where considerable programmes
of research into thermionic conversion are being pursued, interest
elsewhere is minimal with only modest programmes being followed in Prance,
Germany and the Netherlands. This emerged from a meeting of the Joint
BIEA/IAEA International Liaison Group on Thermionic Electrical Power
Generation which took place at the Eindhoven University of Technology
in September 1975«

176- The US studies are based on a revived space-oriented .programme
with an annual budget running at $ 2.5 million. The basic ultimate
objective is to design rocket propulsion and support systems for use
in vehicles to be sent on very long-distance missions where solar energy
might not be available.

177- Some terrestrial applications might eventually derive from
this prijnary objective, but apart from studies of a thermionic "topping"
cycle to increase the efficiency of fossil-fuelled power stations (as
with MHD systems) no specific applications have yet been identified.

178. Work in the USSR is mainly concentrated on the development of
thermionic energy converters, control elements, nuclear reactor powered
systems (a small thermionic reactor system known as Topaz 3 has demons-
trated the operational feasibility of such equipment), and radioisotopic
thermionic converters. The USSR sees promising prospects for thermionic
topping cycles related to high temperature reactors.

179« For reasons similar to those concerning MHD, towards the end
of 1975 the Steering Committee for Nuclear Energy decided that NEA
should disengage from its commitment to the Joint KEA/IAEA liaison Group.
The IAEA is also to discontinue its activities in this field.

ISOTOPIC BATTERIES

180. One of the most-significant developments in the application
of energy from radioisotopes with which NEA has been concerned in recent
years is the use of plutonium 238 heat sources in conjunction with
thermoelectric generators to power cardiac pacemakers.

181. When the NEA Study Group on Isotopic Batteries was set up
in 1967 Ẑ l.7, its general mandate was research and development in the

Present membership: Austria, Canada, Denmark, Prance, the Federal
Republic of Germany, Spain, Sweden and Switzerland.



field of miniature isotopic batteries. However it is to the use of
such batteries in cardiac pacemakers that the Study Group has devoted
and continues to devote most of its efforts, having regard to the large
number /3]27r of isotopic-powered cardiac pacemakers which have been
implanted throughout the world.

182. The Interim Radiation Protection Standards for the Design,
Construction, Testing and Control of Radioisotopic Cardiac Pacemakers,
prepared by the Agency and adopted by the OECD Council in 197^1 were in
1975 also adopted by some non-OECD countries as a basis for their implan-
tation programmes. These interim Standards are intended to provide safety
guidelines for the production and clinical use of radioisotopic pacemakers
for a limited period, to enable an assessment to be made of their merits
and disadvantages over pacemakers powered by conventional batteries.

18J. To ensure that this assessment takes full account of the
improved efficiency and safety characteristics of radioisotopic pace-
makers, the Study Group's work programme in 1975 has been concerned with
the following aspects:

i) Survey of cremation practices

Accidental cremation has been identified as presenting the
most dangerious hazard in relation to plutonium powered
pacemakers. A thorough survey of crematoria conditions is
being carried out in order to permit the design of a cremation
temperature test based on actual conditions. The survey is
being carried out by Switzerland and will include information
provided from other Study Group countries.

ii) Source containment

As source manufacturers, the French. Commissariat a 1'Energie
Atomique is continuing to carry out all the tests specified
in the Pacemaker Standards, in collaboration with the Spanish
Junta de Energia Nuclear and the Institut de Tecnica Aeros-
pacial, on sources of improved design.

iii) Corrosion test

An accelerated corrosion test has been devised by the French
CEA, which will form the basis for a more severe test than
that specified in the Pacemaker Standards.

iv) Efficiency and safety of sources

The French CEA is continuing studies to improve the efficiency
and safety of sources. A new source design of reduced dimen-
sions, to take account of the more stringent requirements of
the cremation test, has been perfected.

v) Risk analyses for fuels

A risk analysis on tritium batteries is being carried out
in Federal Republic of Germany.

Some 1600 by the end of 1975-
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vi) Chemical battery development

The Study Group has recognised that considerable advances
are being made in improving the efficiency and durability
of conventional batteries (i.e. those based on mercury, silver
iodide, aluminium oxide, zirconium and organo-metallic crystals
as well as nickel-cadmium batteries) which could be recharged
from outside the body. It has therefore been decided to inves-
tigate these developments in order to compare the improved
performances claimed for conventional batteries with the known
performances of isotopic batteries. A general study is being
made in Switzerland, in co-operation with other countries, of
progress in the development of non-nuclear batteries for
cardiac pacemakers.

184. The Study Group has also examined the possibilities for other
applications of isotopic batteries. Recent work in Sweden and France
suggests that tritium conversion systems could provide sources which
are as reliable as and much safer than plutonium 238 and promethium 147
systems for applications such as medical pacemakers, certain scientific
instruments and electronic equipment. The Study Group is encouraging
further research and development work on tritium batteries.

