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The Organisation lor 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 (MEA) was established on
soth April 1972, replacing OECD's European Muclear Energy Agency
(ENEA) on the adhesion of Japan as a full Member.

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

The objectives of MEA 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 parly
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.
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INTRODUCTION

The almost general tendency in Member countries, after
October 1973, to place strong hopes in nuclear power as one of the most
accessible means of replacing imported oil for power production resulted
in a substantial expansion of civil nuclear power programmes. A little
over three years later, it is clearly confirmed that, of all forms of
energy, the largest projected increase for the next 15 years will still
be that of nuclear power production* because no other significant option
is available to meet OECD countries' energy needs during that period.

In 1976, however, despite the growing understanding that up
to the end of this century many countries will have to rely, to a large
extent, on nuclear power to close the gap between increasing energy
requirements and an insufficiently growing supply of fossil fuels, the
nuclear power programmes of the majority of Member countries have been
subject to significant delays with corresponding downward revisions of
the forecasts. This trend, which was already visible towards the end of
1975, has been followed with particular attention by the Agency, particu-
larly to provide Member countries with an objective assessment of some
of the most important factors which will be influencing their future
decisions in nuclear power planning.

Indeed, there have been changes of fundamental importance in
the total power market, and the share of nuclear power has been influenced
correspondingly. In the first instance, the trend towards energy conser-
vation, which has been envisaged since the oil crisis of 1973, has helped
to preserve adequate reserve margins for many utilities. Consequently,
fewer utilities have found it necessary to add base load units, which
constitute the prime market for nuclear power plants. Secondly, the
economic recession, which has been felt in varying degrees in Member
countries, has created a reluctance in industry to make new investments,
and thereby has slowed the increase in demand for power. Because of
uncertainties identified in the availability of fuel cycle services, in
particular reprocessing and uranium and plutonium recycle, prospective
reactor operators have had to modify their planning and give greater
consideration to the storage of spent fuels and the procurement of greater
stocks of uranium. A fourth element has been the continuing evolution in
soma countries of regulatory requirements. This has had an unsettling
effect upon utilities with the result that lead times required to
implement decisions in the field of nuclear power, have been noticeably
increased.

* A conclusion which has also clearly come out in the new "World Energy
Outlook" published by the OECD in early 1977.



Although economic factors have, in some measure, detracted
from the anticipated growth of nuclear power under the stimulus of
trends in the oil market, it was the subsequent public opposition to
nuclear power which had the more significant influence upon plans for
nuclear programmes. Therefore, although nuclear energy was regarded as
the most implementable of all alternative energy sources, it did not
make the expected inroad into the power market.

Although it would be difficult to conclude from the extent of
local opposition against particular nuclear projects that a corresponding
opposition is growing in the general public, there is little doubt that
attention drawn by organised opposition groups has progressively led to
increasing awareness by the public of the importance of the options
available in the nuclear field. In this connection, it is noteworthy
that in referenda held in the United States, the public has thus far
chosen not to impose further restrictions upon the development of nuclear
power.

In fact, to the extent that governments of most of the Agency's
Member countries have decided to rely increasingly upon nuclear energy,
it may seem natural that public opinion had focused on basic safety
issues linked with a substantial expansion of the programmes of construc-
tion of nuclear facilities. It seems clear, however, that beyond purely
technical issues which may legitimately be raised, the debate at national
and international level has now shifted. While in recent years public
concern has centred upon questions of reactor safety, there is now a
trend towards issues connected with the nuclear fuel cycle such as
plutor.ium recycle, reprocessing, radioactive waste management and the
disposal of high level waste. Further, the public has become concerned
to some extent in matters relating to proliferation of nuclear weapons
and terrorist activities. In addition, on the political level, the risk
of proliferation of nuclear weapons through development of peaceful
nuclear activities has recently become an important issue.

In this general context the priorities already placed within
the NEA programme in 1975 and confirmed in 1976 have been of particular
relevance. Thus, while co-operation on the safety of nuclear installations
has expanded rapidly within the Agency's programme as a priority activity,
special efforts have also been devoted to an evaluation of the economic
and technical problems surrounding the development of the nuclear fuel
cycle, and the preparatica of co-operative solutions in the key area of
radioactive waste management. An increasing awareness of the difficulties
encountered by Member countries to achieve acceptance and understanding
of nuclear energy, has also led the Agency to devote particular attention
to this delicate issue.

The decisions by two additional OECD Member countries - Finland
and the United States - to join the Agency as full members in 1976 have
been important contributing elements towards increasing the range and
depth of the MEA programme. Similarly, the long-standing co-operation
with the International Atomic Energy Agency (IAEA) and the Commission
of tae European Communities (CEC), and the growing importance of the
working relationship with the International Energy Agency (IEA) have
again provided demonstration of the advantages which Member countries
may expect from co-ordinated action by specialised intergovernmental
organisations.

1976 has been to some extent a year of uncertainty as regards
t£>e future role of nuclear energy. Continuation of this situation could
adversely affect the supply of sufficient quantities of energy to sustain
at reasonable cost the required economic growth in Member countries.
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Policy decisions, in the near future, are likely to have a determining
influence on the significance of nuclear power, at least until the end
of the century. The programme of HEA has therefore been designed to
provide Member countries with the necessary background for their analysis
of the available options in order for them to reach timely decisions
during 1977» which promises to be a critical year for nuclear power
development.
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TRENDS IN NUCLEAR POWER

1. Forecasts of total electric capacity for the OECD countries
and the share of nuclear power shown in Table I demonstrate the expected
increasing role of nuclear power towards meeting future energy demand.
As an average, nuclear energy would thus account for some 20 % in 1985,
27 % in 1990, and as much as 4-0 % by the end of the century.

2. These figures appear all the more impressive because the
atmosphere of uncertainty which has been prevailing in 1976 for the
reasons already outlined in the Introduction to the present report, has
led to some dramatic reappraisal of_nuclear power growth estimates. Fox-
example, the most recent estimates [i] of Table I which indicate total
nuclear power capacity levels between 293 and 389 GfcJe in 1985 and between
467 and 680 GWe in 1990, represent downward revisions from estimates
published by NEA at the end of 1975 [2] of between 20 % and 33 % for 1985,
and 24 % to 40 % for 1990. These reductions in the forecasts are illus-
trated in Figure 1.

3. The influence of these developments and their impact on the
choice of future reactor systems and on the evolution of the nuclear
fuel cycle as a whole have been largely acknowledged in the work of the
NEA Study Group on the Long-term Hole of Suelear Energy (KELT).

4. In general, the light water reactor may be expected to dominate
the reactor scenarios throughout the remainder of this century, and no
large changes in the current ratio of PWRs to BWRs seem to be predictable.
It is also difficult to foresee from presently available information, the
kind of thermal reactors other than light water reactors and also heavy
water reactors that will find commercial use before the end of the century.
Although several kinds of advanced thermal reactors had been planned, only
three countries have made relevant construction schedules : Canada with
15 GWe from heavy water reactors, the Federal Republic of Germany with
1.5 GWe from high temperature reactors and the United Kingdom with 5 GJie
from advanced gas-cooled reactors. The United Kingdom also initiated plans,
now undergoing review, to install the steam generating heavy water reactor.
An advanced thermal reactor that combines the characteristics of the Canadia;
CANDU and the United Kingdom SGHWE design might find acceptance in Japan.

5- Thus, the one advanced reactor type xíhich appears clearly
defined within a long term national programme is the heavy water reactor
in Canada. High temperature gas-cooled reactors (HTR), for which all

[1] Data extracted from a paper :
"Huclear Power Programmes and Medium Term Projections in the OECD
Area", J. Miida, W. Häussermann, S. Mankin, 1977 Salzburg
Conference.

[2] "Uranium Eesources, Production and Demand", joint OECD/NEA - IAEA
Report, Paris, 1975.

- 11 -



H
rv)

Table I

ELECTRICAL REQUIREMENTS AND CAPACITIES ¿Twh, GWe7
NUCLEAR POWÜE GROWTH ESTIMATE

Ü S

-p
o •
H <D
MM

i

ct
ri
c

ie
s
 (

<U-P
H'H
w y

Co
&
ctí
o

N
u
c
l
e
a
r
 P
o
w
e
r

C
a
p
a
c
i
t
y
 
((
We
)

OECD
Europe

OECD
America

OECD
Pacific

TOTAL

OECD
Europe

OECD
America

OECD
Pacific

TOTAL

OECD
Europe

OECD
America

OECD
Pacific

TOTAL

1975

1414

2338

498

4250

323

534

114

971

21

40

7
68

1980

High

2094

3046

776

5915

469

682

174

1325

67

88

17

172

Low

1854

2785

653

5292

423

636

149

1208

58

74

15

. 147

1985

High

3015

4170

1188

8373

662

915

260

1837

168

172

49

389

Low

2405

3281

862

6549

528

720

189

1438

125

141

27

293

1990

High

3936

5365

1690

10991

848

1156

364

2368

286

309

85

680

Low

2945

3846

1079

7870

672

878

246

1797

200

215

52

467

1995

High

5108

6816

2370

14294

1080

1440

541

3061

418

514

158

1090

Low

3438

4482

1326

9246

785

1023

304

2111

284

305

92

681

2000

High

6243

8503

3213

17960

1296

1765

668

3728

560

810

270

1640

Low

3748

4852

1591

10191

855

1108

367

3330

307

370

152

829

Conversion factor ; 2457 kcal/kWh



Figura 1

1975 ANO 1976 ESTIMATES OF NUCLEAR POWER GROWTH
THROUGH 2000 FOR OECD COUNTRIES
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Figure 2

REPROCESSING REQUIREMENT AND CAPACITY IN OECD COUNTRIES
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orders have "been cancelled in the United States, may re-enter the
market in the nid-199Os in view of its strong support in the Federal
Republic of Germany and Japan for direct thermal use.

6. The large downward revisions mentioned here do not alter the
need to predict the commercial introduction of the fast breeder, follow-
ing the established use of water cooled reactors. The OECD countries,
where development programmes for fast breeder reactor prototypes are
well under way, include France, Federal Republic of Germany, Japan, the
United Kingdom and United States. With the exception of France and the
United Kingdom, whose advanced programmes could permit a more rapid pace,
commercial introduction of 1000 MWe-class FBRs is not exnected to occur
before the mid-1990s.

7. Early introduction and rapid growth, of the FBR have been
strongly advocated for a long time from the point of view of conservation
of uranium resources. Therefore, it will be important to determine the
influence of fast breeder strategies on future requirements for uranium.
Assuming the early introduction and rapid growth of the fast breeder, it
will also be necessary to provide for recovery of plutonium, not only
from thermal reactors, but from the breeders themselves.

8. Considering the situation with respect to thermal reactors,
it is important to note that proposals for fuel savings will be closely
dependent upon timely decisions regarding reprocessing and recycle.
Calculations of uranium and separative work requirements corresponding
to the new nuclear energy growth forecasts show the savings from uranium
and plutonium recycle in LWRs which could be obtained under different
assumptions. These savings can approach 20 % in 1990 for uranium and
separative work, if all discharged fuel could be reprocessed [3]. The
shortage of reprocessing capacity, however, which has developed over
recent years and is going to become more pronounced in the near future
will not permit these fuel savings in the short term. The backlog in
unreprocecsed fuel which will develop until 1990, both on annual and
cumulative bases, is illustrated in Figure 2.

9. Under the most favourable circumstances of high availability
of reprocessing services and low demand for such services, the cumulative
backlog of unreprocessed material in OECD countries taken as a whole
will increase from 4,000 tonnesU in 1977 to 16,000 tonnes U in 1986,
and remain approximately at that level until 1990. Thus, despite
improvement of reprocessing capacity vis-á-vis spent fuel arisings, the
problem of spent fuel storage would become increasingly severe. In
circumstances of a high growth rate for nuclear power and low availabil-
ity of reprocessing services, the backlog of unreprocessed fuel could
build up at an increasing rate (from 4,000 tonnes in 1977 to 58.000
tonnes in 1990). J< 1 ; ,

10. These figures underscore the necessity for early and timely
policy decisions and appropriate actions, if large backlogs of unreproc-
essed fuel are to be avoided. Further, they demonstrate the necessity
for interim storage facilities to provide some flexibility in timing.
In the near term, the situation resulting from the lack of sufficient
reprocessing capacity could be alleviated by expedient measures to
provide such additional spent fuel storage capacity, for example by
expanding reactor cooling basins and constructing central storage
facilities.

[3] "Reprocessing of Spent Huclear Fuels in OECD Countries", Eeport by
an Ad hoc Expert Group on Oxide Fuel Reprocessing, MEA, Paris,
January 1977.
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11. The economic and technical justification for reprocessing lies
in the conservation of energy resources. Although, some analyses show
that reprocessing also presents benefits from the costs or waste manage-
ment viewpoints, its principal advantage lies in savings of both uranium
and separative work as a result of recycle. Thus, alternatives to
reprocessing such as long-term storage or disposal of spent fuels may
be considered disadvantageous from the energy conservation point of view.
These considerations, which apply to recycle of uranium and plutonium in
thermal reactors, become even more valid when introduction of the breeder
reactor is envisaged, which will permit a fifty-fold increase of the
useful energy content of uranium resources.

12. A wide range of complex and interrelated factors have affected
the establishment of adequate reprocessing capacity. The main obstacle,
however, stems from uncertainties at the policy-making level. In several
countries [4] governmental decisions are pending on the desirability of
pursuing reprocessing or having recourse to its alternative (principally,
the "throw away" option in which spent fuels, after short-term cooling,
are suitably encapsulated and discarded : or long-term storage, wherein
spent fuels are stored in central storage pools pending further decision).
Growing concern in certain governments r>nd large sectors of the public
on plutonium safeguards and possible diversion of this material fo*:
terrorist use and, in general, the relationship of reprocessing to
nuclear weapons proliferation is giving new dimensions to the whole
issue. Therefore, although evaluation of reprocessing alternatives
indicates clear advantages of reprocessing from the resources conservation
viewpoint, it must be recognized that economic uncertainties and strong
non-proliferation concerns could lead to other conclusions.

13. However, for countries that become committed to reprocessing,
the long-term solution to the situation arising from insufficient capaci-
ty will require that attention be given to a number of specific consider-
ations. In the first instance, the respective roles of Government and
industry will need clarification to avoid confusion and to provide
sufficient incentive for industrial initiatives. A necessary condition
for a favourable economic climate must be the general acceptance of the
principle that the user should pay for the service ; and this, in turn,
assumes increased responsibility of utilities for financing reprocessing
facilities.

14. Research and development efforts both under private and
government auspices should also be continued, in particular in the area
of plant safety, reliability and maintenance. It will be essential to
demonstrate more convincingly that safe and economic operation, on an
industrial scale, of spent fuel reprocessing is possible.

15. The latter requirement equally applies in respect of the
increasing quantities of radioactive wastes produced mainly as a result
of power production. The radioactive waste management situation continues
to be regarded by the general public as unsatisfactory in so far as

[4] The President of the United States recently announced that the US
will no longer regard reprocessing as a necessary and inevitable
step in the nuclear fuel cycle, and that this step, as well as
recycle should be pursued only if found consistent with non-
proliferation objectives. The US intends to explore with other nations
an International Fuel Cycle Evaluation Program in parallel with a
domestic Alternative Fuel Cycle Program in which it will examine fuel
cycle and reactor systems which minimize the potential of nuclear
weapons proliferation.
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"demonstrated" long term solutions are still lacking for the disposal
of high level and alpha-bearing wastes, in spite of the recently increased
R & D efforts at both national and international levels. The long-term
isolation of such wastes from the biosphere represents a. most important
challenge and practically all countries engaged in nuclear energy pro-
grammes are now carrying out or promoting significant E & D programmes
to identify suitable geological formations to provide for the required
containment periods. These programmes include long and costly "in situ"
and laboratory investigations as well as theoretical studies aiming at
a conceptual demonstration, on the basis of mathematical models, of the
safety and long-term integrity of geological formations. The technological
work and theoretical safety assessments to enable disposal', of long-lived
waste in large quantities are likely to take several yeras.

16. In the meantime, as technology has been developed and is now
available for most of the problems raised by the handling,transportation
and storage of radioactive waste, appropriate decisions should be taken
concerning the implementation of radioactive waste management practices
and policies. There is a pressing need to construct large scale demons-
tration facilities, notably for the solidification and storage of high
level liquid waste solutions, and to prove -;hat the industrial management
of radioactive waste can be carried out successfully and therefore that
nuclear programmes need not be delayed due to waste management. Such a
demonstration of the adequacy of present technology would indeed be the
last step before full scale industrialisation of waste management
techniques. If a throw-away cycle is the preferred solution, the waste
management issue would not be drastically modified ; spent fuels would
need some form of conditioning before their disposal, which would require
solutions similar to those envisaged for long-lived waste, in view of
their high plutonium content.

17- The analysis of radioactive waste management pdicies in OECD
countries shows that, already today, very similar trends ^re actually
followed. Early solidification of high level liquid wasres after
reprocessing is now generally recognised to be appropriate and a number
of countries are embarking on R & D programmes on geological disposal.
This situation, which is relatively new, is due to a large extent to
continuous exchanges of information and discussions at international
level as well as, of course, to the broad convergence of technical
studies and views in the countries themselves. There are in fact no
fundamental divergences of opinion in this field either on technical
grounds or on policy orientations ; and this suggests that, since
technology is already available for most of the waste problems resulting
from the large scale introduction of nuclear energy, there is no reason
to delay decisions and practical measures for construction and operation
of industrial scale waste management facilities.

18. Therefore, it may be expected that radioactive waste management
can reach a level of industrial development comparable to that reached in
the reactor part of the fuel cycle. This can only be achieved if present
R & D efforts are vigorously maintained and if they are supported by
appropriate political and financial decisions. The confidence that has
been placed in many countries in geological formations for the long-term
containment of the most hazardous types of waste is also a decisive
factor in this respect. It will have to be supported by internationally-
recognised risk analyses.



