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1. MAIN PHASES OF EDF'S PRESSURIZED LIGHT WATER REACTOR PROGRAM

1.1 Background ; Genesis of the Nuclear Program

During the decade of 1956-1966, Electricité de France (EDF)
built its initial series of nuclear power plants based on the
natural uranium-graphite-gas reactor system : Chinon 1, 2 and 3 ;
Saint-Laurent des Eaux 1 and 2 ; and Bugey 1.

EDF also took part in the following construction projects :

. The 70 MW heavy-water Monts d'Arrëc- plant.

. The 280 MW Westinghouse-type pressurized-water Franco-
Belgian Chooz plant.

The 1967-1973 period was marked by the construction of the
gas-cooled natural uranium-graphite, Franco-Spanish plant at
Vandellos, and the 250 MW Phénix fast-reactor plant, followed
by the inception of a new phase in the nuclear program, based
on the use of ordinary water boilers.

While participating in the construction of the second
Franco-Belgian 870 JlW Westinghouse-type pressurized-water
Tihange plant through the SEMO Company, EDF placed, in 1970,
its first orders for boilers with FRAMATOME and for turboge-
nerators withAlsthom concerning two 900 MW pressurized-water
units. They were intended for the Fessenheim site on the Rhine,
where their construction was started in 1970 and 1972,
respectively.

A second order covering four similar 900 MW units (two which
were optional) was placed in 1971 with the same prime contractors.
A site at Bugey, on the Rhône River was chosen ; construction
of the plants was started in turn every year from 1971 to 1974.

Finally, in 1973, EDF decided to place an order for eight
1000 MW boiling water reactors (six of which were optional)
under license from General Electric with a new group of contrac-
tors ; however, a revision in the industrial policy led to the
decision in 1975 to abandon construction of this line of
reactors and to give up the whole project.

1.2 The Franco-Belgian Projects at Chooz and Tihange

Chooz

The Société Franco-Belge d'Energie Nucléaire des Ardennes
(SENA) started construction of a nuclear power plant using
the pressurized water reactor system under Westinghouse license
at Chooz, in the French Ardennes, with FRAMATOME as the prime
contractor. After a number of adjustments, the initial design
power of 245 MW was ultimately raised to 305 MW.



The plant was connected to the grid on April 3, 1967.

By January 1968, failures on internal components of the
pressure vessel led to a revision of certain design criteria.

Since it was restarted on March 18, 1970, the plant has
functioned to the operator's satisfaction at a mean availability
rate of 75 %.

The Société Franco-Belge d'Energie Nucléaire Mosane (SEMO)
ordered construction of a plant using the same system, but with
a capacity of 870 MW at Tihange, in Belgium. Power is derived
from a boiler with 3 primary loops and two 1500 rpm turbogene-
rator sets.

Preparation of the site in 1969 was followed by work on
the main structures in 1970.

After hot testing operations were carried out during two
periods from July to October 1974 because of the necessity
to redo some of the core shroud bolt welds, the start-up
program was pursued without any important incident in the
following order :

- Loading of fuel elements

- Initial connection to grid using
steam from nuclear boiler

- Power rise from O % to 100 %

: December 1974

: March 7, 1975

: From June 7, 1975 on.

I

Since that date, the operation of the Tihange plant has
been satisfactory, as illustrated by the following facts :

- Continuous operation at full power was started on
August 6, 1975 ;

- Official start-up of the commercial operation on
September 30, 1975 ;

- The plant was available for electrical power generation
83 % of the time during the first year of regular
operation (August 1975 to August 1976).

During this period, its output exceeded 6 billion kWh.

The experience gained from the construction of this plant
by EDF and his manufacturers will be of great value in the
implementation of the current nuclear program in France.



1.3 The Fessenheim and Bugey Plants

Fessenheim

This plant was built on an excellent site that had been
prepared for a hydro-electric plant on the bank of the Rhine.

Undertaken as part of the 1970 program/ the plant consists
of two 890 MW units. Construction of the pressure vessels was
awarded to FRAMATOME under a Westinghouse license.

Construction of the first unit was started in 1970 ; that
of the second phase in 1971. The following start-up schedule
was established for the first unit :

- Hot testing

- Initial connection to grid

July 1976

early 1977

The second unit is expected to follow a similar schedule
with a delay of a few months.

These start-up dates are more than one year behind the
iritial timetable. This delay has been caused by several
factors :

- In the Design Stage :

Repeated revisions of the project to take into account
on the one hand, technical progress since the construction of
the Tihange plant, such as inclusion of the latest Westinghouse
type of fuel elements and on the other hand, increasingly strin-
gent safety criteria and a corresponding hardening of the
administrative attitude.

- In the Construction Stage :

Longer periods than anticipated for developing ; quality
assurance processes (such as casting of heavy parts and welding
of special steels) and quality control procedures.

