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Today, nuclear energy seems challenged by fossil energies, especially gas.
However, the 1997's French government survey over energy options still places
nuclear energy at the top of the list. The reasons why and how safe nuclear energy
is still competitive are detailed in this paper.
Most recent datas from EDF's reactor will be discussed in terms of environmental
and electricity production issues. The methods and management used to attain
these results are explained for the different phases: design, construction, operation,
and maintenance. The beneficial aspects over industrial development and local
employment will be underlined. The influence of nuclear energy on EDF's financial
results are shown, from past programme to today's operation.
As most of french reactors are designed to adapt their output to the changes of
load in the national grid, results are, as a conclusion, discussed in a small and
medium electrical grid perspective.

Foreword

Deregulation in the electrical market tends to treat power plants as mere
commercial products. Our opinion is that this market is driven by the power of
technical progresses. This assertion is based upon the experience we have gained as
an electrician.
The global approach of the french nuclear standardized programme is based upon a
rational and economical analysis and continuous progresses, implying carefully
monitored partnerships with our different industrial providers.
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These methods have shown, through recent international comparisons, that they
lead to sustainable competitivity and safety of nuclear power stations.

1 - The methods experimented by EDF through its programme

Competition presents some advantages, like, over a specific contract, to lower
prices. EDF pratices competition between its providers. EDF is also in competition
with other electricians, and this will expand with the application of the european
directive upon electricity. We are confident, because we benefit from a performant
nuclear fleet.

Competition has also its limits, these are quickly reached in the case of long term
and heavy investments, like those of a nuclear programme.
At the beginning of the nuclear programme, in the early 70s, EDF thought to raise
competition betwen PWR and BWR. Although this seemed common sense, the
results of our first and last competition for nuclear steam supply system showed a
clear advantage in favor of Framatome offer for the PWR. What happened?
Framatome, through the Westinghouse license and as a NSS vendor, had taken
part in the early sixties to the construction of Chooz A (250 MW), which was
constructed and later operated in partnership between EDF and Belgian
electricians. The experience it acquired was profitable, in terms of localisation, and
appreciation of the productivity gains achievable in a standardized serie.

Quite rapidly, EDF's engineers and economists realized that it would be much
more costly to launch a programme through successive bids and different
technologies.
In fact:
• time spent over the preparation and analysis of the bids
• the necessary adaptations of our engineering organisation and project

management to different technologies
• the difficulty to attain the critical mass of return of experience if different

techniques were chosen
• the obvious problems in terms of rational operation and maintenance of an

heterogenous nuclear fleet
• the dispersion in the efforts of industrialization (certification, equipments

qualification) that would be induced

appeared, once cumulated, as redhibitory at the scale of France. The mere
mechanics of a systematic competition had shown its limits, compared to the
advantages of a continuous approach in which the producer, EDF, could invest all
the experience it gained through operation and maintenance.

2 - EDF global approach allows to get a sustainable trend for competitivity
and safety of nuclear power plants

The global approach of EDF demonstrates the fact that nuclear energy is a
precious investment. This global approach follows a specific pattern:

• undertaking a truly standardized design and construction of NPPs
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global design of the NPP is made by the electrician, through its own priorities,
which are to get a safe, abundant, and competitive kWh.
the contrats are separated in different providing items, from the detailed study
of all systems, such as valves, pumps... allowing scale economies and long term
relations with the different vendors
the local nuclear industry, which is a demanding industry compared to other
technologies, was therefore encouraged, with the aim to organize an highly
competent and certified nuclear industrial network of firms, big and small
construction works were supervized by EDF project management, local
employment from the erecting firms highly favoured through training
programmes in civil, mechanical, and electrical fields. Nuclear energy is so
demanding that these people found easily industrial jobs after construction in
their own area, as they could boast from a real pratice of quality insurance and
safety procedures. This concerned as much as 30% of the 1500 workers needed
at the maximun activity peak of a 2 units NPP construction.