19» In the longer term, the policy of the industrialised countries
concerning the desirable growth rates of nuclear power, their attitude
towards the recovery of the energy contained in spent nuclear fuel, the
thrust behind breeder development and the radioactive waste nanagement
policies and practices which will prevail will evidently have r signifi-
cant impact not only on the pattern of future energy production, but
also on economic growth as such.
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BACKGROUND

20. As a confirmation of the trend already apparent in 1975, KEA's
work on safety and regulatory questions has represented about two-thirds
of the Agency's total effort in 1976. The main reason for this has been
that among the problems which may test be solved through inter-governmental
collaboration, those concerning the determination and application of
radiation protection norms, nuclear safety research, radioactive waste
management and public understanding of nuclear activities, figure
prominently. In this general context, EISA's activities on nuclear
regulatory questions have continued to focus particularly on nuclear
safety research and the management of radioactive waste.

21. There is growing recognition that marked differences between
the safety requirements of different countries can both result in
obstacles to international trade and undermine public confidence in the
acceptability of nuclear power. For these reasons, the advantages of
sharing common knowledge and assessing individual experience on the
potential risks associated with nuclear power production are no more to
be demonstrated, while work has been mainly devoted to the determination
of safety criteria derived from well-established radiation protection
standards, efforts have progressively focused on theoretical accident
analyses and the design of safety provisions to deal with identified
situations in nuclear facilities. More recently, the question of the
determination of risk as a function of its probability has constituted a
new and promising approach to the problem.

22. As emphasised in Chapter I, determination of satisfactory
policies and practices for radioactive waste management is an essential
prerequisite for the large scale introduction of nuclear power. In view
of the many problems involved for treatment, storage, regulation and
disposal of radioactive waste in a manner presenting no unacceptable
radiological hazards, the need for a definition of an overall strategy
based on clear objectives has long been acknowledged. NEA has therefore
devoted particular efforts to this area in 1976, and has notably promoted
collaborative R & D work aimed at demonstrating the adequacy of the
technologies already available and improving their efficiency.

25. Although a solid foundation has been laid during the past year
for the enlarged programme of NEA in these areas, a number of practical
impediments for more rapid progress of the work were met. These were
linked, for example, to the sensitivity of public opinion to certain
aspects of radioactive waste management and, in particular, to the
creation of experimental storage or disposal projects. The presence of
commercial interests in the area of chemical reprocessing and of the
techniques for the industrial management of radioactive waste has also
made it more difficult to develop the scope of international collabora-
tion at the desired level. More generally, difficulties have been
expressed because the agreed priority of this work has not been reflected
at the national level by a commensurate deployment of resources, the
national specialists in this field being generally over-worked. As in
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many other scientific and technical areas, effective international co-
operation in the nuclear safety and regulatory field depends heavily on
the input of such national experts, and contributions 'based on work under-
taken at the national level. !Ehe demands of national programmes are, in.
fact, often so great that international co-operation is impeded.

NUCLEAR SAFETY AND LICENSING

24-. Oversight of the Agency's programme in the field of nuclear
safety and licensing is vested in the Committee on the Safety of Suelear
Installations (CSHI) which initiates collaborative efforts in this area
and co-ordinates the different parts of the programme. The results and
recommendations emanating from the specialist activities are reviewed
(and if necessary modified) and approved by the Committee with the objec-
tive of reaching a consensus on a wide range of issues concerning safety
and licensing of nuclear installations.

25. Following a period of rapid expansion, the MJEA programme in
nuclear safety and licensing underwent, in the year under review, a period
of consolidation marked by pronounced development of activities in an
increasing number of key areas towards effective collaboration. There were
new initiatives regarding the analysis of rare events from the standpoint
of the reliability of nuclear facilities and as concerns liquid metal fast
breeder reactors safety test facilities. An examination began of the major
safety problems of the nuclear fuel cycle, with initial emphasis on rep-
rocessing and waste management.

26. During the year, the Committee on the Safety of Nuclear Instal-
lations undertook an in-depth review of the whole field of nuclear safety
and licensing and identified a list of priority subjects to serve as a
guideline for its future programme. Amongst these, a number of key sub-
jects are already being dealt with by the Committee but several others were
considered important. The entire programme for nuclear safety and licen-
sing will gradually be brought in line with the priority recommendations.

27. During 1976; the programme in nuclear safety and licensing was
focused on the following main areas:

- water reactor safety research;

- high temperature gas-cooled reactor safety research;

- fast reactor safety research;

- probabilistic assessment and reliability analysis;

- siting research;

- fuel cycle safety research;

- safety of nuclear ships;

- materials research;

- licensing of nuclear installations

- information exchanges.
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WATER REACTOR SAFETY RESEARCH

Emergency core cooling

28. The Committee on the Safety of Huclear Installations has given
high priority to the subject of emergency core cooling in water reactors.

29. The water coolant in these reactors is at extremely high pres-
stixe, and if a rupture were to occur in the very complex system of pipes,
valves and vessels containing it, the water would instantaneously turn
into steam and escape through the hole. This state of affairs could
result in loss-of-coolant accident (LOCA) that could become serious, in
which case additional cooling must be provided to the core within a very
short time to prevent the fuel from melting. If a LOCA takes place the
automatic protection system trips the control rods into the reactor,
shutting down the nuclear reaction and causing the rate of heat production
in the core to drop almost instantaneously to a few per* cent of its normal
level. However after this sudden drop, the rate of heat production falls
much more slowly and is gpverned by the decay of radioactivity in the fuel.
In these circumstances, the fuel could still melt unless additional cool-
ing is supplied. Power reactors are therefore provided with emergency
core cooling systems (ECCS) whereby water is injected into the primary
circuit and then the core through a redundant system of pumps, pipes,
valves and tanks.

30. In earlier reactor designs provision for emergency core cooling
involved diverting the boiler feedwater or the feedwater make-up supply
to the reactor vessel, and special high pressure feed pumps were installed
for the purpose. In recent designs, surge drums containing water under
nitrogen pressure are provided; in an emergency they flood the core rapid-
ly, their combined volume being equivalent to that of the reactor. Borated
water (boron is a neutron absorber) is stored in an external tank from
which it is delivered to the coolant loops by high pressure pumps. Some
cf the water is fed to core sprays on top of the reactor vessel. Power
for the emergency pumps is provided by diesel generators, which must be
adequately tested and duplicated in order to ensure high reliability.
Quite apart from making the system, its automatic initiation and its
power supplies as reliable as possible, uncertainties persist about the
behaviour of the injected water and its effectiveness in cooling the fuel.
There is of course no reasonable way of performing a full-scale test on a
full-size power reactor, although recent tests in Idaho, United States,
have given encouraging results. The effectiveness of ECCS has been con-
firmed theoretically by a large number of calculations, but it must be
borne in mind that it is extremely difficult to analyse thermohydraulic
problems involving transient times of the order of milliseconds in the
conditions of pressure, temperature and flow.

31. CSMT set up an ad hoc working Group on Emergency Core Cooling
in November 1973 to provide the Committee with expert opinion and to seek
some consensus on ECCS questions. During 1976, the Working Group evalua-
ted new heat transfer information and reviewed new methods of calculation
describing the reflooding phase of a LOCA in a pressurized water reactor
and the spray cooling of a fuel bundle in a boiling-water reactor. Other
topics discussed included the mathematical modelling of the rewetting
phenomenon in a BWR and the different computer codes in use for analysing
the reflood conditions in a BWR with top core sprays.
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32. As early as 1974-, the Working Group on Emergency Core Cooling
initiated an international comparison of calculations for LOCA "standard
problems", whereby the mathematical models and computer codes used by the
nuclear industry, research institutions and licensing authorities for
these questions may be compared using a common data base. Participants
in these exercises submit two kinds of computer codes for predicting
system parameters (pressure, mass flow rate etc.): "best estimate" codes
and "safety analysis" codes. The former codes employ the latest mathemati-
cal models and correlations and are used for comparison with experimental
results and for code verification. The "safety analysis" programmes
involve more conservative techniques and are used for predictions in sup-
port of the nuclear licensing process. The "standard problems" cover the
thermohydraulic behaviour within the core for different physical configura-
tions and in different conditions. Examination sí four such standard prob-
lems was completed in 1976; consideration of two further problems has now
begun. The main purpose of the exercise is not to compare computer codes
as such, nor simply to verify particular models, but to contribute to
improving engineering judgement and to making licensing procedures more
reliable.

33. In order to identify the consequences of postulated LOCA situa-
tions, it is essential to.analyse two-phase (steam and water") flow under
transient conditions. In view of recent progress in analytical and mea-
surement techniques, a specialist meeting was held to review the fundamen-
tals of the subject. At the meeting, which took place in Toronto, Canada,
recent developments were discussed and recommendations made as to the
optimal orientation of future research. It was proposed in particular that
"benchmark" numerical methods should be developed in order to ensure that
mathematical models are properly handled (in the benchmark technique, a
given problem is analysed using different mathematical methods and identi-
cal input). Similarly, it was recommended that benchmark experiments be
done under carefully controlled conditions, in order to derive the form of
the constitutive equations describing different events and conditions
during a postulated LOCA.

Fuel elements under accident conditions

3*. Reactor licensing depends heavily on computer evaluation of fuel
behaviour. The Agency has continued to be active in this field, especially
with regard to the behaviour of water reactor fuels under accident condi-
tions, which was the subject of a specialist meeting held in Spatind,
Uorway in September 1976. This meeting dealt specifically with accidents
leading to overheating of fuel elements which, if not controlled, could
lead to harmful release of radioactivity. Some of the more sensitive
basic data needed as inrout to the codes were reviewed, for example the
rate of generation of decay heat and the rate of release of fission pro-
ducts both before and during the accident. Similarly, the thermohydraulic
boundary conditions which define the temperature/time transient affecting
fuel cladding were also brought under scrutiny.

35. The ballooning and rupture of fuel rods, embrittlement and mec-
hanical deformation by coolant forces during blowdown could all lead to
local impairment of cooling and a better understanding of these aspects
was a major objective of the business of the meeting. Finally the develop-
ment of the various computer codes used to predict the behaviour of fuel
bundles in accident conditions was discussed, together with the status of
steady state codes which predict the conditions at the onset of an acci-
dent. One session of the meeting was devoted to core melt accidents and
to the research programmes underway in that field.
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•Anticipated transients without scram

36. Since 1973» the Agency has regularly reviewed the technological
problems.raised by the so-called anticipated transients without scram
(ATWS L5J), and these were again the subject of discussions at the 1976
meeting of CSNI. In fact, substantial studies are being carried out in
several Member countries on the need for a second, separate and redundant
shutdown system for FWRs and BWBs, although countries' opinions differ.
In the Federal Republic of Germany, where separate shutdown systems are
not considered necessary, minor system changes have been recommended,
either to lessen the effects of transients or to increase the availability
of safety system components. The United States Wuclear Eegulatory
Commission agrees in principle that a second, separate and redundant shut-
down system is not needed. However, the ATWS question remains extremely
sensitive in the United States and discussions are continuing wi-fch. the
nuclear industry. It has been standard practice in Canada for a number
of years for designers to provide a second, diverse independent shutdown
system.

SAFETY BESEAHCH POR HIGH TEMEERATURE GAS-COOLED REACTORS

37» The safety of HTGRs was reviewed at a specialist meeting during
1975. As a result of the recommendations of this meeting, it had been
decided to set up an ad hoc Working Group on HTGR safety, for a preliminary
period of one year, in order to draw up a status report and identify a co-
ordinated research programme in this field. Over the past year, however,
the prospects for the successful development of this reactor system have
declined considerably and establishment of the Working Group has therefore
been deferred until such time as the development of the HTGR is pursued
more vigorously in Member countries. In the meantime, activities in this
area are limited to an exchange of written progress reports. The safety
aspects of the HTGR as a source of process heat will be examined at a
specialist meeting during 1978.

FAST REACTOR SAFETY RESEARCH

38. The rapid rise in nuclear fuel costs added to the probable
scarcity of low cost uranium has given a stimulus to the development of
fast breeder reactors. A number of OECD countries, notably - Belgium,
France, the Federal Republic of Germany, Italy, Japan, the Netherlands,
the United Kingdom and the United States - are pursuing substantial R & D
programmes concerned with fast reactors, all of the liquid metal cooled
variety (IMFBR). Although these national programmes differ in rate of
progress, orientation and certain basic design aspects, there is a common
need for better understanding of the fundamental safety issues related to
this reactor system.

Sodium-fuel interaction

39. A phenomenon of major importance in assessing the hypothetical
core disassembly accident in IHFBRs is the sodium/fuel interaction, and
the Agency has been active in analysing such phenomena since 1973.

[5J These are power transients which are expected to occur at least
once during the lifetime of the nuclear power plant.



40. Although marked progress has "been made during the last two years,
the safety assessment of the LMFBE still requires a better understanding
of fuel/coolant interaction phenomena, and there is a clear need to carry
out experiments under realistic conditions not too far removed from those
obtained in a reactor. This was confirmed at a third specialist meeting
on sodium/fuel interaction in fast reactors which was held in Tokyo in
March 1976. The objective of the meeting was to clarify the chain of
events leading to an energetic interaction and to throw light on the dif-
ferences between basic vapour explosions and the real sodium/fuel inter-
actions that take place in postulated LMFBE accidents involving disruption
of the whole core.

41. There is now a feeling that it may not be possible at the
present time to demonstrate convincingly that energetic interactions
between molten fuel and sodium cannot take place at all, and that it may
be necessary, also for LMFBE safety purposes, to deal with the sequence
of events leading to an energetic interaction separately for different
accident conditions. It would then suffice for safety purposes to show
that one or more links of the chain are broken for each accident condition,
different litios being broken for different accidents.

42. The Committee on the Safety of Nuclear Installations set up a
small group of experts in October 1976 to provide a basic understanding
of fuel/coolant interactions, and also to advance knowledge of vapour
explosions, with a view to improving the safety of reactors. One of the
first tasks of the new group will be to identify key experiments for
which conflicting theories might be expected to predict different results.
It is expected that these meetings will also lead to improved exchanges
of experimental data about fuel/coolant interactions.

Safety aspects of liquid metal fast breeders

43. Although the Liquid Metal Boiling Working Group (LMBWG) has
achieved impressive results during the course of its existence, CSMI
decided that the new programme of work proposed by the group was no
longer directly relevant to reactor safety and that the Committee's spon-
sorship should be discontinued after one more meeting of the group during
1977«

44. _ One fundamental aspect of LMFBE safety which lends itself to
co-ordinated E & D between countries pursuing fast reactor programmes is
the analysis of accident phenomena. The construction and operation of
big test facilities, both out-of-pile and in-pile, is essential if
reliable and conclusive information about the behaviour of the reactor in
accident conditions is to be obtained. The United States had tentative
plans to build a comprehensive research facility (SASEF) but these were
abandoned for reasons of cost and timing. Early in 1976, the Secretariat
invited senior specialists in LMFBE safety from France, the Federal
Eepublic of Germany, the United Kingdom caid the United States to discuss
more concerted action in this field. It became clear that there was an
encouraging common view about LMFBE safety E & B, and at a second meeting,
which also included Japanese experts, it was agreed to exchange informa-
tion on LMFBE safety E & D with particular reference to large safety test
facilities for LMFBEs.

45. These technical exchanges will involve those OECD countries that
already sponsor substantial in-pile programmes concerned with LMFBB safety
and is initially for the period 1977-1978. In the first place, there will
be specific technical exchanges on the thermal propogation of sub-assembly
failures and fuel motion diagnostics, together with a detailed review of
safety programmes and facility requirements for studying post-accident
heat removal.
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46. There has teen close co-operation between the UEA Committee on
Reactor Physics (HEACRP) and the Committee on the Safety of Unclear
Installations on reactor physics questions related to LKFBK safety, notably
in evaluating the results of the MEACRP specialist meeting on control rod
measurement techniques which was held in 1976- The two committees will co-
operate further in an international comparative calculation for a large
sodium-cooled fast breeder reactor, and in a specialist meeting on reactor
noise.

PROBABILITY .ASSESSMENT AND RELIABILITY ANALYSIS

47. I a assessing the safety of nuclear plants,there is considerable
interest in various types of rare events. Such events range from unusual
modes of failure in the component parts of the system and plant, or the
simultaneous occurrence of weakness in a structural member and extremely
high load, to rare, catastrophic failures affecting the whole plant or
system. Thus there is an obvious need to seek understanding of these
events in space and time in order to be able to make some adequate
estimate of their probability of occurrence.

48. The basic questions involved are what constitutes a rare event,
what events should be treated as such, what are the best methods for
analysing rare events from the statistical standpoint and so on. Since the
practical and theoretical information about rare events is very scarce,
despite their importance in the reliability analysis of nuclear plants, the
subject is particularly suited to an international approach. A Task Force
on the Problems of Rare Events in the Reliability Analysis of Buclear Power
Plants was therefore set up for an initial period of one year to explore
methods of handling these problems. To enhance discussions between the
experts in these various fields, a meeting of specialists was held in Ispra
(Italy) in June 1976, comprising experts in the statistical analysis of
rare events and engineers specialising in the reliability analysis of
structures (such as pressure vessels and containments") and automatic plant
protection systems. The aim of the meeting was to formulate quantitative
statements in probability terms on particular reliability characteristics.
The subjects covered include statistical modelling of rare events, and
decision theory and small sampling techniques applied to rare events. The
discussions covered man-made phenomena (for example, design errors) as well
as natural phenomena (for example, unusually strong earthquakes, tornadoes,
and so on) since they involve different mathematical approaches.

49. The deliberations of the Task Force have shown that there is no
universally accepted definition of rare events. Also, the consequences
of rare events as well as their probability of occurrence have to be con-
sidered in a safety analysis and it became clear that relevant data was in
short supply. A small research group on rare events, comprising experts
with wide responsibilities for appropriate research programmes, will be
set up to investigate the findings of the Task Force on Rare Events.