It should be emphasized that the delays devoted to the develop-
ment of the design and the refinements in fabrication processes
will make it possible to use the best solutions for the 900 MW
units. In addition the much-needed education and training of
the labor force and supervision teams of the contractors and
of the sponsoring agency in progress will keep the rest of the
operations on schedule.



The Bugey site on the Rhone, above Lyon, has already been
readied for the Bugey 1 plant. It is being extended to accomo-
date four additional 900 MVJ pressurized-water units, designated
as Bugey 2, 3, 4 and 5, the construction of which
started in turn during the period from 1971 to 1974.

Th<? Bellowing timetable was established for Bugey 2 :

- Hot testing : early 1977

- Initial connection to grid : autumn 1977

After this, the Bugey 3, 4 and 5 plants will come on stream
at intervals of about 6 months.

1.4 Development of EDF's Nuclear Power Plant Equipment Program

Selection of the light water reactor system by EDF resulted
in a reorganization of some parts of French industry.

Construction activity experienced a progressive growth, as
both EDF and its contractors ; increased the technical tools
at their disposal, exhibited gains in their industrial capacity
and acquired more and more sites suitable for nuclear plant
construction.

In view of this available design talent and fabrication
capacity, the nuclear power plant equipment program has been
standardized at the 900 MW level. The next, a 1300 MW plant
program, is being developed and is scheduled to completely
replace the current series by 1979.

The equipment program can best be presented by indicating
successive phases of the start-up of the individual "units"
of each series.

Phase 1 :

Operations assumed by limited series ; such as,

- Fessenheim 1 and 2

- Bygey 2, 3, 4 and 5.

Phase 2 :

An initial series of multi-annual contracts (known as CPl),
during which the following sites will be equipped :



Tricastin on the Rhine River, north of Orange, comprising
four units. Most of the output will be used to provide
power to the Eurodif separation plant.

Gravelines/ the first seashore plant, also comprising
four units.

Dampierre, located on the middle stretch of the Loire
River, near Gien, scheduled to comprise four units.

The construction program covering the 14 units is tabulated
below :

Year of
start up

1974

1975

1976

1977

Operations

Tricastin i
Gravelin ., i

Dampierre 1
Tricastin 2
Gravelines 2

Dampierre 2
Tricastin 3

Gravelines 3
Dampierre 3
Tricastin 4

Blayais 1
Gravelines 4

Dampierre 4

Blayais 2

Target date for initial
coupling to grid

)
)
) 1979
)
)
)

J 1979

)
) 1980
)

j 1980

) 1981

1981



Phase 3 :

During this period, construction of the new 1300 MW level
plants is scheduled to progress at a reduced rate to allow a
gradual increase in t-he use of new technological tools.

The simultaneous start-up of a number of 900 MW units will
help to satisfy the requirements of the expected expansion of
electrical power consumption.

Phase 3 covers the following operations :

1) Completion of the 900 MW series of power plants, comprising,
in principle, some 6 to 8 plants which were ordered as part
of the multi-annual contract system, known as CP2.

2) Start-up of the 1300 MW series of plants, representing a
reasonable extension of the former power level. This series
is based on the same reactor system built under the same
license , of 4 loop plants, incorporating the most recent
equipment (steam generators, primary pumps, etc.) available
under the license.

The first 1300 MW plant will be located at Paluel on the
English channel. Construction was started in 1975, and the first
connection to the grid is scheduled for 1982.

The overall Phase 3 program is scheduled to provide annual
capacity increases of 5000 MW until 1985.

Phase 4 :

It is not inaccurate to speak of a fourth phase which will
partially overlap with the preceding one. During this phase, the
first fast-reactor units will start competing with the 1300 MW
pressurized-water type reactors.

2. MAIN THRUSTS OF THE PRESSURIZED LIGHT WATER REACTOR PROGRAM

2.1 Scope of the contractors and role of EDF as Client and as
Architect- Engineer

EDF has a dual role as client and as architect-engineer.

In Its capacity as client, EDF is responsible for :

- The selection of sites,

- The overall funding of the operations,

- The obtainment of the necessary administrative permits,

- The safety of the facilities.



Acting as architect-engineer EDF ; identifies the major
technical options, awards the equipment contracts, coordinates
the design, fabrication, erect.'on and start-up of the plants,
and supervises the implementation of the safety rules.

For the light water reactor power plants, the 20 largest
contracts account for about 80 % of the total cost of the plant.
Two of thtise contracts are of particular interest : that for the
turbogenerator units (about 15 % of the total cost) , and above
all, that for the nuclear plant (about 40 %) . For the latter,
EDF has entrusted FRAMATOME with an important portion of the
engineering.

