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SYNOPSIS

EDF has long been interested in the use of nuclear energy for thermal
power generation. After a period of apprenticeship and experiments, EDF
launched a major PWR plant programme so as to reduce France's energy
dependence and master generation costs.

This programme, based on standardization, has achieved he desired
results. It must now be adapted to suit the needs of the 21st century.

For this programme, all those involved (Governmental authorities, EDF,
manufacturers) were mobilized to an unprecedented extent and rigourous
working methods were imposed.

Experience feedback has been used to make improvements both to the
installations themselves and to procedures. Results have proved
satisfactory as regards nuclear safety but vigilance must be maintained.
Public opinion on nuclear power is reserved we are sentenced to
achieving a "fault-free" track record, all the while mastering costs, so
as to ensure the continuing use of nuclear energy.
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I/ BRIEF HISTORICAL REVIEW

An electricity utility has to satisfy customers' quality, quantity and

safety demands at the lowest cost, by making the best use of the technical

and energy resources it has available. This is why, very early on, EDF

became interested in the use of nuclear energy, after the creation of the

French "Commissariat a 1Energie Atomique" (CEM, whose first director was

Frdddric Juliot-Curie who, in 1939, deposited the first patents for atomic

piles.

Following the first nuclear kWh produced in France, at Marcoule in

1956, the natural uranium gaz cooled reactor programme (Chinon, Saint

Laurent, Bugey) was interrupted when the difficulties of exceeding 500/600

MW became obvious. At the same time, EDF explored other nuclear

technologies heavy water, PWR with Belgium (Chooz A 300 MW then Tihange

900 W, BWR with Schwyss (which did hot lead to any construction), FBR

(Phoenix 250 W.

In 1969, France opted for the enriched uranium and light water system

and decided the construction of a pre-series (CPO) of six 900 MW PWR units

(Fessenheim and Bugey).

Then in 1974, in response to the world oil crisis, France defined a

policy capable of reducing the country's fuel imports in the balance of

payments, because France had few and costly coal resources, little gas and

very little oil.

In 1975 EDF abandoned the BWR to keep only one type of PWR

(WESTINGHOUSE model).

The French programme includes (fig.1)

- 34 x 900 MW units all in operation (CPO, CP1, CP2 programs) with

grid connections from April 77-to Nov 8

- 20 x 1 300 MW units 14 in operation with first grid connections from

June 84 to Dec 88 3 scheduled for 1990).
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- then the last series, a model called N4, starting with Chooz Bl

which is scheduled to start in 1992. The second unit was ordered in 1987.

The orders for the next units are expected in 1991 and 1993. The schedule

for the following orders will depend on the evolution of power

requirements till the end of the 20th Century.

The intense period of unit construction is over.

Several reasons explain that a certain production margin will exist in

France for the coming years and the resulting slowdown in the nuclear

power programme

- the nuclear plants succeeded in their first mission of replacing oil

and partly coal for electricity production (fig.2),

- the increase in French electricity consumption has slowed down

following the economic activity trends since a few years ago, yet French

consumption is stimulated by an important commercial effort from EDF and

exports have greatly increased thanks to the price of French electricity

which is one of the lowest in Europe,

- operating nuclear units have remarkable availability rates,

- nuclear units will not be renewed before the next century given the

results of the first studies on their probable lifetime.

The pressurized water reactors technology which has been progressively

improved over 20 years will still progress thanks to a major study program

named "REP 2000" PWR for the year 2000, conducted simultan eously in three

directions 

- improvement of the "N4" model

- variable neutron spectrum pressurized water reactor, approaching a

breeder

- study of safety concepts discussed today throughout the world.

According to the present tentative plan, the requirements for a new

reactor are scheduled to the firmed up in 1992, the first order to be

placed in 1995 or a bit later, and the unit to go into commercial

operation after the year 2000.

Moreover EDF built, in European cooperation, the fast breeder Super

Phenix 1200 MW) which started operation in 1986 and is starting up again

after its outage due to problems with the fuel storage and transfer

barrel.
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For the future, a study program has been set up for the electric

utilities of Federal Germany, Great Britain, France and Italy by

engineering teams of these countries for the drafting of an European

preliminary project which could be commited before the end of the next

decade.

2/ PROGRAM SPECIFICITIES

Let us summarize the main specific features of the French nuclear

power programme 

- The work to be due was of an unusual volume in twenty years. On lst

January 1990, EDF was constructing five PWR units and operating forty-

eight PWR units, two fast breeders and four natural uranium gas-cooled

units. Nuclear energy supplied 75 of French electricity generated in

1989 and the net production of 289 TWh is second in the world behind the

USA.

EDF is the world's first nuclear utility in terms of generation.