commissioning tests are undertaken following this time the functional
structuration of the NPP. That means that the commissioning tests concern the
different functional systems (for example intermediary cooling reactor system),
once transferred from erection phase to commissioning phase through severe
controls from associated EDF's engineering and operation teams, undertook
with the different providers which equipments are used in each system. EDF has
the full responsibility of commissioning tests, and has gained by this mean a
profound knowledge of each NPP serie. This experience was immediatly
recycled in the design studies of the next serie, and also in the evaluation of
improvements and modifications that could be made in the following years to
enhance competitrvity and safety of the commissioned NPPs.
the operators were trained using simulators. Such investments are highly
profitable in terms of safety, especially safety gained through the tracking down
of human errors.
maintainance means have been systematically organized on a serie scale, and
could therefore be mastered with a global view of NPPs needs in tools and
replacement equipments. It must be stressed that logistics is a very important
part of possible economical gains in running NPPs.
return of experience in operation have been systematically analysed in
partnership with vendors, and Safety Authorities; the amount of experience
reached is now 750 reactor-year in PWR field.
research and development programmes could therefore be developed in
partnership with providers, with the aim to progress in the obtention of a safe,
abundant, and competitive kWh.
return of experience serves to the design of new series, like the N4, which
computerized assisted operation I&C could not have been so complete and
advanced if it had not been designed upon the 700 year-reactor experience
acquired in operation.
return of experience serves also to study the modifications that can enhance life
duration of NPPs. Today, EDF aims at a life duration over 40 years, and is very
confident about it, as all crucial components are identified, and solutions exist
for all questions, like reactor building's air and steam tightness, vessel ageing,
SG replacements.
return of experience also helps the electrician to ask relevant questions to
vendors. For example, fuel cycles were at first designed to last 12 months
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fallen from 178 m3 in 1990 to 112 m3 in 1997. Return of experience plays a major
part in these progresses, though starting from a fairly sound situation.
Liquid and gas emissions have fallen from 12,57 Gbq (900 MW series) and 8,1
Gbq (1300 MW serie) in 1991 to, respectively, 1,8 Gbq and 1,5 Gbq in 1997. As
return of experience was applied to the 1300 MW serie design, we can see through
the differences between 900 MW and 1300 MW series in 1991 the effect of a good
design inspired from return of experience. The subsequent convergence of the 2
figures is also a fruit of this return of experience, as better organisation, adapted
practices and tools can dramatically implement an old design in this aspect.

The collective average irradiation dose of workers in EDF's NPPs has fallen from
2,35 man. Sv in 1990 to 1,43 in 1997. These progresses are due to better pratices
based upon specific plans in each NPP, resulting from close study of all factors and
individual pratices. All needless expositions were tracked down, works on
radioactive parts have been analysed and planned with the return of experience of
the pratice of the ALARA method in steam generators replacement. Steam
generators replacements themselves used to take place in about 100 days ten years
ago: now, it takes only 35 days. This improvement takes its roots in EDF's return
of experience analysis.

4 - What about small and medium grid?

EDF's NPPs follow the load of the grid, and still presents a better availability than
the US and Japan fleet which are operated at full power as WANO figures show.
ID France, the majority of the NPPs are working with automatic generation
control, thanks to the modification of control rods. The experience feedback is
very good, as the availibility of theses plants matches the ones of 100% power
operated PWR, internationally. This shows that load following has a sense,
technically and economically, for any PWR NPP.

EDF has had some interesting experiences with NPPs in small and medium grids.

First was in the early 70s, with the belgian 870 MW PWR called TIHANGE, the
french-belgium counterpart of the previous CHOOZ A partnership. TIHANGE
was equipped with two TGs, in order to avoid risks of connexion of such a big
power for the state of the grid at that time. Moreover, this partnership was
conditionned by the interconnexion of the french and belgium grids, to make sure
that a loss of TIHANGE on the grid could be replaced by french electricity.
Experience showed that interconnexion is a very good palliative solution, but that
the 2 TGs is not a competitive solution.

DAYA WAN, in the early 90s, is a 2 timeslOOO MW PWR NPP in south China,
constructed and commissioned under EDF responsability. Although far away from
our own fleet, this plant benefits directly from its return of experience, and the
maintenance organisation, especially replacement equipments. This means that:

• modifications aiming at improving operation safety and competitrvity of such
NPPs are proposed by EDF to their Chinese counterpart, CGNPC, which makes
its own selection in connection with Chinese safety authorities.
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• undertaking of EDFs fleet originated modifications can be realized through
highly skilled and experienced french firms, accustomed to work with a very
demanding electrician, EDF.

DAYA WAN's availability has been 72,6% in 1996, the collective radiation dose
was 0,51 man.Sv, to be compared to the international average of 1996: 1,51
man.Sv. The Chinese nuclear authorities CNNC consider that this, with their own
300 MW PWR model in QIN SHAN, are the signal of the successfull beginnings of
nuclear equipment in China.

In fact, nuclear in small and medium grids has a meaning when:

• the grid is interconnected with other grids, which is the case in Europe, where
interconnexion is expanding east at a fast pace. This allows to implement the
outages of the NPP with energy importations, also, this allows the NPP to
consider the advantages of exporting its electricity through the interconnected
grid. Daya Wan has a commercial agreement with Hong Kong's China Light &
Power on that respect.

