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SUMMARY

The first of the model N4 reactors will be commissioned in
the early 1990S. This model benefits from experience gained
in the design, construction and operation of the large and
consistent French program achieved during the last 20 years.
Subsequent units to be brought on line in the 1990s will
also be of the N4 design, in accordance with the French
policy of standardization to- maximize safety and reduce
costs. Studies under way on the reactor that will follow the
N4 are oriented in two main directions: additional
improvements to enhance safety and more efficient use of the
fissile material. These studies take into account the
development of a common nuclear island by NPI, the new
joint-venture between Framatome and Siemens-KWU. The
author's opinion is that the French program consistency
offers the best mean to help bridging KOEBERG onto the next
units which ESCOM may decide to build in the future.
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INTRODUCTION

During the last 20 years, France has achieved one of the

largest and most consistent nuclear power programs in the

world.

I shall briefly summarize this experience, and describe the

latest advanced NSSS model, the N4, now under construction in

France.

Then I shall discuss some trends in NSSS design evolutions

for the future, underlining the significance of our

cooperation with KWU, within our common subsidiary Nlear

Power International.
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SUMMARY OF EXPERIENCE WITH FRAMATOME NSSSs

The N4 is a 1450 MWe class, four-loop, advanced PWR unit,

fully benefiting from the experience feedback of one of the

world's largest nuclear power programs 

- The Framatome construction program covers a total of 65

units, including 56 for EDF and 9 units for foreign

customers, of which the Koeberg units are the 4th and 5th.

- The EDF series of PWR units consists so far of a series of

34 units of the three-loop, 900 Mwe class, 20 units of the

four-loop, 1300 Mwe class (model P4 and model P4), and two

units of the latest N4 model.

- 55 Framatome PWR units are now in operation, all 34 of

EDF's three-loop units, seven three-loop export units, and

14 Of EDF'S four-loop units.

Over the past four years, the three-loop units achieved an

average energy availability factor of 80%. many of these

units have been operated in load follow mode, using the RAMP

(Reactor Advanced Maneuverability Package), a reactor control

system designed by Framatome.

THE N4 MODEL

The principal features of the N4 design are

- improved nuclear power competitivity,

- greater adaptability to the grid demand,

- better operating and maintenance conditions,

- and enhanced safety characteristics.
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1. improved competitivity in terms of capital cost has been

achieved first through 

- an optimized increase in the thermal power of the reactor

core,

- increased efficiency and compactness of the steam

generators and the reactor coolant pumps.

The reactor core consists of 205 fuel assemblies (instead of

193 for the P14), which leads to a limited increase of the

reactor vessel and core component size in regard to an

increase of 12% of the rated thermal power.

The steam generators incorporate an original economizer,

providing a steam pressure boost of 35 bar. The

implementation of a triangular array of U-tubes and a new

design of the steam separator-dryer equipment lead to a more

compact component.

The reactor coolant pumps include a new hydraulic design of

the impeller, diffuser, and casing. This provides an

efficiency increase, together with higher capacity-head

characteristics, without any increase in the size and weight

of the pump-motor set.

2. Greater adaptability to the grid demand

Framatome has developed a maneuverability stretch strategy,

to more fully comply with EDF requirements in the face of an

increasingly nuclear-dominated power grid.

Two operating modes have been selected

R mode, which allows baseload operation at the maximum

rated power of 4270 MWth, with limited maneuverability.
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- mode, at a maximum power of 4056 MWth, with full

operating flexibility. In this case, the reactor is mainly

controlled by the set of gray control rod banks, with the

"DMAX" advanced reactor control system.

3. Better and safer operating conditions

The model N4 wR unit benefits from two advanced new features

(1) the DAX reactor control system and 2 an optimized

control room design.

The DAX is a second-generation reactor control system

developed by Framatome, improved over the above-mentioned

RAMP system used on previous units. Its development was

assisted by use of Framatome's SAF multipurpose engineering

simulator.

The advanced control room selected by EDF is based on

ergonomic principles. The information display is elaborated

in a very synthetic and comprehensive form, thanks to a

high-performance data processing system.

A full-scale dedicated simulator, the S3C, has been

constructed and is being used to test the design of the 4

control room.

4. Easier maintenance conditions

A typical example is given by the reactor coolant pump, which

includes 

- a hydrostatic bearing, favoring longer shaft-seal life,

- an oil-pressure binded shaft coupling, allowing a

significant reduction of shaft-seal inspection time; and

- main flange simplification.
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Another example is the reduced occupational exposure,

obtained by using such low-release materials as Inconel 690

for the steam generator tubes.

S. Enhanced safety characteristics

They include even more reliable heavy components; man/machine

interface improvements; more severe design criteria and new

design conditions, up to degraded core situations. The

reactor vessel is manufactured from a ferritic steel with low

impurity content and a low initial nil ductility transition

temperature, minimizing the risks of fracture.

The special care taken for the man/machine interface is

demonstrated by the main features of the advanced control

room and the dedicated S3C simulator, which have been already

mentioned above.

The classification of the plant design conditions, or events,

according to their estimated frequency and the allowable

radiological consequences is more severe as compared to

previous plants. Concerning steam generator tube rupture,

foreign experience has shown that this is not a hypothetical

accident. Consequently the rupture of one tube is considered

as a class 3 incident. The rupture of two tubes is analyzed

as a class 4 accident.