- EDF had the experience of conventional thermal plants series 125,

250 600 then 700 W The same standardization policy of series was

followed (900, 1300, then 1400 MW) with the choice of a single

Westinghouse pressurized water reactor technology developped in France by

Framatome associated with a single turbine supplier : Alsthom. This

choice, without parallel in the world, made it possible to efficently

mobilize engineering resources, industrial capabilities and the means

available to the regulatory authorities (fig.3).

Standardization also aids in shortening construction schedules and

reducing costs. It is also a decisive factor for equipment reliability,

and facilitates operating and maintenance and allows better personnel

training and experience feedback.

Of course standardization can give rise to a fear of generic

incidents but 

. every effort is made to detect them in good time (incident analysis)

and asunit contruction was spaced over time there is no reason to believe

that any such incidents would all happen at the same time,

. in-depth studies can be performed to analyze their causes and find

remedies,
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- if such an incident were to affect the availability of the first

units, preventive maintenance could be performed in masked time for the

others,

- a remarkable continuty of the nuclear program and of industrial

structures,

- the strict organization of the different organizations involved from

the public authority to the equipment suppliers,

- EDF was made entirely responsible for the implementation of the

French nuclear power programme. It designed all of the units and performed

the project management activities. It was able to make the benefits of all

its engineering and operating experience available to its own departements

and those of the contractors involved,

- the experience feedback system organized within EDF between the

Engineering Construction Division and the Nuclear Fossil Generation

Division and also with safety authority and manufacturers.

- Standardization has been an essential element in this

series-by-series progress and facilitates experience feedback in that any

resulting modifications are applied to the series concerned. A "final

state of series" was defined for the 900 MW series, based on a final list

of additions and modifications to be performed on each unit, with the

Chinon B4 unit as a reference, during annual outages until the first

10-yearly outage.

All these factors resulted in important technical progress, gradually

applied in accordance with experience, from the 900 MW 3-loop units up to

11N411.

The 1400 MW series "N4" has in addition the particularity of being 00 %

French following the end of the licencing agreement that Framatome and

Alsthom had entered into with their US counterparts. In 1981, CEA bought

Westinghouse shares in Framatome and the licencing agreement was

transformed into a cooperation agreement.



3/ SOME RESULTS

PWR UNITS CONNECTED TO THE GRID (JANUARY 1990)

900 MW 1 300 MW

34 Number of units 14

277 Acquired experience (reactor-years) 46

8.1 Average reactor age (years) 3.4

30 650 Installed Power (W 18 490

1 453 Cumulative net Output since 302

commissioning (TWh)

CONSTRUCTION TIMES

For 900 MW plants, contruction times are reduced considerably from one

unit to the next on a single site, and from one site to another, due to

the experience accumulated in building units in series. Total construction

time for one unit, which was 78 months from the ordering date to

connection to the grid at Fessenheim 1, was reduced to about 70 months for

the first CP1 units, then to about 60 months for later 900 MW units.

Good construction times result from optimization. Generally, they should

be as short as possible so as to reduce financing costs. In some cases,

there can be benefits in extending construction time. Thus, the initial

construction time scheduled for 1300 MW units was 72 months. However,

lower electricity demand forecasts led EDF to voluntarily extend the

construction times for 1300 MW units as of 1983. With this extension which

affords the benefit of smoothing out in-factory and construction site

work, unit construction is scheduled for as long as 86 months in some

cases even though it would be quite feasible to have a schedule 14 months

shorter.

COSTS

It is difficult to compare the evolution of the cost of building our

plants. It depends of the number of unit on a site and of the local site

conditions (big or small river, sea, cliff).

The most important factor in the cost evolution was the step up from

900 MWe to 1300 MWe units. This is explained on the one hand by technical

considerations the choice of completely separate units and new turbine

buildings and on the other by the large number of unit pairs in the 1300

MWe series. The cost increased by 25 .

The current goal is to reduce the construction costs of the "N4"

series by 5 % as compared to the 1300 MW series.

Comparing series, the gross cost drift of the Fessenheim-Bugey prototypes

is 3 per year, but for the 900 MWe CP1-CP2 series it is only about 0.5 %

per year, and for the 1300 MWe series practically zero.
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LIFETIME

For the time being, there are no new technologies on the horizon that

could make the units currently in service obsolete, as was the case with

conventional thermal power units.

Unit lifetime depends on the lifetime of the main components. A very

extensive programme of in-service inspection allows the state of

equipments to be monitored. The results of the 10 yearly inspections

performed on three units are encouraging and also confirm that PWR units

are well-designed. Consequently, it seems reasonable to expect a lifetime

of say 40 years if certain components are replaced (steam generators,

I&C).