The scope of the contractor of the nuclear boiler was
established prior to the construction of Fessenheira plant, in
order to give FRAMATOME the responsability for a functional
unit. The contract specifications cover the nuclear plant itself,
the fuel elements, the auxiliary systems needed to ensure proper
operation and safety, and the associated monitoring and control.
FRAMATOME awards all contracts covering its portion of the
project, including the equipment-civil engineering interfaces
(not including the latter) and designs the facility and its
operation in close collaboration with EDF ; it also supervises
the erection and start-up of its portion of the plant.

With this expertise, acquired on a national level, EDF1s
contractors are thus able to assume responsability for the
achievement of complete nuclear power plants for export.

2.2 Selection of Widely-Used U.S. Technology

In addition to the basic technology needed to design the
major components and systems, the construction of a nuclear
plant calls for a large volume of technical and safety reports.
Soon after the start of the negotiations concerning the
Tihange 1 plant, it became apparent that, by selecting a well-
established American technology, of recent design, based on the
same type and size of plants as those under construction, many
problems would be overcome . Such selection would :

- Bypass the intermediate stages resulting from a variety
of commercial prototypes ;

- Provide engineering access to the design and construction
of the reference power plant and its fuel elements ;

- Provide access to American expertise, thus obtaining a
valuable reference basis and comparative data, making it
convenient to adapt them to the specific French national
requirements (nature and frequency of network,materials,
etc.)



In a pragmatic manner, selection of a widely-used American
technology would furnish a much-needed reference for further
study in France in order to assimilate and further develop it
there.

2.3 Standardization of Systems and Components ; Serial construction

The very size of the French nuclear program induced EDF to
examine what would be the best way to reach the reactor relia-
bility and safety targets and not exceed time scheduled and
cost estimates.

Past experience, espacially that gained from the construction
of the 250 MW range fossil power plants, had shown that great
advantage may be obtained by carrying out the work in series.
Specific advantages include :

- Increased reliability, hence safety ;

- Improved schedules, not only of the design activity but
also of the fabrication of components at the plant and
their assembly at the site ;

- Finally, enhanced optimization in the assignment of both
EDF and contractor personnel and better amortization of
the necessary large capital outlay.

Conventional power plants have been improved in a series of
"generations" ; similarly, nuclear power plants, including both
those on order or under construction are divided into two stages
of 900 and 1300 MW. Each stage is represented by a technical
reference, with its own power level and general design principles.

However, the concept of similarity has been further advanced :
construction of each "stage" or "generation" is subdivided
according to groups covering a small number of sites. Work on
each group follows a specific program, based on the same funda-
mental design and building technique and, as far as practicable,
using identical material and the same manufacturers.

Orders for major equipment (specially the nuclear pressure
vessel) for each unit series have been awarded as a unit to
a single manufacturer or a group of manufacturers.

As a result of this new industrial policy, EDF has
succeeded in :

- Supporting its policy of decentralization, which remains a
priority objective. To further this policy, the responsa-
bility for specific programs involving the supervision and
négociation of the joint contracts has been assigned to
the regional units in charge of the arrangements. Thus,
two of these regional units are responsible for all
procurement activities for the CP 1 contracts, covering
material for all of the four plants involved in this
program ;
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- Achieving a better understanding of the situation within
the Equipment Division of EDF. This is very important
respecting the french administration which supervises
the design and construction, in particular in the field
of safety, and environmental problems. Discussions with
the Administration are now carried out for a group of
plants ; problems of the individual sites are discussed
only to examine the equipment and/or conditions which
ar@.specific-for a given location ;

- Reducing the number of EDF negociators who deal with the
contractors.

Naturally, this policy of using idendical equipment has
its limits, because it is not possible to use undefinitely the
same approach without taking into account the new knowledge
which has gradually been accumulated during the previous ope-
rations. In addition, the innovative potential cf industry and
the specific needs of the sites should not be neglected.
Therefore, the overall policy reflects two concerns of EDF1s
Equipment Division :

- T O follow a deliberate policy of using both identical
equipment and similar techniques for overall installation;

- To carry out simultaneously a development program in
order to incorporate the acquired experience.

The view of the sophisticated tools required for the
fabrication of nuclear boilers and their expertise in the field
of quality assurance and safety, FRAMATOME and its major
contractors have established specialized shops devoted almost
exclusively to the fabrication of nuclear equipment.

Initially, FRAMATOME built a pressure vessel plant at
Le Creusot with a capacity of four units per year. In view of
the EDF program and the export possibilities, the company has
established a new facility at Chalon. The location of this
factory right on the bank of the Saône River enables it te load
the heavy components onto barges without any intermediate
handling.

Together, the Chalon and Le Creusot facilities can turn out
up to eight pressure vessels annually, seven to eight sets
of internal components for pressure vessels, 20 steam generators,
and 8 pressurizers, which corresponds to all of the heavy
components required for seven 900 MW or five 1300 MW units.