SITHTG RESEARCH

50. _ Like any industrial plant, nuclear installations are exposed to
the risks of external occurrences or accidents to a degree depending on
their location. These external influences may have serious consequences
for the plant and its environment. Although, such risks can be substantial-
ly reduced by using appropriate criteria for site selection, it remains
important to assess the probability of these risks and to formulate admin-
istrative and technical plans to control them.



External impacts on nuclear installations

51. An ad hoc Working Group of CSNI has "been studying these problems
since*1974, comparing the procedures and regulations used in the different
countries for protecting nuclear plants against external impacts of man-
made origin, and indicating areas where further theoretical or experimental
work should be carried out. The group has dealt with the safety problems
of crashing aircraft and of flammable, explosive and toxic gases. The
group's final report shows that some countries use a site-by-site, hazard-
by-hazard method of evaluation for protecting against external impacts
while other countries prefer a standard form of protection for all plants
against a broad range of potential events. Certain unsolved technical
problems regarding the behaviour of flammable and explosive gases are to
be investigated by a restricted expert group.

52. A similar exercise regarding dangerous chemicals which could
affect the safety of nuclear plants if stored or transported nearby, was
described in the report on Ehysical and Toxic Properties of Hazardous
Chemicals Regularly Stored and Transported in the Vicinity of Uuclear
Installations which was issued in 1976«

53. The question of protecting nuclear installations against natural
impacts, with particular reference to earthquakes, has been kept under
review.

54. After the specialist meeting on antiseismic design of nuclear
installations, held in December 1975, it appeared that further analysis
of certain important issues was necessary. These issues are the "reference
ground motions" to be used in designing and assessing the safety of nuclear
plants, the z'elationship between earthquake intensity and the physical
properties describing the ground motion (acceleration, frequency spectrum,
duration), and the methods and criteria used for evaluating seismic risk.
Further development is also needed in the methods and criteria used for
the dynamic analysis of the interactions between the ground and structures
and the design of seismic instrumentation networks. The large number of
earthquakes during 1976, particularly the long series of tremors at Friuli,
Northern Italy, provided much experimental data which will be used to
refine the seismic aspect of nuclear plant design.

SAFETY OF HTJCIEAR SHIES

55» As mentioned in the previous activity report, Member countries
have been paying increasing attention to nuclear propulsion for merchant
ships during recent years. The Agency has been active since 197* in
investigating the options available to licensing authorities regarding
safety provisions for nuclear ships, largely because of the operational
constraints whereby nuclear ship operators were - and still are - obliged
to negotiate bilateral agreements to cover each case of entry into a
foreign port. Such an ad hoc system would be a substantial obstacle to
trade if nuclear merchant ships became common, and it is understandable
that nuclear ship operators should look to some future international code
of practice, laying down agreed safety criteria, as a considerable ease-
ment. It is not the role of the Agency to sponsor international shipping
conventions, and the function of the Working Group on the Safety of Nuclear
Ships set up under the auspices of CS1TI is in principle limited to the
purely nuclear aspects of safety. At the same time, close contact is
being maintained with the Intergovernmental Maritime Consultative
Organisation (IMCO), which intends to revise, in due course, the referen-
ces to nuclear ships in the SOLAS (Safety of life at Sea) Convention
developed under its aegis.
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56. As a first step, an agreed outline of what might be regarded as
the basis for a safety code was drawn up; this outline was expanded into
a substantial "background paper". The Working Group refined this refer-
ence paper and then used it as a basis for identifying key safety issues
with respect to which there was a clear need for further research or anal-
ysis, or over which disagreement persisted. Some 40 such issues were
identified and at the end of 1976 the members of the Working Group were
preparing review papers on all these questions. In parallel with this
process, an attempt is being made to draw up a rational inventory of the
safety problems of nuclear ships using an analytical method. It is
hoped that a preliminary inventory will be available for discussion in
mid-1977«

57« In December 1976, IMCO decided to draw up a code of practice
governing nuclear ship safety, and set up a special working group for the
purpose. This group has been given a target date of December 1979 for
formulating a draft code» As the different parts of the CSNI Working
Group's project reach a satisfactory standard, they will be made available
to IMCO, or other interested agencies, for fitting into whatever legal
framework is considered appropriate.

MATERIALS EESEARCH

58. The physical behaviour of steel components in nuclear power
plants, under severe conditions of temperature, pressure and irradiation
has long been recognised as a critical safety feature. The problems such
as corrosion and wear encountered in conventional plants are compounded
in the nuclear plant, not only because of the more hostile reactor
environment, but also because failure of components under pressure can
have serious consequences.

59- Some years ago the Agency set up a Working Group to look into
the safety aspects of the behaviour of steel components in nuclear plants;
its activities are now directed and co-ordinated by CSHI [6J.

60. In fact, as it would not be profitable to attempt international
co-ordination, let alone joint research, in more than a very few of the
subjects involved, the work has been concentrated on four main areas that
are especially relevant to nuclear plant safety: fracture mechanics,
welding and heat treatment, non-destructive testing and the behaviour
of structures in the creep range.

61. In the field of fracture mechanics, which is an analytical
approach to predicting the behaviour of brittle materials such as metals,
there has been significant progress during the last two years, particularly
in techniques appropriate for use in pressure vessel surveillance. A
number of countries are beginning to work on certain aspects calling for
further attention, such as the slow, stable growth of cracks in steel
components, which requires tests on both models and full-scale structures.
The Working Group is expected to focus on the statistical treatment of
data in "probabilistic fracture mechanics", applying the technique to
structures like welds and the collation and appraisal of data.

1.6] It is known as the CSHI Working Group on mechanical and materials
problems relating to the safety aspects of steel components in nuclear
plants; for historical reasons, the Secretariat of the Working Group
is provided jointly by HEA and the Commission of the European
Communities.
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62. The large number of welds in reactor pressure circuits constitute
potential weak areas;.great importance is therefore attached to welding
and heat treatment [7J• The possible methods of assessing the properties
of the HAZ have been described in a comprehensive situation report. Qlhis
subject has already received considerable attention in Member countries
but will be made the subject of a special effort of co-ordination,
particularly with regard to repair welds.

63- In the latter part of the year there were several important
international meetings concerned with non-destructive testing, including
a CSHT specialist meeting on the ultrasonic inspection of reactor com-
ponents, and members of the Working Group distributed information on
specific methods, especially those using advanced techniques in ultrasonics.

64. Study of the behaviour of steel components in conditions of
high stress and high temperature is relevant in particular to the design
of fast reactors. An urgent need has been indicated for more realistic
experimental work, especially at high temperatures and moderate stress
levels, so that fast reactor design should have to rely less on extrapola-
tion. The Working Group made a number of recommendations for further
work, primarily regarding longer duration experiments at higher
temperatures.

LICENSING OF NUCLEAK INSTALLATIONS

65. The CSBT Sub-Committee on Licensing provides a forum for the
regulatory authorities of Member countries. During the year, the Sub-
Committee discussed a number of current issues and compilations of
relevant practices in Member countries.

66. The steady progress in reactor technology and the increasingly
strict requirements concerning the safety and environmental impact of
nuclear plants have placed more importance on the problem of modifying
plant systems or operational procedures in order to introduce more advanced
safety f3atures or to eliminate newly discovered safety weaknesses (the
so-called "backfitting")«

67. The concept of backfitting might even be extended to a site if
unexpected changes in site conditions should occur during the operational
life of the plant or if some negative features of the site itself are
found after site approval and during plant construction. Discussions on
this subject frequently reveal the need for a better understanding of the
reasons underlying specific backfitting action. It seems that it would
be useful to discuss also whether an overall backfitting policy might be
more profitable than case-by-case solutions.

68. The Sub-Committee coEi'inued to discuss incidents in nuclear
installations with particular emphasis on their regulatory implications.
The best location for nuclear plants and the methods and criteria of site
selection are amongst the most important and widely discussed problems in
those OECD countries having nuclear power programmes, since suitable sites
for nuclear power stations are increasingly scarce. Moreover, plans for
building nuclear power stations are encountering local opposition in
certain countries. For these reasons, a nunfoer of countries have developed,

L7] This process, formerly called stress relieving, is applied after
welding to the area known as the heat affected zone (HAZ).
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or are developing, methods and procedures for prior selection and acquisi-
tion of sites suitable for power plants likely to "be built during the next
few decades. Certain countries have enacted, or are preparing, specific
legislation and regulations for this purpose.

69. Having regard to the fact that a number of countries are
developing individual approaches to this problem, and might benefit from
knowledge of the regulations, procedures and methods for site selection
already in. use in other countries, the CSNI Sub-Committee on Licensing
is preparing a compilation of the methods and criteria used in the differ-
ent countries for drawing up regulations and technical procedures govern-
ing nuclear plant siting, from early selection and planning through to
final licensing.

70. A related question on which discussions have begun concerns the
safety problems of siting nuclear installations near international borders
or along international waters.

71. Differences between the methods and criteria for safety assess-
ments and risk analysis in neighbouring countries, as well as differences
between regulatory criteria for safety and siting, could undermine public
confidence in the credibility of licensing decisions.

72. Recognising that some OECD countries have already started
discussions of this problem on a bilateral or multilateral basis, the
Secretariat is compiling such agreements and understandings with a desc-
ription of their scope and objectives, for consideration by the Sub-
Committee.

73« During the year, a first up-dating of the Compilation of
National Structures and Procedures for Licensing Nuclear Installations
was prepared. In addition to the modifications to existing procedures
and practices, this review included a description of the regulatory
situation in Finland, which joined NEA at the beginning of the year.

HJFORHAiDION EXCHANGES

74-. The practice of exchanging information on incidents or mal-
functions with safety significance in nuclear plants, was continued in
1976. During this year, no accidents in nuclear plants with significant
impact on the safety of the public were reported. On the other hand, a
number of malfunctions or incidents with safety significance were reported
from Belgium, France, the Federal Republic of Germany, Japan, Spain,
Sweden, the United Kingdom and the United States. The principle governing
this exchange of information is that specialists from the countries having
suffered such incidents, describe in some detail the technical aspects
thereof and the lessons learned so that experts from other countries may
benefit from this experience.

75- Following established practice, the Agency, in conjunction with
the International Energy Agency, published in 1976 the Water Beactor
Safety Research Index. The two volumes of this Index, comprising some
1,100 pages, contain reports on some 500 safety research projects, clas-
sified according to project objectives. For the first time, an Index on
Fast Reactor Safety Research covering some 200 projects was published.
In future, the Index will be extended to include safety-related computer
codes and safety research concerned with fuel cycle facilities.
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CO-OPERATION WITH IAEA.

76. In. the field of nuclear safety and licensing, the programmes of
HEA and IAEA are complementary. The main objective of the CSNI programme
is to broaden the data base available to licensing authorities through
technical exchanges; the IAEA attempts to codify international experience
in nuclear safety, which is clearly best done when as many countries as
possible are included. This arrangement is considered to be beneficial
to those countries which belong to both organisations and thus avoids
wasteful duplication and makes best use of limited resources.

RADIOACTIVE WASTE MANAGEMENT

77. The setting up by HEA in 1975 of a Eadioactive Waste Management
Committee illustrated the increased emphasis placed by Member countries
on R & D activities in the technological aspects of this field and their
interest in promoting extensive co-operative programmes in an area of
particular significance for the safe development of nuclear power. This
was the result of the apparent lack of well demonstrated soluticas,
notably for the disposal of long-lived radioactive waste, and the need to
overcome what is considered as one of the major obstacles to the large
scale introduction of nuclear energy.

?8. Although the existence of satisfactory technologies for the
treatment and storage of all existing types of radioactive waste and dis-
posal of some has been widely recognised, there are still several areas
requiring a better definition of the problems involved and more convincing
justifications of the solutions envisaged at present. Particular impor-
tance was therefore attached to the setting up, at the international level,
of significant R & D and demonstration programmes, as a means of contribu-
ting to the solution of technological problems and of increasing public
confidence in the measures to be adopted at the national level.

79- During the intervening year, considerable progress has been made
and a solid foundation has been laid for the enlarged programme of HEA in
the field of radioactive waste management. However, this progress has not
been as spectacular as might have been expected when this programme was
proposed, due to a variety of factors and particularly to delays and un-
certainties concerning the policies to be applied for the back-end of the
nuclear fuel cycle. In the first instance, it was necessary to identify
and define the potential scope for co-operative activities on the basis of
scientific and technical assessments. Similarly, considerations associated
with the sensitivity of public opinion concerning the creation of experi-
mental waste storage or disposal projects and with possible commercial
interests in the development of techniques likely to receive large scale
application, contributed to make the promotion of joint activities in the
field of radioactive waste management more difficult. Finally, the de-
ployment of resources in support of international activities had to be
balanced against the increasing demand on national experts from their own
national programmes.

80. Despite these difficult conditions, the Radioactive Waste Manage-
ment Committee, which is now co-ordinating all technological activities re-
lated to waste management within HEA, was able to initiate co-operation on
various topics. The Committee first agreed to give priority to the manage-
ment of high level waste from fuel reprocessing and alpha bearing waste



from the point of view of both treatment and disposal. These categories of
radioactive waste contain most of the radioactivity produced by nuclear
fission and also the long lived plutonium and other actinides which are
left in the waste streams. The relative importance of these and other
waste categories produced in the fuel cycle is illustrated in Table II
which summarises the average waste production throughout the nuclear fuel
cycle for an electricity production of .-Vbout 1,000 megawatt per year.
This is the production of a typical large light water reactor and is
equivalent to the yearly electricity consumption of a city of about 1
million inhabitants. The last column of the table indicates the main
disposal options available. It is clear from this table that high level
and alpha bearing waste deserve most attention as far as their condition-
ing into a form suitable for storage and safe disposal is concerned, in
view of the need to isolate them from the biosphere for time scales com-
mensurate with the persistence of their relative radiotoxicity, possibly
up to several hundreds of thousands of years.

81. In addition, the Committee recognised the importance of dealing
with other aspects of radioactive waste management such as the management
of low and medium level wastes and the release of gaseous effluents from
fuel reprocessing facilities. The latter may have to be limited in the
future due to the increasing quantities of irradiated fuel available for
reprocessing.

C0UDITI01OTG OF RAH IOACT I'VE WASTE

82. In order to increase the safety of interim waste storage,
extensive efforts have been made during the last two decades in most ad-
vanced HEA Member countries concerning the solidification of high level
waste solutions resulting from irradiated fuel reprocessing and several
techniques have been developed. Vitrification is at present the most
favoured technology and large pilot and industrial plants are either
under construction or planned in these countries. However, research and
development activities are still going on on a number of other techniques
such as, for example, the incorporation of high level waste into metallic
matrices which provides some advantages over vitrification, particularly
in respect of heat conductivity, which is an important characteristic of
the solidified products in view of the necessity to dissipate the heat
generated from radioactive decay.

83. This last technology has in particular been investigated during
the last few years at the Eurochemic Company. Discussions have taken
place since 1975 with a view to setting up an international research and
development programme [8j to demonstrate the feasibility on an industrial
scale of the technology consisting in incorporating high level waste in
the form of calcine, phosphate, or glass granules into metallic matrices.
This proposal is based on the programme developed at Eurochemic for the
solidification of the high level wastes which have accumulated during the
operation of the reprocessing plant from 1966-74. Several solidification
lines will be tested in parallel, including vitrification of a fraction
of the waste into glass beads, and production of phosphate granules accor-
ding to a low temperature process also developed at Eurochemic (IOTES).
In order to improve the quality of these granules from the point of view
of storage and disposal, it may be advantageous to incorporate them into
metal matrices. This technique consists essentially in filling the voids

[8] See also Chapter III, page 58.
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TABLE II

RADIOACTIVE WASTE PRODUCTION IN THE NUCLEAR FUEL CYCLE
(Solid or solidified waste equivalent to electricity generation

of 1000 MWe x year in a light water reactor)

ORIGIN AND TYPE

1. URANIUM MINING AND
MILLING

- Solid waste

2. FUEL FABRICATION

- U02 fuels
- U02-Pu02 fuels (for an

annual reload of 5OO-
700 kg of Pu)

3. LIGHT WATER REACTOR
OS1 1000 MWe

- Various solid wastes
and conditioned resins

4. REPROCESSING

- Solidified high level
waste (HLW)

- Compacted cladding
hulls

- Low and medium level
beta gamma solid waste

- Solid and solidified
alpha waste

VOLUMES
(After treatment
and conditioning)

60.000 m3

(40.000 m3 if
Pu recycle)

_
10-50 m3

100-500 m5 (*)

3 m

3 m5

10-100 m5

1-10 m5

ACTIVITY

0.01 Ci/m3

negligible

5-10 kg Pu

0.1-10 Ci/m3
beta gamma

80 MCi beta gamma +
actinides (2 kg Pu
for U02 fuels 5-10
kg Pu for U02Pu0?
fuels)
0.8 MCi beta gamma
+ actinides
0.01 MCi beta gamma
+ alpha contamina-
tion

1-5 kg Pu

MAIN DISPOSAL OPTIONS

- Geologic formations

- Sea dumping

face or in deep forma-
tions

- Geologic formations

- Sea bed disposal

- Separation and Transmu-
tation of actinides

- Geologic formations
- Sea bed disposal
- Ground burial at the
surface or in deep
formations

- Sea dumping

- Geologic formations

(*) Depending on reactor type and conditioning process



between the granules by a suitable metal matrix, thus reducing the disper-
sability and leachability of the final high level waste product. The
proposed programme will consist in developing the technology required for
such incorporation and assessing the quality of the resulting products as
well as the relative merits of this technique compared with vitrification.
Ulis programme, in which most Eijtrochemic and a number of other MEA coun-
tries are interested, is expected to start during the first part of 1977.

84. Solidification of the less active types of radioactive waste
relatively free from alpha emitters and produced in large '/olumes, par-
ticularly by nuclear power stations, is also important in view of the
relationship between the characteristics of the solidified products and
the disposal conditions, notably when ground burial at shallow depth is
the chosen method. Processes such as incorporation into concrete, bitumen
or more recently into polyester resins or polymer impregnated cement, have
been developed for this purpose and continually improved and optimised
from both the technical and economic points of view.