FUEL PERFORMANCES

Major progress can be made in the field of fuel performances to reduce

the cost price of power generation.

From 30 000 MWd/tU we now achieve 34 500 MWd/tU. Tests have demonstrated

that 58 000 MWd/tU can be achieved without incident.

Given the specific conditions of French PWR plants, we have opted for

annual quarter-core refuelling (with 37 enrichment) for our 900 MW and

1 300 MW plants rather than extending the cycle to 18 months.

The new AFA fuel has shown excellent behaviour.

In 1985, EDF decided to recycle plutonium in its PWRs. Moreover, we are

preparing to use still further enriched uranium resulting from

reprocessing.

LOAD FOLLOWING

Generally, in foreign contries nuclear units operate at base load. Due

to the large proportion of nuclear electricity in France, a high degree of

operational flexibility in nuclear plants is necessary. A reactor advanced

manoeuvrability package (RAMP) allows grid demand to be matched (load

following) and automatic frequency control. The system has now been

installed on all "CPI" and "CP2" 900 MW units.

The load following modulation range is from minimum technical power

(200 MW) to rated power as required. Load changes of 50 MWe/min are

possible but more often dispatching uses slopes of 20 or 30 MWe/min.

The activity of fission products in the primary coolant has been

monitored and there is no evolution due to load following.
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AVAILABILITY

Because of load following, the availability factor is greater than the

load factor. The use factor during availability was about 80 in the last

three years.

"Expected" availability for a typical unit can be calculated from

international statistics. It increases gradually as "teething problems"

are overcome The expected average availability reference value of 71 

for adult units has been surpassed by the pool of French units every year

since 1983. Results from recent years are within the 78-83 range, and

are strikingly consistent. Consequently we have adjusted to 74 the

capability assumptions made to evaluate future neclear power plant needs

(1300 AND 1400 MW units).

This jump is limited because our experience with the 300 MWe units

is still relatively minor compared to that with 900 MWe units and because

of the probable increase of maintenance with age (steam generator

replacement for exemple).

Availability may be improved by spacing out refuelling outages and by

mastering outage durations. However, given the worth of having good

knowledge of the state of equipment and the annual evolution of output

requirements, annual outages are preferable.

A planned annual availability loss of the order of 12 for adult PWRs

would seem to be a reasonable value that enables EDF to plan for the

future and to provide easurable assurance of unit lifetime.

Reducing the frequency of unplanned shutdowns statistical analysis

can enable weak points to be discerned, remedies to be devised and

adjustments to be made to preventive maintenance programmes. Unplanned in

unavailability of between 4 and would seem to be a realistic target

and is currently being reached by adult 900 MWe Ms.

Although its impact on availability is relatively limited, the

frequency of automatic and spurious reactor scrams (turbogenerator set

connected) is a indicator of the state of I&C and the ability of the plant

to withstand the transients. The number of these shutdowns has been

constantly decreasing for several years with the progress made in test

procedures and instrumentation.
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RADIATION PROTECTION

The risks of exposure to radiation for operating and maintenance

personnel have been considerably reduced thanks to efforts made in all

fields system "cleanness" water chemistry job organization special

tools.

In 1989, the average dose per unit was about 2 man-Sievert.

RADIOACTIVE RELEASES

In conformity with current legislation concerning radwaste, all liquid

and gaseous effluents are checked before release or treatment.

The cumulated values of the specific radioactivity of releases have always

been below authorized regulatory thresholds and have regularly diminished

over the past few years.

Releases to the atmosphere continued to be very low, i.e. a few

percentage points 4 of the authorized limit for the release of gaseous

radioactive waste from nuclear power plants.

RADIOACTIVE WASTES

The volume of the radioactive wastes packaged in the plants after

improvement is stabilized at 215 m3 per unit per year.

CHEAPEST ELECTRICITY

Given France's national energy context, PWRs were judged the most

cost-effective solution for meeting requirements. The economic benefit has

been confirmed and even now -with the current low fossil fuel prices- the

competitiveness of nuclear energy is undeniable. For power plants coming

into operation in the 1990's, the costs for baseload operation are

- nuclear kWh 021 French francs,

- coal kWh (with desulfurization) : 0299 French francs.

In 1989 the cost of nuclear generation was marginal during a part of

the year.

This is a great advantage for the French consumer who benefits from

some of the cheapest electricity in Europe. There is also the possibility

to develops industries, big consumers of electricity, and to export

electricity within Europe 42 tWh in 1989).
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DEPENDENCE RATE OF FRANCE AS REGARDS ENERGY

This rate, reaching 72 in the 1970's, has dropped to 50 % thanks to

limited generation by EDF's conventional thermal power plants which now

only operate during winter peaks but which mus remain available so as to

overcome any problems encontered with nuclear power plants and to meet any

exceptional climatic conditions 12.9 TWh in 1988, 26 TWh in 1989).