185. Work is also being carried out in France and Switzerland on
tritium batteries for industrial applications.



IV. NUCLEAR SCIENCE





BACKGROUND

186. One of the most evident areas of nuclear energy where inter-
national cooperation can result in substantial savings of both money and
effort, at the same time contributing to more rapid scientific advance,
is that of basic data measurement, evaluation and diffusion, together
with equivalent activities for pooling the methodology of design, safety
and other calculations for which such data are essential preliminaries.
NEA has for many years provided a framework for cooperation and exchange
of information in these fields, both between OECD Member Countries and
between these countries and the rest of the world. The value of such co-
operation is demonstrated by the increasing demands for the services which
the Agency provides.

187. The Agency's action takes place at two levels: research
policy coordination, and exchange of research results. At the policy-
making level, outstanding problems of importance to members are identified,
in reactor physics by the NEA Committee on Reactor Physics (NEACRP) and
as concerns the basic physics measurements necessary to solve them, by
the NEA Nuclear Data Committee (NEANDC). At a purely technical level,
the NEA Computer Program Library (CPL) at Ispra allows members to share
the large and complex computer programs used in the physics analysis of
reactor core and shielding problems, and in applying "raw" nuclear data
in these fields. The NEA Neutron Data Compilation Centre (CCDN) at Saclay
works as one of a network of four data centres, collecting data from its
Member countries, exchanging them with data from other regions through
the four-centre network, and answering requests from Member countries
for data from all over the world.

188. These information-sharing activities, and similar cooperation
in some other fields covered by NEA, raise more general questions of
information handling techniques and technical policy. Such questions
are discussed in the Nuclear Information Working Group, (NTNF) which
comprises senior officials from the scientific information services of
national atomic energy authorities in Member countries. Much of this
work, and especially that of the CPL and the CCDN, depends on a high
degree of computer use, and this is reflected in the interests of the
NINF group.

189. At a level intermediate between NEACRP/EEANDC and the specialised
information centres CPL and CCDN, a number of specialist meetings - spon-
sored by these Committees and aimed at defining the "state of the art" and
identifying the need for further research in specific fields - are organised
each year.

NEA COMMITTEE ON REACTOR PHYSICS (NEACRP)

190. NEACRP is a committee of individually designated experts, with
representation - either directly or through regional arrangements - from
all interested NEA countries and from the Commission of the European
Communities. The IAEA is normally represented at plenary NEACRP meetings
by a qualified observer.
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191- The overall task of the Committee is to "review the existing
state of knowledge in selected areas of reactor physics of general interest
to the nuclear energy programmes of the countries concerned, identify
discrepancies and gaps in this knowledge and promote the initiation and
co-ordination of programmes of research to fill the gaps". This task is
approached principally through plenary meetings, which are normally held
at laboratories where relevant work is carried out, and through specialist
meetings on subjects of particular importance.

192. The main plenary meeting in 1975 was held in June at the Centro
di Calcolo, Bologna. Selected areas in reactor physics reviewed were:

- short-lived fission product decay properties - integral and
differential data;

- breeding assessment for fast reactors, including gas-cooled
fast reactors;

- transformation of actinides and fission product isotopes by
neutron irradiation;

- optimisation of fuel management and control rod programming
for thermal and fast reactors;

- neutronic problems in fusion reactors;

- streaming problems in fast and thermal reactors.

193 • In addition, solutions to "benchmark" 2-dimensional problems
referring to light water reactors were discussed, and a cooperative
programme was agreed for similar calculations referring to light water
reactor 3-dimensional problems.

The following specialist meetings were held during the year
under the scientific sponsorship of the NEACRP:

- specialists' meeting on new developments in 3-d-imensional
neutron kinetics and review of kinetics benchmark calculations,
held at the Laboratorium für Reaktorregelung und Anlagensiche-
rung, Garching (Federal Republic of Germany), in January (co-
sponsored by tiie Committee on the Safety of Nuclear Installations)

- restricted meeting of specialists on shielding benchmark expe-
riments, held at the UK Atomic Energy Establishment, Winfrith
in April;

- specialist meeting on sensitivity studies and shielding bench-
marks, October (co-sponsored by xAEA).

195. The last two meetings were part of a coordinated effort to
determine the accuracy with which nuclear data are required for prediction
of reactor shield performance and the relative roles of differential and
integral measurements in achieving this accuracy. NEACRP having played a
significant role in promoting CPL's Service on the Experience of Code
Utilisation (SECU) /3.3_7 it was recommended during these meetings that the
Service should be extended to cross-section processing codes.

