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THE ROLE OF NUCLEAR POWER IN SUSTAINABLE ENERGY STRATEGIES
B. A. SEMENOV, L. L. BENNETT, E. BERTEL
International Atomic Energy Agency
Vienna, Austria

The purpose of this paper is to provide an overview of future demand outlooks for
energy, electricity and nuclear power, as a background for discussion of the design and
operation aspects of advanced nuclear power systems. The paper does not attempt to forecast
the actual outcomes of nuclear power programmes, since this will depend upon many factors
that cannot be predicted with certainty. Rather, the paper outlines the size of the opportunity
for nuclear power, in terms of the expected growth in energy and electricity demands, the
need to diversify energy supply options and substitute depletable fossil fuels by other energy
sources, and the need to mitigate health and environmental impacts including in particular
those arising from the atmospheric emissions from burning of fossil fuels.
During the last decades, world energy consumption has grown steadily and the
share of primary energy used for electricity generation has increased in all regions. Since
economic development and improved quality of life are closely linked with the services
made available by energy and electricity, the demand for both primary energy and
electricity will continue to increase, especially in the developing countries. Although
changing consumption patterns and lifestyles are likely to lead to more sustainable policies
aiming towards demand management and natural resource conservation, population
growth, urbanisation, industrialisation and improved living standards will be driving
forces for continued increase of energy consumption. Against this background, the results
from a number of recent major studies are outlined below.
The World Energy Council (WEC) Commission recently completed a study on
"Energy for tomorrow's world - the realities, the real options and the agenda for
achievement", which will be officially published in September 1993. Results from the study
were reported at the 15th WEC Congress held in Madrid in September 1992, focusing on three
projections for energy demand to 2020 [1]. In all three cases energy intensity is assumed to
decrease (i.e. the efficiency of energy use will improve) steadily worldwide; however, due to
the driving forces outlined above, the total energy demand continues to grow from 1990 to
2020, the increase ranging from a low of about 30% in the "Ecology Driven" case to a high of
95% in the "Enhanced Economic Development" case. Electricity generation is estimated to
grow at a rate even higher than total energy demand in all three cases, and nuclear power
is projected to increase its share of primary energy supply worldwide.
The Senior Expert Symposium on Electricity and the Environment [2], held in
Helsinki in May 1991, developed two outline scenarios for energy and electricity demand to
2050 . In the "Targeted Growth" scenario, the energy demand increases by 135% from 1990 to
2050; in the "Targeted Efficiency" scenario, although energy consumption per capita
decreases substantially in industrialised countries and only doubles in developing
countries, total energy demand increases by 45% by 2050. Electricity demand growth rates
from 1990 to 2050 are respectively 2.2% per annum and 1.4% per annum in the two scenarios.
In both scenarios, the energy supply shares of non-fossil sources, i.e. nuclear power and
renewable sources, increase substantially.
The scenarios developed by the Intergovernmental Panel on Climate Change (IPCC)
[3] give a broad range of possible futures until 2100, based on various assumptions
regarding population and economie-growth. All the scenarios indicate some increase of the
energy demand worldwide, even when "environmental protection" policies and measures
are assumed to be successfully implemented. Moreover, only the scenarios assuming a
large development of renewable sources and nuclear power lead to a stabilisation, or a
marginal decrease, of carbon dioxide emissions in 2100 as compared to the level in 1990.

4

Health and environmental concerns are high on the international agendas and are
sharpening, as there is more evidence of the impacts of human activities on ecosystems and
human health. The Rio Declaration on Environment and Development and the Agenda 21
[31, adopted by the United Nations Conference on Environment and Development (UNCED)
in 1992, highlight t h e need to achieve sustainable development by i n t e g r a t i n g
environmental protection in the development process. Agenda 21 stresses the importance of
developing increasingly efficient and less polluting processes for energy production. In this
connection, the report of the Panel on Energy of the World Health Organization (WHO) and
the conclusions and findings of the Helsinki Symposium [see 2] stress the benefits on health
and the environment from an increased use of electricity.
The heightened awareness and concern about health and environmental issues have
already influenced energy technology developments and deployment strategies. Significant
improvements have occurred over the last years in energy production and use policies,
including the development of abatement technologies, the implementation of demand
management measures and the deployment of more environmentally benign energy
chains. Substituting electricity for other energy forms has proven to be an efficient strategy
for reducing the environmental impacts from energy production and use 14]. Emissions
from fossil fuelled power plants, impacts and risks of hydro power development and safety
of nuclear facilities are significant issues which have generally been comprehensively
addressed by scientists, technicians and decision makers. When fitted to state of the art
technology, all electricity generation chains are able to deliver electricity at relatively low
risks to health and the environment.
Sustainability is likely to be a major driving issue for the development of
technological options and in the choice of energy mix strategies in the electricity sector
worldwide. However, the cost of electricity generation will remain a cornerstone for
planners and decision makers in evaluating different options. Recent studies [5,6] show that
in many countries nuclear power is the cheapest source for base load electricity generation,
especially where solid mineral fuels are not accessible at low production costs. Gas is
emerging as a competitive option with the development of highly efficient combined cycle
technologies, assuming that gas prices will not increase too rapidly. Renewable sources still
require considerable development efforts to reach competitiveness with fossil fuelled,
nuclear or large hydro power plants. While renewable sources have an important role to
play for supplying electricity in rural areas and geographic locations where grid
connection is not the optimal economic solution, they are not likely to contribute
substantially to the supply in urban areas and industrialised zones.
Other factors that will influence future strategies in the energy and electricity
sectors, besides health and environmental issues mentioned above, include macro-economic
and social impacts. Nuclear power offers some benefits in terms of energy independence,
stability of fuel cost, contribution to national technological development and highly
qualified manpower education and training [7], Such advantages, combined with the
avoidance of health and environmental impacts of fossil fuel burning, are important
factors in the assessment of the nuclear option as compared to other electricity generation
chains.
The development of advanced nuclear systems will contribute to broaden the
potential market for nuclear power and to facilitate its deployment worldwide. New designs
under development include reactors of smaller size adapted to countries where the demand
for additional capacity in small in absolute value. Advanced systems with simplified
designs and more passive safety features will have easier operating and maintenance
procedures. Moreover, improved technical performance will leading to reduced costs of
investments, operation and maintenance and fuel cycle services.
International co-operation will be essential to facilitate the assessment of the nuclear
option, and the planning and implementation of nuclear programmes in countries where it
will be assessed as a viable option. Technology transfer and adaptation will contribute to
capacity building in developing countries for implementing electricity strategics in line
with the requirements for more services and for environmental protection.
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The objective of sustainable development can be achieved only through electricity
generation strategies relying on a mix of all the options available, based upon a
comprehensive comparative assessment incorporating technical, economic, health and
environmental parameters. Nuclear power is the main non carbon emitting option that is
commercially available, economically competitive and could be deployed on a broader
scale. Technological progress should aim towards enhancing the performance of nuclear
power plants and enlarging its potential market share in electricity supply, as part of a
global strategy for sustainable development in the electricity sector.
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WORLD TRENDS AND MAJOR TECHNICAL ISSUES
OF ADVANCED WATER REACTORS
Summary and conclusions of TOPNUX '93
by Pierre BACHER
FRANCE
There were 5 plenary session?, each with a major theme.

1.1.

Utilities presented their strategies, looking for enhanced safety, predictibility of

regulatory procedures and control of the costs. Standardization and dialogue with the
regulatory authorities are the key words, and common requirements the means to
achieve their strategies : typical are the US-Utilities Requirements Document and the
European Utility Requirements (EUR).

1.2.

Regulatory authorities presented their requirements for enchanced safety,

insisting on two major areas : prevention and mitigation of severe accidents in order to
reduce the offsite risks related to such accidents, simplification of operation and
maintenance in order to reduce the risks related to human error.

1.3.

Industry presented their products, designed to meet utility requirements and

safety objectives.

1.4.

Fuel cycle
Utilities, fuel cycle industries and R and D organizations developed their

strategies to optimize the use of plutonium and minimize the higher actinides.

1.5.

R and D organizations presented their prograns in support both of the next

generation and the longer term reactors.
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2.

A FEW MAJOR CONCLUSIONS DRAWN FROM THE PRESENTATIONS

2.1.

Prerequisites for public acceptance
The future of nuclear energy is strongly dependent on public acceptance. It

was strongly pointed out that future public acceptance will depend less on technical
improvements of the already very safe designs than on three prerequisites :

perception that nuclear energy is really needed both to meet the energy
demand and to protect the environment,

acceptance that the technical solutions for long-lived waste management are
satisfactory,

confidence in plant operators and reiulatory authorities, which can only be
achieved through excellence in operation (no more accidents leading to off-site
releases), transparency of information, clear relationship between regulatory
authorities and plant operators.

2.2.

The level of safety of present western plants is high and satisfactory, which is

not the case for all existing plants in the world.

2.3

There is a constant need and a real possibility to further improve safety

through :

better prevention and mitigation of severe accidents with particular attention to
containment and to containment by-pass,

progress in the human factor, which does not mean removing man for the
control loop,

simplification in both operation and maintenance, since PRA's have identified
shut down states as major contributors to the overall risks.

Such improvements could lead to lower core damage probabilities (factor 3 to
5) and to lower offsite consequences such that no short term evacuation except in the
immediate vicinity of the plant nor permanent long term relocation be necessary.

2.4.

R and D in some areas is still necessary, is complex, and requires international

cooperation.

2.5.

Even more important is the need for international consensus on safety

objectives and requirements and on quantification of progress : this can only be
achieved on concrete projects such as :

the certification of ALWR designs and URD in tt ¿ US,
safety assessment of EPR and EUR in Europe.

2.6.

The next generation of LWR's must be competitive with natural gas and coal at

least in some regions of the world : there is little chance that in the ten coming years
public opinion will accept a carbon tax which would advantage nuclear.
2.7.

The next generation of LWR's should be able to contribute to reduce the Pu

and Np

inventories,

reactors however

without

remain

increasing too much the

necessary

both

to

meet

long

higher
term

actinides.
fissile

Fast

material

requirements and to drastically reduce the quantities of long lived wastes.

3.

LOOKING TO THE FUTURE

3.1.

The

European

Pressurized

Reactor

(EPR)

and

the

European

Utilities

Requirements (EUR) already show the way to a consensus in Europe on the major
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objectives for the next generation of reactors. In July 1993, the French and German
regulatory authorities issued joint recommendations which are a first step towards
achieving such a consensus.

3.2.

A similar approach will soon lead in the US to certification of ALWR's and of

the US-URD.