REDUCTION OF S02 AND NOX EMISSION

The nuclear power plant programme has greatly contribued, indirectly,

to the reduction of sulfur dioxide releases from EDF's conventional

thermal power plants. In 1980, there were almost M ton of these

releases; in 1987, they were lower than 0.085 M ton.

IMPACT OF NUCLEAR ENERGY ON THE FRENCH ECONOMY

The nuclear industry involves 120 000 jobs and has significantly

improved the balance of payments by reducing energy imports and making

electricity exports possible.

The nuclear energy sector basically includes

electricity generation

power plant construction and maintenance

fuel cycle industry

Its impact can be measured by

investments - nuclear technologies need a lot of capital investment

(mainly from loans, some from of hese from foreign countries).

added value or the money earned by the operation of the facilities

thus created

In relation to total investments in France (EDF, CEA, Industry), the

nuclear sector's portion exceeds 2 %. The efforts made can be compared to

those made just after the 2nd World War for the development of

hydroelectric power plants. After a peak of 40 GFFr/year at the start of

the 80's, investments are now about 20 GFFr/year.

Calculations have shown that, without nuclear energy, we would

presently consume 73 MT/year of coal which would contribute to a price

rise in imported coal and that, in view of the foreign currency required

by the two solutions, the nuclear programme allows us to save about

40 GFFr in foreign currency a year.



4/ THE ACTORS

The Public Authorities exercice their authority

- to authorize the investment after a proposal by a working group of

economic and industrial experts from industries, EDF, CEA and energy

industries,

- to draft and check the implementation of general technical rules

involving safety and radiation protection,

- to give authorization for each plant following a thirough evaluation of

the measures designed to guarantee its safety,

- to onitor the building and operation.

EDF : Project manager, architect engineer and operator

In addition to its role as owner, EDF is also the designer,

architect-engineer and project manager for all its generation facilities

whether they use hydropower, fossil fuel, or nuclear energy.

In this framework, it defines a project as a whole, and the general rules

and technical specifications to be observed by all involved. EDF prepares

contract packages and then draws up and signs contracts awarded for

studies, manufacturing, erection and the testing of equipment and civil

works.

It coordinates the definition of assemblies and sub-assemblies, their

interfaces and coherence, and is answerable to the safety authorities for

installation conformity to the regulations in force.

Within EDF there exists a close working relationship between the

"builder" (the Engineering Construction Division) and the operator (the

Generation Transmission Division). It prevails throughout the design,

construction, start-up and commissioning phases of installations and is a

key element of experience feedback.
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THE NUCLEAR INDUSTRY

The French nuclear industry is structured around to poles

- the major companies, with Framatome for the PWR nuclear steam supply

system (NSSS) and Alsthom for the turbogenerators, as well as a large

number (about 600) of small- and medium- sized companies,

The French nuclear power programme is implemented through a

multiple-package strategy. For a nuclear power unit, more than 800

contracts are signed. Their size varies greatly, the largest contract

amounts to one-third of the total cost, while the 50 largest contracts

account for 80 % of total cost.

About 50 of the contracts for a unit are valid for a complete series and

represent roughly 65 of the cost of the unit.

- the CEA and its subsidiaries, that manage the fuel cycle, conduct

research and development studies and provide assistance to the government

in the field of safety.

Quality demands for the nuclear sector have resulted in a narrowing

down of subcontractors to the companies that are both the best-equipped

and the best able to meet high standards of excellence.

Over the years, a network has been built up of suppliers and

subcontractors whose competence has largely contributed to the

achievements of the French nuclear program.

CEA's MAJOR ROLE

Initially the CEA, set up at the end of 1945, was primarily a nuclear

research center. Today it has a large number of industrial and commercial

subsidiaries.

The group, taken as a whole, employs 38 000 persons. Its structures

clearly reflect the diversity of its responsibilities : research and

development of prototypes.

Among the CEA's subsidiaries, the largest is COGEMA. Which supplies the

entire range of services associated with the fuel cycle in liaison with

industrial companies.

Radwaste storage and management is supervised by the "Agence Nationale

pour la Gestion des D6chets Radioactifs" (ANDRA, National Agency for the

Management of Radioactive Waste).