• the NPP is connected to a technical network of other NPPs, of the same model,
if possible, or, at least, of the same kind. Fortunately, the PWRs are quite
numerous on a world scale. This connection is the necessary base for technical
exchanges. In Eastern and Central Europe, one best knows about WANO
organisation, and twinning programs with western NPPs. EDF plays a major
role in WANO, as a 57 PWR units operator should. It is also involved in 8
twinning programs with 8 Eastern Europe's NPPs. Problems and solutions have
to be discussed with the operator's point of view and electricity generation
always in mind. I stress here that this is, precisely, our job. Return of experience
analysis is used to identify the progresses achievable, and how we can achieve
them, considering life duration advantages and the costs of modifications.

• the local industry is involved in the NPP's life.- This is quite demanding, because
Quality Insurance and working regulations are very important in this industry.
Still, we experienced that this demand in itself is driving local firms to
excellency. More confident about themselves, these firms, although rather small,
can do very well in the fields of nuclear cleanliness, and specialized maintenance
like the one for valves. Their skills are appreciated in other industrial fields. In
fact, we have noticed that in France, around some of our NPPs, a real local
industrial network can appear, connected with other industries like oil refining
industry, chemical industry, metallurgy, where small firms familiar with quality
insurance and the respect of the working regulations and disciplin are badly
needed in maintainance. Actually, it can go as far as the gathering of the
constraints of all the industries able to give orders to these small firms, in order
to check if there are some common modes. And there are indeed.

Conclusion

Some people consider that free market competition is a sufficient driving force to
bring out progresses in electricity generation. Actually, considering technical
progresses in industry, we have experimented that very demanding technologies
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between two outages for replacement by third of the heart. Economical
calculation showed a few years ago that it would be more profitable to extend
the period between outages to 18 months, through another layout and
enrichment of fuel. Starting in 1996, this modification has been applied to 15
1300MW units over 20, with a 4% enriched uranium The units are still capable
of following the load of the grid, but we will discuss this point at the end of this
conference.

The benefits over the cost of the kWh of this global approach is quite obvious.

International studies have shown that:

- EDF investment price for NPP is half in France than in countries which had no
standization policy and where electrician preferred not to involve deeply in
engineering and design, leaving it to turn key contract vendors, and this is true also
now, if we compare N4 serie with ABWR (Kashiwazaki Kariwa) and Sizewell B's
PWR

- EDF operation and maintenance costs are half the costs of US, German, and
Japan operators. They follow an average -2% slope since 1992.

3 - EDF's financial results show that choosing nuclear energy under such
conditions is an highly profitable and safe choice

EDF is a public utility which ensures the production, transportation, and
distribution of electricity. It enjoys the privilege to be one of the most appreciated
company in France by the street man (83% of approbation and recognition).
It produced in 1997 a total amount of 454 billion kWh, 65 billions being exported
through the european grid. In this total, 376 billion are originated from NPPs, 61
billion from dams, and 17 billions from thermal power plants.
Deprived from fossil energy resources, France had to develop a consistent nuclear
fleet, which is now producing 78% of french electrical output. Within 20 years,
France could thus dramatically improve its energy reliability, from 27% of external
dependance in 1973 up to 51% in 1997. This evolution presents a singularity in
Europe, as the tendancy is just opposite in other countries.

Kwh distribution prices has fallen of 20% during the 1986 - 1996 period, and, from
1997 up to 2000, this trend will accelerate, as prices will lower of 14% in four
years.
The EDF nuclear fleet is the source of 70% of the firm's cash flow.

Availability of the EDF nuclear fleet is very good and regular, to be compared with
PWR's WANO 1996 international figures: US average is 83%, Japan average is
77,9%, and with this mode of calculation, EDF is rated at 84%.

Environment benefits in terms of CO2 emissions is also very clear: France emits 78
tons of CO2 per Gwh, to compare with Danemark (868 tons/GWh) and Germany
(669 tons/GWh), to take the top of the EEC list.
Environment effects in terms of radioactive emissions have been sustainably
controlled: the average volume of radioactive waste produced per nuclear unit has
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like nuclear energy can be organized in such a way that long term investments can
match with competitivity and progresses. We have also experienced that it brings
out interesting development in industry, in the fields of quality, certifications, and
R&D. This is a driving force to be taken in account if we want nuclear energy to
play a major part in the next century, especially when considering the greenhouse
threat and the preventive actions recommended by the EEC and the KYOTO
conference.
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