
Attention Microfiche User, 
The original document from which this microfiche «as made «as 

found to contain some imperfection or imperfections that reduce 
full comprehension of some of the text despite the good technical 
quality of the microfiche itself. The imperfections may be: 

- missing or illegible pages/figures 
- wrong pagination 
- poor overall printing quality, etc. 

We normally refuse to microfiche such a document and request a 
replacement document (or pages) from the National IBIS Centre 
concerned» However, our experience shows that many months pass 
before such documents are replaced. Sometimes the Centre is not 
able to supply a better copy or, in some cases, the pages that were 
supposed to be missing correspond to a wrong pagination only. He 
feel that it is better to proceed with distributing toe microfiche 
made of these documents than to withhold them till the imperfections 
are removed. If the removals are subsequestly made then replacement 
microfiche can be issued. In line with this approach then, our 
specific practice for microfiching documents with imperfections is 
as follows: 

1. A microfiche of an imperfect document will be marked with a 
special symbol (black circle) on the left of the title. This 
syabol will appear on all masters and copies of the document 
(1st fiche and trailer fiches) even if the imperfection is on 
one fiche of the report only. 

2. If imperfection is not too general the reason will be 
specified on a sheet such as this, in the space below. 
3. The microfiche will be considered as temporary, but sold 
at the normal price. Replacements, if thsy can be issued, 
will be available for purchase at the regular price. 
4. A new document will be requested from the supplying Centre. 
5. If the Centre can supply the necessary pages/document a new 
master fiche will be made to permit production of any replace
ment microfiche that may be requested. 

The original document from which this microfiche has been prepared 
has these imperfections: 

w- , „ > r "hé h± bs M 
lyg missing •pageo/figures numbered: *^ I t / / 
^ >/*<. } > & • , fc'1'*, fc^; b SA-
I ) wrong pagination ' 

I I poor overall printing quality 

I I combinations of the above 
INIS Clearinghouse 

I | other IAEA 
P. 0. Box 100 
A-1400, Vienna, Austria 



MOTTDH 

FRADOC—10-5 

Ri 

INDUSTRIAL ASPECTS OF NUCLEAR ENERGY : FRENCH EXPERIENCE 

Lebreton, G. Framatorae, 92-Courbevoie (France) 

Communication présentée à : Workshop on nuclear power 
Al-Kuwayt (Kuwait) 
2-4 Nov 1986 



WORKSHOP ON NUCLEAR POWER 

KUWAIT. 2-4 NOVEMBER 1386 

INDUSTRIAL ASPECTS OF NUCLEAR ENERGY : 

FRENCH EXPERIENCE 

PAPER PRESENTED BY GERARD LEBRETCN 

DIRECTEUR COMMERCIAL, FRAMATOME 

1. INTRODUCTION 

2. FRENCH OBJECTIVES AND EXPERIENCE 

3. THE INDUSTRIAL ORGANIZATION IK FRANCE 

4. THE FRAMATOME SÏORY 

5. BENEFITS OF STANDARDIZATION 

6. COMPARISON OF ELECTRICITY COSTS 

7. NUCLEAR QUALITY 

8. TT EXPERIENCE 

9. CONCLUSIONS 

October 1986 



FRENCH EXPERIENCE WITH THE INDUSTRIAL 
ASPECTS OF NDCLEAR ENERGY 

1 INTRODUCTION 

Ladies and Gentlemen 

In today's world, despite certain claims to the conLiary, 
nuclear power is an essential component of energy 
strategy. Some 390 power reactors, representing a 
generating capacity of more than 270 GWe, are currently in 
operation in 26 countries around the globe. Another 160 
are under construction. 

Pressurized water reactors represent more than half of the 
world's installed nuclear capacity and 80 % of the nuclear 
power plants currently planned or under construction. 

This is not surprising, because the PWR has the advantage 
- among other - of being intrinsically safe, unlike other 
processes whose "void coefficient" is positive : in other 
words, in a PWR pressure vessel, ordinary water serves as 
coolant and moderator. In case of water deficiency, the 
nuclear reaction stops because there is no more moderator. 
Whereas in the case of processes using pressure tubes, the 
coolant function is indépendant of the moderator : in case 
of loss of the coolant, the moderator is still present, 
and the nuclear reaction, instead of stopping, can be 
multiplied by 1,000 in less than 1/1000 second. This is 
one of the events that occurred at Chernobyl and 
contributed to the extreme gravity of that accident. 

And this brings us to today's energy situation, here in 
1986, and its uncertainties. 
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The year 1986 shall remaxn, in the world of energy, the 
year of two important events, oil prices remaining 
throughout the year at a very low level, and, in April, 
the accident at the Chernobyl Soviet nuclear power plant. 