Low-activity waste from nuclear installations is sent to surface-storage

centers. High-activity waste produced by reprocessing plants (vitrified

products) and alpha-radiation waste will be stored deep underground in

suitable geological formations. Four potential sites are currently being

subjected to extensive investigations.
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5/ PROBLEMS TO BE SOLVED BY THE ACTORS

Before the PWR nuclear power programme, we built prototype units one

at a time and thus only a limited number of people were involved. With the

programme we had to-change rhythm to deal with massive production (up to 

or 6 units a year) over a period of some twenty years, respecting the high

level of quality criteria imposed by safety and availability requirements.

This challenge was taken up by all the actors the authorities, EDF,

CEA, industry. They all had to put major effort into

- personnel recruitment and training,

- organization,

- procedures,

- the means to be used.

The standardization policy allowed these efforts to be cost-effective

and the systematic use of experience feedback is the basis of

improvements.

The price of nuclear safety is quality. EDF is responsible for both

plant safety and quality, and for the associated Quality Assurance.

Quality Assurance demands organization, definition, and the inspection of

all activities involved in project implementation. It applies to

installation design, construction, operation and maintenance, and thus

touches EDF's whole range of activities. Since 1974, EDF has required all

suppliers of safety-related components to respect a Quality Assurance

specification.

As it would take too long to give a complete view, we will just gives

a few examples concerning the Nuclear Fossil Generation Division whose

%%nuclear" personnel has gone from 4000 to 18 000 in the last ten years.

As an exemple in the periode between 1975 and 1984 about 1700

employees on average were hired and 2500 changed their job every year.

Training actions represent about 16 of total wage-bill expenses.

Training programmes have been set up to suit each speciality at every

level.

Training means have been developed to facilitate "cascade" training

(pedagogical documents, mock-ups, simulators, computer-aided training

facilities).

In addition to function and full-scope simulators, EDF has developed a

specific simulator integrating an expert system for mastering

steam-generator tube break.
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EDF and FRAMATOME have jointly created "CETIC" (Maintenance

preparation and qualification center for PWR NSSS). At CETIC, procedures

are developed and there are facilities for training personnel involved in

fuel handling and maintenance operations on true scale mock-ups of reactor

vessels, steam generators, reactor coolant pumps of 900 MW and 1300 MW

units. The personnel that replaced steam generators at the DAMPIERRE plant

were trained at this center.

Given the extent of the work to be conducted, EDF has been obliged to

reinforce technical potential in power plants (quality mission, shift

technical safety advisor, equipment expert engineers) and in the

corporate departments (plant follow up, policy making, relations with the

safety authorities and the constructors) and also in support service

departments (Central Laboratories chemistry, metallurgy, nondestructive

examination, verification of irradiated equipment ; and Corporate

Technical Support Department : documentation, equipment and services

procurement, generic maintenance studies, special outage-related tools and

equipment).

Following the Three-Mile Island accident, great efforts were put into

improving operating procedures for use during accident conditions.

Numerous tools have been developed to reduce the doses absorbed by

personnel and to increase personnel efficiency during standard and

exceptional maintenance operations.

The use of computerized means has become generalized, not only for

doing complex nuclear calculations but also for managing all operating and

maintenance activities (documentation, following up training and personnel

authorizations, blocking, warehousing, equipment histories, outage

scheduling, maintenance scheduling during an outage ....
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6/ NUCLEAR POWER PLANT SAFETY

A pragmatic approach

In 1970, when designing pressurized water reactors, France relied on

American safety regulations based on a safety analysis associating the

barrier method (cladding, reactor coolant system, containment) and a

defense-in-depth system (for each barrier, implementing "Quality

Assurance" -from design to start-up- and surveillance in the event of data

evolution that could lead to a failure).

Since then, safety analysis in France has been developped on the basis of

studies and experiments conducted by CEA, EDF, Framatome and the relevant

government ministries.

Priority has been given to system simplicity, during both normal operation

and safeguard situations.

In addition to measures planned for increasingly hypothetical situations,

France has been especially attentive to procedures to be applied in the

event of accidents ... even very unlikely accidents.

The Three-Mile Island accident led to major studies to improve the

mastering of accidents, covering both equipment and procedures, taking

more account of man-machine interface and human behaviour. Major

modifications have been implemented, particularly in existing control

rooms. These improvements were integrated into the design of the 1300 MW

and "N4" series underway. In addition, beyond-design-basis accident

studies 'have been developed to seek relatively simple solutions to allow

such accidents to be mastered.
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The need to master unexpected accidents that could also be caused by

human error or that could lead to human error led us to plan a

defense-in-depth organization (automatic equipment, operators, shift

technical safety advisors, accident-management teams) and to set up

accident procedures covering all situations (state-based approach).

Setting up these procedures implies particularly extensive training

and "trial runs" for operating shift teams and the accident-management

teams, both at plants and in Paris using powerful simulation and

calculation means diphasic full-scope simulators covering pipe breaks

up to 4, and a study and training simulator (up to breaks of 14").