The Creusot-Loire company has installed a new 900 ton press
which enables it to fabricate a great variety of components for
the nuclear program.
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Several other contractors have re-equipped or built specia-
lized workshops intended solely to fabricate nuclear-grade
equipment, such as primary pumps and piping, etc.

3. 900 AND 1300 MW NUCLEAR BOILERS

3.1 Main specifications

The main technical specifications of the 900 and 1300 MW
nuclear boilers built for EDF are shown in Table 1.

The major design features of these plants are discussed
below.

3.1.1. 900 MW units

Thenuclear boilers with 3 primary loops are provided with .:

- Model 93 D primary pumps

- Type 51 M steam generators

- Robinson - 2 - type internal fittings.

They all use square-pattern, 17 x 17 cm fuel elements and
are equipped with in-core instrumentation of FRAMATOME design ;
the prototype has been in operation at the Tihange 1 plant. In
view of recycling the plutonium produced, some nuclear boilers
are provided with equipment for ÛO2 - PuO2 fuel.

The nuclear boiler is installed in a reactor building with
a single-walled containment enclosure made of prestressed
concrete with a liner to ensure leaktightness. The steam pipe
penetrations are clustered.

The overall layout is based on the use of the nuclear
auxiliary building by the joint units, keeping seperate the
nuclear circuits, espacially the emergency circuits, of each
units. The electrical buildings of the joint units are combined
while their control rooms are adjacent.

Two types of turbine halls may be used for the nuclear
plants. Their designs exhibit the following differences :

- Radial or tangential layout, with respect to the nuclear
island ;

- The water supply station with ou without a degassing
feedwater tank ;

- Design of the turbogenerator unit.

Depending on the location, the plants are cooled by open
cycle or by cooling towers.
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3.1.2. 1300 MW Units

The 4 primary loop nuclear boilers are provided with
Model 100 primary pumps. Preparation of specifications for
the steam generators is in progress. A 17 x 17 cm type fuel
element, extended in length with respect to the elements of the
900 MW plant will be used. The -internal core instrumentation
will be identical to that used for the 900 MW units. No pluto-
nium recycling is scheduled with these boilers.

Containment of the reactor building consists of a double
wall without liners, with the intermediate space kept under
reduced pressure. The steam pipe penetration assemblies are
cluctered into two groups placed on nearly completely opposite
sid -,.

Units at the same location are completely seperated from
each other. The location of the emergency auxiliary building
permits the total geographical separation of the two mechanical
and electrical emergency circuit channels.

The turbine halls of these plants are laid out radially
with respect to the nuclear island. The circuit includes an
outgassing feedwater tank.

3.2 Main improvements

Since the original design of the Fessenheim plant in 1970,
the components and loops of the 900 MW units have been repeatedly
modified. These changes have been reflected in the current
design of the 1300 MW units. In most cases, they do not repre-
sent radical alterations in the design, but a gradual improvement
which involved primarily to satisfy the points listed below :

- Enhanced safety operation of the plants and fulfillment
of the requirements of the new regulations ;

- Improved availability and higher operational flexibility
of the plants ;

- Reduced exposure of the personnel to radiation and impro-
vement of the working conditions during maintenance
operations .

The examples given below illustrate the problems encountered
in the various areas.

3.2.1 Safety

In addition to the U.S. regulations and the recommendations
of the U.S. NRC, the French rules and regulations have been
taken into account in the design as soon as they became known.
The following regulations are of interest :
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Decree of February 26, 1974, concerning the application
of the regulations which control pressurized equipment
to water-cooled nuclear power plants ;

Decrees of November and December 1974, concerning the
release of liquid and gaseous radioactive effluents.

The changes reflect the systematic consideration of the
hazards due to civil aviation, dike and dam failures ana acts
of vandalism. Protective measures against explosions in indus-
trial parks and ports, and falling commercial or military
aircraft have been studied and actually tested. These measures
are applied only if the likelihood of such an occurrence at a
specific site warrants it.

In the case of the 1300 MW plants, the protection of the
population at-large against radiation has been improved by
using a double containment around the reactor building.

Consideration of the possible drop of a cask containing
irradiated fuel elements has resulted in the revision of the
design and constructional details of the fuel handling building.

;| j Studies on the possible generation of missiles by the
•I turbines have led to :
~,c

- Changes in the layout of the turbine halls ; and

- !retaliation of facilities for inspecting the steam valves
I du ing operation in order to improve their behaviour.

Research on the reliability of the main safety systems
yielded the following improvements :

- Emergency injection of the 1300 MW nuclear boilers,
involving the use of two completely separated redundant
channels ;

- Cooling of the reactor during shutdown, including valida-
tion testing of the components under accident conditions

- Cooling of the auxiliaries. I
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3.2.2 Availability of units

Research has been carried out to improve availability of
the units. The work was conducted along two parallel paths :
technology of the equipment, and operating conditions.