3.3.

One of the big challenges in the next few years will be to share _the

experience drawn from these European and US programmes and to come to common
conclusions across the Atlantic and also in Asia and the Ex Soviet Union. This may
prove difficult when it comes to specific requirements closely linked to technical
solutions, but is achievable when it comes to methodology such as source term
calculations or software qualification requirements.

3.4.

A major goal for the future is to strengthen public acceptance : common

objectives and methodologies -world wide- are obviously not enough, but they are a
necessary condition.

DESIGN TRENDS AND MAJOR TECHNICAL ISSUES OF
ADVANCED NON-WATER COOLED NUCLEAR REACTORS
Shunsuke Kondo
JAPAN
Advanced nuclear reactors arc under development in various countries
as successors to or companions of present day nuclear power plants. Some of
these advanced reactors, liquid metal cooled fast reactor and high temperature
gas (helium) cooled reactor, in particular, are being developed, among other
things, to contribute to the expansion of nuclear energy use for the protection
of the environment of our planet earth since the former can significantly
expand the fissile resource basis for nuclear energy by breeding and the latter
can significantly broaden the application of nuclear energy in non-electric
sectors.
The major design trends for these advanced non-water reactors arc,
responding to the increasingly demanding safety requirements, economic
competitiveness and public acceptance, to employ the core with improved
characteristics such as smaller positive component of reactivity coefficients,
higher outlet coolant temperature, higher fuel burn up, etc. for safer and
more competitive plants, to pursue compact design for competitiveness, to
simplify the plant design for higher reliability, facilitating inspection,
maintenance, repair and replacement of equipment, to wisely apply passive
and active safety systems for safer plants., to increase in robustness against
beyond design bases events, to pursue more thoughtful design of man-machine
interface for operators, to reduce on-site construction work so as to shorten
the construction schedule, etc.
Major technical issues under discussion are development and validation
of analysis codes for both nuclear characteristics and thermal hydraulics of
advanced core and plant systems in normal and transient conditions,
understanding of severe accident phenomenon and the possibility of its
m a n a g e m e n t by non-safety grade systems, code for high temperature
structural design, feasibility of alternative fuels and coolants for safer plant,
feasibility of integration of components or modular system for more compact
and economical plant, feasibility of transmutation of hazardous nuclei like Np,
Am, Cm or minor actinides in fast reactors for expanding its strategic role,
application of probabilistic safety assessments (PSA) for evaluation and
rationalization of safety design, numerical safety goals for advanced nuclear
plants etc.
In addition to these piecemeal issues, there are several strategic issues on
the long road to the commercialization of these advanced non-water reactors.
Key items are competitiveness, first of a kind cost, technology demonstration

and plant licensing, and compatibility with fuel cycle system utilized or under
development. As for the employment of new technology, there is a tendency to
pursue it in an evolutional way, seeking improvements in components and
systems and construction and operation based on the experience gained with
presently operating experimental or prototype plants, although incorporating
several innovative features such as passive systems to assure higher safety. In
the case of incorporating innovative components or systems for which a large
experience base is lacking, it is stressed that they should undergo thorough
testing and demonstration before they are used in real plants in order to
achieve high reliability.
In the case of fast reactor, the key issue has been the competitiveness.
For example it is claimed that the European Fast Reactor (EFR) has been
designed with objectives that 1) it must be regarded as the lead plant of a
commercial series ordered from 2010 onwards; 2) it must be an advanced
design that is still valid in 2010 without substantial extrapolation of the
currently available fast reactor technology; 3) the design must be underwritten
by a wcll-focused and comprehensive R&D program; 4) EFR must be an
economically acceptable alternative to contemporary thermal reactor plants;
5) It must be licensable in any participating countries with minimum
adjustment that might be necessary to cope with particular national
requirements. The view of utilities is, however, cautious: they stated that
although fast reactor will become necessary in future, when it will become so
is an open question today, one of the major parameters being the total
demands for nuclear energy, and therefore, it will be used meanwhile to burn
more Pu than they produce in parallel with the demonstration of its
technology from the viewpoints of reliability and maintainability.
In the case of actinidc burning, it has been shown that a reduction of the
actinides can be possible by burning in fast reactors to a reasonable degree.
This holds also for thermal reactors if the high mass number minor actinides
beyond Am or Cm are not recycled. Whether we can use this approach,
however, depends on the possibility that we can solve the problems of
reprocessing and fabrication processes caused by the actinides with (heir high
neutron emission and heat release. The Integral Fast Reactor (IFR) which is
an innovative fast reactor concept developed by the USA is the most promising
candidate for this purpose since it uses a metallic fuel and a pyroprocessing
for reprocessing. However, the IFR demonstration effort is now faced with a
setback due to a change of priority in formulating energy R&D budget in the
USA.
The hurdles on the road to the commercialization of HTGR are similar.
It is said, for example, that the scale up of the modular HTGR to 4x350MW(t)
module would be necessary for attaining the competitiveness with similarly
sized fossil and nuclear station, although the flexibility in the selection of plant
capacity, in addition to a new quality of safety, has been a merit of this kind of
reactors.
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SMRs WITH SPECIAL EMPHASIS ON NON-POWER APPLICATIONS
W. Balz, CEC, Brussels
M.J. Crijns, IAEA, Vienna
P. Girouard, OECD/NEA, Paris
G.I.W. Llewelyn, AEA, Harwell, UK

The paper examines the possible role of small and medium-sized nuclear reactors
(SMRs) for world energy supply based on recent studies by the CEC, the IAEA and the
OECD/NEA, and on papers to the 3rd International Seminar on SMRs held in New Delhi
in August 1991, sponsored by those organizations.
Present indications are that nuclear power is being considered more favourably again
after its problems following the accidents at Three Mile Island and Chernobly. Factors such
as the future growth in world energy, limited supplies of fossil fuels and the environmental
effects of both fossil fuels and renewable energy sources have led many countries to
reconsider their approach to nuclear energy.
Interest is being expressed in SMRs, especially in the US, because of their claimed
safety features and reduced financial risk. In most developed countries, larger reactors will
probably be preferred for electricity generation unless SMRs are cheaper or have other
benefits. However SMRs could be used for electricity generation in locations where the
demand is too small for a larger station.
SMRs have a more general role in supplying some existing district heating networks
where they match the energy required. An examination of the heating systems in West
Europe shows that there are a number of obstacles to SMRs at present, including public
acceptance, cheap gas, small system size, low load factors, lack of finance and the use of
independent boilers. Many of these problems could be overcome during the next decade or
so, but prospect are not immediately encouraging.
SMRs might also be able to supply about half the process heat needed by industry,
providing that HTRs are available to give higher temperatures up to 900nC. Other reactors
could make a significant contribution to industries requiring lower temperatures. There are
again obstacles to SMRs, but they are not quite as serious as for district heating. Although
there are problems at present, SMRs should eventually make a substantial contribution to
process heat supplies.
By using the power reactors in a combined heat and power (CHP) mode, it should
be possible to generate both heat and electricity more efficiently at lower cost thereby
enabling these reactors to compete more effectively in supplying district heating and process
heat. The main problem is matching the demands for heat and electricity, which can be done
more easily on industrial sites where demand is more consistent. In thèse circumstances,
SMRs may be installed on suitable sites and allowed to demonstrate their safety and
reliability. Recent IAEA reviews have indicated that SMRs could have a market to provide
process heat for desalination plants particularly in the cogeneration mode.

It should not be overlooked that there has been experience of SMRs in the nuclear
propulsion of military ships over many decades. Use in merchant vessels looked promising
at one stage but it is now being pursued except for some marginal applications.
The prospects for SMRs look reasonably good in the longer term, but it is desirable
that one or two prototype reactors are built as soon as possible to provide experience in their
construction and operation and confirm the claimed benefits. This is likely to require
international co-operation and finance, and it will be necessary to select the most suitable
national designs for further development.

SAFETY, TECHNICAL, AND E C O N O M I C OBJECTIVES OF
EPRI'S ADVANCED LIGHT WATER REACTOR P R O G R A M
John J. Taylor

Joseph Santucci
USA

Since 1982, the U.S. utilities have been leading an industry-wide effort to establish a
technical foundation for the design of the next generation of light water reactors in the
United States. Since 1985, the utility initiative has been conducted for the utilities
through a major technical program managed by the Electric Power Research Institute
(EPRI) - the U.S. Advanced Light Water Reactor (ALWR) Program. In addition to the
U.S. utility leadership and sponsorship, the ALWR Program also has the participation
and sponsorship of the U.S. Department of Energy (DOE) and a number of international
utilities. These include KEPCo (Korea), Taipower (ROC), ENEL (Italy), GKN (The
Netherlands), JAPC (representing the Japanese utilities), EdF (France), UNESA
(representing the Spanish utilities), VDEW (representing the German utilities), Tractabel
(Belgium) and Nuclear Electric (United Kingdom).
The main goal of the ALWR Program has been to develop a comprehensive set of
design requirements for the ALWR. The ALWR Utility Requirements Document
defines the technical basis for improved and standardized future LWR designs.
This program provided a foundation for the Nuclear Power Oversight Committee
(NPOC) comprehensive initiative for revitalizing Nuclear Power in the U.S., as set forth
in its "Strategic Plan for Building New Nudear Power Plants", published in November
1990 and updated annually each November. That Strategic Plan contains fourteen
building blocks, each of which is considered essential to building new nuclear plants.
In addition to developing the Utility Requirements Document, EPRI is responsible
under the NPOC Strategic Plan for First-of-a-kind Engineering (FOAKE), and for Siting.
The extensive operating experience with today's.light water reactors (LWRs), and the
promise shown in recent technical developments, leads the industry to the conclusion
that the next nuclear plants ordered in the U. S. will be advanced light water reactors
(ALWRs). Two types are under development: units of large output (1300 MWe) called
"evolutionary" ALWRs and units of mid-size output (600 MWe) called "passive"
ALWRs." The term "passive" refers to the safety features which depend more on natural
processes such as gravity and buoyancy than on powered equipment such as pumps.
In the United States and around the world, utilities are taking more and more of the
lead in charting the future course of nuclear energy. Utilities have three decades of
nuclear operating experience behind them, and hold ultimate responsibility for the safe
and economic operation of their nuclear plants. Utilities have established high
standards of excellence and are achieving ever-improving performance indicators.
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Nuclear reactor designers throughout the world are developing new design concepts
and construction technologies to meet the electricity demands of the 1990s and beyond.
But these designs will fail in the market-place if they don't meet utility needs. Further,
essential standardization will fail to materialize if utilities don't agree on the choices
made, and insist they be applied consistently.
Demands on the reactor designers today are great. The utilities need greater assurance
that their investment is protected against the possibility of a severe accident. Utilities
need plants that are simpler and less expensive to operate and maintain, and plant
designs that reduce the potential for operator error. Utilities need plants that are easier
and less expensive to construct and plants that will have very high availability after
they go into operation. Utilities have learned from operating experience that more
investment up front in designs with better materials, and improved operability and
maintainability can pay large dividends in reduced operations and maintenance (O&M)
costs over the life of the plant. This focus on quality, protection of plant investment,
and reduced O&M burden all contribu te to increased public safety.
Utility executives recognized from the outset that they must exercise leadership in the
designing of future plants in order to assure a nuclear option in the years ahead. U.S.
utility executives that shared a vision for new nuclear designs exercised this leadership
in the early 1980s, and established, under EPRI, an ALWR program to develop detailed
functional design requirements for all future ALWRs. They quickly saw the need and
benefit of broad international utility participation, so that these design requirements
would reflect the world-wide experience and spectrum of future needs. The resulting
requirements were intended to meet utility customer requirements worldwide, and also
to resolve all open regulatory issues in the design and thus be licensable with high
confidence of approval by our U. S. Nuclear Regulatory Commission (NRC).
As this utility-sponsored program developed, it helped fund the engineering necessary
for NRC Design Certification, and later helped fund the DOE cost-shared FOAKE
program. Nuclear utilities have contributed over $70 million to this program over the
last decade, and have committed an additional $80 million over the next five years.
Designs meeting our utility requirements are safer than current plants by one to two
orders of magnitude, using equivalent Probabilistic Safety Assessment (PSA) methods.
These designs are c; st competitive with all other forms of baseload capacity, and will be
available for ordering and construction, without the need for prototype demonstration,
in the next 2-3 years. It has been the utility commitment to achieve improved safety and
economy through greater simplicity and margins that has brought the greatest success.