The accident at CHERNOBYL was a confirmation of the lessons learnt

from the Three-Mile Island accident.

Probabilistic safety studies for 900 MW and 1300 MW units that were

started in 1986 have recently been completed. The overall risk of core

meltdown, all families of accidents and all states taken together, is

about IT 5 er unit per year scenarios involving at least one human error

make up 70 of the total. The overall risks at cold shutdown state are

far from negligible in the context of the risks overall. The presence of a

shift technical safety advisor and the measures related to accident

management ("H" and "U" procedures) have shown themselves to be efficient.

Indicators to evaluate safety have been developed. The trends of

1986-1989 results appear good and show a better integration of experience

feedback.

1989 saw the continuing application of the incident severity scale (levels

I up to 6 on the pattern of the Richter scale for earthquakes that up had

been initiated experimentally in April 1988.

It allows the public to inderstand at a glance whether an incident is

serious or not.Over a 19-month period, the 694 incidents deemed

significant in accordance with regulatory procedures, 130 were in the

range of the scale, i.e. 1.5 per unit per year.

level I 124

level 2 5

level 3 I
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However, after review, it is clear that incidents classified very rapidly,

in the heat of the moment, tend to be judged too severely. French

experience is this field has aroused great interest in the rest of the

international community.

A few incidents that occured on equipment in 1989 again highlighted the

importance of the human factor and showed the necessity of continuing to

improve organization, procedures and training content and evaluation.

They also showed the worth of developing the safety culture that has been

progressively built up within the utility and that creates individual and

group behaviour that, not only in daily life but also when faced with

accident conditions or even merely something unexpected, allow the

acquiring of reflexes that are positive for installation safety. This

should allow a wide margin for initiative at a local level to avoid the

pitfalls of bureaucracy and of losing the sense of responsibility.

Relations with the safety authorities have deteriorated a little over

recent years. The authorities have always been fully independent of EDF

(EDF being the Nuclear Operator, with prime responsibility for

installation safety) and perform contradictory, but in-depth, technical

analyses of data but it would be dangerous if they were to now primarily

rely on considerations of a socio-political nature under the influence of

public opinion. Such a shift would lead to a decision-making process that

would eventually be based on power brokering and no longer on the search

for the best technical compromise. It must not be forgotten that this is

what contributed to a great extent to the failure of the U.S. nuclear

power programme which started off with a considerable technical advance.

7/ PUBLIC ACCEPTANCE OF NUCLEAR POWER PLANTS

Before 1970, the nuclear industry was favoured by the public because

of the prestige of new technologies and the idea of a new source of

"endless" energy. It was only once the choice for light-water technology

had been made that there was a rise in anti-nuclear feeling, the impetus

coming from the U.S and from Germany.

As more and more nuclear sites were created, fears became stronger. Thus

more efforts were put into acheiving public acceptance of nclear power

plants.
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When the oil crisis occurred 1973, it became easier to get the nuclear

programme accepted by French public opinion. But a major public relations

effort was still required to win over a large proportion of opinion which

was against the development of nuclear energy.

Public opinion was thus gradually converted, reaching the proportion of

65 in favour by the end of 1985.

And then the Chernobyl accident occured. Although France was less affected

than other countries, particularly in Europe, the proportion of persons in

favour of nuclear energy fell by more than 15 percentage points and we had

to rethink our communication policy in an effort to find the best means of

reassuring the public.

Chernobyl also caused the idea of a catastrophe potential to be associated

with nuclear power plants, an impression which appears to be durable.

In view of this change in public opinion, a new communication strategy was

laid down. Two aspects of our communication strategy are:

developing confidence, this is the purpose of day-by-day

communication,

anticipating the crisis situations and, if they occur, being

prepared to cope with them.

CONFIDENCE must be earned. Nothing must be hidden. The type of

communication must meet the public's expectations.

In practice, priority is given to communication campaigns in the vicinity

of the sites. These campaigns include 

- promoting visits to the interior of the installations themselves at

present, we receive 15,000 to 50,000 visitors at each nuclear site every

year, making a total of 300,000 visitors per year for the whole country 

- maintaining very close contacts with local and regional authorities,

politicians and civil servants, and also with local and regional

journalists all are given regular information on the status and

activities of the plant and of any incidents which may occur.
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- organizing information meetings for doctors, who are important vectors

of information an inquiry has shown that they know little of the effects

of radiation on man the meetings are arranged with the help of

specialist doctors over the past year, they have been attended by about

2,000 doctors 

- providing information for the teaching staff in neighbouring educational

establishments they are given pedagogical material and numerous visits

are organized for pupils over 14 years of age.