Eguigment

The following examples illustrate the improvements :

- Steam generators : better flow conditions at the bottom
of the tube bundle, and blowdown to eliminate corrosion
beneath the deposits ;

- Internal vessel fittings : sectional thermal shielding
and use of the "up-flow" concept for cooling the core
shroud ;

- Turbogenerator condensers : use of a double plate technique
with expanded titanium tubes for seashore plants ;

- In general, a better understanding of the erosion and
corrosion problems has led to a revision of the materials
selected for some of the equipment of the primary and
secondary circuits.

Operation

Studies were conducted to improve the operating conditions
and to reduce the tripping of the instrument without affecting
the required level of safety. They may be illustrated by the
following examples given belov/ :

- Tripping of the primary pumps to be linked to a given rpm
threshold rather than to a voltage or a frequency ;

- Avoidance of a reactor shutdown when £ turbine is tripped,
using a bypass to an available condenser ;

- Determination of the size of the feed pumps in order to
prevent the reactor from being shut down if one of the
pumps fails.

3.2.3 Operating and Maintenance Conditions

After the design of the circuits and the engineering details
of the equipment are understood, the operating conditions are
scrutinized in order to improve the layout of the plant. The
purpose is to facilitate maintenance operations and also to
minimize the exposure of the personnel to radiation. The follo-
wing measures may be cited as an example :
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- In the reactor building :

. Improving the design of the vessel well in order to
prevent neutron leakage during normal operations and
to improve access for periodic inspection ;

improving the ventilation in the building during the
operation of the plant ;

. Adding an intermediate shaft on the primary pumps
to facilitate access to the pump packing ;

- In the nuclear auxiliary equipment building :

. Improvements in the design of the degassing and the
purification systems of the primary circuit before
shutting down the plant and opening the vessel ;

. Improvements in the installation of the equipment ; the
increased compartmentalization allows intervention
without requiring a complet shutdown of the plant ;

. Installation of "green zone"-type access ways.

4. THE FUEL CYCLE

4.1 Amount of Nuclear Material Required for Operating the Program

Contracts awarded by EDF to the fabricators of the light
water reactor units include the fabrication, shipment and
initial loading of the fuel assemblies for each unit. The
fabrication starts with the conversion of the enriched uranium
hexafluoride into the oxide powder which has been given to the
fabricator by EDF.

Each stage of the fuel cycle of the French nuclear power
program rapidly increases its requirements. To ensure that these
requirements will be relfilled, the amounts needed have been
calculated by assuming that the first-year program agrees exactly
with earlier decisions. The program involves the 900 and 1300 MW
units, leading to about 15 installed GW bv 1980, 41 GW by 1985
and 64 GW by 1990.

The following assumptions have also been used for the
calculations :

- Reject rate of the enrichment plants

- Uranium to be recycled

- No recycling of the plutonium.

O, 25 %

The cumulative amounts of fissionable materials calculated
on this basis for each year from 1977 to 1990 are shown in
Table 2. The cumulative values for 1980, 1985 and 1990 are
shown below :
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Year

1980

1985

1990

Concentrates
in tons of U

26 500

65 000

113 000

Separation
in tons SWu

13 000

36 000

66 000

Fuel fabri-
cated, tons com-
pleted during

year

1 700

7 200

15 200

Reprocessing
tons

90

2 000

7 000

4.2 Resources and Production Capacity

4.2.1 Uranium Resources

Domestic

The li£v»d reserves on the French mainland amount to
55 000 tons oJ proven reserves and 40 000 tons of estimated
additional reserves (i.e., tons of uranium metal contained
in ores which, according to the IAEA, may be exploited at less
than # 30/lb). These reserves are sufficient to allow for an
increase from 1800 tons of extracted uranium in 1975 to
3000 t/year from 1980 on, and, if necessary, to 4000 tons/year
from 1985 on.

Abroad

Under the auspices of the Commissariat à l'Energie Atomique
(CEA), the large prospection effort, started in 1946, was
extended, and in 1955, it was further expanded to include, first,
the French-speaking African countries, and later, practically
all the continents. This highly successful effort has resulted
in the discovery of a number of deposits containing appreciable
reserves of uranium estimated tentatively at 75 000 tons of
proven reserves and 40 000 tons of estimated additional resour-
ces (with the uranium metal at a cost of less than % 30/lb,
as explained above).
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A number of raining companies have been set up to work the
deposits. Three major French groups : COGEMA (D, IÎ1ETAL (2)
and MINATOïîE (3) have acquired a major interest in these
companies.

Among the most advanced projects of these companies are
the following :

- SOMAIR, which works the Arlit deposit in Niger ;

- COMUF, which works the Mouanana deposit in Gabon ;

- AMOK, which is about to start working the Cluff deposit
in Canada's Saskatchewan province ;

- COMIMAK, which is about to start working a second deposit
(Akouta) located in the Arlit concession in Niger.