/J_27 See paragraphs 203-205.
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NEA NUCLEAR DATA COMMITTEE (NEANDC)

196. Like NEACRP, this' is a committee of designated experts with
representation from all NEA countries interested in the field, as well as
from the Commission of the European Communities. Again as for NEACRP, a
qualified observer represents the IAEA at plenary NEANDC meetings.

197« 'The Committee is mainly concerned with the promotion of co-
operation in the measurement and evaluation of nuclear properties of
general importance. This objective is pursued through written procedures
and at plenary meetings which are usually held at laboratories where
related work is in progress. In addition, specialist meetings are organ-
ised on subjects of particular interest.

198. The 19?5 annual meeting of the NEANDC was held in April at the
Atomic Energy Research Establishment, Harwell, UK. The following areas
concerning measurements and evaluations were particularly examined:
thermal neutron data for the main fissile isotopes; activation detector
cross sections (a number of important differential measurements being in
progress); fission product nuclear data including the results of an inter-
comparison of statistical model computer programs. An enlarged topical
session took place on capture cross section measurements with particular
emphasis on experimental techniques and problems.

199. At the meeting NEANDC examined its future role, and consensus
was reached that its scientific character should be further developed
while questions of broad policies in the international exchange of nuclear
data should be left to the International Nuclear Data Committee (INDC) of
IAEA. This would help to avoid overlapping in the activities of the two
Committees, as would the adoption of an information base within the areas
of standards and discrepancies common to the two Committees.

COMPUTER PROGRAM LIBRARY (CPL)

200. The Computer Program Library is basically a clearing house for
computer programs for nuclear energy calculations. It operates by collect-
ing, classifying, testing and distributing program "packages" (i.e. the
programs themselves plus running instructions and other necessary inform-
ation), which have been developed by and are contributed, without charge,
by research and other establishments in participating countries £$l£7• The
CPL is housed in premises at the Ispra (Italy) Joint Research Centre of
the European Communities, so enabling it to make use of the computing
equipment in the European Scientific Data Processing Centre, CETIS, which
is part of the Research Centre.

During 1975 Australia became a participating country in the CPL
bringing the total participation to 15 countries. The other 14
were: Austria, Belgium, Denmark, France, the Federal Republic of
Germany, Italy, Japan, the Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland and the United Kingdom. The CPL budget is
contributed by these countries, which were also joined by Finland
on 1st January "1976.
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201. Well over 160 new programs were added in 1975 to the collection
of tested and master-filed programs held by the CPL, and 730 program pack-
ages were sent out. All programs are tested by the Library before being
supplied to requestors: because this testing is expensive in terms of both
staff effort and machine time, it is not carried out until receipt of a
first request for any particular program. Subsequent demands can then be
satisfied promptly from a master-file copy of the tested version. Were
it not for t\+z centralised testing, each program user would be obliged to
do this himself, at a much greater total cost. Programs most in demand
during 1975 were those referring to the analysis of reactor safety problems,
some of them of considerable size and complexity (representing very consi-
derable development costs and containing several tens of thousands of
FORTRAN statements).

202. Experience during the year confirmed some recent trends in the
use of the CPL. In the first place, the programs offered are increasing
in number, size and complexity, while requests for them are not only in-
creasing in number but, in view of the requirements from ambitious nuclear
programs, more speedy action on the part of the CPL is demanded.

203. At the same time, however, users are looking more and more to
the CPL for help with their problems beyond routine testing. This was
clearly brought out by the pilot study on the requirements for a Service
on Experience of Code Utilisation (SECU) in 1974-, in which the NEA Commit-
tee on Reactor Physics (NEACRP) played a significant part. The study
referred to shielding codes, and NEACRP was also closely involved in
analysing the findings. In particular, the experiment showed that SECU
had to be a continuing operation, because experience acquired must be up-
dated regularly and maintained. In consequence, the follow-up of the
pilot study featured prominently in tht- Library's 1975 work programme.

204. The SECU study also demonstrated the importance of being able
to anticipate users' needs. To avoid inappropriate use and needs for modi-
fication identified simultaneously at several establishments (both costly
and, above all, time-consuming) the SECU effort should aim at quickly
processing and disseminating early experience with the programs concerned.

205. From the operational viewpoint, 1975 showed that the combined
requirements of continually increasing traditional workload at the CPL,
together with the SECU, were overloading the Library's resources. In
particular, since the scope for improved productivity through automation
had been virtually exhausted, the future possibility of providing SECU
must depend on some modest expansion.