ADVANCED REACTOR DESiGN OBJECTIVES - A EUROPEAN UTILITY
PERSPECTIVE
J.A. Board (UK)
P. Berbey (France)
E. Valero (Spain)

The present situation in Europe varies considerably from country to country. Only two
countries, France and the UK, are presently constructing new plants. France has four N4
units under construction at Chooz and Civaux; the UK is commissioning Sizewell B.
Finland is actively considering new construction. Most countries have a moratorium on new
projects, either defacto or following their Government's policy. The most extreme case is
that of Italy which shut down its operating plants and decided on a moratorium on new
plants. However, all countries including Italy have plans for the future and there is optimism
that there will be a resurgence on nuclear power programmes in the late 1990s.
The
European utilities are examining a range of design options for new construction. These
include the EPR being developed in a French/German collaboration and a number of new
designs, both passive and evolutionary being developed by international vendors. To this end
a number of major European nuclear utilities have joined together in a group to establish a
set of European utility requirements for future nuclear plant. In addition the European
utilities are participating in the EPRI ALWR programme as a means of influencing these
developments and allowing them to assess the potential of the designs.
The European utility requirements will be a three tier document, the first tier giving the
broad objectives, the second tier the generic requirements independent of any particular
design, and the third tier the requirement specific to a particular design. Thus the third tier
will have several volumes, one for each of the potential designs. One of these will be
specific to the EPR (described below). Initially the EUR will restrict itself to PWRs and a
fourth tier is contemplated which would specify requirements for the balance of plant. The
generic requirements will deal with topics such as size, grid requirements, fuel cycle, proven
technology, simplification and safety objectives such as those recommended by INSAG-3,
INSAG-5 and the IAEA safety fundamentals. They will also specify the methodology to be
used for safety evaluation and for cost assessment. Every effort is being made to ensure that
the differences between the EUR and the EPRI requirements which are being developed in
the US, are identified and kept to a minimum. The first tier document is due to be available
in early 1993 and the second tier by mid 1993. The third tier requirements will include the
design and construction codes and standards: the acceptable codes and standards being in
principal those proposed by the vendors with whatever additions may be necessary to meet
regulatory requirements.
In Europe the main initiative on the development of advanced nuclear power plant designs
is that being undertaken by NPI in developing the EPR. This development is a result of EDF
and some major German utilities (EVU) cooperating and jointly supporting the development
of a reactor based on Framatome/Siemens technology. The programme calls for agreement
on a common conceptual design of the EPR for Spring 1993. To facilitate the building of
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the design in France and Germany the safety authorities of France and Germany have agreed
to cooperate and to develop common safety requirements and perform a joint assessment of
the design. The safety approach is based on the well proven defence in depth concept and
probabilistic risk assessment will be used to demonstrate a balanced contribution of the
relevant accidents and transients to the overall probability of severe accidents and to prove
a sufficiently low probability for accidents leading to large releases. The design will embody
a core with increased margin with greater flexibility to implement fuel management schemes
including MOX recycling. The primary safety systems are arranged in four fully separate
divisions each with its dedicated emergency electrical supply. A pre-stressed cylindrical
containment has been selected with double containment provided by a second reinforced
concrete cylinder. Possible leaks are collected into the intermediate space and filtered before
release to the stack so that the are no direct leaks to the environment.
Following the establishment of the conceptual design, the utilities will then continue to
support the development of the basic design to be completed in 1995. The basic design fcr
the nuclear island will be developed by NPI, Framatome and Siemens with engineering
contribution from EDF for application in both e and Germany. The conventional island will
be designed by EDF for projects in France and by Siemens for projects in Germany. The
basic design will provide all information necessary to make the decision to proceed with
construction i.e. information required to make a construction permit application and a
budgetary estimate. The start of construction (first pouring of permanent concrete) is
planned for the end of the 1990s. By that time the largest part of the detailed design will
have been completed.
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Design and Safety Objectives of
Advanced Nuclear Power Systems in Asia
S.K. CHATTERJEE (India)
J. HE (China)
A. KAKODKAR (India)
C.S. KANG (Korea, Rep.of)
F. MASUDA (Japan(

Considering the infrastructure of nuclear power, requirements of customer and international
tendency, in addition to the above-mentioned common features, the safety objectives of advanced
nuclear power systems in China have specifically called for easy site selection, easy or no emergency
planning, ORE in 0.5-1 pcrson-Sv/ry, and CDF below 10"6 per reactor year. As the economic
objectives, the specific goals arc set as: availability greater than 85%; design lifetime of 60 years; share
of domestic supply more than 70%; fuel cycle period longer than 18 months; period of construction of
4-5 years; and capital cost reduction of 20% per kWe, which subsequently ensure the cost per kWh
generated by nuclear be comparable with that by fossil fuel.
In India the development goals for AHWRs have been met on the basis of strategic
considerations such as use of thorium, and other factors such as enhancement of safety and economics,
current experiences in setting up of PHWRs, derivation of support from existing technology base and
incorporation of positive features of existing designs. The reactor would be heavy water moderated, and
boiling light water cooled. Negative void coefficient of reactivity will be maintained. Shop assembled
and easily replaceable vertical coolant channels will be employed. And reactor vessel will be kept in a
light water vault. The important design goals are provision to adopt alternate fuel cycles which will
ensure the optimum use of indigenous resources. The two region reactor core consists of U-233
enriched thorium zone self sustaining in U-233 and MOX driver zone. A number of passive design
features have been incorporated in the designs.
Japan will depend on LWRs for its major nuclear electrical power for coming 3 0 ^ 0 years.
Therefore, the industries are pursuing mainly about improvement of BWR and PWR- The safety
requirements for ABWR should be in the same level as or higher than the present, ORE less than 1
perso n-Sv/GWe-year, and radioactive wastes less than 100 drums/GWe-year. The capacity factor is to
be greater than 85% and the overall economy will be improved by 20% from the present The new
evolutionary design program of BWR will go into operation in the year 2010s, and thc^csign objectives
includes; user-friendliness in operation and maintenance, which will be accomplished by simplifying
system designs, making transients milder and designing insensitive to human errors, improvement of
operability and maintainability corresponding to future uncertainty of human resources, and flexible
core design which can accommodate future fuel cycle condition, especially plutonium. Meanwhile, the
PWR group has its own developmental program. APWR will have the capacity factor higher than 90%,
ORE less than 0.33 person-Sv/ry, radioactive wastes less than 2/3 of present PWR, 20% reduction in
fuel cost, and safety increase which will result in U10 in CDF of the present PWR. For SBWR and MS600, the candidate technologies include high burn-up core, passive safety systems, natural circulation
core cooling, sophistication on maintenance work, etc.

In Korea, for evolutionary reactors, newly constructed units until 2006, the safety goal of CDF
is in the range of 10"^ to 10'^/ry. For next-generation reactors which are supposed to serve Korea
approximately for 10 years beyond 2006, 10"' to lO^/ry of CDF is recommended for their design
objectives. Nevertheless, it should be reminded that the safety goal is recommended as the numerical
guide for design purposes to achieve the desired level of safety rather than the licensing requirements.
This next-generation reactors have the specific safety objectives as follows: probability of large releases
smaller than 10^/ry; operator response to DBA less than 72 hours; station blackout allowable to core
damage greater than 8 hours, hybrid safety system designs; and digital I&C. The improvement in the
economics will be achieved; by reducing the construction unit cost through streamlining of licensing,
standardization of plant, modularization of fabrication and shortening of construction period; and by
improving the plant availability through fast refueling, preventive maintenance, long fuel cycle
utilization and plant life-time extension. The economic objectives of next-generation reactors are: daily
load follow capability; availability greater than 87%; plant life-time of 60 year, forced outages less than
1/year, ORE less than 1 person-Sv/ry; refueling period of 2 years; construction time shorter than 54
months; and capital cost reduction of 10%.