- the use of information centres constructed beside the nuclear sites and

open every day these centres contain pedagogical material relating to

the technical, economic and ecological aspects of nuclear energy the

nature of the resources used (animated models, games, video cassettes,

video-disks and micro-processors) explain their success with the public.

Internal communication and external communication are inseparable. EDF

has a staff of 125,000. These persons constitute a special source of

information for the public. With this in mind, we have prepared a special

list of points dealing with a range of questions covering all aspects such

as economic questions, safety, waste or effects on the environment.

In addition, specific training- has been provided for the operating

personnel, a total of 24 000 persons, to enable them to reply to the

public on questions about radiation protection in the event of accident.

This training will, in time, be extended to all EDF personnel.

As well as these specific actions, the various EDF in-house magazines

regularly include articles on nuclear questions. This applies to the

magazines distributed to all active and retired personnel and to those

distributed within the various divisions of EDF.

Crisis prevention and management

A communication policy which aims at establishing a climate of

condidence does not, however, prevent the occurrence of a crisis following

on decisions, incidents or accidents. The confidence already gained should

not be lost on such an occasion. We try to anticipate events as often as

possible and we prepare ourselves to cope with a crisis in the event that

one should occur.

For each decision which may raise reactions from the media or from public

opinion, a communication plan is prepared.
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Various highly-publicized incidents have each time reminded us that if

information is held back, or even if it only appears to be so, the

situation rapidly becomes dramatized whenever the safety of the

installations is called into question. We have therefore adopted the

practice of immediately informing the regional or national media about any

operating incidents.

Furthermore, the ministerial department in charge of energy has set up

a permanent information system by Minitel, a small terminal which works

with the telephone system 32 million Minitel in France).

One of the most serious problems we meet is the gap between the level

of knowledge of the general public and the technical content of what we

have to explain. This difficulty can be mitigated through constant

training of the plant managers and of public relations officers. A

considerable effort has already been made but there is still a long way to

go.

Emergency measures quick and appropriate response

We have implemented an organizational system consisting of two parts:

- a technical component,

- a communication component required to reply in real time to the

questions of the press and the public, and if possible to anticipate them.

Rapidly initiating and subsequently sustaining the supply of information

is essential in keeping the initiative and ensuring that communication is

properly managed.

Public acceptance of nuclear power plants is perhaps an achievable aim,

although it remains difficult to have people recognise the nuclear power

risk, which is very slight, compared to other industrial risks because

probabilistic notions are hard to communicate.

On the other hand, there is a lot of worry about the long-term risks of

high-activity radwaste storage. This is illustrated by the demonstrations

that occured at the 4 experimental sites that were chosen for setting up

storage study laboratories in different geological structures. A very big

communication effort with respect to the public has to be undertaken in

this field.
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CONCLUSION

French industry and EDF have today fulfilled the challenge that was

constituted by the first oil shock as shown by the extent of nuclear

power generation in France today. EDF must now continue our efforts to

allow nuclear energy to further penetrate certain markets which for the

time being still prefer fossil fuel, and to build a European Electricity

Market to confirm our current success with exports.

There are other challenges that are more long term

- no serious accidents in our nuclear power plants

- mastering costs 

- ensuring the continuing use of nuclear energy.

In most countries, public opinion is still very reserved as regards

nuclear energy. New questions could be raised if another Chernobyl-type

accident were to occur and might cause the French to join the anti-nuclear

camp. The experience acquired in a few countries shows that there is no

nuclear" electricity if the public is against it.

Public acceptance of nuclear energy will not be achieved unless we,

we the operators, prove that we can operate plants without serious

accident and with no significant impact on the environment. We can never

forget if some people have problems it is not going to make things any

better for the others. It is not by demonstrating the bad effects of the

use of fossil fuel on the environment (greenhouse effect, acid rain, etc.)

that we will obtain better acceptance of nuclear energy. We, as operators,

must be convincing and for this we must obtain a "fault-free track record"

which implies 

first of all, a tried and true design that can "tolerate" primary

incidents and human error, in the f rame of a defense-in-depth policy. We

believe that the progress that can be made in this area is relatively

limited and that it is wise to think twice before initiating

"improvements" : better is sometimes the enemy of good. Certain recent

events has once again underlined the reality of this law.

Then, irreproachable operating quality. This concerns, to the same

extent, the people themselves and the organization set up, operating

procedures, etc.
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Behind the machines, behind the procedures, there is the most complex

and indubitably the most vulnerable machine that exists MAN,

irreplaceable man. Man is a weak being. We recognise his right to make

mistakes and have set up an organization that allows his mistakes to be

detected before they cause damage by organizing true redundancy around

incident analysis.