NEUTRON DATA COMPILATION CENTRE(CCDN)

206. Since its foundation in 1964, the NEA Neutron Data Compilation
Centre (Centre de Compilation de Donnees ITeutroniques, or CCDN) has been
the "service centre", for European countries of OECD and for Japan, for
nuclear data compilation, storage and dissemination. Since 1970, cooper-
ation between regional data centres has been formalised within a "four-
centre network", comprising CCDN, the National Neutron Cross Section
Centre (NNCSC at Brookhaven in the United States, the Nuclear Data Section
(NDS) of the IAEA in Vienna, the Centr po Jadernym Dannym (Nuclear Tata
Centre) at Obninsk in the Soviet Union.
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207. Thirteen countries £$$/ participated in 1975 directly in the
CCDJT which is housed in premises made available by the French authorities
at the Centre d'Etudes Nucleaires at Saclay, south of Paris. Its main
activities comprise the maintenance and operation of computerised filing
systems for bibliographic references and numerical (experimental and
evaluated) data on neutron-induced and other related nuclear reactions.

208. Four major systems are concerned, and their status at the end
of 1975 was as follows:

- CINDA (Computer Index of Neutron DAta): 130,000 entries
referring to some 25,000 Titerature citations and EXFOR data
sets (see below). CINDA input is supplied by all four centres
of the "network". A cumulative print-out is published in book
form by IAEA on behalf of the four centres, working from a
special tape supplied by CCDN as input to the photo-composition
printing process used. Starting with the 1976 edition (CINDA
76), the cumulation will for reasons of economy be published
biennially rather than annually as hitherto, with intermediate
supplements.

- NEUDADA (NEutron DAta under Direct Access): contains some 2
million records oT~~numerical results from experiments, plus
explanatory comments. Experimental data retrievals are made
from this file.

- EXFOR (Four-centre international Exchange FORmat): has been
used since 1970 for data exchange~b"etween the four centres.
Some 1.6 million records have so far been exchanged in this
format. EXFOR data sets are indexed in CINDA.

- Evaluated Data Files: Some one million evaluated data points
are recorded in files such as "ENDF/b", various files in "UK
format" (UKNDL, files from France and Italy) and "KEDAK".

209. CCDN contributes on behalf of Member countries to the WREWDA
file (World REquest List for Neutron DAta Measurements). This is a file
of data" measurements for which a need has been established but not yet
fulfilled. It was originated by CCDN and NEANDC but is now managed by
the Nuclear Data Section of the IAEA.

210. Finally, some specialised data compilations (for example,
fission product data) contributed by Member countries in their own formats
are held by CCDN for distribution on request.

211. Late in 1974-1 the CCDN's previous computer was replaced by an
IBM 370/125 with 4-00 million characters of on-line disc storage, sufficient
for all the Centre's major files to be immediately accessible. Attention
within the Centre was devoted to streamlining the working organisation in
order to make the best use of this more powerful installation, and to
completing the programs necessary for these changes. In particular:

- The coding conventions for numerical data were adapted and
programs written so that data could be simultaneously entered

Austria, Belgium, Denmark, France, the Federal Republic of Germany,
Italy, Japan, the Netherlands, Norway, Spain, Sweden, Switzerland
and the United Kingdom. The CCDN budget was contributed by these
countries, which were joined by Finland on 1st January 1976.
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in the NEUDADA file and transmitted to other centres in BXFOR
format. This change is one aspect of the importance given to
CCDN's obligations within the four-centre network: previously
data had first to be entered in the NEUDADA file before they
could be translated to EXFOR.

With the transfer of the CINDA programs to the new computer,
including minor modifications requested by the other centres of
the network, development of this system was virtually completed.
While CINDA compilation work within CCDN is now largely inte-
grated with coding of numerical data, the Centre relies strong-
ly on its network of laboratory correspondents, who supply the
main bulk of abstracts, including timely information on work in
progress. A seminar was held in November 1975 '~° familiarise
these CINDA Readers with the new system, and to coordinate
their literature indexing work in order to improve its speed
and completeness.

NUCLEAR INFORMATION WORKING GROUP (NINF)

21?. The Nuclear Information Working Group provides a forum for dis-
cussion of information handling problems of special interest to NEA Member
Countries, as well as more general problems of nuclear information. For
some time the Group's interest was centred on the provision of input to
the IAEA's International Nuclear Information System (INIS) but input
arrangements for countries with a well-defined nuclear programme are by
now moving smoothly, and during 1975 emphasis shifted towards improved
customer service. This is mainly concerned with the development of classi-
cal libraries into documentation centres, and with continuing progress from
purely bibliographic data towards specialised compilations of numerical
data. NINF meetings have in consequence given special attention to tech-
nical developments in "network access" to scientific information, automatic
indexing, and to such matters as the design of a "thesaurus" for legal in-
formation. In May 1975 it was decided that these activities could best be
developed by nominating ad hoc groups of experts to carry out studies of
such specific technical problems.



ANNEXES





A. EUROCHEMIC

Following termination of reprocessing operations at the Mol
plant, the extraction cycles were shut down on 10th January 1975« Pluto-
nium purification and conversion into oxide continued until 24th January,
at which date work began to place the entire plant on standby.