Complementary design conditions, corresponding to the total

failure of redundant systems, have been added to the list of

design conditions. mitigating means, termed "backup", and

procedures, termed "H11, were determined for these

complementary conditions, so as to meet the very conservative

objective of 10- 5 core degradations per reactor year.
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Among the corresponding design improvements is the newly

implemented overpressure protection system, which ensures the

feed and bleed of the RCS in the H2 procedure. The system was

originally designed to meet the post-TMI concern about the

reliability of the safety or relief valves. It is installed

on the pressurizer and comprises three discharge lines, each

one equipped with a tandem of pilot-operated safety valves.

Finally, in the unlikely case where all the measures of

prevention would have been inefficient, and taking into

account delayed containment failure, radioactive decays and

retention factors, the atmospheric source term would be a

small fraction of one per cent of the fission product

inventory, and the radiological consequences would remain

small.

Commercial operation of the first N4 unit, Chooz B1, on a

site close to the Franco-Belgian border, is expected in 1993.

The second unit, Chooz B2, was ordered in 1987. The orders

for the next two model N4 units, Civaux 1 and 2 are expected

in 1991 and 1993, respectively.

NSSS DESIGN EVOLUTIONS FOR THE FUTURE

1. Preliminary Analyses and Evaluations

These analyses and evaluations by the French Atomic Energy

Commission, EDF, and Framatome, related to the French needs

beyond the model N4 PWR unit series, are now grouped under

the so-called REP 2000 Program. According to the present

tentative plan, the requirements for a new reactor are

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

placed in 1995 and the unit to go into commercial operation

just after the year 2000.
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Two main areas are considered to be the most worthwhile for

development work safety and fuel cycle improvements.

2. Safety

Feedback of -plant operating experience being a fundamental

contributor to the safety of existing facilities but also to

new designs, this experience is systematically processed and

analyzed. Systems are reviewed to assess the optimization of

passive/active features under today's technological

conditions.

Use of a 2.25% Cr-l% Mo steel alloy in combination with

electron beam welding could result in a much greater safety

margin for the RPV, due to the expected very effective

reduction of the risks associated with neutron irradiation

embrittlement.

Additional powerful computerized operator assistance in

normal unit operation and under post-accident condition is

being investigated, to minimize the effects of human failure.

Artificial intelligence (AI) techniques and other reliable

tools could be used to provide this assistance, taking the

best advantage of the N41s fully computerized control system

and central data base.

3. Fuel Cycle

more efficient use of fissile material could be achieved,

resulting in lower fuel cycle costs.

A burnup of up to 60,000 MWd/tonne is targeted to be achieved

in the 1990s by a fuel assembly permitting full operating

flexibility. Besides the increase in burnup, plutonium

recycling in PWRs is another way to reduce uranium 235

consumption and cost, but the question of optimum use of

plutonium in standard cores is still open.
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Framatome has thus proposed a new reactor concept, able to

operate equally well with uranium or plutonium fuel, under

optimum conditions in each case: the Convertible Spectral

Shift Reactor (RCVS).

The RCVS differs from a standard PWR only by the fuel

assembly (FA) design and the related reactor internals: the

FA is hexagonal, fuel rods being located in a triangular

array constituting a semi-tight lattice.

Two versions of this FA have been designed:

- Pu FA :

All of the rods are standard fuel rods (UO 2 or MOX), in an

undermoderated lattice;

- U FA :

Selected fuel rods are replaced by tubes of the same

diameter containing water, to ensure a normal moderation

ratio.

This design provides hydraulic compatibility between the two

versions, allowing greater core loading flexibility.

A large-scale analysis and testing effort has made it

possible to verify the feasibility of the RCVS concept. Now a

second phase of the work related to this concept has just

begun, to carefully evaluate its performances and economic

advantages.
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SIGNIFICANCE OF COOPERATION WITH KWU

You are aware that Framatome and SiemenS/KWU have decided to

pool their forces in the international field and have created

recently NPI, Nuclear Power International.

NPI is now promoting on the international market the existing

French and German products, such as those I have described in

my paper.

At the same time, NPI is agressively developing a common PWR

nuclear island, which of course shall benefit from the vast

experience acquired by the French and German nuclear power

industries, and shall reflect the respective requirements of

these two countries. The REP 2000 Program shall take into

account this new development.

S. CHARBONNEAU



CONCLUSION

The main factor in the success of the French nuclear power

program has been consistency. Each successive series of

standardized units was designed and built taking into account

the experience of the previous one. The advanced and now

implemented N4 model fully benefits from the construction as

well as the operating experience of the entire program.

The cooperation agreement now concluded between Framatome and

SiemenS/KWU will further enlarge the basis of development of

future PWR nuclear islands.

The two Koeberg units are part of this consistent program,

and their construction as well as their operation has been

very sucessful A substantial capability was developed in

this country on the basis of the technology implemented at

Koeberg.

To bridge onto the future PWR units that ESKOM may decide to

build, the French program offers, in my opinion, the best

path to follow. Indeed, its consistency can be transposed to

the South African program, to help filling in the

technological gap due to the several years, elapsed time

between Koeberg and the follow-on units.
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