The impact of a serious nuclear accident reverberates around the

world and thus it is important that there be deep-seated solidarity

between all operators on the planet. This is the mission of WANO (World

Association of Nuclear Operators) which makes the experience of each

operator available to all throughout the nuclear community, while taking

care that some countries do not consider their membership in WANO as a

sort of approval of their technology by the nuclear community, by the

countries of the West in particular. We cannot become the accomplices of a

technology we do not approve of.

The second challenge is the mastering of costs. Electricity utilities

too are subject to the harsh laws of competition. Sometimes we lose sight

of this. We have to provide our customers with a quality product, i.e. a

product that meets their needs and whose price is a determining factor

when they are making choices.

The first element in the kWh cost is nuclear power availability.

Fossil energy is used to "top up" generation to meet the grid requirement.

Given the big cost difference between a fossil-fuelled KWh and a

nuclear-generated KWh, the availability of nuclear power plant must be

kept at the highest possible level, in particular by anticipating events

that may effect an entire series of plants.

The second element that has a direct affect on kWh costs is the evolution

of aintenance costs. At the present time, taking all our plants together,

annual nuclear plant maintenance costs about 6 billion French francs.

Mastering costs mean an optimised breakdown between preventive maintenance

which is giving way more and more to condition-based maintenance and

corrective maintenance (repair).
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Mastering maintenance costs also assumes that it is the operator who

stays responsible for maintenance programmes. The breakdown of

responsibilities between the safety authorities and the operator must be

clear. The operator has prime responsibility for installation safety and

must be able to assume these responsiblilities without undue external

pressures.

What ever the case may be, maintenance costs can only increase as

equipment ages. It is a general law. It should be possible to compensate

for this cost increase by reducing fuel cycle costs.

The results that have been obtained over more than 300 reactor-years

of experience are positive and the future seems bright despite the few

alerts that accured in 1989.

Still, we must pay attention to certain trends, and this is or third

challenge, that could be unfavorable to the French energy policy.

There are two main concerns.

The first is the evolution of reactors in the years to come. Our

installations are safe. We are convinced of this and all the probabilistic

studies that have been conducted prove it.

Studies are currently underway in some countries on the concept of small

passive-safety or intrinsically safe reactors. The weight of words is

considerable, every body knows. So, this attractive terminology implies

that these new reactors could be safer than the reactors we have now,

inevitably leading to the premature technical obsolence of our

installations with nothing objective in return.

The second concern is the evolution of standards. To us it seems

obvious that we are going towards the internationalisation of standards,

far beyond the borders of Europe. There is then the great temptation to

make an package of everything that could be considered as an advance in

the field of safety. How can this be mastered to ensure that nuclear

energy, indispensable for the future of mankind and the protection of the

planet, remains a competitive form of energy 

To meet these challenges, it is essential that operators, designers,

manufacturers and safety authorities work together in a spirit of

partnership with a clear definition of the responsibilities of each one.
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90OMWe PWR 130OMWe PWR 1400MPWR

Fessenheim Bugey CP1 CP2 P4 __P'4 N4

TWIN UNITS SINGLE UNITS

General
layout

Fidentical nuclear island

With steel liner H 71.9m H = 2m H = 63.2m
D =45m D = 43.8m D = 43.8m

H = 51.3m H = 7m
D = 7m D = 37m_�

Reactor D
containment

Fil,W M
Equipment hatch Equipment hatch Equipment hatch

Design 4.7 5 5 4.8 5.2 5.3
pressure (bar)

Dimensions are measured from ground level

900MWe PWR 130OMWe PWR 140OMWe PWR

Fessenheim Bugey I CP-1 CF`2 P4 P'4 N4

Rated thermal power 260OMW 2785MW 3817MW 427OMW

- Fuel assemblies: 157 3 loops -193 4-loops -2Q5
Reactor - Assembly height: 4.058M -4.795m -4.795m
Framatome - Vessel diameter: 3.98m - 4.39m -4.49m
technology - Inlet temperature: 2860C n -2930 1��

- Outlet temperature: 3240C -3290 071�*

Net electrical Load Base
output following load
Once-through
cooling: 880MWe 920MWe 1290MWe 139OMWe 1465MWe
Cooling tower: 900MWe 880MWe 127OMWe 1375MWe 1455MWe

I I - I
1 double-flow HP cylinder 1HP + 2LP 1HP + 3LP 1HP + 11P + 3LP

Turbine + (double-flow) cylinders cylinders
3 double-f low LP cylinders Identical LP cylinders

Alsthorn technology BBC technology Arabelle
L (Alsthorn technology)

F119.3