PLANT SITUATION

Basic equipment and services, such as power, water, steam
supplies and ventilation, remain necessary and their maintainance through-
out 1975 (and since) has continued to he assured.

During the ;/ear, the chemical treatment units were rinsed out,
enabling them to be declared "free from fissile materials". This opera-
tion allowed a partial decontamination of the equipment and consequently
almost all the active cells could bo opened for inspection.

Decontamination of the irradiated fuel reception and storage
building was also undertaken, the equipment being either cleaned or
dismantled.

COHDITIOMTHG AMD ST0J2AGE OF RADIOACTIVE WASTES

With a view to deciding on the most appropriate procedures for
waste conditioning and storage, and inventory was made of all solid wastes
at the Eurochemic site. First steps were subsequently taken for the con-
ditioning of uranium-bearing wastes and other wastes comprising essentially
fuel element structural materials : this action was undertaken in the
storage pond containing the wastes.

Construction was practically completed of a facility for bitu-
minisation of medium-level wastes. By the end of the year functional
testing has begun, and this will be completed in the first half of 1976.
The bulk of construction work on the associated storage facility was
completed : installation and testing of the handling equipment should be
completed by the autumn of 1976, and the complete facility can then be
brought into service.

The industrial development laboratory continued to work on the
conditioning of medium and high-activity wastes. Good progress was made
with the cold testing of the "LOTES" (low temperature solidification)
system for high-activity wastes, and a modified fluidised bed technique
was developed which limited the production of dust. Experiments showed
that thermal treatment of aluminium phosphate granules could considerably
reduce their solibility.
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Special attention was given to methods for the incorporation
of oxide, phosphate or glass granules in metallic matrices of lead, zinc
or aluminium alloys. Several methods were developed for ensuring an even
dispersion of the granules in the molten metal. Studies were carried out
on the significance of granule size, the thermal conductivity of the
final product, and the mutual compatibility of various component materials.
Corrosion tests were begun to determine the behaviour of metallic matrices
in water, salt or argillaceous ground. A "hot test" was made as part of
a contract with the German company Gelsenberg AG. : for this a first
metallic matrix of 1200 cm*, containing beads of vitrified fission products
with an activity of 5>kCi, was successfully cast in October 1975«

The industrial development laboratory also carried out a study
on chemical pre-treatment of wastes intended to be incorporated in bitumen,
as well as developing programmes for the treatment of solid wastes and the
conditioning of organic solutions. Possibilities are being examined for a
wider cooperation in these fields.
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B. HALDEN PROJECT

Operation of the Halden boiling heavy water reactor installa-
tion continued throughout 1975, this being the third year of the 1973-75
programme. The progicuume is concentrated on detailed in-pile measurements
on experimental fuel during long-term operation, together with the develop-
ment of computer-based reactor control and supervision systems. The main
objectives are :

- to obtain experimental data for the design and safety analyses
of water reactor fuel and fuel element assemblies ;

- to evolve water reactor operational procedures resulting in
optimal reliable fuel performance ;

- to develop the advanced instrumentation systems needed for the
fuel research programme ; and

- to further develop automatic computerised control systems for
power reactors under practical conditions of continuous opera-
tion with sudden load changes and postulated fault conditions.

The fuel research programme is pursued through the irradiation
of a wide variety of heavily instrumented test fuel assemblies. Some
sixty assemblies an(^ rigs were irradiated during the year, the particular
areas investigated being mechanical interaction between fuel pellet and
cladding, over-power failures mechanisms, thermal properties of fuel and
fission gas release. Work on computer-based control was mainly devoted to
methods for core and plant control for different modes of operation, and
to the further development of appropriate control rooms.

CONTROL METHODS AND COMPUTER APPLICATIONS

Work directed towards on-line control of core power distribution
in large light water reactors continued during 1975? with emphasis on
xenon oscillation control in large PWE cores. The objective was to demons-
trate, through computer simulations, the feasibility of two chosen ap-
proaches. The first is based on well-known modern process control theory ;
the core power and power axial offset are kept at set-point by control
signals calculated by feeding back estimates of the core state vector.
The second approach is more sophisticated, aiming at predictive control
of both power distribution and level : in evaluating the control strategy,
inherent core dynamics and effects of control actions during the control
period are taken into account through linearised models.

The development of real plant control systems has been carried
further, concentrating on a load following system for BWE power plants.
The method adopted has been based on the theory of optimal control of
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linear systems subject to quadratic objective functions and disturbed by
gaussian white noise. The work has comprised two main parts : an investi-
gation of the variation of the linearised model parameters with the reactor
state, followed by examination of the effects of these variants on the
control algorithm and on the performance of the closed-loop control system.