85. As the Eurochemic Company has almost completed the construction
of a large scale bituminisation plant for its medium and low level waste,
and the associated storage facilities, the opportunity was taken to review
the "state of the art" on incorporation of radioactive waste into bitumen
at a seminar organised jointly by NEA and Eurochemic at Antwerp in May
1976. The seminar, which was largely attended by waste management experts
and reactor operators, enabled a thorough review of all the technical and
safety aspects associated with bitumen incorporation and concluded that it
was now a reliable and well established process which could be adapted to
a wide range of waste products under acceptable economic conditions.

DISPOSAL OF RADIOACTIVE WASTE INTO GEOLOGIC FORMATIONS

86. Stable geologic formations have always been recognised as poten-
tially suitable media for the long term isolation of long-lived radio-
active waste and extensive studies have already been carried out particul-
arly on salt formations in Germany and the United States. Luring 1976,
confirmation was given by the Radioactive Waste Management Committee that
geologic formations constitute one of the most promising solutions in this
respect. It therefore decided to set up a Co-ordinating Group charged
with organising the exchange of information between all EEA Member coun-
tries _active in this field, establishing a detailed programme of inves-
tigations based on national contributions and, in general, promoting joint
studies or experiments and co-ordinating all activities in the field of
geologic disposal. After a first meeting in December 1975, the Co-
ordinating Group met twice in 1976 and started to implement a large co-
operation programme between the many MEA Member countries which are now
active in this field. The setting up of the Co-ordinating Group coincided
in fact with the promotion of significant efforts at national level, par-
ticularly within the CEC countries as a result of the programme on radio-
active waste management and storage of the European Communities which also
gives priority to R & D projects in this field.

87. One of the main priorities of the Group is of a very general
and important nature: it concerns the development of mathematical models
to assess the migration of radionuclides through geological media with a
view to establishing, eventually, a suitable methodology for the prepara-
tion of safety analyses concerning the emplacement of long-lived radio-
active waste into different types of geologic formations. This method of
assessing theoretically the long term safety afforded by disposal into
geologic formations, taking into account relevant geological, geochemical
and other environmental factors, is regarded as the most suitable means



of demonstrating the validity of this disposal concept.

88. In addition to wide exchanges of information during meetings of
the Co-ordinating Group, direct co-operation was initiated between coun-
tries having for instance an interest in studies on the same type of rock
formations or in other more general research and development aspects.

89. Other studies and experimental activities promoted by the Co-
ordinating Group include in situ experiments, rock mechanics studies,
development of instrumentation and investigation techniques. All these
activities contribute, directly or indirectly, to a better evaluation of
the long term stability and integrity of geologic formations and provide
data for the conceptual design of waste repositories.

SEA BED DISPOSAL OF LONG-LIVED RADIOACTIVE WASTE

90. The disposal of long-lived radioactive waste on or into the sea
bed is another potentially suitable solution for the long term isolation
of such waste, in international workshop organised in February 1976 t>y
the US authorities with MEA support at the Woods Hole Oceanographic
Institute, Woods Hole, Massachussetts, USA, contributed to a better
assessment of this possibility. The workshop was attended by many specia-
lists in marine sciences, ecology, biology, radiation protection and waste
management, and confirmed that the disposal of high level and alpha bear-
ing waste into the sea bed offers interesting prospects and should be
studied further, although it is regarded as a controversial subject with
strong political implications. The results of the workshop were discussed
in May and November by the Radioactive Waste Management Committee, which
concluded that the small number of countries which are interested in this
disposal concept (France, Japan, United Kingdom and United States) should
preferably join together, for example in the framework of an international
R & D project.

91. The Committee also agreed that the option consisting of disposing
radioactive waste packed in suitable containers on the sea bed should also
be investigated in spite of the fact that it may provide an isolation of
the waste for periods of time considerably shorter than disposal into the
deep sea sediments. The international R & D programme which is to emerge
soon from these discussions will start first with scientific investiga-
tions. The Committee intends to review periodically the progress achieved
and, depending on the results obtained, may decide to support additional
activities in this field. The possibility of carrying out an experimental
disposal may then be considered, but only if these scientific investiga-
tions confirm the validity of the sea bed disposal concept. It should be
recognized, however, that present regulations in some countries do not
permit high-level waste disposal into the oceans.

SURVEILLANCE OF LOW AND MEDIUM LEVEL RADIOACTIVE WASTE SEA DISPOSAL
OPERATIONS

92. Since 1967 KEA has sponsored a sequence of joint radioactive
waste disposal operations into the sea, carried out in each case with the
participation of several Member countries. The role of NEA has been to
encourage technical co-operation between interested countries at the plan-
ning stage and to promote the application of a voluntary system of inter-
national surveillance to ensure adequate safety of such operations in
accordance with approved arrangements. The value of this action has been
to provide an international framework during a period when no legal or
technical rules were established, and to gain the necessary experience
from the safety and operational control standpoints for developing such
rules.
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93. Over the last few years, growing concern for safeguarding the
marine environment against pollution from all sources, had led to the
drawing up of the London Convention on the Prevention of Marine Pollution
by Dumping of Wastes and Other Hatter (which came into force in August
1975)» Under the Convention, each Government is competent to authorize
and control the dumping of wastes into the sea; and the conditions apply-
ing to dumping of radioactive waste have been established by IAEA, with
particular reference to MEA experience. At the same time, the London
Convention encourages parties to co-operate in the development of proce-
dures for the effective application of the Convention and to promote,
within appropriate international bodies, measures to protect the marine
environment against pollution caused by radioactive pollutants from all
sources.

94-. In view of these developments and given the fact that substan-
tial practical experience in sea dumping of radioactive waste has been
accumulated since 1967, HEA Member countries decided to r.edefine the
Agency's role in this field while agreeing on the desirability of main-
taining international supervision on radioactive waste disposal into the
sea, as a supplement to control on a national basis. Subsequent to this
decision, proposals were drawn up for the setting up, within HEA, of a
multilateral consultation and surveillance mechanism, under which Member
countries would undertake to submit their sea disposal operations to
such international control.

95. 3!he proposed mechanism, which was agreed in principle by the
Steering Committee for Nuclear Energy in October 1976; reinforces NEA's
responsibilities in establishing, in close collaboration with the IAEA
and in consultation with the OECD Environment Committee, standards, guide-
lines, recommended practices and procedures required for the safe dumping
of radioactive waste at sea (in particular with respect to dumping sites,
conditioning of wastes, suitability of ships, etc.).

96. It provides a system of prior notification to ESA of the inten-
tion of participating countries to carry out a dumping operation, either
individually or collectively, together with provision of specific infor-
mation on the proposed dumping arrangements for verification purposes.
Following such notification, WEA will be required to initiate appropriate
consultations between participating countries on the adequacy of such
arrangements and, where appropriate, to seek international advice on the
environmental and ecological assessment or other aspects of the proposed
operation. For each dumping operation, an HEA Representative will be
appointed to ensure verification of the data provided and effective super-
vision of the execution of the dumping operation. The Steering Committee
for Huclear Energy will receive reports on the way in which norms, recom-
mendations and international advices formulated through WEA have been
taken into account by the countries organising dumping operations.
Finally, NEA will maintain records of the nature and quantities of wastes
dumped as well as the location, time and method of dumping.

97- Ihe purpose of this multilateral consultation and surveillance
mechanism is thus to strengthen international co-operation for protecting
the marine environment and public health. It is not intended to encourage
the dumping of radioactive waste at sea or to affect the provisions of the
London Convention where the competences and responsibilities of national
authorities are defined. It should be noted that, because of the specific
responsibilities of the International Atomic Energy Agency in relation to
the London Convention, the proposed HEA consultation and surveillance
mechanism has been prepared in such a way as to avoid any prejudice to
IAEA's broader functions in the field of radioactive waste disposal at
sea, as may be defined in the future. It is expected that the surveil-



lance and consultation mechanism will "be formally adopted "by the OECD
Council during the course of 1977« In the meantime, it has "been agreed
that it should be used on a provisional and voluntary basis to serve as
a broad guideline for the preparation of any dumping operation which may
be proposed for 1977-

98. A further operation for the disposal of packaged solid radio-
active wastes in the deep Atlantic Ocean took place during the summer of
1976 under the earlier arrangements for surveillance by FEA. Some 6,700
tonnes of low and medium activity wastes, incorporated in concrete or
bitumen, were.discharged in the same general area as was used for previous
operations [9J.

99. 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 880 curies of alphaemitters
(essentially transuranic elements), 33,000 curies of beta-gamma, and
20,000 curies of low-energy beta in the form of tritium-contaminated
wastes.

100. Transport of the wastes to the disposal area was effected in
three voyages by the British m.v. TOPAZ, already used in previous NEA
supervised operations. During the first voyage, two minor incidents
occurred, involving two containers from the Eurochemic Company, Mol; one
floated and the other burst on immersion in the sea. The floating con-
tainer was sunk by being punctured and all the material liberated from
the burst container was recovered under the direction of the MEA appointed
Senior Escorting Officer, repacked and transported to the UK Atomic
Energy Research Establishment, Harwell, for investigation. These inves-
tigations led to the conclusions that the activity level of the waste was
very low and the radiological hazards which might possibly have arisen
from these incidents had been non-existent. The procedures for preparing
the waste material for the following voyages were reviewed, and the opera-
tion was resumed after it had been established that the probability of
similar incidents occurring again was negligible. In subsequent investiga-
tions, the arrangements for preparation of waste containers by Eurochemic
were thoroughly examined and steps taken to prevent a recurrence of the
human failures which led to containers failing to fulfil their design
specifications.

RADIOACTrra WASTE MANAGEMENT PRACTICES AMD POLICIES

101. The industrial development of activities connected with the
back end of the nuclear fuel cycle requires the integration of waste
management as a part of the cycle, taking into account the inter-relation-
ship between reprocessing, plutonium recycling, waste management opera-
tions, and transport and siting considerations. In view of these develop-
ments it is desirable to review in detail the objectives of radioactive
waste management, the technology which is presently available for treat-
ment, storage and disposal of radioactive waste and the research and
development work which is still necessary. In the light of this infor-
mation, policies can be established to maintain a suitable degree of

[9] 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 Continental
Shelf. The ocean depth in this area is some 4.5 km.
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safety in all sectors of nuclear energy activities, particularly in the
waste management field. Various strategies may be envisaged which can
affect waste management practices and policies. All these aspects have
been under continuing discussion in 1976 within an KEA expert group whose
main task is to prepare a report for publication in 1977- This report
will constitute a follow-up to the report published by the Agency in 1972
on Radioactive Waste Management Practices in Western Europe. It will
contain general conclusions and recommendations concerning policies to be
implemented,particularly on a regional basis in view of the international
character of the radioactive waste management problem.

102. In fact, the work of the HEA expert group has been largely
based on the results presented during international meetings in 1976,
and particularly during the ¡joint IAEA/NEA Symposium on the Management
of Eadioactive Waste from the Huclear Fuel Cycle, which took place in
Vienna in March 1976. ÍHhis symposium covered the entire waste management
field, from policy and planning to more technical matters such as removal
of gaseous radionuclides, treatment and conditioning of various types of
waste and their disposal into the sea or within geologic formations.
Although no entirely new developments were presented, except perhaps on
high temperature incineration of low and intermediate level waste, con-
siderable progress was reported in the establishment of a satisfactory
waste management technology. However, most of the techniques available
still need to be demonstrated through implementation on a large scale.
Industrial demonstration projects associated with strict regulatory re-
guirements are in fact already being promoted in many countries, and it
is to be expected that they will contribute significantly towards allevia-
ting current public concern in the field of radioactive waste management.

RADIATION PROTECTION

103. In 1976, the close working relationship established with the
International Commission on Badiological Protection (ICEP) has been
developed and maintained. All NEA's work in radiation protection is
based on ICEP's scientific recommendations, which constitute the recog-
nised scientific basis for international and national regulatory measures
for the protection of workers and the general population. Working rela-
tions have also been established with the United nations Committee on the
Effect of Atomic Radiation (UITSCEAR), in particular in the fields of
occupational exposure and population exposure resulting from effluent
releases.

POPULATION EXPOSURE

104. Within the last thirty years many radiation applications have
been commercialised, most, of them as a result of research in developing
nuclear energy. It is only during the last few years, however, that the
importance of understanding the relative significance of all sources of
radiation exposure has become generally recognised. Although the programme
of the Committee on Radiation Protection and Public Health gives first
priority to the radiation protection and environmental aspects of the
nuclear fuel cycle, including radioactive waste management, it therefore
also considers other sources of radiation exposure of the population.
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105. 3n this connection, the report completed by Sir Edward Pochin
at the end of 1975 and published "by the Agency early in 1976 LIOJ has made
a significant contribution towards clarification of the issues; in par-
ticular, as is most important in connection with public understanding of
nuclear power, the report provides a suitable basis for comparing the
radiation exposure of workers and members of the public from any exten-
sive programme of nuclear power production and the radiation exposures
already received from natural sources and from other accepted artificial
sources.

106. Thus, a substantial nuclear programme, developing one kilowatt
of electrical power from nuclear sources per head of population, would
increase the exposure received by a population from natural sources by an
average of about 6%. !Ehis compares with 35% resulting from medical
diagnosis, radiotherapy and nuclear medicine, 6% resulting from fall-out
from nuclear tests, and about 0.6% from other artificial sources.
Figure 3 illustrates *:his situation determined for a group of highly
industrialised countries in the western world and under the conditions
described in the report.

107. The report also provides a basis for comparing the total health
hazards involved in power production from nuclear sources with those in-
curred during equal power production by other means. This permits health
aspects to be taken properly into account in any decisions as to the
development of additional power supplies.

RADIATION PROTECTION ASPECTS OS1 THE FUEL CYCLE

108. The release of radioactivity to the environment from nuclear
fuel cycle operations is regulated and controlled to ensure that doses
received by the general population are kept as low as is readily achiev-
able. As a contribution to a better understanding of the global impact
of effluents released from the nuclear fuel cycle, the Committee on
Radiation Protection and Public Health initiated in 1976 a major study,
from the radiological protection point of view. The study, which will
describe the present situation of effluent releases from the whole nuclear
fuel cycle, will also evaluate future trends, taking into account the
development of nuclear energy production until the year 2000. The study,
will aim at an internationally-agreed consensus on policies to be followed
in relation to effluent releases, thus maintaining exposure of the general
public within acceptable limits. In fact, the main objective will be to
make recommendations as to when retention, conditioning and storage will
be required of gaseous effluents whose effects in the atmosphere may be
cumulative.

109. Similarly, the Committee on Radiation Protection and Public
Health has taken steps to prepare a report on the radiation protection
and safety measures to be adopted concerning the production, storage,
recycling and future use of plutonium and other transuranium elements.
The study is intended to provide an estimation of the present situation
and an outline of future trends, thus contributing to a harmonized policy
in this area.

110. The work programme in the field of radiation and environmental
protection aims not only at stimulating national activities but also at

Lio] "Estimated Population Exposure from Nuclear Power Production and
Other Radiation Sources", by Edward E. Pochin, MD, PROP, published
by NEA-OECD, January 1976.



harmonizing measures taken by national authorities. As an example of
this, plans were developed early in 1976 in relation to radiation and
environmental protection questions involved in mining and milling opera-
tions. These concerned, in particular, the determination of worker
exposure, assessment of risks, radiation protection measures, and control
of the mine atmosphere. la anticipation of the preparation of an inter-
national co-operative research and development programme in these areas,
arrangements were made during 1976 for the implementation of a system of
exchange of information on national programmes contemplated or in progress.
In view of the entry as full members of the Agency, during recent years
of a number of countries having important activities in uranium production,
this programme is likely to V.eeome an important element of NEA's future
activities concerning radiation protection.

111. One of the most pressing problems in this area is to ensure
proper personal dosimetry and area monitoring for mining workers. A
specialist meeting on all aspects of these matters was organised at
Elliot Lake, Canada, in October 1976. Existing practices, recent develop-
ments in measuring techniques and problems involved in the interpretation
of measuring data for dose evaluations were discussed in depth and ideas
exchanged for continuing international collaboration in this very impor-
tant area. In view of the fact that personal dosimetry and area monitor-
ing techniques are relatively complex, arrangements are being maintained
to exchange views and examine new developments and progress in this field.

RADIATION PROTECTION ASPECTS RELATING TO WORKERS AND THE GENERAL PUBLIC

112. As Figure 3 shows, population exposure resulting from nuclear
energy production is kept very low in comparison to exposure from other
sources. In practice, the main contribution to the collective population
dose is from doses received by workers in nuclear plants and other facili-
ties involving occupational exposure. The levels involved may varv con-
siderably from one nuclear installation to another. A special problem is
therefore created for maintenance personnel or those employed on inspec-
tion and repair work who may become engaged in a succession of similar
operations in different facilities. In view of this, the Committee on
Radiation Protection and Public Health is making a detailed assessment
of the situation in different types of facilities with a view to deter-
mining what specific actions can be recommended to reduce occupational
exposure. '

113. Possible consequences of accidents in nuclear facilities and
the corresponding health implications for surrounding populations have
always played an important part in discussions between national and local
authorities and the general public. la these discussions, the remedial
actions to be taken are of particular importance. Early in 1976 a
specialist meeting of experts having direct responsibilities in Member
°25 «ef ^.^is field was held. A special session was devoted to con-
cepts and existing plans m Member countries and the urgency of reaching
an international consensus on numerical guide levels for a number of
remedial actions was underlined.

RADIOISOTOPES IN PUBLIC USE

^ T Í - * "^ S-6W O f t h e i m P o r t a n c e o f comparing radiation exposure re-
sulting from the nuclear fuel cycle with that from other sources of
radiation, the problems resulting from the use of radioisotopes in pro-
ducts made available to the general public have been kept under review
Most radioisotopes used for this purpose are, in fact, by-products of



nuclear energy production activities. In certain cases, however, their
use may result in higher radiation exposure for individuals than those
received from nuclear energy production activities themselves. During
1976, two expert groups have dealt respectively with the preparation of
standards for "building materials containing naturally occurring radio-
isotopes, and for smoke and fire detectors using americium 241. Work in
these two fields should lead to publication of recommended radiation pro-
tection standards during 1977»

PUBLIC INFORMATION'

115. Alongside the many studies carried out by commissions that are
often set up on government initiative to provide surer grounds for
decisions on programmes, to strengthen safety measures and thus to con-
solidate the basis of regulations, there has "been a considerable inten-
sification in the efforts made by governments to ensure that the public
is better informed about the various aspects of nuclear energy develop-
ment and, in some cases, to associate the public more closely with
decision-making.