Purchase contracts for all or a part of the output have
been awarded to the above mining companies in order to cover
the French requirements. It is already obvious that the current
overall annual output of uranium (2 200 tons in 1975} could
reach approximately 3000 tons in 1980, gradually rising to
6000 tons in 1985.

Looking ahead to the demand in 1990, during the past
several years, the above-mentioned three French groups have
embarked on several prospective programs, often working in
association for foreign groups, which have made important
financial contributions.

These companies have acquired well-trained work crews,
who have become familiar with all types of terrain and geolo-
gical problems. For this reason, they have often been entrusted
within the partnership, v/ith the role of operator. The broad
scope of the new programs, the size of the facilities involved,
and the higher qualified work crews presage success for the
new ventures and for related activities which must ensure
France 's future supplies.

COGEMA - Compagnie Générale des Matières Nucléaires,
subsidiary of the CEA which transferred to COGEMA its
assets in fuel cycles.

' IMETAL - the mining holding company of the Rothschild group

MINATOME - a 50-50 subsidiary of Péchiney Ugine Kuhlmann
(PUK) and the French Petroleum Company (CFP).

17



4.2.2 Conversion of Uranium into Hexafluoride

The world's total output of uranium amounts to 36 000 tons/
year, of which 7 500 tons are produced in France. There, this
operation is carried out by COMURHEX, a company founded jointly
in 1971 by the CEA and by PUK (Péchiney Ugine Kuhlmann). Its
current capacity of 9 000 tons exceeds the domestic demand. For
this reason, the company has offered and will continue to offer
its conversion services to foreign customers. It is planned
to increase the annual capacity to 12 000 tons/year.

4.2.3 Enrichment

1. Two main sources and one secondary source cover France's
current requirements for its power program :

- The main sources are based on long-term contracts with
U.S. ERDA in the United States and with TECHNABEXPORT
in the U.S.S.R. ;

- The secondary source in the Pierrelatte plant, the
capacity of which exceeds the requirements of the
country's military program.

2. Over the next decade, the main source of supply will
be the French sector (4.5 million SWu/year from 1982 on)
of the production (10.7 million SWu/year) of EURODIF1S
Tricastin plant, in which COGEMA holds a consolidated
interest of 42.8 % in stock.

3. However, the above-mentioned sources will not be suffi-
cient to cover the demand beyond 1984 ; that is, during
the very period when there is likely to be a world shor-
tage because of the repeatedly-deferred start-up of new
projects. It was to prevent such a shortfall that the
COREDIF (Gaseous Diffusion Construction Company) was
founded in May 1975. COGEMA holds, directly and indirectly
50.8 % of the stock of COREDIF.

After having accelerated the preliminary design studies,
COREDIF decided last September to construct a new gaseous
diffusion enrichment plant. The first production phase
level was set to reach 5 million SWu by 1985.

Under these conditions, COREDIF will be in a position to
increase its contribution to France's uranium supplies
by an additional 1.5 million SWu per year, starting in
1985, and ultimately by some 2.7 million SWu per year
from 1988 on.
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4. Although an amount of uranium corresponding to one or
two years' consumption will always be held in reserve,
the overall combined output of the French share of the
EURODIF and COREDIF plants will exceed EDF 's require-
ments. This excess production will allow other needs
to be met, such as those related to nuclear reactors
exported by France.

The situation is illustrated by the diagram presented
as figure 3.

4.2.4 Fabrication of Fuel Elements

This delicate operation, the success of which affects the
proper running and the economic performance of the plant, calls
for a relatively minor investment compared v/ith the value of
the converted product. This is the reason why the combined
capacity of the fuel fabrication plants currently in operation
all over the world is adequate to cover the demand. This situa-
tion is expected to last for a few more years.

In France, fuel element fabrication was developed mainly
to cover the requirements of the gas/graphite - type power
plants, of research reactors and of the fast reactor program.
The fuel elements are designed by the CEA ; they are marketed
by COGEMA which subcontracts the production to others-

As far as light water reactors are concerned, in 1972,
FRAI-IATOME founded EUROFUEL, a fuel element fabricator, in
cooperation with Pechiney-Ugine-Kuhlmann. EUROFUEL's production
capacity is based on the combined output of two plants (in
Dessel, Belgium and in Romans, France) under the sponsorship
of the Société Franco-Belge de Fabrication de Combustible (FBFC).
The production capacity is scheduled to reach a level of 600 tons
per year in 1978, rising to 1000 tons per year by 1981.

From 1979 on, the Tubatome company (a subsidiary of FRAMATOME
and Péchiney-Ugine-Kuhlmann) will fabricate the Zircaloy tubing
for canning the fuel elements, using intermediate products
supplied by the Ugine Acier plant. The output scheduled for
1985 will cover the amount needed by France, leaving a certain
margin available for export.