Work on operator-process communication has been aimed at devel-
oping systems itfhich will improve the operator's knowledge of the process
status. Experiments have been run to examine the performance of the
operator-communication system, OPCOM, over a long period of operation of
the Halden Reactor.

An interactive on-line disturbance analysis system, which, will
assist the operator when abnormal plant situations occur, has been devel-
oped. The system analyses the situation based on a-priori descriptions of
various disturbances, direct reading of process variables, and. information
from the operator, and presents to the operator information on the causes
and possible consequences of the disturbance and on the proper actions to
be taken.

FUET, RESEARCH

Although a highly sophisticated understanding of nuclear fuels
hac been developed, the statistical significance of performance-limiting
phenomena can be assessed only on the basis of failure experience in
power reactors. Such experience, however, may not be sufficiently detailed
to allow optimisation of corrective actions. A key role of the Halden
Project is to perform experiments which quantitatively define relationships
between design and operational parameters and failure modes, frequencies,
and consequences. A similar philosophy is applied to the allied problems
of developing the quantitative data base needed for anticipating the
consequences of postulated accidents which are not amenable to empirical
study.

Among matters concerned with fuel performance which were exa-
mined in 1975, special attention was given to pellet-cladding mechanical
interaction (PCMI) and removal of stored heat. Experimental studies of
fuel dimensional response, temperature distribution, internal gas pressure,
and fission product release during failure were performed. Nearly sixty
instrumented test assemblies were irradiated d.uring the year. In many
cases, information obtained during irradiation was supplemented by post-
irradiation examinations.

Progress was made in several areas of mathematical model
development for predicting fuel performance. Strengthened co-ordination
between fuel experiments and computer functions proved most beneficial
in providing guidance for test design and data evaluation, and in en-
hancing the realism and applicability of computer codes.

REACTOR OPERATION

The Halden Reactor operation schedule is mainly governed by
the fuel testing programme. During the past year there were two scheduled
major shutdowns for core reloading, maintenance and smaller plant altera-
tions. Each of these took some 6-8 weeks. In addition, there were stops
of shorter duration for performance of special fuel experiments. The
computer experiments had no significant effect on the operation of the
reactor.



The reactor performed satisfactorily throughout the operational
periods, and although there were several unscheduled stops they were all
of short duration. Reactor availability amounted to 29«7 %, while the
remaining time was spent on scheduled shutdowns (50.8 %) and unplanned
stops (8.5 %). The reactor was usually operated between 8 and 10 MW,
depending on test fuel limits. The integrated power during the year was
-128? MWd.



C. DRAGON PROJECT

I...

Reference has been made in the main body of the present Report
to the setbacks suffered during 1975 toy all high-temperature reactor
projects. Nevertheless HTR technology, notably within the Dragon Project,
continued to develop favourably during the year, confirming in particular
the potential advantages of the system for process heat applications,
steam methane reforming, hydrogen reduction of steel, and lignite gasi-
fication, with thermochemical hydrogen production as an important addi-
tional possibility. Continued consideration was also given to possible
dual-cycle energy conversion (e.g. a direct cycle gas-turbine plus a
conventional heat exchanger and steam turbine) with the objective of
increasing overall thermal efficiency. Such a combined system represents
a potential advantage that is peculiar to the HTR, and is perhaps one
of the most important factors in favour of its adoption in preference
to alternative nuclear power systems.

The HTR also offers very favourable safety characteristics,
and during the past year an effort was made towards formalising this
advantage, to assist licensing and regulatory bodies in dealing with
commercial proposals for HTR power stations.

Although the general importance of these considerations was
well recognized, operation of the Dragon Reactor Experiment at Winfrith
(United Kingdom) continued during 1975 to be mainly concerned with
"conventional" steam-cycles for electrical power generation, and particu-
larly with the testing of relevant core and fuel-element structures.
Following the decommissioning of the Peach Bottom demonstration HTR in
the United States (shutdown in October 1974-) •> the Dragon Reactor Experi-
ment and the similar installation at Jülich (Federal Republic of Germany)
became the only large-scale HTR operating experiments. The Dragon Project,
through its collaboration agreement with the United States Energy Research
and Development Administration (ERDA) took part in the evaluation of ope-
rational data from the Peach Bottom Project.

During 1975, the Dragon Reactor Experiment programme involved
several complex maintenance operations inside the primary coolant circuit.
For example, it was necessary to close a gap between inner reflector
blocks through which excessive coolant had been flowing, thereby bypassing
the core. It was also necessary to replace some badly stress-corroded
stainless steel tubes in the bypass purification system. These operations
were greatly facilitated, as on previous occasions, by the remarkably
low level of radioactive contamination outside the reactor core.