116. In addition to the activities more usually carried out in this
field by industrial firms and electricity utilities, information cam-
paigns have been launched under government auspices in a number of coun-
tries. A particular feature of 1976 was the increase in the number of
information meetings for specific professional groups and public dis-
cussion meetings for wider audiences, sponsored by government departments,
private sector nuclear energy associations, atomic industrial fora, etc.

117. A steady increase has also been observed in the extent to which
regional authorities, representing local interests, are being consulted
on specific plant construction projects. Lastly, it is interesting to
note that, in a number of countries, steps have been taken, or are
planned, to consult the public regarding the development of the nuclear
programmes themselves.

118. NEA is also endeavouring to make a specific contribution to
national authorities' efforts to inform the public by instituting a
system of information notes for government departments on major events
in the nuclear field, with particular reference to questions of safety
and regulation. The system uses information from authoratative sources
and was launched in 1976 on an experimental basis as a way of improving
the dissemination of selected, reliable information and to give a depen-
dable source of reference. Before deciding whether to maintain the
system on a regular basis, it will be necessary to establish whether the
effort involved is justified by the value of the service it provides to
national authorities. This decision is likely to be taken, after the
accumulation of more experience, during 1978« Meanwhile, the system is
being continued on an experimental basis.
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NUCLEAR LAW

119. The Agency's legal work continued under three main lines of
action. First, the general statutory responsibility to encourage the
elaboration and harmonisation of legislation relating to nuclear energy
in Member countries, in particular the administration, interpretation and
application of the i960 Paris Convention on Third Party Liability in the
Field of Muelear Energy and the 1953 Brussels Convention Supplementary to
the Paris Convention; secondly, the development and expansion of the
activities concerning the dissemination of information in the field of
nuclear law; and thirdly, the provision of advisory services to other
sectors of the Secretariat, in particular on the legal and regulatory
aspects of nuclear safety and radioactive waste management, and to the
Agency's ¿joint undertakings.

NUCLEAR THIRD PARTY LIABILITY

120. Almost all HEA Member countries now have special legislation in
this field which has been largely influenced by the Paris Convention and
the Brussels Supplementary Convention. In the past few years a number of
these countries have introduced new legislation or amended existing ones
in order to become party to these Conventions [llJ. This fact has prom-
pted NEA to publish a revised version of its analytical study on this
subject (see below).

121. Both national and international nuclear third party liability
legislation try to strike a balance between the interest of potential
victims of a nuclear incident in ensuring adequate and equitable compen-
sation and the desire of not unduly hindering the peaceful applications
of nuclear energy. The operator's liability is, on the one hand, absolute
(no proof of fault is necessary) and exclusive (all liability is
"channeled" onto him to the exclusion of all other persons). On the other
hand, his liability is limited, both in amount and time, in order to
enable him to find the financial security which he is required to maintain
to cover his liability. The most important aspects at the international
level lie in exclusive jurisdiction of the court of the place where the
nuclear incident occurred and in non discrimination between the victims,
regardless of their nationality and residence. The victims are further
protected by a system of individual or collective State intervention
established by the Brussels Supplementary Convention which becomes opera-
tive should the nuclear damage exceed the operator's liability.

122. Sixteen years have now passed since the adoption of the Paris
Convention and thirteen since that of the Brussels Supplementary Conven-
tion. During that period, nuclear industry and technology have developed
considerably. For example, commercial nuclear power reactors have not
only increased in number but also in size; their capacity has grown by a
factor of ten as compared to the early 1960s. The question was therefore
raised whether the Conventions should not be adapted to this new situa-
tion. In fact, a number of difficulties of interpretation and application
relating to certain legal and technical aspects of the Paris Convention
have become apparent in the course of years.

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



123. One concerns the problems relating to the European Monetary
Agreement unit of account (EMA u/a). The amounts of liability and com-
pensation of the Paris Convention and the Brussels Supplementary Conven-
tion are expressed in multiples of this unit of account which is defined
as being the equivalent of 0.888671 grammes of fine gold. The abolition
of the official gold price by the International Monetary Fund has led to
considerable uncertainties regarding the value of this unit of account in
terms of the national currencies of the Contracting Parties. Moreover,
the maximum amounts of liability and compensation (up to 15 million EMA
u/a under the Paris Convention and up to 3 20 million EMA u/a under the
Brussels Supplementary Convention), which have been translated into nation-
al currency by most Parties, have been eroded by inflation. As a con-
seguence, the real value of maximum amounts available for compensation
has dropped considerably below that originally established.

124. There was therefore general agreement among the NEA Group of
Governmental Experts on Third Party Liability to set up a Working Group
on the modernisation of the Paris and Brussels Supplementary Conventions
with the principal mandate to study the questions of raising the maximum
amounts established by the Conventions and of replacing the EMA u/a by
another unit of account not based on gold. The Group was further charged
to identify other items susceptible to a modernisation. These would
include the exclusion of small quantities of nuclear substances and of
reprocessed low enriched uranium from the scope of the Paris Convention
as well as a redefinition of the notion of nuclear installations. Techni-
cal studies in these respects have been under way for some time. The
Working Group is also looking into the procedural aspects of an eventual
modernisation of the Conventions.

INFORMATION ON NUCLEAR LAW

125. NEA's recent activities on the regulatory aspects of the
peaceful uses of nuclear energy have been accompanied by an additional
information effort on the relevant laws and regulations adopted by Member
countries. A better understanding of existing regulations helps to
further the harmonisation of national policies in this area, and is of
great practical value to legal specialists and others.

LICENSING AND INSPECTION OF NUCLEAR INSTALLATIONS

126. The CSNI Sub-Committee on Licensing has the special task of
promoting exchanges of information on the practices of Member countries
and the regulations they adopt for the licensing of nuclear installations.
In this perspective, a study was prepared for the Sub-Committee in 1975
on national licensing and inspection systems for nuclear installations
in seventeen Member countries of NEA, This year a first up-dating of that
study was made for six countries L12].

SERIES OP ANALYTICAL STUDIES

127. In recent years NEA has undertaken the task of collating and
analysing the laws and regulations governing the various aspects of the
use of nuclear energy in OECD Member countries, resulting in the publica-
tion of the following volumes: "Nuclear Third Party Liability" (1967),

[12] Austria, Finland, France, Italy, Sweden and the United Kingdom



"Organisation and General Regime Governing Nuclear Activities" (1969) and
"Regulations Governing Nuclear Installations and Radiation Protection"
(1972) Ll3].

128. Since the first of these studies appeared many countries have
made substantial changes in their legislation on nuclear third party
liability or have adopted such legislation for the first time. This fact
must also be seen in conjunction with the progress made meanwhile in
ratifying the existing international conventions on the subject. It there-
fore seemed necessary to publish a revised version of the study on nuclear
third party liability dealing with the countries [14-] that have special
legislation on the subject. In addition to material in the earlier
edition, the new edition contains a description of national third party
liability systems applying to operators of nuclear ships.

COMPUTERISED NUCLEAR LAW

129. Previous activity reports have referred to the arrangement
between NEA and IAEA whereby the International Nuclear Information
System (OTIS) receives information on nuclear law collected and processed
by NEA from the legal texts and literature available in certain of its
Member countries.

130. In addition to this new service, started at the beginning of
the year, it was found necessary to adapt the data processing techniques
used by OTIS to the specific requirements of legal texts as regards both
cataloguing and indexing, i.e. the bibliographical description of documents
and the selection of special terms used for computerised information re-
trieval. These adjustments proposed by the OTIS Secretariat in consulta-
tion with the Legal Affairs Section of NEA were agreed at the meeting of
OTIS national liaison officers at the end of last year.

NUCLEAR LAW BULLETIN

131. The Nuclear Law Bulletin is a publication in English and Prench
started in 1968 and available on subscription. Its readership goes well
beyond the OECD area because it is the only international periodical in
this field. Two further numbers of the Nuclear Law Bulletin were published
in 1976.

SECURITY CONTROL

132. Under the Convention on the establishment of a security control
in the field of nuclear energy dated 20th December 1957, NEA had the task

Ll3] In consequence of the widespread review of national transport regula-
tions that has been taking place since the adoption of the new
edition of the IAEA regulations on transport of radioactive materials,
the planned study on transport of nuclear substances has been post-
poned, but should start shortly.

Austria, Belgium, Canada, Denmark, Finland, France, Federal Republic
of Germany, Italy, Japan, Netherlands, Norway, Spain, Sweden,
Switzerland, United Kingdom and United States.
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of ensuring that none of its joint undertakings (the Eurochemic Company
and the Halden and Dragon Reactor Projects) would be used for military
purposes. Ihe security control also applied to installations using raw
materials or special fissionable materials recovered or otherwise obtained
in the joint undertakings.

133. However, since the enlargement of the European Atomic Energy
Community, which has its own control system, and the increase in the
n u? b er of MEA Member countries that have concluded safeguards agreements
with IAÜA, there has been an increasing amount of overlapping in recent
years in the international procedures for control and inspection of the
installations covered by the 1957 Convention. In the circumstances, the
Steering Committee decided on 14-th October 1976 to authorise the Director
of Control to suspend the application of the Security Control Regulations
until further notice. It also instructed the Director of Control to keep
the situation under review and, in consultation with the Chairman of the
Control Bureau, to initiate reconsideration of the matter in the event of
a significant change in the circumstances under which this suspension of
the application of the NEA Security Control Regulations had been decided.
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III. TECHNICAL DEVELOPMENT





STUDIES ON THE NUCLEAR FUEL CYCLE

134-. In response to requests from NEA Member countries, the
Secretariat has, during 1976, substantially reinforced its studies of
key questions relating to the nuclear fuel cycle. These technical and
economic investigations were essentially carried out under the auspices
of the Study Group on the Long Term Hole of Nuclear Energy (MELT). In
addition to the ongoing work on uranium supply and demand, new initiatives
were taken concerning research and development work in uranium exploration
techniques, an evaluation project for additional uranium resources and an
appreciation of the situation in the field of spent fuel reprocessing [15].
In addition, a study on longer term fuel cycle strategies with the aim of
determining possible requirements for uranium, enrichment services and
reprocessing services into the first quarter of the coming century has
been vigorously pursued.

EVALUATION OF ADDITIONAL URANIUM RESOURCES

135» Since 1955i NEA has periodically published reports on uranium
resources and demand. Prom 1967 onwards this was done in close collabora-
tion with the IAEA. These reports were mainly concerned with low cost
reasonably assured resources (reserves), but also considered to some
extent estimated additional resources. The latest report, published
early in 1976, stated that known reserves would be substantially committed
to the cumulative lifetime needs of reactors operating by the late 1980s.
The nuclear industry is therefore interested in the amount of additional
resources discoverable through increased exploration efforts, so as to
obtain an indication of long term availability of uranium.

136. Most authorities believe that prospects for future discoveries
of large uranium resources are good. However, a large effort is needed
to discover and exploit these additional resources. For these reasons,
governments in the United States, Canada, Australia and elsewhere have
encouraged and facilitated exploration and some have initiated national
uranium evaluation programmes. Such programmes are aimed at providing
industry with uranium reconnaissance data which indicate areas with high
probability for uranium discoveries, thus allowing for the appraisal of
the potential for additional resources.

137• In the course of the year, the Steering Committee for Nuclear
Energy has set up, together with IAEA, a Steering Group on Uranium
Resources [l6J with the mandate to identify in collaboration with the

[l5] Work in the field of radioactive waste management is described in
paragraphs 77 to 102 of this report.

[16] The Steering Group on Uranium Resources has the following member-
ship: Australia, Canada, Prance, Federal Republic of Germany, Sweden,
South Africa and the United States.



cotLTfcries concerned, uranium exploration objectives and to suggest new
uranium exploration efforts in promising areas. The IAEA, which, at pre-
sent is building up a uranium resources information file and which, has
widespread experience through its technical assistance contracts on
uranium exploration, in developing countries, is well placed to play an
important and complementary role to that of MEA in this field.

138. Recently, the International Energy Agency of the OECD also
stressed the necessity for an international uranium evaluation effort and
decided to refer the first phase of such a programme to the NEA/IAEA
Steering Group. Consequently, the Steering Group decided to carry out
an "International Uranium Resources Evaluation Project" (IUREP), making
use of the current U.S., Canadian and Australian programmes to provide
the necessary data for those respective areas and assigning the evalua-
tion of other specific geographical regions to other members of the
Group. The TAT:A Secretariat, notably through its data bank, is expected
to add to the general body of knowledge, particularly in areas not
covered in current OECD efforts. The Group expects to produce a first
report covering as large an area as possible by May 1978.

CO-ORDINATIONS OF RESEARCH ATSD DEVELOPMENT TU UEAJTIUM EXPLORATION
TECHNIQUES

139. Following proposals to increase systematic uranium exploration
and a suggestion of TEA to study the scope for co-operation on uranium
prospecting techniques, NEA also set up a new joint Group of Experts
with IAEA on Research and Development in Uranium Exploration Techniques.

140. The new Group met in June 1976 with participants from Canada,
Prance, India, South Africa, Sweden, United Kingdom, United States, and
the CEC. Its mandate includes exchanges of information on uranium ex-
ploration methods including current related R & D; selection of uranium
exploration techniques for collaborative R & D; co-ordination of the
collaborative R & D effort and dissemination of the knowledge acquired
and review of technical policy in regard to the application of explora-
tion methods.

141. Collaborative R & D is thought to be most profitably pursued
by the exchange of information on existing, well-tried exploration tech-
niques. A list of suitable subjects for joint sponsorship has been
identified but for practical reasons it is restricted to priority topics
as follows: gaseous geochemistry; borehole logging; rock geochemistry;
uranium ore genesis and provinces; biogeochemistry; instrumentation,
other than airborne. As a first ¡otep, workshops on each of these subjects
are to be organised in countries where relevant work is done.

142. Exchanges of information are also expected to play an important
role. These are intended to include, in particular, an examination of
specific case histories and compilation of an index indicating where and
by whom uranium prospection R & D is being carried out.

URANIUM RESOURCES AND URANIUM DEMAND

143. Early in 1976, NEA published together with the IAEA a revision
of the periodical report on Uranium Resources, Production and Demand.
The essential results of this report, which had been prepared during



1975 [17]» were already outlined in NEA's Fourth Activity Report. A
further revision is planned for publication in 1977.

While a detailed appreciation of the more recent uranium situa-
tion will tie carried out in 1977, a review of the major developments during
1976 shows that, in the area of reasonably assured uranium resources, some
substantial new discoveries have been reported in Canada (Key lake) and in
Australia (Northern Territory). The total amount of these new reserves
is estimated at 120.000 to 150.000 tonnes uranium, which are in addition
to the 1.080.000 tonnes reported in 1975.

145. On the other hand, as already indicated in Chapter I, the fore-
cast data for nuclear power growth have been substantially reduced during
1976, especially in the United States, but also in Europe and other
regions. It has therefore become clear that the demand estimates for
natural uranium must also be reduced and it is more likely that the low
demand estimate contained in the Report of December 1975 will prevail
compared to the high estimate. Very recert developments even suggest
that a still lower growth forecast will apply. An indicatior of the
forward reserves may be given by identifying the year during which the
low cost resources would be used up (assuming that they could be made
available at the rate required). In tie MEA Report,according to the low
demand forecast, this was calculated to occur in 1990. Present estimates
indicate 1993 as the corresponding reference year. However, these timings
can only serve for comparison purposes. In fact, it is the production
capacities sustained with kaown rescvrces which determine the uranium
availability, and the development of these capacities is dependent on a
variety of economic and political factors.

146. Another significant development in 1976 was the continuing
trend in uranium price increases. In September 1976, prices of $41 per
1b U^Os were reported for spot sales for immediate delivery compared to
§35 per Ib U5O5 in January. However, average prices for uranium delivered
in the United States in 1976 on the basis of existing contracts amounted
to some $12 per lb UjOg.

REPROCESSHJG OF SPENT NUCLEAR FUEL

147. During 1975, it had become evident that the timely closing of
the nuclear fuel cycle was impossible taking into account the long lead
times involved in the construction of reprocessing plants necessary to
deal with the spent fuel discharged from the growing number of LWRs.
The experience accumulated with existing reprocessing facilities made it
also necessary to reconsider the economies of recycling. For these
reasons, MEA, within the framework of its technical and economic studies
of the fuel cycle, set up an Ad Hoc Expert Group on Oxide Fuel Reprocess-
ing to undertake a preliminary study of the reprocessing situation and
make recommendations for future actions. A first report [18] has been
prepared, which provides an assessment of reprocessing capabilities as
compared to potential demands for such services, based on new estimates
of nuclear power growth until 1990.

[ 17] "Uranium Resources, Production and Demand",MEA, Paris, December

[ 18] Published in January 1977 as "Reprocessing of Spent Muclear Fuels
in OECD Countries".
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148. As shown in Chapter I of the present Report, a comparison
between the projected reprocessing capacity and the demand for such ser-
vices in OECD countries indicates that present commitments to establish
reprocessing capacity are insufficient to meet the projected demand for
such services if the reprocessing option is pursued.

14-9. Prom the viewpoint of energy conservation, comparison of the
uranium and separative work requirements of presently foreseeable nuclear
power programmes with the savings achievable through uranium and plutonium
recycle, indicates savings; of -¿p to 16% in both the cumulative feed and
separative work requirements in the period until 1990. Beyond the recycle
of recovered fuels in present-generation reactors, it is also important
to consider recovered pluton.ium as an initial source of fuel for the
coming generation of fast breeder reactors. Since development and growth
of fast bx'eeders would also require reprocessing of fuels, their feasi-
bility will be contingent upon the existence of the necessary reprocessing
services.