4.2.5. Transportation of the irradiated fuel elements

This highly-specialized activity —related to the operation
of both reactors and reprocessing plants— calls for highly
sophisticated equipment. In France it is carried out by a
cooperative effort involving COGEMA and the Transnucléaire
Company. The latter holds one-third of the capital of Nuclear
Transport Ltd., a company specializing-in the transportation
of irradiated LWR fuel elements.
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Experimental facilities for engineering and commercial
operations are being established to handle LWR fuel elements
to coordinate the requirements- of power plant and reprocessing
plant operations. Thus, the French industry is an excellent
position to offer its services on the international market.

4.2.6 Reprocessing of Irradiated Fuel Elements

In view of the radioactivity of the products that it handles
and of the need for combined mechanical and chemical operations,
reprocessing is a highly sensitive activity. Protection against
the hazards which abound in this field, and assurance of a
reliable operation, require very heavy investments.

Because of the delays in the construction of the needed
facilities, this stage of the fuel cycle, with its long-under-
estimated difficulties, is entering a critical stage. This
problem is examined ia detail in a paper presented by COGEMA
at Session II-7 of this conference.

The situation may be summarized by stating that, after
a period of high confidence around 1970, the industry abruptly
encountered serious difficulties with the advent of high-specific-
burnup fuels, such as those used in light water reactors. These
difficulties caused shutdowns or delays in the operation of the
start-up of reprocessing plants, resulting in a world-wide
shortage of these facilities, the effects of which will be felt
during most of the coming decade.

In Europe, and more specifically, in France, the situation
is less acute : the reprocessing capacity of the Marcoule and
La Hague plants was recently supplemented by the HAO (Haute
Activité Oxyde - High Oxide Activity) Facility in May 1976,
designed with a reprocessing capacity of 400 tons/year of LWR
fuel ; this capacity will be doubled by about 1981. However,
EDF's requirements will saturate this output by around 1985,
and therefore, COGEMA is already preparing plans for a second,
1600 tons/year reprocessing plant. The first section of this
facility, with a capacity of 800 tons/year, is scheduled to
come on stream by 1984-1985, and the second section two years
later. This will be sufficient not only to meet the French
demand (shown in the following table) but the stepped-up output
rate will make it possible to offer a significant excess
capacity to the world market.
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Date

1979

1982

1985

1990

EDF 's annual
requirements

90 t/year

240 t/year

640 t/year

1 200 t/year

Capacity made
available/ tons/yr

400 t/year

800 t/year

1 600 t/year

2 400 t/year

Facility

HAO

HAO

HAO + UPsA

HAO + UPsA

+ UPsB

5. DEVELOPMENTS IN FRANCE

The current equipment program requires the simultaneous
undertaking of a vast technical development activity, in order
to solve the engineering problems and to reach a sound compro-
mise between the technical and economic questions. The goal of
thisactivity is to indicate the boundaries of safe operation,
to uncover the potential shortcomings of the current technology,
and/ whenever necessary, to develop a more suitable solution.
In view of this/ the objectives of EDF and FRAÎ1ATOME, the
contributions made by the CEA and the international cooperative
effort which is being organized, are examined below. Several
important actions, in progress or in the planning stage, are
also listed.

5.1 The Objectives of EDF and FRAMATOME

The objectives of both organizations are considered together,
although some aspects refer specifically to only one of the
partners. As an operator, EDF is concerned more directly with
the conditions of the maintenance and inspection of the facili-
ties and of personnel exposure problems/ while FRAMATOME, v/hich
devotes part of its designing and manufacturing activities
to export, is interested in the adaptation of its nuclear
boilers to the specific conditions prevailing in the power grids
and at specific geographic locations in the foreign countries
which make use of its services.

Cost cutting is the major common preoccupation of all deve-
lopment activities which are pursued in the following three
directions : I
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1. Increasing the flexibility of the operations and of the
maintenance and inspection activities by adapting the
plants to the operating requirements of the grid (daily
log of loads and remote control) and by reducing person-
nel exposure.

2. Enhancing the reliability and availibility of the plants,
in particular by a concentrated study of their main
components, such as the fuel elements and the steam
generators, supported by the routine operational measu-
rements and monitoring activities at the various EDF
units.

3. Carrying out theoretical and experimental studies or,
basic phenomena, such as fast transient thermo-hydraulic
events, structural analysis and the study of the material
behavior, vibrational tests, etc.

Safety research makes use of the most recent advances in
these areas, and their further development will result in a
better appreciation of the safety raa:t,-'-is of the currently-used
techniques. This, in turn, will enhance the flexibility and
increase the power level of the plants while preserving safety.

5.2 Contributions of. the Commissariat à l'Energie Atomique (CEA)

Since 1952, the CEA has been in charge of the design, cons-
truction, maintenance and development of the pressurized light f
water nuclear boilers of the French naval program. In this con- J
nection, it has assembled a large bank or theoretical and expe- I
mental data and has developped techniques which have been used |
directly or have been adapted to the 900 MW series of nuclear *
power plants by means of design studies carried out since 1970
in cooperation with EDF and FRAMATOME.