Design and Safety Objectives of Advanced Nuclear Power Systems in Asia

The countries in the Asian region have been recognizing that the reliable supply of energy is
essential in the context of rapidly growing demand for electricity for economic growth and increase in
the standard of living of the population. The energy resource scene of the region makes the nuclear
power generation as one of the important options to meet the region's electricity needs. Even though
nuclear power generation has been through long world-wide safe and reliable operation, the
expectations of improved economics and greater visibility of safety as continuing goals have led to the
concepts of advanced nuclear power reactors.
Ongoing nuclear power programs in the region are all different in each country, which are
PWRs in China, PHWRs in India, BWRs & PWRs in Japan and PHWRs & PWRs in Korea. The longterm program is also different accordingly in each country. In the long-term, China intends to
standardize PWRs, gradually increase the unit sizes, and evolve passive PWR systems. In addition,
China plans to deploy reactors for the use of low- and high-temperature heats. Indian program with
objective of self-reliance will continue with the PHWRs including improvements in design and increase
in unit sizes in the first stage. India would ultimately use its thorium resources in the third stage
through the route of FBR in the second stage and also evolve advanced heavy water reactor (AHWR)
system as an extension of current generation PHWR designs and to meet emerging requirements for an
advanced reactor system. Japan is pursuing a sizable LWR (BWRs & PWRs) program and also actively
developing advanced reactor systems. It is proceeding with the development program of FBRs for
effective utilization of fuel resources. The other development programs of Japan are on ATRs and
HTGRs. Korea will pursue in the first phase (up to 2006) with evolutionary PWR and PHWR systems,
in the second phase (2006-2015) on incorporating passive systems towards advanced reactor concepts,
in the third phase (2015-2025) going in for high conversion reactors for optimal use of fissile plutonium
prior to going in the fourth phase (beyond 2025) of breeder reactors. The long-term program which is
common in the region will, however, be based on breeders for optimal utilization of fuel resources.
The approaches towards developing advanced nuclear power systems in the region are based
on the technological backgrounds, existing reactor types, unit sizes and socioeconomic needs of the
countries. In order to make optimal use of indigenous resources such as thorium, natural uranium and
fissile plutonium, the fuel cycle also becomes a key factor in evolving advanced reactor systems.
Improvements in the existing reactor systems consistent with evolutionary trends will continue. This
will ultimately lead to development of advanced nuclear power systems as the next generation designs.

The thrust in the development of the next generation systems lies on the enhanced safety and better
economics. The approaches of developing advanced nuclear power systems are with continuing goals of
enhanced safety and better economics. The improvement in the economics of nuclear power generation
could be achieved by reducing the construction unit cost and by improving the plant availability. The
reduction of the construction unit cost will be achieved through standardization and modularization,
shortening of the construction period, and streamlining of licensing. And a high level of availability
and capacity factor -will be achieved through extension, of the design plant life, increase of the fuel cycle
period, simplification in design, incorporation of human-factor considerations ensuring user
friendliness in operation and maintenance, and rationalization of periodic inspection and preventive
maintenance. The safety of nuclear power could be enhanced by employing inherent safety and passive
design features, and by exercising prudent engineering, design and operational practices. The common
features to enhance the system safety include provision of passive safety features and increased design
margins, reduction of occupational radiation exposures (ORE), minimization of radioactive wastes, and
ease of in-service inspection. The countries in the region strongly believes that PSA techniques will be
extensively used in designing end engineering of advanced nuclear power systems, and numerical safety
goals will be set in such a way that they would not noticeably increase the overall societal risk.

Eastern European Advanced Reactor Design Objectives
V.G. FEDOROV, A.M. AFROV (Russia), J. KRALOVEC (Czech Rep.)

The development of the nuclear energy in East and Central Europe started in the
1950s. In 1954, the first nuclear power plant in the world was put in operation at Obninsk,
near Moscow. The reactor was of graphite - moderated, water-cooled type and its output
was 5 MW.
Further development of nuclear energy in the former-USSR proceeded in two main
directions:
- graphite-moderated water-cooled reactors,
- VVER-type reactors, which belong to the PWR family.
The development of graphite-moderated, water-cooled reactors resulted in large
capacity units with outputs of 1000 MW and even 1500 MW which are known as the RBMK
reactors. These units have been put in operation exclusively in the former-USSR.
After the first two units W E R which had been put in operation at Novovoronyezh,
the output stabilized on 440 MW. In 1980, the first 1000 MW unit was put in operation at
Novovoronyezh, which was followed by further WER-1000.
In the 1960s, other countries which belonged to the former CMEA joined the
programme of nuclear power plants based on the W E R technology provided by the USSR.
An ambitious programme of the construction of NPPs was agreed by the member
countries, including an agreement of cooperation in the supplies and manufacture of nuclear
equipment. The key role belonged to the USSR which was responsible for the design, fuel
cycle, all-round technical assistance and for the nuclear safety.
The construction of NPPs with W E R reactors started in East Germany, Bulgaria,
Hungary, Czechoslovakia and later on in Poland. The CSFR occupied an important position
as it was entrusted with the manufacture of primary components, including reactor parts.
Romania went by its own by selecting the technology of CANDU reactors.
Research and development of many other reactor designs were carried out in the
USSR: boiling reactors, heavy water reactors, fast reactors, etc.
The fast reactors reached a commercial stage and two units were put in operation.
The common programme of NPP construction has not been fulfilled and it was
substantially reduced as a result of the Chernobyl accident, and due to economic and social
reasons.

By the end of the 1980s, East and Central European countries had many problems.
The situation needed substantial changes in the structure of industry and economy of the
countries, mainly as energy generation and energy consumption were concerned.
Due to such serious reasons as:
- status of deposits of fossil fuels
- location of resources and energy consumption
- harmful impacts of fossil-fuelled power plants on local and global environment,
it is necessary to continue the utilization of nuclear energy.
So as to receive public acceptance and cost-competitiveness, new, advanced nuclear
power plants with high level of safety, reliability and economy have to b e developed and
implemented in the near future.

Advanced Reactor Design and Safety Objectives The Heavy Water Reactor Perspective
A.R. McKenzie and S.K.W. Yu
CANDU Owners' Group
Canada

The primary requirement of Utility owners of Heavy Water Reactor Systems in the selection of
Advanced Nuclear Power Systems is the same as other utilities, i.e. to deliver electricity from
nuclear power at a cost that is competitive with other alternatives for generating electricity.
Utility owners of heavy water reactors from different provinces or countries have different
maturitv levels regarding nuclear power deployment and different energy supply planning and
development strategies. Hence, in additions to evaluating alternatives to nuclear power such as
hydro-electric, fossil based electricity generation and other renewable alternatives, they must take
into account the specific technical and economic requirements that can be met effectively by
Advanced Heavy Water Designs to meet individual needs.
The development objectives of Advanced Heavy Water Reactors should be guided by the
requirements of the operating utilities. This paper provides a summary of the major requirements
for future nuclear reactors from CANDU operating station owners based on the various studies
and plans prepared. Most of the specific technical requirements for Advanced Heavy Water
reactor Systems are based on systematic reviews of current operating CANDU stations to identify
opportunities for generic improvements in reliability, operability, maintainability and to address
emerging licensing or safety issues.
Hence these requirements represent those for the
evolutionary development of the Advanced Heavy Water Reactor systems factoring in the
considerable operating experience of the CANDU stations. This evolutionary approach to the
development of advanced heavy water reactors will be consistent with a philosophy of
minimizing the risk to future reactor owners whose requirements are for a reliable, low cost unit.
The Evolutionary Requirements for Advanced Heavy Water Reactors are driven by the following
needs:
The need to make Advanced reactors more economically attractive and less financially
risky.
•
The need to minimize environmental impact and maximize the certainty of safe operation
•
The need to maximize resource utilization and minimize waste.
The need to implement improvements using new technologies based on the operating
experience and feedback from operating stations meeting emerging requirements.
The requirements for the new designs addressing these needs can be summarized under economic
objectives, safety objectives, operational objectives, and other utility requirements.
The economic objectives must address plant costs, design life, performance targets and project
implementation risks. The capital cost must be such that the unit energy costs meet specific
targets, e.g. cost competitive with fossil. One criteria to be used in evaluating design
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improvements is that of value engineering in which the benefit is compared with the cost of the
engineering or equipment/construction costs. For equipment that is designed to be replaced
during the life of the plant, planned replacement considerations will be explicitly factored in the
design and allowances made in the plant construction to accommodate these requirements. The
performance targets shall be better than the best demonstrated performance in operating heavy
water reactors to-date. For example the design shall meet a target capacity factor of 90%, the
maintenance outages shall not be required more frequently than two years and should not exceed
21 days. Shorter outages of 48 to 120 hours duration are expected to address unavoidable repairs
that cannot be done on power or that cannot wait for planned bi-annual outages.
The safety design objectives for advanced reactors must be to continue the emphasis on defence
in depth and stepwise improvement to proven concepts that maximizes confidence in their safety
to the public. The objectives should also deal with the complete range of operating conditions
from normal operation to low probability events such as severe accidents.
The operational safety objectives during normal operation for future heavy water reactors include:
•
Minimizing accident initiators - improvement of man-machine interface to reduce operator
induced accidents and to enhance the ability of staff to operate the plant safely during the
wide range of operating conditions
•
Design for ALARA - to reduce routine emissions and their impact on the
environment and the public
- to reduce occupational dose to plant personnel
Other operational improvement objectives include:
•
Improve design margins - to ensure the plant design is robust with adequate level of
operational flexibility.
Improve maintainability - must be designed for ease of maintenance to reduce operations
and maintenance costs, reduce occupational exposure and facilitate repair and replacement
of equipment.
Standardization - to reduce the number and types of equipment to reduce operational
costs related to training, spare parts and interchangeability of replacement components.
•
Simplification - to reduce operator workloads particuiarly for special safety systems in
order to enhance their operability, testing and maintenance.
The other utility requirements for advanced heavy water reactors are unit size requirements and
fuel cycles options requirements.
The unit sizes of future advanced heavy water reactors should be chosen to make nuclear power
a viable economic choice. For smaller utilities or utilities with limited demand growth, the
advanced design shall have outputs of less than 700MWe. To meet electricity demand for larger
utilities and to maximize the utilization of valuable reactor sites, the future design shall have
outputs in the range of 900MWe or above and shall be implemented as single unit stations for
maximum flexibility.
The designs of advanced reactors must provide the flexibility of using other advanced fuel cycles
that take advantage of the neutron economy of heavy water reactors without design concept
configuration changes. This operational flexibility will provide utilities of different backgrounds
to optimize resources utilization, to reduce uranium requirements and refuelling costs by using
Slightly Enriched Uranium and to reduce spent fuel volumes by recycling spent fuels or other
products of fuel re-processing from LWRs.
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IAEA-SM-332/11.6
PRINCIPLES UNDERLYING NUCLEAR PLANT SAFETY
Dr. Herbert J. C. Kouts
Defense Nuclear Facilities Safety Board
Washington, D. C. 20004 USA
It is now several years since INSAG issued INSAG-3, entitled "Basic
Safety Principles for Nuclear Power Plants". We can look back on the
structure of this document to benefit from further consideration of its
principal motivating elements. These are threads that run through the
fundamental principles and the specific principles. Principles are
specifically centered on two of these, defense in depth and safety culture.
The structure of defense in depth was discussed further in an Appendix to
INSAG-3. Safety culture was further defined in the document INSAG-4, which
discussed this concept and told how it could be recognized.
There were other threads that were not so specifically singled out. One
of these is discipline of operations, a basic requirement that applies to all
activities affecting safety and reliability of a nuclear power plant. For
instance, it is reflected in quality assurance practices and documentation
during design and construction, culminating in accurate as-built drawings and
System Design Descriptions (SDDs) that are kept up to date throughout the
lifetime of the plant. It is also evident through conformance to complete and
tested operating and maintenance procedures for the plant. It guides the
conduct of shift turnover procedures, maintaining continuity of awareness of
the state of operation and maintenance of the plant. These are only examples
of the pervasive presence of disciplined methods at a safe plant.
Another thread is knowledge and ability. It is important that the
individuals on whom operational safety of the plant depends should understand
the necessary elements of the science underlying proper discharge of their
duties, that they know the structure of their plant and its strengths and its
weaknesses (if any), and that they are intimately skilled in the procedures
they follow. Assurance of possession of the requisite knowledge and ability
is conferred through continued education and is confirmed through periodic
written and oral examination.
Another is management based on the concept of the line of authority and
responsibility. In a proper line structure, each individual reports to a
single superior in the conduct of his job. Each manager reports to a single
manager above him. Written descriptions of functions and responsibilities
make it clear who is responsible for each activity at a given level of
management with care at the interfaces to ensure that each important activity
has been clearly assigned to one and only one manager. No one should have to
take instructions on a specified activity from more than one other individual
above him in the management chain. Care is also taken to ensure that
authority with respect to an activity is assigned to the same manager who
bears the responsibility for it.
Another which is not spelled out but which can be derived from the
Principles in INSAG-3 is the relation between the safety analysis for a plant
and the definition of the domain of safe operation. This domain is defined
through a set of technical specifications that are themselves derived from the
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safety analysis. The means is well known by which this is done through the
linking document which justifies the operating limits. It is important that
the technical specifications should be spare and not too voluminous,
containing only what is really necessary to ensure safety. Otherwise the
really important limits will be lost in the background of more trivial ones,
diverting attention from what is essential to what is not. Safety analysis
based on probabilistic methods should also be used in the analysis in the
linking document as a means of making sure that the operating limits address
the important matters.
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Beyond the Next Generation of Plants