150. The Report identifies factors that have limited the availability
of reprocessing services, provides an analysis of alternatives to reproces-
sing, and suggests possible measures to overcome shortages in capacity.
The recommendations in the Report are made on the basis of technical and
economic judgements, bearing in mind that compelling economic uncertainty
and non-proliferation reasons might exist for the adoption of alternative
courses of action in a gxven situation. As explained in footnote [4]
page 16, this is the case for example in the United States.

LONG TERM NUCLEAR FUEL CYCLE REQUIREMENTS

151. In addition to the demand calculations for natural uranium,
enriched uranium and reprocessing capacity until 1990, as regularly car-
ried out in conjunction with the periodical publications on uranium
supply and demand and more recently the report on reprocessing, a study
on longer term requirements until 2025 has been undertaken by the Working
Party on Uranium Demand.

152. Based on agreed reactor characteristics and a limited number of
reactor strategies and taking lower and upper limits for nuclear power
growth, it is intended to estimate the various fuel cycle requirements
and draw conclusions as to the relative merits of the various cases under
consideration. Up to now the Group has agreed on a methodology for power
growth estimates, on characteristics of present and more advanced reactor
types and on a choice of reactor strategies. At the same time, the
various computer programmes available in the fuel cycle field have been
scrutinized.

153. Preliminary results of demand calculations have been used to
select several cases from a wide possible variation of reactor strategies
for the final studies. Amongst others, high and low "LWE only" cases
will be compared with cases of early and later breeder introduction and
also with cases introducing high conversion thermal reactors working on
the thorium fuel cycle. The influence of reprocessing delay times on the
breeder introduction rates will find special attention. It is hoped that
a first report drawn from these studies will be published in 1977.



GAS-COOLED FAST REACTORS

5 Since 1971J when the Co-ordinating Group on Gas-Cooled Past
Reactor Development [19] was set up, the participating countries have
maintained an interest in keeping this option as a back-up solution to
the sodium-cooled fast reactor. Thus, the set-back for the High Tempera-
ture Gas-Cooled Eeactor system has not so far substantially affected the
gas-cooled fast reactor development work, although the co-ordinated
development programme has, in fact, undergone some streamlining.

155« In the past, two different gas-cooled fast reactor concepts
were investigated, one based on coated particle type fuel elements and
the other on pin type fuel elements.

156. The coated particle concept posed a number of interesting
alternatives concerning the choice of the coating, the reactor coolant
gas, the type of structural material for the fuel elements and the fuel
assembly concept. Irradiations of various types of coated particles in
thermal reactors were performed. During the past year, a consensus of
opinion emerged in the Group that the experimental data and the results
of the assessment studies would indicate a relative disadvantage of the
coated particle concept compared to the pin concept. Much more work
would be required to identify the appropriate coating material and fuel
assembly arrangement, and the performance of the fuel concerning plutonium
economy seems also less favourable than that which can be expected from
pin fuel. For these reasons, and also bearing in mind the recent con-
siderable reductions in HTB fuel development programmes, coated particle
studies have been brought to an end and collective resources have been
concentrated on the further development of the pin concept.

157- For the pin concept, two design variants are under consideration
for meeting specified safety requirements. However, the major features
determining the research and development work at this stage are common;
these are helium cooling, vented pins, artificial roughness on pin surface,
coolant pressure levels, and the form of containment. The differences
lie mainly in the fact that the design pursued by GBBA has a standing
core, upward flow of cooling gas, and electrically driven main blowers;
while the design favoured by EWU [20] and GAC [21] has a hanging core,
downward flow of cooling gas, and steam driven main blowers.

158. The work carried out covered design and safety investigations,
heat transfer studies and irradiation experiments in thermal reactors.
The design and safety work has brought out the principal features which
enabled the development programme requirements to be identified, and
encouraging safety discussions to be held with international bodies.

[19] The Co-ordinating Group is supported by the following countries and
organisations: Austria, Belgium, Federal Eepublic of Germany, Prance,
Japan, Sweden, Switzerland, the Netherlands, United Kingdom, the
Commission of the European Communities and the Gas Breeder Eeactor
Association (GBEA).

[20] EWU: Kraftwerk Union.

[2l] GAC: General Atomic Company.

- 55 -



The heat transfer work has shown that the design requirements can be met,
and irradiation and compatibility work has clarified the choice of mater-
ials and the selection of coolant gas composition.

159. A large fraction of the work under progress was devoted to the
preparation of a key experiment, i.e. the irradiation of a fuel bundle in
a helium loop in the BE 2 reactor in Hoi under realistic temperature and
pressure conditions. A test of a dunmy fuel element was carried out in
order to determine the exact conditions for the main experiment. The
results of this preparatory work allowed the start up of this experiment
at the beginning of 1977.

160. In October 1976? the Steering Committee for Huclear Energy
prolonged the mandate of the Co-ordinating Group for two years and at
the same time agreed to the participation of the Commission of the
European Communities in the Group's future work. The united States have
also expressed an interest in joining the Group and a decision on this
will probably be taken in 1977-

ISOTOPIC BATTERIES

161. In June 1967 the HEA Study Group on Isotopic Batteries [22]
was set up for an initial period of two years with a mandate to undertake,
jointly, research and development in the field of miniature isotopic
batteries, based on a co-ordinated programme. The mandate of the Study
Group has since been renewed four times, on the last occasion at the end
of 1975.

162. Although the Study Group's original mandate embraced a poten-
tially wide variety of medical and non-medical applications for isotopic
batteries, it has emerged over the years that the main interest and need
has been for use in cardiac pacemakers. Since the first implantation was
made in France on 27th April 1970, the number of implantations has
steadily grown and it is estimated that at the end of 1976 there were
over 2000 bearers of isotopic pacemakers in some 35 countries throughout
the world. The youngest patient was three years old (Spain) and the
oldest 87 (Poland) at the time of implantation.

163. Isotopic cardiac pacemakers have a significantly longer life-
time (estimated at 20 years; than the conventional type pacemakers using
mercury cells which need to be replaced at intervals of approximately 18
months. Isotopic pacemakers therefore have the considerable advantage
of reducing the anxiety and medical risks to patients arising from the
need for frequent surgical interventions.

164. However, the plutonium fuel used in most isotopic pacemakers
is a hazardous substance and the batteries must therefore be constructed
according to extremely stringent design criteria and subjected to rigorous
prototype tests to ensure containment of the radioisotopic fuel under the
most severe accident conditions. The MEA Interim Radiation Protection
Standards for the Design, Construction, Testing and Control of Eadio-

[22] The Study Group presently groups Austria, Denmark, Prance, the
Federal Republic of Germany, Spain, Sweden and Switzerland.



isotopic Cardiac Pacemakers which were published in August 197*» lay-
down such criteria and specify the testing requirements. The Study-
Group's Programme of work is now mainly oriented towards improving the
efficiency, reliability and safety characteristics of radioisotopic
cardiac pacemakers. This includes not only research and development on
new types of "battery but also further studies into the suitability of the
various prototype tests.

165- Thus, a new version of heat source has been developed by the
French Commissariat á 1'Energie Atomique, which is appreciably „smaller
than previous models and will enable the design of a smaller pacemaker.
Recent studies in Sweden and France suggest that tritium conversion
systems could provide sources which are as reliable as and much safer
than Plutonium 238 and Promethium 147 systems for medical applications
and certain scientific instruments and electronic equipment. The Study-
Group is investigating the possibility of establishing a more substantial
international co-operative programme of R & D on tritium batteries.

166. Studies have continued, inter alia, in the Federal Republic of
Germany and in Switzerland, to establish the validity of the prototype
tests specified in the HEA Interim Radiation Protection Standards, notably
as regards temperature during cremation. France, whose isotopic sources
are the most widely used at the present time, has continued to carry out
the specified tests on source containment and has also designed an
accelerated corrosion test.

167. Promising developments have been reported in the performance
of chemical batteries, notably those based on lithium iodide, and re-
chargeable batteries; the experience in their practical application
particularly with regard to their reliability and effective lifetime will
continue to be closely followed. A detailed study of the various charac-
teristics of all types of chemical batteries is nearing completion in
Switzerland and will be updated in the light of new data as it becomes
available in due course based on actual performance in practical condi-
tions .

JOINT UNDERTAKINGS

EIIROCHEMIC

168. When the Eurochemic Company [23] ceased its reprocessing
activities in 1974-, its life was extended for a further five years for
the purpose of fulfilling its obligations to its host country, Belgium,
regarding the conditioning and interim storage of the wastes produced by
eight years' operation and subsequent plant decontamination. Accordingly,
a technical programme, the so-called basic programme, was decided in 1975
by the Eurochemic "Special Group" of the Steering Committee for Nuclear
Energy to meet these requirements. The costs of the programme are being
shared by the countries according to a scale based on national income.

[23] The European Company for the Chemical Processing of Irradiated Fuels
set up in 1957 in Mol, Belgium, for an initial period of fifteen
years by thirteen Member countries of the Organisation : Austria,
Belgium, Denmark, Prance, Federal Republic of Germany, Italy, the
Netherlands (which withdrew from the Company in 1975), Norway,
Portugal, Spain, Sweden, Switzerland and Turkey.



169- No plans were made to dismantle the plant, which was simply put
on standby, pending a final decision regarding the ultimate future of the
installations [24-J. Meanwhile, a Study Group, Belgoprocess, made up of
representatives of the Belgian Government and of the electricity-producing
sector, was set up to investigate the possibilities of taking over the
Eurochemic installations for reprocessing purposes.

170. Following creation of Belgoprocess, a joint Working Group,
including representatives of HEA, Eurochemic aui Belgoprocess, prepared
a report on the legal, financial and economic implications of such a
takeover. This report was considered early in 1976 by the Belgian
authorities and the Eurochemic Board of Directors, and the latter agreed
to put forward proposals to the Belgian Government with a view to an
overall settlement of the problems concerning the Company's future. Con-
sequently, negotiators for MEA and Eurochemic on the one hand, and for
the Belgian authorities on the other, were appointed to conduct negotia-
tions on a preliminary agreement, based on these proposals.

171» ÍEke end of the year was marked by a successful outcome of these
negotiations. Hie Belgian Government agreed to take over the Eurochemic
installations to resume reprocessing activities and the general lines of
the preliminary agreement were approved by the Company's Board of
Directors. According to this, Eurochemic would undertake to condition
the wastes resulting from its reprocessing operations, and Belgium would
take responsibility for control and long-term storage of the wastes as
well as for plant dismantling. Eurochemic for its part would contribute
approximately one-third of the dismantling costs.

172. During the period under review, the basic programme progressed
according to schedule. The work comprised solidification of the wastes
and their transformation into a product which can be stored for an interim
period and subsequently retrieved if necessary. The wastes stored in the
ponds were segregated according to their activities prior to conditioning
and cold tests were proceeding in the bituminization unit constructed for
incorporating medium-level wastes into bitumen. Construction of the
storage unit for the wastes was nearing completion and plant decontamina-
tion had reached the level where it could be considered as free from
fissile material.

173« In the meantime, work has continued concerning the setting up
of an International R & D Programme on high level waste conditioning,
open to participation by OECD countries which are not Eurochemic members
[25J. The aim of this programme, which is a follow-up of the basic
programme, is to make use of the opportunity provided by the waste solidi-
fication operations to enable interested countries to gain experience of
a new technology for conditioning this type of waste, which is appropriate
for both interim and final storage. A technique will be developed for
embedding the solidified waste into metal matrices on a semi-industrial
scale.

174-. Efforts were concentrated in the course of the year on finalis-
ing the formal Agreement for the International Programme, in consultation
with the interested countries. In parallel, at the technical level, two

[ 24] The Statute of the Company provides that, on liquidation, an Agree-
ment must be concluded between Eurochemic and Belgium regarding
possible takeover of the installations and storage and control of
the wastes.

[25] See also Chapter II, page 35.



processes, developed by Eurochemic (LOTES) and by a Company from the
Federal Republic of Germany, Gelsenberg AG, (PATELA) were selected for
high-level waste solidification. It was agreed that the International
Programme which originally planned to cover wastes solidified by the
fluid;-bed calcination process, would be adjusted to meet these technical
developments.

HALDEN

175- During 1976, the first year of a new three-year extension to
the Halden Agreement [ 26], the activities of the OECD Halden Reactor
Project came under two main headings: fuel performance studies and
process control and supervision.

176. As in earlier years, a large number of experimental fuel assem-
blies from participating organisations were irradiated in the Halden
reactor under closely monitored conditions. However, there has been a
continuation of the trend, established in the previous year, away from
using the reactor merely as an irradiation test bed towards fuel research
on specific, safety-related subjects such as fuel-cladding and pellet-
pellet interactions. Also a substantial amount of original work has been
done on developing mathematical models for predicting the thermal behaviour
of reactor fuels.

177« Encouraging results have been obtained from the programme on
process control and supervision, both in the form of new system control
methods and as advanced operator-process dialogue using computers and
modern display facilities. Work has started on developing systems for
interactive plant disturbance analysis.

178. These research activities of the Halden Project are highly
relevant to the nuclear safety of modern power plants. Por this reason
technical liaison with the Project is effected by the Nuclear Safety
Division. The Project's safety-related activities are by this means
reported regularly to the Committee on the Safety of Nuclear Installations
and its subsidiary bodies.

[26] The Halden Project dates from July 1958, when the Boiling Heavy
Water Reactor at Halden, south of Oslo, built and owned by the
Norwegian Ihstitutt 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
Nazipnale per 1'Energie Nucléare, 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.



179• A more detailed description of the activities of the Halden
Project in 1976 is given in Annex C.

DEAGOST

180. As was "briefly mentioned in the Fourth Activity Report, the
Signatories of the Dragon Project Agreement were unable to agree on suit-
able terms for a prolongation of the Agreement after 31st March 1976.
Hie winding-up of the Project began accordingly in December 1975, when it
became clear that termination was inescapable.

181. An important underlying cause for the inability of the Signa-
tories to negotiate a further extension to the Agreement was the difficulty
experienced by the United Kingdom, as host country, in continuing the re-
quired level of financial support for a reactor concept which was no
longer relevant to the United Kingdom's own nuclear power programme.
Apart from these considerations, however, there had been a loss of com-
mercial support elsewhere for the High Temperature Gas-Cooled Reactor
during 1975- In the United States, for example, following cancellation
and postponement of intended HTR orders, the General Atomic Company was
obliged to withdraw temporarily from the commercial scene. This had re-
percussions in the Federal Republic of Germany where it had been expected
that General Atomic would construct the first commercial reactor. The
general climate for HTR research and development was therefore gloomy and
there was no evidence that this situation was likely to change in the
immediate future. Nevertheless, a large amount of data and experience in
HTR technology had been accumulated during the seventeen years lifetime

of the Dragon Project. This confirmed the fundamental soundness of the
HTR concept and strengthened confidence in its technical viability.

182. Abandonment of the Dragon Project's programme would have en-
tailed the loss of the results of much work carried out at considerable
expense. In this situation the Kernforschungsanlage Jülich (KFA) in the
Federal Republic of Germany generously provided funds which enabled pro-
grammes under way to be completed and the resulting data to be evaluated
and reported.

183. Meanwhile, a number of actions had to be taken to wind up the
affairs of the Project. These included the vacation and rehabilitation
of buildings at AEE Winfrith, the return of loaned equipment, disposal
of Dragon Project assets, both with contractors and at Winfrith, and clo-
sure of the nuclear materials and financial accounts of the Project.
Arrangements were also made for preparation of some remaining technical
reports and a final annual report on the Project's activities. Finally,
archives were selected for long term retention and decisions taken con-
cerning retention of Dragon Project patents. Arrangements for continuing
patent protection after termination of the Project were also made.

184. Although these operations have, in general, been carried out
under the executive responsibility of AEE Winfrith, the Dragon Project
Board of Management invited 1TC3A to assume responsibility for ensuring
that the various actions to bring the Project's affairs to an orderly
conclusion, in particular the disposal of assets, were completed to the
full satisfaction of the Signatories. For this purpose an ad hoc Group
of Dragon Project Signatories was set up to advise MEA and met twice
during the year. A substantial part of the terminal activities had been
completed by the end of the year. It is expected that the whole exercise
of clearing up the Project's affairs will have been terminated by mid-
1977.
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185. With the termination of the Project Agreement on 31st March
1976, and in accordance with its terms the fixed assets of the Project,
in particular the Dragon Reactor Experiment itself, became the property
of the United Kingdom Atomic Energy Authority. Although the Authority
had no immediate intention to continue operating the reactor, all the
necessary steps were taken to close the reactor down and put the whole
complex in such a condition that operations could recommence without un-
due delay in the event of a future decision to undertake a further pro-
gramme of HTR technological research.

186. When it became apparent that the Dragon Project would terminate,
the suggestion was made that NEA, as sponsoring organisation, should com-
mission an official history of the Project. There was general recognition
that the Dragon Project had been an outstandingly successful experiment
in international technological co-operation and that the experience it
represents deserves to be properly written up as a source for future
reference. Accordingly, Mr. E.U. Shaw has been appointed by NEA as
Historian of the Dragon Project with the task of preparing a history
analysing objectively the industrial, technical, administrative and
political aspects of the Project's evolution and evaluating the Project's
significance in the general context of nuclear power development. A
first draft of the history is expected to be completed by the end of 1978,
at which stage its overall quality and suitability for publication will
be assessed by a suitably constituted panel.

187. Meanwhile the Signatories have decided that access to the Project
archives should be restricted to the official Historian, representatives
of the Signatories and authorised persons and undertakings established on
their territories. These restrictions are expected to last for not less
than five years.