Faced with such events, it is normal that public opinion 
and decision makers, all over the world, may wonder what 
general guidelines to draw and what will be the future of 
the nuclear energy. 

This was one of the major questions, that was debated at 
the world energy conference in Cannes, last week, and the 
general feeling that could be perceived in the minds of 
most people was that nuclear energy is and shall remain a 
commercial reliable, safe, and essential source of energy 
for the next century. 

As a French nuclear engineer, I would like to explain to 
you, as clearly and factually as I can , the French 
experience in this area. 

*̂-
2 FRENCH OBJECTIVES AND EXPERIENCE 

As you'know, France decided to develop nuclear energy on a 
wide scale about 12 years ago. Today, the French program 
is already leading to gratifying results : forty large 
PWR nuclear power plants are in operation. They produce 
nearly 70 \ of French electricity. Fifteen other units are 
at different stages of construction or completion. 
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The reason for making such, an effort is simple. France has 
very few energy resources of her own, and has had to rely 
heavily upon imported supplies, particularly oil. 
Therefore, the challenge was to improve, as much as 
possible, her independence by developing "national" energy 
resources. 

To meet such a challenge, nuclear power was the only 
solution. But, to avoid escaping from one dependency only 
to fall into another one, development of nuclear energy 
had to be conducted so as to let France fully control all 
its aspects, including the entire fuel cycle, and the 
design, construction, and operation of nuclear power 
plants. 

Without doubt, we can state today that one of the major 
reasons for the success of France's nuclear power program 
can be summed up in one key word : "standardization". 

Let me recall some of the basic decision- that were made 
in 1973, when the French authorities decided to launch 
this program. '•-

- A large number of plants would be built, but employing 
only one technology. After experimenting with several 
types of reactors (gas-graphite, heavy-water, PWR and 
BWR), Electricité de France selected the PWR technology. 

- The necessary industrial capabilities would be mobilized 
and concentrated in the hands of only a few companies. 
These companies, assured of program continuity and a 
stable market, would be encouraged to make the necessary 
investments in human resources and industrial facilities 
to ensure the success of the program. 
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- A complete and consistent set of codes and standards 
would be established to facilitate regulation. 

- Finally, the program, would include large series of 
identical units, so that Standardization could provide 
the right compromise between the following two 
objectives : 

. First, technical stabilization over as long a period 
as necessary to obtain the expected benefits from the 
series effect. 

. Second, remaining open to . improvements due to 
technical progress and experience feedback. 

In other words, standardization must not mean a frozen 
technology. 

To achieve this objective, and in order to avoid the risk 
of successive and not always fully justified changes, 
France has chosen "discontinuous" evolution. This is done 
by means of successive plant series, each of which 
corresponds to an updated standard. Therefore, each series 
represents one step in a smooth technical evolution, and 
benefits from the experience gained during the previous 
step. 

Let us now briefly identify these successive series. 

- The 900 MWe series (three-loop) 

Based upon a twin-unit configuration, this series began 
with the two units of the Fessenheim plant, contracted 
for in 1970, and the four units of the Bugey plant, 
contracted for in 1970 and 1971. 
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The experience gained in designing these six units led 
EDF to then launch two large series of standardized 
900-MWe class units : 

. The CP1 series, comprising 18 units, ordered in 1974. 
They are built as twin units, with a turbine hall and 
nuclear auxiliaries building common to both units. 

. The CP2 series, comprising 10 units, ordered in 1977. 
They are similar to the CP1 units, but with a radial 
turbine hall, specific to each unit. 

- The 1300 MWe series fl-loop) 

This series, launched in 1976, is made up of 20 units of 
a larger size, more suited to the present French power 
grid. It comprises two standard subseries : 

. The P4, including 8 units in all, 

. and the P'4, with 12 units, similar to the P4 but with 
a reduction in the size of the buildings, as a result 
of civil works optimization. 

and finally 

- The 1500 MWe tor N4) series 

Two units of this series of four-loop design have 
already been ordered. They correspond to the latest 
developments of French technology, with a new steam 
generator model, new reactor coolant pumps and new 
turbine, and advanced instrumentation and control. 
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- The next 5 slides show good examples of the French 
nuclear plants : 

. Two views of the six identical 900-MWe units at 
Gravelines, on the North Sea, totalling 5400 MWe of 
production capacity. 

. Two views of the four identical 1300-MWe units at 
Paluel, on the Normandy coast. This'site was cut out 
of the cliffs, with access to the sea. Paluel with a 
production capacity of 5200 MWe, is nearly invisible 
when approached from inland, until the last moment. 

. One view of Dampierre, 4 x 900 MWe, in the middle of 
France, with its four large cooling towers. 

To summarize, at the present time in France : 

- Thirty-two 900 MWe units are in commercial operation. 
Another two are in the commissioning stage. 