Morris Rosen
Assistant Director Genera/
for Nuclear Safety
International Atomic Energy Agency

In all leading nuclear power countries, evolutionary nuclear power plants are
being developed for implementation around the turn of the century. They contain
numerous safety improvements based on the vast accumulated operational experience
and include new design features as well as design simplifications. The increase in
safety by any measure is impressive. Already high safety levels continue to increase.
Estimated severe core damage frequencies for the evolutionary designs are below 10"5
per reactor year and are now comparable to natural disaster frequencies.
As far as safety is concerned, there is no reason not to continue w i t h an
evolutionary process. Nonetheless, in spite of this satisfactory state, there is an
ongoing debate on the need to do even better w i t h a new generation of innovative and
more intrinsically safer plants. Some argue that increased safety is necessary to regain
public confidence while others believe it necessary in view of the large number of
plants foreseen in countries having limited experience w i t h the high technology of
evolutionary plants. The debate could be helped by better defining the safety goals
for deployment of nuclear power on a large scale.

A Realistic

Safety

Goal

Safety principles for the design of future plants are currently under development
at the IAEA. They are modeled upon INSAG's Basic Safety Principles but contain a
key modification in the treatment of severe accidents. Recognizing that reducing the
likelihood of severe accidents and their consequences is of primary interest in
improving the safety of future plants, the concept of no significant radiological
impact
has been introduced. Fulfillment of this objective would limit off-site disruption due
t o an accident by reducing or eliminating many requirements of emergency planning
such as for sheltering and evacuation.
The term realistically
conceivable
severe accident w a s also introduced t o
indicate that thd selection of accidents to be considered in the design efforts directed
at prevention and mitigation, must take into account their likelihood and the physical
processes involved. Thus the selection process involves engineering judgement. The
proposed safety objective requires,

...that the consequences
for all realistically
severe accidents have no significant offsite
impact.

conceivable
radiological

= =

Meeting

the Goal

Certainly evolutionary designs through a combination of deterministic and
probabilistic approaches could reasonably rule out significant off-site contamination by
various strengthened prevention and mitigation efforts. Containment function could
be improved through consideration of failure modes which include core melt sequences
and deflagration of combustible gases. Core catchers could be added along w i t h
hydrogen ignitors. Use of steel liners and highly reliable isolating valves are other
design features which can mitigate severe accident consequences.
A large number of innovative concepts under discussion for many years in
essence engineer the protection against severe accidents into the design. They
essentially exclude mechanisms for large releases. Some eliminate the need of forced
coolant f l o w for removing residual heat and reduce or even eliminate the necessity for
correct operator action to control major accidents. These approaches put a maximum
emphasis on the prevention of severe accidents w h i c h is a basic feature of the 1NSAG
safety principles.
Transparency in nuclear safety can be improved by simplicity of design and the
use of a deterministic approach rather than probabilistic evaluations. For the public
and policy maker, the demonstration of low severe accident consequences associated
w i t h the more innovative concepts, on a more understandable deterministic basis,
could make the public more receptive to nuclear power.

ADVANCED NUCLEAR POWER SYSTEMS FOR DEVELOPING COUNTRIES
OPPORTUNITIES AND CHAT J,ENGES
L. L. BENNETT, E. BERTEL
International Atomic Energy Agency
Vienna, Austria

The needs for additional electricity generating capacities during the coming years
will come mainly from developing countries. While electricity consumption per capita is
lower in these countries than industrialised ones, population growth, urbanisation and
economic development will increase the demand for energy and especially for electricity
services. The expansion of electricity generating systems will offer opportunities to
diversify energy supply, to introduce advanced technologies and to alleviate health and
environmental impacts of energy and electricity production and use.
Nuclear power is one of the options available to meet the growing electricity demand
in developing countries; however, the challenge, for the nuclear industry and the
international community, will be to ensure technology adaptation and transfer in order to
satisfy the specific requirements of these countries. The geographical distribution of nuclear
power plants operating or under construction today indicates that the development of nuclear
power has occurred mainly in industrialised countries. It shows that the barriers to nuclear
power development are more difficult to overcome in developing countries and, moreover,
that specific obstacles exist in these countries.
Case studies carried out by the IAEA in cooperation with interested Member States on
the feasibility of nuclear programmes [1,2], and studies on nuclear power planning and
financing in developing countries [3,4], have identified the main issues to be addressed in
order to implement nuclear programmes and projects in these countries. Drawing upon the
past experience and a comprehensive analysis of specific obstacles encountered in
developing countries wishing to implement nuclear programmes, it is found that advanced
systems should incorporate characteristics which meet better the requirements of these
countries.
Advanced nuclear power systems under development aim towards facilitating the
construction, operation and maintenance of nuclear power plants, reducing investment
costs and enhancing safety. All these characteristics should facilitate the construction and
operation of nuclear power plants in developing countries. Specific issues to be addressed in
view of nuclear power deployment in developing countries include technology adaptation
and transfer taking into account the industrial infrastructure and manpower availability
and the capacity for funding, from domestic sources or through foreign loans.
The main problems faced by developing countries wishing to implement a nuclear
programme are the size of the units, the financing of the required investments, the
adaptation of the industrial infrastructure, the training of highly qualified manpower, and
the difficulties to address safety and waste management issues. Other barriers to nuclear
power development, such as stability of organisational and regulatory framework and
public acceptance, are common to industrialised and developing countries.
In the past the tendency has been to develop large nuclear units which benefit from
economy of scale and which are well adapted to the large electricity systems of
industrialised areas. For most developing countries, except in megacities and a few highly
industrialised zones, the size of the electricity grid does not allow the introduction of large
generating units and the annual growth in demand for electricity does not require such
large units. The development of advanced systems, including small and medium size
power plants, will permit their integration in the grids of countries with limited electricity
generating capacities. Smaller reactors with capacities ranging from 80 to 600 MW(e) are
being designed in several countries for supplying electricity and also heat in some cases.
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Such reactor designs will broaden the potential market for nuclear power in developing
countries, since they could provide electricity and heat to industrial and residential users
having medium and low capacity requirements; small and medium size reactors will also
be attractive options for replacing older fossil-fuelled generation units at the end of their life
time. Moreover, small and medium size advanced systems will be easier to finance by
domestic funds or through loans, since the construction lead time is expected to be shorter
for advanced systems, and therefore the time to recover the investment will be reduced.
N u c l e a r power is economically competitive in many countries, including
developing ones, for base load electricity generation. However, difficulties have arise in
developing countries for financing nuclear power projects since the large capital
requirements for building a nuclear unit sometimes has exceeded the overall credit limits
for individual countries. Moreover, governments and lenders have been reluctant to
concentrate their funding in a single project when many other sectors are also requiring
investment. In this connection, new financing approaches, including the Build-OperateTransfer model (BOT) should be implemented and development banks will have a major
role to play in addressing these issues.
Industrial infrastructure and highly qualified manpower are required to allow
domestic participation in the construction of nuclear power plants and, moreover, to ensure
reliable and safe operation and maintenance of the nuclear units. The new generation of
nuclear reactors with simplified operational procedures should facilitate the training of
manpower and alleviate the need for advanced industrial infrastructure. The construction
phase will also be facilitated in developing countries since some advanced systems reduce
the on site building work essentially to assembly of equipment.
Safety and radioactive waste management issues have proven to be barriers to
nuclear deployment worldwide and have raised specific concerns in developing countries
from both the technical and regulatory viewpoints. Although the nuclear power plants of the
present generation have designs ensuring a high level of safety, advanced systems adopt
new approaches to address the challenges of increasingly demanding safety requirements.
Safety will be enhanced, inter alia, by a better combination of active and passive safety
systems and by improvement of the man-machine interface. The incorporation of passive
safety systems reduces the probabilistic risk of accident. New safety features will allow to
achieve low on-site and off-site impacts in the event of a potential accident; this is
particularly relevant in the case of small and medium reactors t h a t could be built near
densely populated urban areas of developing countries for providing electricity and heat to
industrial and residential users. Advanced systems also will allow a better utilisation of
the nuclear fuel. The minimisation of radioactive waste to be handled and finally disposed
will be a key factor both from the economic and public acceptance viewpoints for enhancing
the feasibility of nuclear power programmes in developing countries.
Among the technologies available to meet the growing electricity demand, nuclear
power is viewed by many experts as the most likely non-fossil energy source which could be
developed on a large scale since it has reached commercial maturity and is already
economically competitive with fossil fuels [5,6], In developing countries, nuclear power is
one of the options which could contribute to sustainable energy and electricity strategies by
enhancing energy independence, competitiveness and environmental protection. During
the development of advanced nuclear systems, it is of utmost importance to have in mind
the specific requirements of developing countries in order to facilitate the implementation of
nuclear projects in these countries. Moreover, technology adaptation and transfer and
financing mechanisms should aim towards ensuring successful implementation of nuclear
programmes in developing countries, as part of a global sustainable energy and electricity
supply strategy worldwide.
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Communicating About Advanced Nuclear Energy Plants
Ann S. Bisconti
USA
The success of advanced nuclear energy plants, as for any new product, will not
depend on design alone. Success will require public support and good communications
to achieve that support.
In any country, members of the public are likely to receive messages about new
nuclear energy plants from many different sources within the so-called "nuclear
industry" — from industry and professional organizations, seller and buyer
companies, government agencies, ar.d individual experts. It is essential that all these
sources communicate with the same understanding of public attitudes about nuclear
energy and new plants.
In the past, communications weaknesses have often created barriers between the
technical community and the public. To correct that situation, in the U.S., the
nuclear industry set up an organization, the U.S. Council for Energy Awareness
(USCEA), for the express purpose of communicating with the public. USCEA is the
lead organization for communications about new nuclear power plants and to assist
new plant siting. We bring to this effort a decade of almost daily dialog with the
public on nuclear energy topics through social science research — national and
regional polls, in-depth communications studies and constant testing of
communications materials. One of these studies, in collaboration with
manufacturers of the various kinds of advanced nuclear energy plants, revealed what
new plant features were important to the public and what meanings were conveyed
by terms frequently used by scientists to describe new features.
From all of this research, seven lessons stand out to guide communications about
advanced design nuclear energy plants in the U.S. Because of cultural differences, I
cannot say with certainty that they apply in other countries. They are not rules but,
instead, ideas to test with your own research.
1.