POOD IRRADIATION

188. Given the serious problem of feeding the growing world popula-
tion, any economically viable process that will increase the supply of
wholesome food deserves careful consideration. Irradiation has been
shown to be a promising treatment for perishable foods but the process
has tended to be regarded with suspicion and in most countries is subject
to strict control by law. Objective scientific evidence is required to
enable health authorities to make an informed judgement on the accepta-
bility of irradiated foods for human consumption. The testing procedures
necessary to provide this evidence are extremely costly. Therefore, food
irradiation is a particularly appropriate subject for study at inter-
national level.

189. It was against this background that the International Project
in the Field of Pood Irradiation was established on 1st January 1971
under the sponsorship of 1TEA, the International Atomic Energy Agency and
the Pood and Agriculture Organisation of the United Nations, to undertake
investigations into the wholesomeness of irradiated foodstuffs.

190. The original Agreement which covered a period of five years
until Jlst December 1975 was extended for a further three years until
31st December 1978. As in previous years, NEA continued to provide the
Secretariat for the governing bodies of the Project. A full list of the
national authorities and organisations of the twenty-three countries
participating in the Project in 1976 is given in Annex B. Towards the
end of 1976 preliminary negotiations were started to enable the Ghana
Atomic Energy Commission to accede to the Project Agreements.
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September 1976 a Joint FAO/IAEA/WHO Expert Committee on
Food met in Geneva and evaluated experimental evidence for the
ess of l ^ S e of irradiated food items. 03iis evidence Had been
om the Project's own studies and also from an exhaustive search

t íi? scientific literature carried out by the Eject's staff. A number
of experts were also engaged by the Project as consultants to prepare this
material in a form suitable for presentation to the Joint Expert Committee.

p

J 1 6 C o m m j t t e e recognized five food items (potatoes, wheat,
, Papaya<and strawberries) as "unconditionally safe» for human con-
n after irradiation for preservation purposes. Three foods (rice

°n^°n s ) ?efe S ± v e n "Provisional approval», while one (mushrooms)
n ^ Í a t ? I > - e V ^ a t Í O n ; - ? Í S ex*>ected tturt this outcome will

t the use of ionizing radiation to preserve food and will assist
in making international trade in irradiated foods possible. The Comtit-

I S í f S f P S ! * g r a t i f 5 r i n s OUtcome t o the ^dec t ' s efforts

1 9 3 .Ano"b^er important recommendation of the Joint Expert Committee
í ? ^radiation should not be regarded, as in the past, as a

Lft?ZiUt-lZ a n e W technique for the preservation of food. As it
not possible either greatly to exaggerate feeding levels in animal
^ Z ^Xat±0f-i0Se l e v e l s' i* »as also rlcommended that a

testing requirements should be adopted. Greater em-
vx^ b e Placed o n radiation chemical data derived from

l^,\^ J^S ^orientation confirms the conclusions of the Project's
own Scientific Erogramme Committee and the future programme of work will
£a£![iC;;OUI1^Of t M s ̂ d othe* specific recommendatiols made by tie Joint

ÍT^ áeSC^Í0» f ̂  ^ J ^ ' í activities
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IV. NUCLEAR SCIENCE
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SUPPORT FOR LONG-TERM RESEARCH AND DEVELOPMENT

295. A basic condition of all developments in nuclear technology is
tue need to make the best possible use of existing scientific techniques
and data, and to develop new measurement or calculational techniques or
obtain new data where current knowledge is inadequate. The Agency supports
work in reactor physics, and data work in the basic discipline of nuclear
physics, through two scientific committees ! NEA Committee on Reactor
Physics (NEACBP) and HEA Nuclear Data Committee (NEANDC), and through
its two specialised information centres, the Computer Program Library
at Ispra, Italy, and the Neutron Data Compilation Centre at Saclay.

196. The scientific committees' discussions are chiefly on the level
of research policy and provide for regular contacts between senior
scientists in co-ordinating national research programmes, in defining
calculations and experiments to be carried out in parallel by several
countries, and in comparing and evaluating the results of similar work
from different national laboratories. New priorities in research are
emphasized by specialist meetings organised by NEA under the committees'
sponsorship and guidance.

197. In addition to work impinging directly on research policy, a
continuous exchange of scientific information is maintained by circulation
of research reports between committee members and their wider audience of
specialists. The broader field of Nuclear Information is covered by the
Working Group on Nuclear Energy Information (NINP), comprising senior
officials from the scientific information services of Member countries'
atomic energy authorities. This group has specialised in the discussion
and promotion of modern techniques in computer use for scientific infor-
mation.

NEA SCIENTIFIC COMMITTEES

198. The strongly complementary roles of the NEA Committee on
Reactor Physics and the NEA Nuclear Data Committee have dex-eloped
gradually over time. In the early sixties there was a larger gap between
reactor physics and neutron data work. Calculation methods used in
reactor physics have evolved, as have the computer hardware and software
supporting them, and the quality of the essential microscopic cross-
section data, to a point where the interests of data users and producers
are converging on the evaluated files which serve as input to reactor
physics calculations. These are now compiled from a far greater volume
of data, of better accuracy and with much improved energy resolution.

199. The committees are aware of the need for wider understanding
of the present status and important problems of reactor physics and the
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important areas of uncertainty in neutron physics. NEANDC has therefore
decided to sponsor a series of monographs on Neutron Physics in Science
and Technology to "be written or edited by its members. Also a survey of
the state of East Reactor Physics is being prepared bv members of NEACRP
for publication during 1977.

200. In 1976, topics in selected areas of reactor physics of general
interest to the nuclear energy programmes in NEA countries were discussed
by NEACRP at its meeting at Chalk River, Canada. In-depth discussions
included a review of reactor physics problems relating to the safety of
liquid metal fast breeder reactors ; neutronic problems in fusion reactors
prospects for thermal breeder reactors ; and problems related to burn-up
in thermal and fast reactors. Discussion was also focussed on the present
accuracies in prediction of control rod reactivities which had been the
subject of a specialist meeting organised by the Committee at the Centre
d'Etudes Nucléaires, Cadarache, Prance (April 1976). As part of a long-
standing co-ordinated effort by the Committee, a specialist meeting on
differential and integral nuclear data requirements for shielding calcu-
lations was arranged ¿jointly with IAEA (Vienna, October 1976). During
this meeting the status of the various parts of the co-ordinated programme
were discussed, including sensitivity benchmark calculations, sensitivity
studies on practical shield designs, shielding benchmark experiments, and
the status of existing data files.

201. The 1976 plenary session of NEANDC was held in Stockholm in
September with an associated visit to the experimental neutron physics
work under way at the nearby Studsvik Nuclear Research Centre. The main
topics discussed at the meeting were elastic and inelastic neutron
scattering, fission neutron spectra and fission product nuclear data.
Also discussed were the results of the workshop organised by the Committee
on fast neutron fission cross sections for U 235, U 238 and Pu 239. This
meeting was devoted to a comparison of experimental d<vfca and an attempt
to resolve discrepancies.

202. A topical discussion is traditionally held at each annual
meeting of the main Committee and this year's subject dealt with integral
and differential after-heat measurements, which are important design
elements involving safety implications.

203. At its annual meeting (May 1976) the Working Group on Nuclear
Energy Information (MINI1) reviewed the existing relationships between
bibliographic indices and numerical data compilations, so as to take them
into account in the process of setting up an international machinery for
data dissemination. A preliminary discussion of the specific problems of
specialised information centres and their computer software requirements
resulted in the adoption of proposals for a detailed study.

DATA CENTRES

204. ^ The MEA Neutron Data Compilation Centre (Centre de Compilation
de Donnees Neutroniques - CCDN) and the MEA Computer Program Library (CPL)
are supported financially by fourteen [27] and sixteen [28] countries

[27] Austria, Belgium, Denmark, Pinland, Prance, P.E. of Germany, Italy,
Japan, the Netherlands, Norway, Spain, Sweden, Switzerland and the
United Kingdom.

[28] Tne above 14 countries plus Australia and Portugal.
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respectively. The CCDN, comprising seventeen staff members of which nine
are graduates, is housed in a building made available by the French
authorities at their Centre d'Etudes Nucléaires at Saclay, south of
Paris, while the CPL, comprising twelve staff members of which four are
graduates, is accommodated within the European Scientific Data Processing
Centre of the Joint Research Centre of the European Communities at Ispra.
Italy. F *

205. The two centres serve as focal points for their respective
areas for the reciprocal exchange of neutron data and computer programs
with the US National Neutron Cross Section Center (NNCSC) at Brookhaven
national Laboratory, the Argonne Code Center at Argonne National Laboratory
and the Radiation Shielding Information Center (RSIC) at Oak Ridge National
Laboratory. This exchange is covered by a co-operative arrangement between
the Uo authorities and NEÍ. In addition, both centres have provisions for
co-operation with the IAEA.

206. There exists a "Four-Centre network" comprising, in addition
to the NNCSC and CCDN, the Nuclear Data Section (MDS) of IAEA and the
Cetro po Jadernym Dannym (Nuclear Data Centre - CJD), Obninsk, USSR.
Numerical data from experiments is compiled by each centre for labora-
tories in its geographical service area, and transmitted in a common
format to the other centres, each of which has its own data storage and
retrieval system. Bibliographic information is stored in CINDA (Computer
Index to Neutron Data) which serves also as a published index to~~the
numerical data available from the regional centres. The CINDA computer
master file is maintained at CCDN, and published periodically in book
form by IAEA. In the case of the CPL, IAEA has a staff member in permanent
residence at the Library to collect programs and satisfy requests for
program packages from non-OECD countries.

NEUTRON DATA COMPILATION CENTRE (CCDN)

207- CCDN's main activities are the compilation of bibliographic
and numerical data produced in neutron physics experiments or theoretical
studies, and acting as a clearinghouse for files of evaluated data. These
operations necessitate the use of computers and in fact all CCDN activity
is centred on introducing data into and extracting data from the computer
files. The Centre's service caters for the needs of experimenters for
the planning of their experiments, and for evaluators who need to be
assured that the raw data considered are complete, accurate, timely and
well documented.

208. Table III shows the volume of data originating from the service
areas of the four data centres and exchanged for the first time in the
Pour-Centre network. As this table shows, a very high proportion of all
neutron data originates in OECD countries. Further, the effect of a high
degree of automation in experimental urocedure is to increase the data
yield per experiment.

209. In fact, in the past CCDN had great difficulty in keeping up
with the compilation of this flow of data. Because of the careful checking
procedures required before the data enters into the files, CCDN has
devoted no less than 70 % of the physicists' time to the compilation
effort during 1976. Well over 100 requests for individual searches of
the files have resulted in approximately one million data points being
transmitted, extracted from 17,000 data sets.
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Table III

DATA EXCHANGE JANUARY 1970 ~ NOVEMBER 1976*

Data Centre
of origin

NNCSC
CCDN

CJD

NDS

TOTAL

Serving

North. America
Other OECD
countries
USSR

All other
countries

Number of
Experiments

573

618

281

329

1,801

Number of
numerical
data points

642,158

665,590

46,379

41,463

1,395,610

(50

46

48

3

3

* New data only, excluding re-transmission of revised or corrected data.

210. Evaluated data files represent the ultimate justification for
these neutron data activities and are the indispensable starting point
for reactor design work. Hie most widely used evaluation file is the
American ENDF produced at NNCSC, Brookhaven, followed by the UK Nuclear
Data Pile incorporating evaluations from TIE, France and Italy. While no
charge is levied for this data being made available through CCDN to
Member countries, the experimental data supplied by the Centre must be
considered as "payment in kind". During 1976 eighty requests for these
files have been satisfied, thirty-three of which referred to ENDF.

211. The bulk of the CCDN CINDA entries are supplied by laboratory
correspondents in Member countries at no cost to CCDN which may also be
taken as evidence of the value attached by laboratories to the publica-
tion. Five hundred copies of CINDA were distributed to experts in the
CCDN area.

COMPUTER PROGRAM LIBRARY (CPL)

212. The CPL operates by receiving, free of charge, programs from
participants and also, in significant numbers, from the United States.
On receipt of a first request, the Library subjects a contributed
program to a routine test to ensure that the program package received
is complete and that it is in accord with the documentation also supplied.
The Library then despatches a copy of the complete program package to the
requestor and subsequently, on demand to any other participant requesting
the program. Although, the cost involved in the routine testing both in
terms of staff effort and machine time is fairly high, this operation
represents an indispensable element in the quality of the service to the
requestor.

213. The Library also provides essential information services,
including, for example, the distribution to all participants of abstracts
of all available programs.
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A APP r° x i m a t e ly ^00 new programs were collected and tested during
97 and somewhat more than 700 program packages were despatched to user!

in the Member countries. The most requested programs fall into the
following nxne categories, and the corresponding packages make up 70 %

Category

Gamma-Heating and Shield Design Programs

Radiological Safety, Hazard and Accident
Analysis

Steady State & Transient Heat transfer

Deformation & Stress Distribution Computations,
Structural Analysis and Engineering Design Studies

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

Static Design Studies

General Mathematical and Computing System
Routines

Depletion Fuel Management, Cost Analysis and
Reactor Economics

Space-time Kinetics, Coupled-Ueutronics-Hydro-
Dynamics-Thermo Dynamics

Percentage of total

distribution

12

10

8

8

8

7

215. A It may be noted that this "profile" is constantly chaneine. As
an example of this, the number of packages despatched referring to the
s^fetyoanalysis of reactor installations has increased threefold from

^lf•+. I n addition to its basic activities, the CPL has continued to
oiler its members expert advice on particularly important and complex
new programs. A workshop seminar was arranged, where the latest version
2* *he. -reactor blowdown code RELAP, of ITS origin, was presented by experts
from the US fluclear Regulatory Commission. Approximately 60 participants
had the opportunity of acquiring first-hand experience in handling this
complex program for solving specific problems.

?7"--u-n -J^1 e a r l i e r Pilot study had amply demonstrated the value and
feasibility of the service on Experience of Code Utilisation (SECU)
designed to collect and present early information on user experience
with important and widely employed computer programs, -mis effort, however,
lost precious ground in 1976 due to shortage of staff.

PROPOSAL POR A NEA DATA BAUE

218. The possibility of amalgamating the CPL and CCD1Í into a single
new centre to be called the MEA Data Bank was studied in depth during
the year. The basic justification for considering this was the very marked '
uÍS arrT)w n ^ e r a c t i o ? between reactor physicists using CPL and evrluators
using CCDIT. This was also reflected in the preoccupations of the wider
scientific community, as represented by the BEAMDC and KEACEP. Moreover,
the operational skills developed in the two Centres are remarkably
complementary and it soon became clear that CPL and CCD1T could share a
common computing environment with advantage.



219. However, CCDIT's present methods of work would first have to be
adapted to remote computer use since, unless they are partly re-written,
many of the Centre's existing programs would prove extremely expensive
to run under the charging algorithm commonly used on big computers. The
CPL's accumulated experience in the transfer of programs from one computer
system's environment to another would evidently help with these tasks.
Conversely, the CCDU's original solutions to problems of scientific data
handling could be applied to a wide area of CPL operations, such as
publishing indices of programs, handling and publishing data gathered
in the SECT! studies and (in the longer term") the storsee and inrip-sHno-
nuclear programs themselves.

term) the storage and indexing oí

220. Proposals for an amalgamation, providing in detail for the
transition arrangements and explaining the changed mode of operation
envisaged for the activities of the CCDIT, the phasing by which this
would be achieved and the acceleration in this process made possible by
the prospective reinforcement of computer expertise from the CPL were
studied in detail at a combined meeting of the Management Coicmittees of
the CPL and CCDN in July. The Committees devoted particular attention
to the way all this would be achieved without loss of continuity in the
services of the two Centres and also discussed in detail the question,
of location of the Data Bank.

221. At its Session in October 1976, the Steering Committee for
Huelear Energy was unable to reach a consensus on these proposals for
the future of the CPL and the CCDN. Continuation of the two centres as
separate activities was therefore decided, pending a final decision
during 1977.



V. ORGANISATION AND ADMINISTRATION





NEA MEMBERSHIP

5Pwo new countries - Finland and the United States - joined the
Agency as full members respectively on 1st January and 1st October 1976.
Prior to this, the United States had taken part in the work of the Agency
since its creation as an Associated Country. With these two accessions,
the NEA membership now comprises twenty-three Member countries of the
OECD.

STEERING COMMITTEE FOR NUCLEAR ENERGY

At the 52nd Session of the Steering Committee for Nuclear
Energy held in April 1976, Mr. B. Aler (Sweden) was elected Chairman and
Messrs. Goldschmidt (Prance) and Runnalls (Canada) Vice-Chairmen,•re-
placing respectively Mr. Loosch (Federal Hepublic of Germany) and Messrs.
Eriksen (Norway) and Pictet (Switzerland).

224. The Steering Committee for Nuclear Energy held two Sessions in
1976, on 29th April and 14th October. Besides discussing and approving
the Programme of Work for 1977 and the corresponding estimates of expen-
diture, the Committee focused its attention on a number of questions
closely related to the priorities of the Agency's work. These included
decisions to expand activities in the field of uranium and the nuclear
fuel cycle, a review of NEA's radioactive waste management programme and
preparations for the setting up of a multilateral consultative and sur-
veillance mechanism for sea dumping of radioactive waste. Extensive dis-
cussions were also held on the future of the Computer Program Library and
the Neutron Data Compilation Centre, including their possible amalgamation
into a single NEA Nuclear Data Bank.

STAFF

225. In 1976, the establishment of the Agency as a whole consisted
of 87, of which 58 were in the Secretariat, 12 in the Computer Program
library and 17 in the Neutron Data Compilation Centre.

226. Taking account of the priority needs corresponding to the
enlargement of the programme and after review and reallocation of
resources, including the phasing out of some posts following streamlining
of the supporting services of the Secretariat, a net increase of three
professional posts was achieved in 1976. iEhis staff reinforcement con-
cerned in particular the fields of Nuclear Safety and Radioactive Waste
Management. Similarly, a Deputy-Director post was created to strengthen
the professional leadership of the Agency's work concerning Nuclear
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Figure 4
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Science and Development and to facilitate the integrated management re-
quired. The total strength of professional staff in the Secretariat was
therefore brought to 28 out of a total of 58. It was possible for such
a small staff to service a programme of the scale described earlier in
this report only because a major input is provided by national experts
participating in the various bodies of the Agency. The essential role
of the Secretariat is, in fact, to provide a dynamic framework within
which the Member countries can collaborate. Active participation by the
latter is therefore a key factor.