The Reactor Experiment continued to be regarded as a major
tool in HTR technology research and development. An important development
during the year was the installation of improved automatic data-logging
equipment together with a "mini-computer" data-processing system.
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High standards were maintained in the production, process
control and quality assurance of the fuel for the Eeactor Experiment, as
a result of which the^previous very low level of coated particle fuel
failure (some 3 x 10"-3 free uranium fraction) continued to be realised.

An important advance in the experimental procedure for irradia-
tion tests on fuels was the development of a fuel element which could be
dismantled after irradiation in the Eeactor Experiment, and then reassem-
bled in a hot cell for further irradiation. Hitherto, experiments requiring
varying degrees of exposure of the fuel specimens had required separate
elements for each irradiation stage.

Considerable attention during the year was given to the problem
of disposal of the irradiated fuel from the Eeactor Experiment. To facili-
tate transport away from the Winfrith site, the possibility of bulk reduc-
tion was investigaged. This involved deconsolidation of the coated fuel
particles, followed by burning down to their silicon carbide layers.
Information obtained from this experimental work should be helpful for
the design of an appropriate "head-end" for commercial reprocessing of
irradiated coated-particle fuel.

In the research programme, much work was aimed at developing
core and primary coolant circuit components capable of operating at even
higher temperatures than hitherto. In this respect the core components
are probably more advanced than structural materials elsewhere in the
hottest parts of the primary circuit. Nevertheless much effort was devoted
to further improving the behaviour of coated particle fuels at very high
temperatures : whereas in the past the proven ability of particles to
withstand temperatures of 1200°C sustained over the fuel lifetime was
considered sufficient for steam-cycle HTEs, the requirement for more
advanced systems is thought to be some 2OO-3OO°C higher. This necessitated
new work both in kernel and coating development.

With regard to other constituents of fuel elements, work
continued during the year on matrix and graphite behaviour under irra-
diation at very high temperatures.

Outside the core, studies continued of the behaviour of struc-
tural metals in the hot helium environment of the primary circuit. These
studies involved, inter alia, the commissioning of new test rigs at Fiat
in Turin, while at the Norwegian Central Institute for Industrial Eesearch
in Oslo, creep-strain experiments on specimens were carried out over
periods up to 15,000 hours. These experiments provided further evidence
for believing that, at the temperatures involved in steam-cycle HTE power
production, commercially available materials should prove entirely adequate
for out-of-core primary coolant structures.
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D. INTERNATIONAL FOOD IRRADIATION PROJECT

As recorded in the previous Activity Report, the programme of
the International Project in the Field of Pood Irradiation has - since
the Project began - been mainly concerned with wholesomeness testing of
irradiated foods and related research studies, dissemination of informa-
tion, and advising national and international authorities in their con-
siderations of the acceptance of irradiated foods.

Although this programme was maintained during 1975, in the
light of experience certain changes of emphasis were introduced : these
have now been embodied in the Project's redefined programme of work as
set out in the Extension Agreement covering 1976-1978. The new programme
comprises the following :

i) completion of wholesomeness testing studies under way or planned
on irradiated wheat, fish, rice, spices and mangoes ;

ii) wholesomeness testing and related studies on other products or
groups of products to provide such additional data as may be
required ;

iii) systematic review and evaluation of the relevant data in the
scientific literature to identify the nature of chemical changes
induced in foods by irradiation and assessment of the possible
toxicity which might result ;

iv) preparation of comprehensive data files on the wholesomeness
of individual irradiated foods and groups of foods for consi-
deration by the national authorities of the Signatories, Joint
FAO/IAEA/WHO Expert Committees, or other national or interna-
tional authorities ;

v) investigations of more practical research procedures for deter-
mining the effects of irradiation on the wholesomeness of foods ;

vi) other studies as may be determined by the Scientific Programme
Committee ;

vii) dissemination of information resulting from the work undertaken
and of other information concerning wholesomeness testing or
relevance to the programme ;

viii) assisting national and international authorities in their con-
sideration of the acceptance of irradiated food.



WHOLESOMEMESS TESTING

The Project's programme of who1esomeness testing was initially
concerned with studies on irradiated wheat and potatoes to provide supple-
mentary data asked for by a Joint FAO/IAEA/WHO Expert Committee on Irra-
diated Food which, in April 1969» gave a conditional clearance for human
consumption for these products*.