At present, computation methods are available to cover the
manifold aspects of scaling-up and performance evaluation of
components, specifically of the core. CEA possesses a great
variety of test facilities for water-cooled reactors which
are too numerous to be listed in detail.

In addition to the irradiation facilities at the test
reactors Osiris and Siloe, the CAP experimental reactor has a
testing unit for twelve 17 x 17 cm type fuel elements, with
one-half of the height of the Fessenheim elements. The testing
unit is capable of subjecting the fuel elements to the load
variations anticipated by EDF in its future plants.

I
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In addition to irradiation studies, the Super Bee loop is
used as a qualification test stand for fuel elements by means
of flow, temperature and pressure tests ; it was used for tes-
ting the 17 x 17 cm Fessenheim type fuel elements in 1976. The
Vésuve earthquake simulation stand allows an analysis of earth-
quake effects on the facilities and their components. The overall
operation of steam generators is examined 0:1 the 10 MW Edith
facility ; the Clarinette facility is used to test the perfor-
mance of the piping and the HPZ facility serves for the selection
of materials. Thermo-hydraulic problems under both normal operating
conditions and in the event of depressurization are investigated
on the 9 HW Omega ficility.

As far as techniques and components are concerned, fuel
technology, control systems for vessels and steam generators,
and instrumentation may be mentioned.

The CEA is also actively engaged in a large experimental
and theoretical study on the assessment of the consequences of
failures which are likely to affect various components of
nuclear power plants. This effort, carried out jointly with
EDF and FRAMATOME, resulted in joint coordinated international
ventures. Naturally, the assessment of LOCA (Loss of Coolant
Accident) represents an important area of this effort. A
complete system of test stands, making it possible to mock-up
and analyze such an accident, has been completed at the Phoebus
reactor which has been provided with facilities to simulate all
phases of this accident (see General Communication IV-I).

5.3 The Quadripartite Cooperative Agreement

Research on light water reactors is conducted in France by the
contractor, the CEA and EDF, whereby each party emphasizes
its previously-outlined specific interests. However, in view
of the similarity of the methods and facilities used for tes-
ting, the parties involved decided to join forces in this R/D
area, pooling their resources and coordinating their operations.
Association with Westinghouse is believed to further increase
the advantages derived from the cooperative effort, by elimi-
nating duplication of the work in France and in the United
States.

In November 1976, the above four parties signed an agree-
ment to set up and organize such a joint R/D effort. The goal
of this agreement is to ensure that correct technical means
are adopted to provide for the safety and reliability of the
nuclear power plants under construction and to pave the way
for further development of the reactor system. The agreement
covers the entire nuclear power plant, including its components,
systems, safeguard circuits and fuel elements.
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5.4 Some current activities

Improvement of the flow of the secondary water.
Improvement of the quality of the secondary water.
Selection of materials and improvement of their
development .

Mock-ups for personnel training.
Development and refinement of special tools.
Decontamination of the primary circuit by very high
pressure jets, by chemical and electrolytic means.

Conf ̂ rraation of the correctness of the technological and
engineering aspects of the 17 x 17 cm fuel rods by onsite
monitoring and hot-lcib^atory analysis.

Testing of the 17 x 17 cm fuel elements in order to
determine their resistance to load fluctuations by
examining the remote control orders and the daily load
logs in the CAP, power rises and cycling in the Osiris.

4 . Safety

In addition to the large LOCA program (see General
Communication IV-I) , many tests and studies are scheduled
including the following :

. Behavior of the internal components of the CPl plants
when exposed to vibration on the Safran 2 loop at
Saclay.

. Liquid discharge conditions from a broken pipe (jet
affect) and their affect on the pipe (whipping effect)
on the Aquitane 2 loop at Cadarache.
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TABLE II

PROJECTED ANNUAL AMOUNTS OF FISSILE MATERIAL

FROM 1977 TO 1990

YEAR

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

CONCENTRATES
(tons U)

3 100

6 300

6 500

6 800

6 900

7 200

7 500

8 200

8 300

9 200

9 700

10 000

10 200

10 300

SEPARATION
WORK

(tons SWU)

1 600

1 900

3 200

3 900

4 100

4 400

4 600

4 800

5 300

5 400

5 800

6 000

6 300

6 600

FUEL
FABRICATION
,completed
during year

(tons)

150

350

500

700

850

1 000

1 100

1 200

1 300

1 400

1 500

1 600

1 700

1 800

REPROCESSING
(tons)

-

-

-

90

130

240

37C

510

640

770

920

1 050

1 100

1 200
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GRAPH SHOWING FRENCH RESOURCES IN ENRICHED URANIUM

VERSUS DEMAND
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