Most audiences are open-minded. Polls show that opinion leaders greatly
underestimate the support that exists for nuclear energy and future plants,
probably because they confuse what they see in the popular media with public
opinion. When nuclear energy supporters fall into that misperception trap, it
dramatically affects their attitude, their message, and their overall
communications. National polls in 1993 show:
•

72% of Americans think that the need for nuclear energy will increase.

•

78% believe nuclear energy will play an important role in meeting future
electricity needs.

•

69% think nuclear energy should play an important role.

•

While few Americans want to build new plants now, 78% want to preserve
the option to build more plants in the future. Right now, few Americans see
a need for new electricity plants of any kind.

Also, in May 1991, 66% of the public said they favored efforts to construct "new
nuclear energy plants that are more reliable and economical," and, in February
1992, 66% judged the following statement an excellent or good reason to use
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more nuclear energy in the future: "New advanced-design plants will have more
automatic safety systems and will be more reliable and economical."
Research shows that information about new advanced designs is
consistent with public expectations, and experience shows Americans are
receptive to this information.
2.

Few people are attentive to energy issues. Only about 10% of the U.S.
public pay close attention to energy or nuclear energy issues.
Consequently, their knowledge and understanding of energy issues tends
to be quite low. One should not assume any understanding of, or interest
in, the technicalities of new designs. Communications should be simple
and avoid jargon. Research shows that terms that technical people often
use, such as "passive" to describe plants with natural safety systems,
convey unintended meanings to the public.

3.

People want respect. Knowledge gaps do not mean that people are
stupid. Because people are discerning, undocumented assertions — even
if true — are discarded and may be considered unbelievable and even
insulting. Responding to concerns with numbers and jargon seems
uncaring and may suggest that something is being hidden.

4.

Good communications focus on consumer wants and values. Scientists
and the industry often talk about new plant features that may be more
important to the industry than they are to the consumer. Research shows
that the U.S. public cares very little about features such as smaller size
and "user-friendly." Communications, even about important features like
automatic safety systems and more economical performance can be much
more meaningful if related to more fundamental human values and wants
— such as personal and family security and environmental protection.

5.

Benefits and safeguards should be shown rather than risk comparisons. In
the U.S., the most comforting points to make about the safety of nuclear
energy — present and future — are those which explain the need for the
plants and the benefits they provide, such as clean air. Assertions about
little danger are not credible. People want to know how the dangers are
controlled — tt: physical barriers, excellence of operators, and strict
regulations. Risi. comparisons may be perceived as irrelevant and may
leave the impression that both phenomena being compared are dangerous.

6.

Pictures and hands-on demonstrations help. Nuclear energy is, for many,
an abstract concept that evokes science fiction-type imagery. The
technology — present and future — is best demystified by concrete
displays such as with information centers, exhibits or, second best,
through pictures.

7.

Trust is key. Trust is important not only for communicating to audiences
but also for establishing a climate in which new plants can be sited and
built. Americans tend to trust people and organizations that are most
qualified on a particular issue, although trust can be affected by many
factors. Trust can be achieved by consistency in words and actions,
reliability in all aspects of performance, demonstrated concern and
caring for the public, and finding ways for the public to see and know the
real people in charge at all levels of operations.
Future nuclear energy is inextricably linked with current nuclear energy.
Trust in the industry's ability to build and operate safe nuclear power
plants tomorrow is being determined by what the various people and
institutions in the industry do and say today.

Factors Affecting the Acceptance of Nuclear Energy
Erwin K. SCHEUCH (Germany)

Since the mid-1970s, somewhere between forty and fifty per cent of western Germans
have rejected nuclear energy. The figures are quite unstable, subject to short term variations
in responses to events. Ambivalence is the attitude of the next largest group in opinion polls,
and the size of this group depends on public debates about the inevitability of nuclear power
for the supply of energy.
As unstable as the size of groups accepting or rejecting nuclear reactors is the
meaning that is associated with the world "nuclear". In the 1950s, "nuclear" meant
endangerment by radiation - these were the years of atmospheric testing. In the 1960s,
"nuclear" was equated with atomic bombs. During the 1970s, the associations became more
pluralistic, including energy supply and power stations. However, even prior to Chernobyl,
the dominant associations became reactor accidents and environmental pollution.
The attitudes in Germany are in principle not very different from those in the USA.
And, just as in the USA, attitudes towards nuclear power are related to the appraisal of other
technologies, and to the evaluation of technology as the core element of progress. In the
USA, linking the development of nuclear energy to genetic engineering occurred around
1970, and this combination reached Germany around 1975-1976. This was also the time
when the consensus in the political elite about the benefits of nuclear power turned into
dissent for reasons that have nothing to do with the technologies. The conjunction of both
factors explains the sudden decline of public support, but this at the same time suggests that
acceptance by the general public would rise significantly if elite consensus could be
reestablished.
The acceptance - or lack of it - of nuclear power cannot be understood by itself but
has to be viewed as a syndrome. The opinion about the elements of this syndrome is quite
fickle, but the evaluation of the syndrome as a whole shows a high degree of stability.
Since 1974, the CEC in Brussels sponsors biannual surveys in all member countries
- the Eurobarometer. We shall perform secondary analyses with these Eurobarometer data
to demonstrate changes in the acceptability of new technologies over time. While
percentages fluctuate, the relative position of these technologies in terms of public acceptance
is stable. Least acceptable is synthetic food, followed by genetic engineering, followed by
nuclear power, followed by computerized data management of personal information.
Secondary analyses will also allow us to demonstrate differences in the acceptance of nuclear
energy in subgroups of the population and in different countries.
Research on the acceptability of risks has demonstrated that it is not the likelihood of
damage that determines the wi,N . ness to live with a risk. Rather, it is the size of damage,
even if very infrequent, that úc ...ates the acceptance of a risk. The findings coincide with
research on gambling, where the size of the jackpot has been proven to be more important
than the chance of winning something at all. Chernobyl is more frightening than an

automobile accident - especially as the damage resulting from the reactor accident has been
wildly exaggerated. Research on the reactions to Three Mile Island will be cited to underline
the point that nuclear power is vulnerable in battles over the media.
Decisive for the acceptance of nuclear power, and other new technologies are public
statements by authority figures. After all, the public has not first hand knowledge about
dangers, benefits, and necessity of newer technologies. There is now in all western countries
a struggle for such authority positions. The media tend to magnify the importance of
minorities, and in this case build up the influence of the Weizenbaums and Capras. Harrison
White characterizes this struggle as one where "outlaw priests try to outwit and defrock the
Bishops of the scientific establishment".
Of equal importance are changes in the middle level political elites in the aftermath
of the 1968 "Cultural Revolution". In Germany, these middle ranks are now dominated by
persons from cultural occupations (teachers, theatre performers, writers) who dominate party
congresses. This personnel from cultural occupations is estranged from economic and
technological rationality. Daniel Bell, in his Cultural Crisis of Capitalism, has shown for
the USA that this hostility is of risk for the persistence of the economic order.
These personnel changes in the lower establishment become all the more significant
for our societies as the affinity of the ideological camps to technology has changed.
Traditionally, the ideological left saw modern technology as a tool to liberate man from dire
necessities, while the right feared technology as a disturbance of the natural order with
unpredictable consequences. By now these affinities have been reversed, and the "new left"
leads in the belligerence towards technological progress.
Social movements have become a part of "normal" political life. Even a census can
become the target of a committed minority, as was the case in Germany in 1988. We have
data on the sympathy for several such movements in the general public. The most acceptable
of these movements are the antivivisectionists, who happen to be the most militant at the
same time. Next in acceptability is the peace movement. Antinuclear power as a target has
about the same acceptability as women's liberation. Least accepted are proponents of the gay
movement and of alternative living. In Germany, 90.3% identify themselves with none of
the movements, but only 26.9% reject all of them. Roughly 2/3 of the population is
characterized by a "benign neglect" of minority movements.
We shall present data from secondary analyses on participation in and acceptance of
several movements in hindering for technological progress, such as the "Friends of DNA".
The media have increased the nervousness of western societies. There is in many
countries a tendency to focus on potential dangers of new technologies while ignoring
benefits. Genetic engineering is a prime example for media treatment that is damaging for
a new technology. The readiness to exaggerate even minor irregularities in nuclear power
plants is another.
This becomes all the more relevant as a consensus among leadership groups has
declined. Surveys have shown that there is a great difference between scientists and other
elite groups in the willingness to live with risks. Should accidents with new technologies
happen, then it is quite likely that there will be an overreaction. There is thus a need to
prepare a political consensus for the need to live with risks.