Additional food items representative of various types of food
were subsequently selected for testing, and during 1975 the following
studies were continued or initiated :

a) Mouse reproduction study on irradiated fish (cod/redfish)

- Huntingdon Research Center, USA

b) Rat reproduction study on irradiated fish (cod/redfish)

- Industrial Biotest Laboratories Inc., USA

c) Rat feeding studies on irradiated spices

- Central Food Research Institute, Hungary

d) Mouse feeding study, on irradiated rice

- CREDO, France

e) DOP; feeding study on irradiated fish

- Industrial Biot.st Laboratories Inc., USA

f) Rat feeding studies on irradiated mangoes

- Warf Institute Inc., USA

g) Rat feeding and reproduction studies on irradiated Indian
mackerel

- Bhabha Atomic Research Centre, India

h) Rat feeding and reproduction studies on irradiated fish
(European plaice)

- Inveresk Research International, UK

i) Rat feeding and reproduction studies on irradiated fish
(Yellow-tailed flounder)

- Cannon Laboratories Inc., USA

j) Studies on the mutagenic potential of freshly irradiated wheat

- Life Science Research Ltd., UK

- Huntingdon Research Centre, UK

k) Investigations into the elevated level of serum alkaline
phocphatase induced following consumption of irradiated cod/
redfish mixtures by rats

- Inveresk Research International, UK

A list of these studies, and the organisations carrying them out, was
given in the Third Activity Report.
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The data derived from these and earlier studies, supplemented
by data obtained from other research, are expected to enable the Project
to prepare comprehensive reports on irradiated wheat and other cereals,
potatoes, papaya, chicken, rice, and other irradiated diets. The next
Joint FAO/IAEA/WHO Expert Committee will be asked to consider uncondi-
tional clearance for these food items. At the same time the Joint Expert
Committee will be asked to consider conditional or temporary clearance
for certain additional food items for which considerable data exist but
where supplsmentary studies may be required (e.g. strawberries, spices
and fish;.

.METHODOLOGY RESEARCH

Studies are being carried out under contract at St. Bartholomew's
Hospital, London, on irradiated foods with special reference to lipid
peroxide content and carcinogenic potential. The studies are being con-
ducted in close liaison with complementary studies on irradiated fish
at the University of Geneva.

A small research programme was started during the year at the
Host Centre Laboratories, involving experiments with rats using wholly
irradiated semi-synthetic diets. In addition, an experiment was under
way to determine the effects of irradiation on steroids, especially
cholesterol, in food*.

INFORMATION

The Project's information activities have assumed special
importance having regard to the extensive data to be prepared for the
next Joint FAO/IAEA/WHO Expert Committee. Not only is considerable work
being carried out by Project staff, but in addition a number of experts
have been engaged as consultants to the Project to assist in this work.

Eight technical reports on the various studies being carried
out under contract were issued during 1975? and further reports are
imminent.

For the first time, publication of two issues of the Project's
publication "Pood Irradiation Information" was achieved in the same year,
and it is planned to maintain this frequency. The publication deals with
all current developments in food irradiation and is intended not only
for scientists but also for all who have an interest in the subject.
Present circulation is about 3000 copies, distributed over seventy coun-
tries throughout the world.

ASSISTANCE TO NATIONAL AND INTERNATIONAL AUTHORITIES

In view of the present uncertainty regarding international
acceptance of irradiation as a food preservation process there has,
understandably, been rather little interest from national health author-
ities. In consequence, very few requests to the Project for assistance
have been received. However, considerable effort was devoted during 1975

* Generous Host Centre facilities comprising fully-equipped laboratories,
animal feeding facilities, office accommodation, and access to various
services, are provided by the Federal German Authorities at the Federal
Research Institute for Food Preservation, Karlsruhe.
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to the preparation of data for the next Joint FAO/IAEA/WHO Expert Commit-
tee on Pood Irradiation, which is to take place in Geneva in September 1976.

LIST OF PARTICIPATING ORGANISATIONS IN THE PROJECT (December 1975)

AUSTRIA

BELGIUM

BRAZIL

CANADA

DENMARK

FINLAND

FRANCE

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

- Ministere de la Sante Publique jointly with
Institut National des Radioelements (IRE)

- National Nuclear Energy Commission

- Department of Health and Welfare

- National Food Institute

- Ministry of Agriculture and Forestry

- Commissariat ä 1'Energie Atomique

GERMANY, FEDERAL REPUBLIC- Federal Ministry for Research and Technology

HUNGARY

INDIA

IRAQ

ISRAEL

ITALY

JAPAN

NETHERLANDS

NORWAY

PORTUGAL

SOUTH AFRICA

SPAIN

SWEDEN

SWITZERLAND

TURKEY

UNITED KliTGDOM

UNITED STATES

- National Atomic Energy Commission and
Ministry of Agriculture and Pood

- Atomic Energy Commission

- Atomic Energy Commission

- Atomic Energy Commission

- Comitato Nazionale per 1'Energia Nucleare

- Atomic Energy Bureau of the Science and
Technology Agency

- Ministry of Public Health and Environmental
Hygiene

- Health Directorate, Ministry of Social Affairs
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 l'Economie Publique,
Division du Commerce

- Atomic Energy Commission (General Secretariat)

- United Kingdom Atomic Energy Authority

- Energy Research and Development Administration
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