- Eight 1300-tWe units are in operation, and 12 more are 
in various stages of completion. 

- Two-1500 MWe units have been ordered and are already 
under construction, and four more are planned. 

When all these plants are in operation, more than 75 * of 
the electricity produced in France will be of nuclear 
origin. In 1985, 65 \ jf the total French electricity was 
already produced in nuclear power plants, compared to just 
8 % in 1974 ! 



3 FRENCH INDUSTRIAL ORGANIZATION 

To cope with this ambitious program, the roles have been 
distributed within a very cohesive organization, as 
follows : 

EDF. the French national electricity utility, with a total 
workforce of 120 000 people, is owner, prime contractor, 
and plant operator. 

The Atomic Energy Commission. CEA performs part of the 
research and development work, and supplies the necessary 
technical support to the safety authorities. 

A few leading industrial firms design and build the major 
parts of the nuclear power plants. Among them is 
Framatome, which is responsible for the design, 
manufacture, erection, and startup of nuclear steam supply 
systems (the NSSSs), and related auxiliaries. Alsthom is 
responsible for the supply of the turbine and its 
auxiliaries. 

Lastly, Coaema provides enriched uranium fuel for the 
reactors and reprocesses the spent fuel after its use. 

4 THE FRAMATOME STORY 

To build such a large number of nuclear power plants at 
such a rapid pace, the objective being up to six per year 
in France, Framatooe, its affiliates, and subcontractors, 
had to build up and adapt their industrial capabilities. 



Framatome thus invested in a new production factory at 
Chalon-sur-Saône. This factory was built in record time 
and is still a European showcase because of its modern 
equipment and high production capacity. In addition to its 
industrial capabilities already operational at Le Creusot, 
with this new factory Framatome acquired the potential to 
produce key components for up to eight nuclear units per 
year .- eight assembled, reactor vessels, eighteen to 
twenty-four steam generators, (which you can see on this 
slide) depending on the unit model, and eight 
pressurizers. 

Framatome has grown to become one of the world leaders in 
the nuclear power field in only some 25 years, most of 
this growth coming in only the past 12 years ! 

Aided by the powerful research and development (R & D) 
capabilities of the CZk, Framatome s own R & D program 
enabled the company to achieve funl technical and 
technological independence by 1981. That year, the 
licensing agreement with Westinghouse was terminated and 
replaced by a "Nuclear Technical Cooperation Agreement". 

Between January 1, 1980 and September 30, 1986, a total of 
44 nuclear power uni*-'- have been ordered worldwide. 
Framatome won 22 of these orders, the last one being for 
two 1000 HWe units for the Daya Bay site in China, 
formally signed on September 23, 1986. 

5 BENEFITS OF STANDARDIZATION 

A particularly important factor in the success and high 
operating reliability of FramatoiFs PWR units has been the 
standardization policy. 
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The many advantages of unit standardization include : 

1) Simpler relations with the licencing authorities 

2) Minimized risk, the solution to a problem with one 
unit being immediately applicable to its sister units 

3 ) Much more R & D -than could be carried out for a 3ingle 
unit 

4) Controlled backfitting ,M improvements 

5) Seduced design, manufacturing, erection, and 
commissioning times 

6) Improved plant operation, through standardization of 
operator training 

7) Savings on spare parts 

8) Easier maintenance, with reduced personnel radiation 
doses, due to standardized procedures and greater 
applicability of automation and robotization and 

9) Faster buildup of operating experience feedback. 

Let me now say a few words about lead times and 
availability. 

Performance in the field of nuclear island or NSSS 
construction can bz- best appreciated by examining : 

1) The erection and startup lead times, and 

2) the unit availability. 
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The experience acquired by our teams over the past 15 
years has made it possible for Framatome to fully master 
the problems of nuclear construction and to control and 
reduce the unit construction times from the start of 
erection to commissioning. 

In 1978, it took over 48 months for the start of piping 
erection to the commissioning of Fessenheim 1. Since 1983, 
this period has been reduced to 31 or 32 months for 
Framatome FWR units. Moreover, quality was improved at the 
same 'ime. Today, the state of readiness of new units at 
initial core loading is comparable to that of older units 
having already operated for several years. 

Framatome PWR units now have over 200 reactor-years of 
operation. 

The availability of these units has increased regularly. 
The overall "energy availability factor" for French PWR 
units was : 

1) 83.2 % in 1984 (for twenty-eight 900 MWe class units 
in commercial operation), and 

2) 84.3 % in 1985 (thirty-two 900 MWe units in commercial 
operation). 

In 1986, that performance is expected to again remain well 
above 80 %, 

Here, I would like to attract your attention to the fact 
that these factors take the refueling tine into account. 