INCENTIVES TO STRENGTHEN INTERNATIONAL CO-OPERATION IN
R&D FOR ADVANCED NUCLEAR POWER TECHNOLOGY
E. Balthesen,
A.D. Bakunyaev,
I.H. Gibson,
J.P. Hosemann,
R. Tavoni,
A.M. Versteegh,

Research Centre Jülich KFA, Germany
Minatom, Russian Federation
AEA Technology, United Kingdom
PSI, Switzerland
ENEA, Italy
ECN, Netherlands

This paper is concerned with the need for International Co-operation in R&D for Advanced
Reactors in order to maintain options for the future deployment of nuclear power against the current
background of declining R&D capability in Europe.
The ideas expressed here reflect the current situation in Europe where investment in nuclear
power is declining partly as a result of public concern about the safety of nuclear power. There has
been a very significant reduction in R&D budgets, facilities and staff over the past few years and this
trend is continuing. If the significant long-term development potential of nuclear power is to be
realised, the R&D effort needed will exceed national and private industrial capabilities and, due to
their long-term nature, public financing is necessary. There is also a concern that without a strong
development programme, there will be a shortage of young qualified engineers for both reactor
development and operational support in the years to come.
In the context of advanced reactor technology, the paper deals with R&D aimed at the long
term rather than with short-term improvements to existing reactors. The latter is more a task for
vendors, although there will be interactions between the long- and short-term programmes with
benefits both ways.
In many countries the further expansion of nuclear power will require the development of new
reactor systems which will only be realized as a result of R&D. It is proven by experience that new
design features, new systems and new components require extensive R&D to justify them and to
decide on their applicability to commercial plants where economy and safety are the key factors. The
scale of these R&D tasks, seen against the national decline in R&D, requires a co-operative
international effort. The need for such-international co-operation has been emphasized by many
statements from national and international bodies. A strong collaboration will result in a common
view on the assessment and acceptability of new reactor design features.
There are many examples of international co-operation in nuclear R&D. For instance,
International Thermonuclear Experimental Reactor (ITER) and various other co-ordinated research
programmes (IAEA), Halden Project, Dragon Project and many co-ordinated programmes (OECD),
severe accident research (CEC) and multilateral programmes such as the BETHSY collaboration
(CEA). These are successful examples of international collaboration but they do not meet the full
challenge presented by the recognized potential of new reactor systems. The design criteria for the
development of a future generation of advanced nuclear reactors are not fully established on an
international basis but show general trends and objectives which can already be identified.

37

Examples are:
•
•
•
•
•
•
•

Use of passive
: removal systems which raises issues of natural circulation.
Prevention of core melt by use of ceramic fuel, for instance.
Use of low activation constructional materials.
Minimization of actinides in the waste stream.
Application of new techniques from other technologies, for instance, informatics.
Advanced fuel cycles.
Behaviour and role of the containment in severe accidents.

These examples are appropriate topics for a collaboration R&D programme on advanced
reactors.
The conclusions of the paper are:
1.

There is a need to continue reactor R&D to ensure that options for future deployment of
nuclear power are available.

2.

The scale of the R&D required calls for international co-operation.

3.

R&D tasks which are not of design-specific nature can be identified as the basis for
international collaboration.

4.

International organizations such as IAEA, NEA and CEC have an important role in
strengthening essential R&D for Advanced Nuclear Power Technology.

REGULATORY CO-OPERATION
FOR FUTURE NUCLEAR POWER PLANTS
BETWEEN FRANCE, GERMANY AND UNITED KINGDOM

André Claude Lacoste
FRANCE
Walter Hohlefelder
GERMANY
Sam Harbison
UK

The UK Nuclear Installations Inspectorate (Nil), French Direction de la
Sûreté des Installations Nucléaires (DSIN) and German Bundes Ministerium
für Umwelt (BMU) have significantly increased, during recent years, their
exchanges of information on safety regulations for nuclear power stations.
These exchanges were initiated in recognition of the growing international
dimension to nuclear power programmes. The original aim was to gain a
better understanding of the fundamental nuclear safety objectives and
standards applied in the three countries and the manner in which they are
applied. A critical comparison of objectives and standards was to bo a major
element of the exchanges. A further element was to be consideration of the
potential for a common formulation of safety objectives, especially for future
reactors. In this context, two special working groups have been created, one in
November 1990 between France (DSIN) and UK (Nil), one in January 1990
between Germany (BMU) and France (DSIN).
The first topics chosen for discussion by the first working group
(NII/DSIN) were the safety approaches with respect to accident frequency
criteria, redundancy requirements and the single failure criterion, common
cause failure and diversity requirements, and separation, segregation and
equipment protection and qualification. It was quickly recognised, however,
that to establish a proper understanding of how regulatory standards are
applied in practice, it would be necessary to first study specific examples of
plant systems. Sisewell B and N4 PWRs were chosen as the most up-to-date
realisations of UK and French power plant design philosophy. From these
designs, the emergency core cooling and auxiliary feedwater systems were
chosen for the study. This study has revealed how differences in the
regulatory approaches have influenced safety system design. More recently,
the exchanges have focused on future systems and expanded into the area of
severe accidents and containment, PSA, external hazards and radiological
releases.
For the second working group (BMU/DSIN), the discussions have been
directly focused on the main differences between safety approaches, already
identified as a result of the work performed since 1977 in the DFK (DFK:
Deutsche Französische Komission).

The work of DFK in the past was focused on comparison of existing
plants in the two countries. As an example, detailed technical comparisons of,
first, Fessenheim (French 900 MWe/PWR) and Neckarwestheim (German
900 MWe/PWR) and then Cattenom (French 1300 MWe/PWR) and
Philipsburg (German 1300 MWe/PWR) have been performed.
Taking into account this background, discussions have been oriented
since 1990 to special technical subjects connected to the safety of future
reactors, such as: general safety objectives, break preclusion implementation
on main coolant lines, safety system design and associated rules, general
layout, severe accidents, methodology for PSA, calculation of radiological
consequences of accidents.
Significant benefits are expected to accrue from all of these exchanges.
They should enable regulatory bodies to better understand the bases of
decisions made in the design of foreign plants. The influence of national
regulatory approaches and safety standards on plant design should become
clearer. Plant designers may then be able to facilitate the licensing of a future
reactor system in different countries by taking account of national variations at
an early stage. In the longer term, there may be potential for international
agreement on the harmonisation of some regulatory standards for future
reactor systems.
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International Cooperation :
a condition for farther development of nuclear power
Bruno D ' O N G H I A - Deputy Executive Director. U N I P E D E
Jacques B U R T H E R E T - Director, W A N O Paris Center

The European electricity supply industry has a long tradition of co-operation; in 1925, utilities
from three countries (Belgium, France and Italy) joined together to found the International Union
of Producers and Distributors of Electrical Energy (UNIPEDE). Now, all the Western, Northern and
Central European utilities are members of UNIPEDE, as well as the electricity organisations or
undertakings of several major non-European countries.The World Association of Nuclear
Operators (WANO) was set u p in 1987, immediately after the Tchernobyl accident, building on preexisting initiatives by UNIPEDE in Europe and by INPO in the United States.
The need for close cooperation within the electricity supply industry is continuously
increasing, due to the global nature of key issues like environmental protection, primary energy
source availability, technology transfer to developing countries, and nuclear energy policies.
This is particularly true for nuclear power for which the transboundary nature of key issues
like safety or waste storage needs consistent, coherent answers. Public perception, driven by
world-wide mass-media, will no longer accept different criteria in different countries or incoherent
assessments and solutions for common problems.
Whether nuclear energy will regain momentum in the light of its widely recognised
environmental advantages depends on many factors. First of all, the need for nuclear power to
contribute to meeting the growing world energy demand must be clearly perceived and
understood, both by authorities and by the general public.
Some basic conditions must also be fulfilled, which are to a greater or lesser extent within the
control of the electricity supply industry :
• The very high level of safety and reliability of NPP operation in Western countries must be
maintained and developed. The situation in Central Europe and in the Confederation of
Independent States (CIS) must be greatly improved.
Efficient cooperation among nuclear operators worldwide is essential in order to reach the
highest possible standard everywhere.
• A worldwide consensus on the main safety objectives and criteria for future nuclear power
systems must be achieved.
• A satisfactory and coherent-solution to. fundamental issues such as final waste disposal must
be found.
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With an expanding population and improved standard of living, the world's energy demand
will increase steadily. This will result in a high rate of greenhouse .gas emissions and considerable
strain on s o m e primary energy sources (like natural gas). Although precise outcomes of the global
warming issue, in terms of timing and magnitude, are still uncertain, -the nature of the threat justifies
a serious committment to effective corrective policies.
All international forecasts agree that it will be very difficult to stabilize by th£ year"2020
worldwide CO2 emissions at the 1990 level without a steady nuclear construction programme.
International co-operation plays a very important role by helping to:
o Maximise the safety and reliability of the operation of existing nuclear p o w e r plants by
promoting exchange of information, 'ransfer of know-how, trustworthy communication.
a Restore public confidence in both operators and controlling authorities.
a Perceive nuclear power as a viable and inescapable option to meet the growing energy
demand.
a Promote the development of new generations of power plants characterized by enhanced
safety, standardised and simplified features, better economic potentialities.
•

Pool know-how, experience and financial resources to find common solutions to common
problem like the final disposal of long-life wastes.