227. {Che staff structure at the Computer Program Library (CPL) and
the Beutron Data Compilation Centre (CCDN) remained unchanged in view of
the continuing discussions regarding the future of these two centres.
The number of professional staff at the CEL was four (out of a total of
12) and nine at the CCDff (out of a total of 17).

228. The structure of the Secretariat in 1976, including the two
NEA services, is shown in Figure 4.

BUDGET

229• The appropriation authorised for the Agency as a whole in 1976
amounted to 18.4 million francs of which 12 million francs represented
expenditure on staff. These amounts, compared with the corresponding
figures for 1975? are presented in Table TV hereunder. It should be
noted that the budgetary increase in 1976 as compared to 1975 reflects
the enlargement of the programme of activities of the Agency and also
includes a provision for inflation.

Table IV

Secretariat

CEL

CCDlf

TOTAL

1976

Appro-
priations

11.4

2.9

4.1

18.4

Staff
expenditure

8.4

1-3

2.3

12. ~

1975

Appro-
priations

9.—
2.2

3-6

14.8

Staff
expenditure

6.—

1.1

2.—

9.1
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MEETINGS, CONFERENCES AND SYMPOSIA

230. In addition to the regular meetings held by NEA Committees
during the year, a large number of Specialist Meetings were organised to
enable small groups of experts to discuss specific problems of relevance
notably to safety, protection and waste management aspects of nuclear
energy. These included:

a Specialist meeting on Sodium/Fuel Interaction -
22-26 March 1976, Tokyo, Japan;

a Task Force on Problems of Bare Events in the Reliability
Analysis of Nuclear Power Plants - 8-10 June 1976, Ispra, Italy;

a Specialist meeting on Transient Two Hiase Flow -
3-4- August 1976, Toronto, Canada;

a Specialist meeting on the Behaviour of Water Reactor Fuel
Elements under Accident Conditions - 13-16 September 1976
Spatind, Norway; '

a Specialist meeting on the Ultrasonic Inspection of Reactor
Components - 27-29 September 1976, Risley, United Kingdom;

a Specialist meeting on Personal Dosimetry and Area Monitoring
suitable for Radon and Daughter Products - 4-8 October 1976,
Elliot Lake, Canada.

231. Conferences and symposia organised by the Agency in 1976
HXC-Lu.Cl.6CL !

a Seminar on the Bituminization of Low and Medium Level Radio-
active Wastes Jointly organised with the European Company for
the Chemical Processing of Irradiated Fuels (Eurochemic) at
Antwerp (18-19 May);

two Symposia jointly sponsored with the IAEA: a Symposium on
the Management of Radioactive Wastes from the Nuclear Fuel
Cycle, held in Vienna on 22-26 March; and a Symposium on the
Exploration of Uranium Ore Deposits also in Vienna on 29 March -
¿ April.

?| .. T ^
e Neutron Data Compilation Centre (CCDN) organised jointly

with the IAEA a Seminar on the requirements on differential data for
reactor shielding which was held in Vienna on 11-15 October.

,Se,G?mpute5 f-FoS*^ library (CPL) organised a Seminar workshop
vi t f l 7 ) °V3-15 December 1976 where the latest version of the

USKRC b l o w d o w n c o d e t®1^ o f U-S- origin was presented by experts from



PUBLICATIONS

234. The following reports and proceedings were published in 1976=

- a report on "Uranium - Resources, Production and Demand"
• including other nuclear fuel cycle data, jointly prepared by
NEA and the IAEA;

a report on "Estimated Population Exposure from Nuclear Power
Production and Other Radiation Sources" prepared by Sir Edward
Pochin, an MEA Consultant;

- the Proceedings of a Specialist meeting on the Anti-Seismic
Design of Nuclear Installations which was held in Paris on
1-3 December 1975;

the Proceedings of a Specialist meeting on Sensitivity Studies
and Shielding Benchmarks, held in Paris on 7-10 October 1975;

- the Proceedings of a Seminar on the Bituminization of Low and
Medium Level Radioactive Wastes, held in Antwerp on
18-19 May 1976;

four volumes of the Nuclear Safety Research Index (volumes I
and II: Water Reactors; volume III: Fast Reactors; volume IV:
Computer Codes);

- the Proceedings of a Meeting of the Task Force on Problems of
Rare Events in the Reliability Analysis of Nuclear Power Plants,
held at Ispra (Italy) on 8-10 June 1976.
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A. STATUS OF RATIFICATIONS OFAND ACCESSIONS TO-
NUCLEAR THIRD PARTY LIABILITY CONVENTIONS

CONVENTION ON THIRD PARTY LIABILITY IN THE FIELD
OF NUCLEAR ENERGY (PARIS CONVENTION)

Country

Turkey
Spain
United Kingdom
France

Belgium
Sweden
Greece
Finland (accession)
Norway
Denmark
Italy

Federal Republic of
Germany

10th
31st
23rd
9th
3rd
1st

12th
16th

2nd
4th
17th

30th

Convention

October

October
February
March

August
April

May
June

July
September
September

September

1961

1961
1966
1966
1966
1968
1970

1972
1973
1974

1975

1975

5th
30th
23rd
9th
3rd

1st
12th
16th
2nd
4th
17th

30th

Additional
Protocol

April

April
February
March

August
April
May
June

July
September
September

September

1968

1965
1966
1966

1966
1968

1970
1972
1973
1974

1975

1975
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CONVENTION SUPPLEMENTARY TO THE PARIS CONVENTION

OF 29th JULY 1960 ON THIRD PARTY LIABILITY IN THE

FIELD OF NUCLEAR ENERGY (BRUSSELS SUPPLEMENTARY CONVENTION)

United

France

Spain

Sweden

Norway

Denmark

Federal

Italy

Country

Kingdom

Republic of Germany

Convention iand
Additional Protocol

24th March

30th March

27th July

3rd April

7th July

4th Septembei

1st October

3rd February

1966

1966

1966

1966

1973
> 1974

1975
1976

CONVENTION RELATING TO CIVIL LIABILITY IN THE

FIELD OF MARITIME CARRIAGE OF NUCLEAR MATERIAL

Country

France
Spain (accession)

Denmark

Sweden

Norway

Federal Republic of Germany

Ratification of Accession

2nd February 1973

25th May 1974

4th September 1974

22nd November 1974
16th April 1975

1st October 1975
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B. INTERNATIONAL FOOD IRRADIATION PROJECT

Over the course oí' the six years since the International
Project in the Field of Fuod Irradiation came into being on
1st January 1971 the programme of work has broadly followed the line«?
specified in the Project Agreement. To begin with, the main emphasis
was placed on long term animal feeding studies to test the wholesomeness
of wheat, potatoes, fish, rice, spices and mangoes. This work was
complemented by research into alternative testing methodology. At the
same time a considerable effort has been devoted to the accumulation
of wholesomeness and related data on irradiated foods from the scientific
literature and to the publication of an information bulletin.

The present programme may be summarized as follows :

WHOLESOMEHESS TESTOTG

The following studies carried out under contract, were
completed during 1976 :

a) Eat feeding studies on irradiated spices

- Central Food Repcarch Institute, Hungary

b) Mouse feeding studies on irradiated rice
- CREDO/IFREP, France

c) Eat feeding study on irradiated fish (European plaice) ;

Dog feeding study on irradiated fish (cod/redfish)

- Industrial Bio-Test Laboratories Inc., USA

d) Eat feeding and reproduction studies on irradiated fish
(European plaice)

- Inveresk Research International, UK

e) Studies on the mutagenic potential of freshly ir-radiated wheat

- Life Science Research Ltd., UK

- Huntingdon Research Centre, UK.

All of these studies yielded data showing no significant
adverse findings resulting from feeding irradiated foods to animals.

Other studies continued during 1975 were as follows :

f) Mouse reproduction study on irradiated wheat flour

- Affiliated Medical Research Inc., USA
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g) Mouse reproduction study on irradiated fish (cod/redfish)

- Huntingdon Research Center, USA

h) Eat feeding studies on irradiated mangoes

- Warf Institute Inc., USA

i) Eat feeding and reproduction studies on irradiated Indian
mackerel

- Bhabha Atomic Eesearch Centre, India

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

- Cannon Laboratories Inc., USA.

Towards the end of the year consideration was being given to
placing further contracts for the study of onions, as had been specifical-
ly requested by the Joint Expert Committee, and dates, which are of
considerable economic interest in Iraq and other countries in the Middle
East.

METHODOLOGY EESEAECH

An interim report for 1976 on the work being carried out at
St. Bartholomew's Medical College, London, has shown that antioxidants
if added to unsaturated fats, prevent most of the adverse chemical or
biological results of irradiation such as peroxide formation or inter-
ference with drug metabolizing enzyme systems.

Studies carried out in the Host Centre Laboratories concerned
with the effects of an irradiated semi-synthetic high fat diet and of
feeding certain irradiated steroids, have shown no difference between
irradiated and non-irradiated materials.

Following the recent appointment of a new research scientist
to the Project, studies are proposed on short-term testing of irradiated
food for induced biological activity, principally by means of cell
culture systemsj cytogenetic investigations and measurement of DBA repair.
These studies will be coordinated with similar efforts in other European
laboratories using alternative indicator systems and with studies in
Austria using insects as a further indicator system for mutagenic
activity.

mPOEMATIOH

The main effort in this area of activity has been the
preparation of documentation for the 1976 Joint FAO/IAEA/WHO Expert
Committee by assembling all the relevant literature and preparing the
basic monographs on individual irradiated foods for evaluation. In
addition expert consultants were engaged to prepare reviews on various
aspects of food irradiation. It was largely thanks to this combined
effort and careful planning that the Joint Expert Committee was able to
make such encouraging and helpful recommendations.

A number of Technical reports dealing with the various studies
carried out under contract have been issued during the year. Issues Iio 5
and 6 of the Bulletin "Pood Irradiation Information" were published
during 1976. The bulletin continues to attract growing world-wide
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interest and about 3.000 copies are distributed to some 70 countries
and 5 international organisations.

FUTURE PROGRAMME

As a result of the decisions of the 1976 Joint FAO/IAEA/WHO
Expert Committee the main efforts of the Project will be directed along
three paths. Firstly there is the need to carry out the further biological
study requested on irradiated onions in order to achieve conversion of
the provisional clearance into an unconditional clearance by the Joint
Expert Committee due to meet in 1980. The wholesomeness testing studies
presently being undertaken will be completed and supplemented by short-
term studies on dried dates. One or two further toxico1ogical studies
on representatives of important classes of foods may o~ included later.

Secondly, fundamental research into establishing an appropriate
battery of short-term screening tests for detecting mutagenic and
carcinogenic activity in irradiated foods will be pursued at the Host
Centre. This research will be carried out in collaboration with the
Host Centre Institute and a number of other institutes which have
expressed an interest in this line of activity.

Thirdly a start will be made on accumulating relevant data for
the evaluation of a variety of other irradiated foods for consideration
by the next Joint FAO/IAEA/WHO Expert Committee.

LIST OF PARTICIPATING ORGANISATIONS IN THE PROJECT (December 1976)

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

BELGIUM - Ministére de la Santé Publique jointly with

Institut National des Radioelements (IRE)

BRAZIL - National Nuclear Energy Commission

DENMARK - National Food Institute

FINLAND - Ministry of Agriculture and Forestry

FRANCE - Commissariat ä 1'Energie Atomique

GERMANY, FEDERAL REPUBLIC - Federal Ministry for Research and Technology

HUNGARY - National Atomic Energy Commission and

Ministry of Agriculture and Food

INDIA - Atomic Energy Commission

IRAQ - Atomic Energy Commission

ISRAEL - Atomic Energy Commission

ITALY - Comitato Nazionale per l'Energia Nucleare

JAPAN - Atomic Energy Bureau of the Science and
Technology Agency
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NETHERLANDS

NORWAY

PORTUGAL

SOUTH AFRICA

SPAIN

SWEDEN

SWITZERLAND

TURKEY

UNITED KINGDOM

UNITED STATES

- 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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C. HALDEN PROJECT

Operation of the Halden Boiling Heavy Water Beactor installa-
tion continued throughout 1976, this being the first year of the 1976-78
programme period. The programme is concentrated on fuel performance and
safety studies with emphasis on development and verification of fuel
behaviour models, together with the development of computer-based reactor
control and supervision systems. The main objectives are :

- to obtain experimental test fuel data to establish correlations
and elemontary models which can synthesize the knowledge
obtained from a series of similar type test fuel experiments,

- to develop analytical methods and computer codes describing
the thermal and thermo-mechanic behaviour of fuel rods with
the aim of testing the prediction capability of such codes

¿v through comparisons with Project experimental data,

- to conduct demonstrations to define an envelope of safe and
economic design and operating conditions for EWE fuel,

- to further develop computerized core surveillance and control
systems to increase the maximum safe operating power of large
plants operating in daily load follow,

- to develop suitable systems for operator-process communication
based on interactive computer-driven displays and consoles,
with the aim of improving plant operational reliability.

The fuel research programme is pursued through the irradiation
of a variety of heavily instrumented test assemblies. About fifty
instrumented assemblies and rigs were irradiated during the year. The
particular areas investigated being fuel and cladding dimensional changes
under load follow and power ramps to study the onset of cladding defor-
mation and failure mechanisms due to clad overstraining. This work was
initially limited to BWR type fuel, but has been extended to comprize
also PWE fuel in special rigs.

Work on computer-based control was, in addition to the further
development of a core power distribution control system, devoted to
systems for plant information retrieval, to the design of computer-based
operator/process interface systems and to the development of an on-line
alarm and disturbance analysis system.

PEOCESS CONTROL AED PIAHT SUPERVISION

There is a clear need for systems and methods for control and
supervision of the spatial power distribution in the nuclear reactor cores.
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This is "because the reactor cores are getting increasingly larger and
"because of the need for a load follow control of the power due to
variations in the demand.

During 1976 the work has been concentrated on the- development
and testing of an algorithm, based on the so-called multistage mathematical
programming method, for controlling the power distribution in the core.
The algorithm utilizes the quadratic programming method, i.e. the control
input is evaluated by minimizing a quadratic performance function with
linear constraints in the variables. A set of rather comprehensive simu-
lation studies has been carried through, in which the algorithm has been
applied for the control of a three-dimensional mathematical model of the
dynamic relations in a large pressure water reactor core. The results
have confirmed previous indications that this algorithm possesses very
good qualities for this type of control.

Based on the experience obtained from the computerbased operator-
process communication system OPCOM, developed in Halden, the development
of a more extensive operator-process communication system was initiated.
In this project special attention has been put on computer capacity and
reliability and on ergonomic principles. These areas are being attacked
by the use of parallel processing, modularity and simplicity in hardware
and software and by the use of modern operator-communication tools. The
system is intended to be the major computer and operator communication
system at a nuclear power plant and to replace the conventional control
room and perform all control functions in the process. The project is
related to other Halden Project activities as it will be utilized in
disturbance analysis, core control and for implementation of a plant
simulator.

The interactive on-line disturbance analysis programme system
has been developed further. On the basis of a prior analysis of disturbance
situations, and on current analyses of process data and information from
the operator, the analysis programme supplies the operator with information
of the causes and consequences of the disturbance, and guides him to make
the appropriate counteractions. The system has been experimental tested
at the reactor plant. Operational conditions were generated which created
alarm patterns upon which the programme system was triggered to evaluate
prime causes, present propagation and expected consequences of the
disturbed situation.

FUEL RESEARCH

Uhpredicted fuel problems have appeared in power reactors under
normal operating conditions, e.g. those caused by hydriding, pellet-clad
mechanical interaction, fission product induced stress corrosion, clad
collapse due to densification. Reduced defect rates of fuel are being
achieved through improved quality control and through design" feedbacks
from experience from nuclear power plants. To an increasing extent, the
fuel designer must rely on analytical tools, i.e. mathematical models and
correlations. Assurance of the reliability of predictive models must rest
upon a data base obtained both from statistical analysis of production-
fuel performance (and post-irradiation data from such fuel) and from
phenomena-oriented experiments over a range of burn-ups, designs and
operational parameters.

A key role of the Halden Project is to perform experiments which
quantitatively define relationships between design and operational para-
meters and failure modes, frequencies, and consequences. More than fifty
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instrumented test assemblies were irradiated during the year, and special
experiments have been performed comprizing study of fuel rod length
changes and cladding diameter profiles during steady state operation,
load follow and overpower ramp conditions. In many cases, information
obtained during irradiation was supplemented by post-irradiation exami-
nations.

Among matters concerned with fuel performance which were
examined in 1976, special attention was given to pellet-cladding mechanical
interaction. A number of models or correlations describing the fuel to
cladding gap conductance exist, and a parameter study of seven different
models for typical BWR fuel and operating conditions was made. Mathematical
models and computer programmes describing the fuel temperature under both
stationary and transient conditions were developed and the computational
results verified experimentally by in-reactor experiments.

Progress was made in the mathematical prediction of local fuel
and clad deformation. The results from a Project developed two-dimensional
calculation programme, based on a finite element fuel model, agree well
with measured deformations of fuel rods irradiated in the Halden Reactor.

REACTOR OPERATION

The Halden Reactor operation schedule is mainly governed by
the fuel testing programme. During the past year there were three
scheduled major shutdowns for core reloading, maintenance and smaller
plant alterations. Two of these shutdowns lasted four to five weeks each,
while one lasted fifteen weeks. During the long shutdown ultrasonic
inspection of the welds of the reactor vessel and other main components
were carried out, and the certificates issued by the Norwegian Boiler
Authority were renewed. 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 45.5 % while the
remaining time was spent on scheduled shutdowns (47.0 %) and unplanned
stops (7«5 %) • The reactor was usually operated between 10 and 12 MW,
depending on the test fuel limits. The integrated power during the year
was I.73O MWd.
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