In the field of international co-operation much has already been done. There is however
room for further initiatives and developments to which both UNIPEDE and WANO intend to make
a significant contribution.
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Korean Views on Needs for International Cooperation
in Development and Deployment of Advanced Nuclear Power Systems
Young Ku Yoon. Byong YVhi Lee, Chang Saeng Shim, Rep. uf Korea

Korea is implementing a major nuclcar power development programme bccausc nuclear power
offers major advantages such as lessening its dcpendcncc on imported oil, diversification of energy
sources, stability of supply, economic viability and environmental protection. After Chernobyl accident
in Russia and rccent democratization in Korea, however, nuclcar power is increasingly becoming a public
acceptance issue. Hence development and deployment of safer and more reliable Advanced Nuclcar
Power Systcm(ANPS) have been recognized as ncccssary efforts to cnhance public accepta nee.
Korea methodology and experience in international coopération in the fields of construction and
operation of NPP, safety regulations and licensing, and R&D arc also presented. International cooperation
may be classified into two categories, (a) commercial and proprietary coopération for utility companies
and related industries, and (b) opcn/public scctors coopération for safety-related research institutes and
government agencies.
Korea's Atomic Energy Commission(AEC) is the highest-level policy-decision and coordination
tody conccniing the peaceful use of atomic energy. AEC's main activities arc related to nuclcar energy
utilization, regulations and licensing, allocation of R&D expenditures for nuclear energy related
organizations, coordination of nuclcar energy utilization activities of related organizations, ctc.
KEPCO which is the govcrnmcnt-controllcd utility is presently sponsoring "Korea's Development
of ANPR" and is responsible for this projcct management. Korea Power Engineering Company(KOPEC),
Korea Atomic Energy Research Institutc(KAERl) and Center for Advanced Reactor Rcsearch(CARR;
intcr-univcrsity collaborative research organization) arc jointly collaborating in the ANPR development
work. Korea Institute of Nuclcar Sufcty(KINS) is responsible for studying new regulatory and licensing
requirements for ANPR development and deployment.
There arc two-lcvcls coordinating committees, one being a manager level and the olher a working
group level. Korea Heavy Industry Company is a supplier of NPP components and equipment.
In 1991 Korean government selected "Development of Advanced Nuclear Power
Eeactor(ANPR)" as one of top-priority national R&D projects. This near-term development projcct is
presently implemented by industry-univcrsity-rcscarch institute collaboration under KEPCO's
management and funding. The first phase of the Korea's ANPS development projcct ii to improve the
standard plant design through incoiporating advanced design features. The second phase is to develop an
ANPS with the ultimate goal to complete its design by 2001. The first unit of ANPS using this advanced
design is cxpected to be on line after the year of 2007.
For the long-term prospect Korea is cxpectcd to develop an Advanced Liquid Metal
Reactor(ALMR) that is safe, capable of economic fuel recycle with non-proliferation secured. Based on
assessment of the world uranium resources, FBR's economics, trends of foreign countries' R&D
programmes, Korea is cxpcctcd to be in need of ALMR in Korea after 2025.
For most countries with ongoing nuclcar power programmes, the needs for international
cooperation arc different based on the degree of their self sufftcicncics in required resources and
infrastructures, depending on their country specific requirements. Korea, however, would like to see that a
workable international cooperation scheme for ANPS development and demonstration by sharing the cost
and risks for such new ventures be set up in order to assure timely development of ANPS.
In the near-term IAEA is cxpectcd to play an important role as a promoter as well as a
coordinator for development and deployment of ALWR evolutionary and passive NPS by holding IAEA's
various technical meetings, symposiums and conferences and establishing safety principies and criteria
for ANPS designs.
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In the long-term Korea is expected to be in need of an Advanced Liquid Metal Rcactor(ALMR)
with inherent safety and non-proliferation fuel recycle characteristics. It is proposed that the finishing task
for realizing A L M R be undertaken as a major OECD/NEA and/or IAEA projcct like the Nuclcar Fusion
development projcct ITER in addition to IAEA's role for development of ALWR plants as mentioned
above.
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"AN EXAMPLE OF INTERNATIONAL
CO-OPERATION : THE EUROPEAN FAST REACTOR
R. DEL BECCARO (France)
A. PLESSA (Germany)
P. HAIGH (UK)

The aim of the paper is to present the common views of ail parties involved since
more than 5 years in the European Fast Reactor (EFR) project, i.e., utilities, design
companies and R&D organisations.
The bases for the EFR co-operation were laid in 1984 when the governments of
Belgium, France, Germany, Italy and the UK signed a memorandum of
understanding to harmonise their fast reactor development programmes and to come
to a more efficient pooling of their experiences and resources. Three subsequent
specific agreements were then signed :
- the "R&D Agreement", relating to research and development, which was signed by
R&D organisatio'/is,
- the "Industrial Agreement", relating to co-operation in design, construction and
marketing, between the design and construction companies,
- the "Intellectual Property Agreement", setting out the terms and conditions
controlling the use of existing and future know-how information at the disposal of
the partners.
Against this background, the decision to merge the on-going efforts for the national
commercial projects (SPX 2 in France, SNR 2 in Germany and CDFR in the UK) into
a single European project, the EFR, came from the European Fast Reactor Utilities
Group (EFRUG), comprising utilities from France (EDF), Germany (Bayernwerk,
PreussenElektra and RWE), the UK (Nuclear Electric), Italy (ENEL) and, more
recently, Spain (UNESA). In 1988 EFRUG laid down the objectives and technical
specifications for the EFR project and established its organization to manage and to
monitor the progress of both the design studies and the research activities. More
recently, EFRUG has also brought together a group of independent safety experts
from France, Germany and the UK, the Ad-Hoc Safety Club, to examine the
soundness of the EFR Safety case and to identify any impediments to a common
design caused by differing national safety criteria and licensing practices. EFRUG
has also established interfaces with the British (BNFL) and French (COGEMA) fuel
companies to discuss fuel cycle related aspects of the design and fuel cycle costs.
In response to the EFRUG request, the design companies from France
(NOVATOME, a division of FRAMATOME), Germany (SIEMENS KWU) and the UK
(NNC Ltd.) constituted a joint organization, EFR Associates, to share effectively and
coordinate adequately the design activities carried out by each company. ANSALDO

45

(Italy) and BELGONUCLEAIRE (Belgium) also participated in the design work as
contributing partners. In spring 1988 some 250 engineers started the EFR design
studies.
Finally the R&D organisations from France (CEA), Germany (KfK and SIEMENS)
and the UK (AEA Technology) set up a common structure to collect the R&D
requests from EFR Associates and progressively realigned completely the on-going
national research activities, cutting out duplication efforts and establishing a single
specific programme to validate the EFR design features. Since the start of the
project, more than 800 researchers, in nearly a dozen nuclear centers, have been
carrying out R&D activities in support of the EFR design.
The year 1993 has been marked by the achievement of the five year programme set
by EFRUG. A validated design offering enhanced safety and improved economics
with respect to previous national projects has been obtained. Thus the ambitious
goal of an advanced, common European design which could provide the foundation
for possible commercial deployment of fast reactors at the beginning of the next
century has been reached. But even independently of the technical achievements
and not withstanding the actual prospects for commercial deployment of fast reactors
in Europe, it is believed that the EFR collaboration already represents a very
successful example of how an advanced technological development can be handled
across nations, thereby spreading costs and reaping i:,e benefits of international
skills and expertise.
The paper will therefore describe in some more detail the organisations set up within
EFRUG, EFR Associates and the R&D organisations, as well as their interfaces and
working methods, which have allowed more than 1000 specialists to work efficiently
together, even if they were located in twenty or so offices and laboratories spread
around Europe, and even if they belonged to several companies of different nature,
terms of reference and management structures. The lessons learned and the
resultant suggestions for future international co-operations of the kind will also be
summarised. Finally, the present prospects for international fast reactor
collaboration, following the recent drastic decrease of the UK and German
contributions, will be given.

. Progress Towards a Nuclear Safety Convention

Morris Rosen
Assistant Director General
for Nuclear Safety
International Atomic Energy Agency

High on most lists of essential elements t o encourage a widespread acceptance
and use of nuclear power would be an international agreement t o strengthen and
promote nuclear safety w o r l d w i d e . Almost t w o years ago, the IAEA Director General
w a s asked by the A g e n c y ' s Board of Governors t o establish a Group of legal and
technical experts t o carry out preparations for a nuclear safety convention. A s i x t h
meeting of this Group of Experts w h i c h first m e t in December 1 9 3 1 will take place in
Vienna in October, its goal being agreement on a draft document to enable f o r m a l
adoption of a Convention by Member States early in 1 9 9 4 .
In general the difficulty in formulating an agreed t e x t has arisen from the
difference in approach between those countries desiring a very detailed and strict
Convention and those wishing a less demanding Convention. The former would have
desired t o see binding internationally agreed Standards such as the IAEA NUSS Codes,
mandatory safety reviews, detailed reporting, and emergency plans involving
neighboring countries. The latter desired a Convention based on more general basic
Safety Fundamentals and on safety culture principles.

Basic

Concepts

W h e n searching for the essential components of an international nuclear safety
convention, it w a s axiomatic from the beginning that individual countries would retain
netional responsibility and authority for s a f e t y . The convention w o u l d need t o be
based on a set of basic objectives to foster harmonized approaches t o safety. It w o u l d
promote safety by requiring adequate safety infrastructures and a national regulatory
body t o govern the safety of nuclear installations through regulations, licensing,
inspection, and enforcement. It would promote the timely exchange of operational
safety experience. Inescapably, there would be some peer assessment system t o
assure global commitment and use.

!mpiemen ta tion
The convention would be implemented through periodic meetings of parties t o
the Convention. Reports supplied by countries or the results of peer reviews w o u l d
be presented. INSAG has proposed an implementation scheme t o include a peer
review mechanism on the national level w h i c h could involve OSARTs, ASSETs and
W A N O reviews. This would be followed by the preparation of a national report for a
Meeting of the Contracting Parties which would be reviewed by small groups of

experts t o identify generic areas where special efforts are required. The first meeting
of the contracting parties w o u l d take place about t w o years after the convention
entered into force. The conclusions and recommendations of t h e meeiîng w o u l d be
made public.
There are some differences of opinion as t o the possible role of the Agency in
the implementation process. While there is general agreement t h a t no new body
should be set up, the A g e n c y ' s role if it were only as a simple Conference Secretariat
is believed t o be insufficient by many countries. For others, a more aggressive
technical role to include carrying out peer review missions seems t o o intrusive and
regulatory in nature.
However, neither the Agency Statute currently nor the Convention in the future
would give it regulatory authority. Its involvement would derive from the pressure of
international opinion w h i c h w o u l d call for increased oversight of weaker nuclear power
programmes. Such increased oversight is well demonstrated by the augmented Agency
activities in countries w i t h first generation Soviet designed nuclear power plants where
a co-ordinated and active international approach w a s an absolute necessity.

Completion
Although contentious points remain, the preparatory w o r k has advanced t o the
point w h e r e an agreed t e x t should soon be ready w i t h adoption by a Diplomatic
Conference in 1 9 9 4 likely. The Convention is to be limited t o civil nuclear power
plants, but there will likely be a commitment to begin negotiations on an international
instrument on t h e safety of waste management.
The safety philosophy and practices involved w i t h a formal legal f r a m e w o r k for
the safe use of nuclear power would foster a collective international involvement and
c o m m i t m e n t . It would also be a practical example to other potentially hazardous
industries of our industrial w o r l d , including those involving other energy sources.