You know that PWRs must be shut down for refueling. The 
advantage is that refueling becomes a simple, safe, and 
economical solution. The operation is performed using 
simple machines, with direct viewing through 10 meters of 
clear water. 
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Advantage is taken of the refueling outages to proceed to 
make the regulatory inspections of the primary equipment, 
which are required by the French safety authorities, and 
to accomplish useful preventive maintenance activities. 

It must be emphasized that these results necessitate 
constant effort, and that a geat deal depends upon the 
attitude of the personnel. The great importance of 
effective organization and methods must never cause the 
vital role of the human factor in nuclear power plant 
design, manufacturing, and construction to be overlooked. 

6 NUCLEAR QUALITY 

Like the aerospace business, the nuclear industry 
emphasizes reliability and safety. In Western countries, 
stringent nuclear requirements have been applied. This is 
certainly the reason why nuclear incidents have been so 
rare, and why through three and a half decades and 4 000 
reactor-years of industrial operation, not one single 
fatality or environmental disaster was recorded anywhere 
in the world. This model safety record has unfortunately 
been tarnished by Chernobyl. But it should be kept in mind 
that the Soviet plant was not built to the nuclear 
standards that govern the construction of Western 
facilities. 

The rules for design, manufacturing, construction, 
startup, and operation of light water reactors, and the 
corresponding quality assurance is a model for all 
industries where reliability and 3afety are the main 
concerns. 
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Quality assurance is fundamental, because it provides 
safety authorities with full confidence that everything 
has been done to guarantee safe and reliable power plants. 
It makes it possible to analyze incidents and take 
advantage of feedback from operating experience. And last 
but not least, it maximizes equipment availability, and 
leads to the high factors of availability I mentioned 
earlier. 

7 COMPARISON OF ELECTRICITY COSTS 

It also maximizes profit, and I would now like to say few 
words about the production costs of nuclear electricity. 

Supplementary to the recovery of energy independency, the 
nuclear option revealed profitable in terms of kilowatt-
hour cost. 

The following table shows the costs of one kWh in France 
generated by nuclear, coal, and fuel oil plants and broken 
down in : 

- capital cost, 
- operation and maintenance cost, 
- fuel cost. 

These figures (as of 1984 in France) reflect the clear 
advantage of nuclear plants. 

Since 1984 the prices of coal and oil have substantially 
decreased, which is reflected in the following table, 
taking into account the present costs of coal and oil. It 
can be seen that nuclear kWh remains competitive in 
France. 



This other figure shows a further advantage of nuclear 
generated electricity : the small influence of the nuclear 
fuel price on the kWh cost. Nuclear energy is therefore 
relatively insensitive to major changes in the price it 
the energy source, whereas the cost of coal - or oil -
fired kWhs tend to change in the same direction, and 
roughly in the same proportion. In France, the 
competitivity of nuclear power has been demonstrated 
superior to oil and coal, even when the oil price is as 
low as 10 dollars per barrel. 

Sooner or later, fossil-fuel prices will go up again, and 
the benefits for France shall again increase, confirming 
the long-term validity of the choices made in 1973. 

But these conclusions are valid for other countries, too : 
Even for those where today coal or oil may appear more 
attractive or competitive, these curves show that a big 
increase of their prices would not be necessary for the 
trends to be quickly reversed, with nuclear energy again 
becoming more attractive over the long range. 

8 TECHNOLOGY TRANSFER EXPERIENCE 

It would not be proper to describe the French nuclear 
industry without focussing our attention on the care given 
to transfer of technology. 

Technology transfer, which allows reducing the share of 
foreign currency exports from the receiving countries by 
an impleaentation of the participation of its industry, is 
a commanding factor in facilitating the spread of nuclear 
energy to those who may need it. 
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Technology transfer agreements can take several forms, but 
local factors have to be taken into account. It would not 
be realistic, particularly when a project is the first 
nuclear project built in a country, to expect to reach a 
large degree of localization and technology transfer. It 
is more efficient, in this case, to remain on a turnkey 
project basis, which leaves the responsability with the 
Contractor, and gives time for the receiving country to 
acquire experience and to establish its organization for 
future projects. 

Nevertheless, we make a maximum effort to ensure that each 
export project is carried out as smoothly as a French 
project would be, and, in certain cases we can reach a 
very impressive degree of local participation. 

I shall illustrate my point with a typical and highly 
significant example : the KNU 9 & 10 project, twin 900 MWe 
units in the Republic of Korea. 

The KNU 9 & 10 contract, as indicated by the name, did not 
concern the first nuclear units built in Ku:.-%a, but come 
after that country had launched several nuclear projects, 
and had already acquired a lot of experience in the field. 

Therefore, the South Korea's objective was to maximize the 
participation of its industry and to intensify its access 
to technology, in order to reduce further its dependency 
on foreign suppliers in future projects. 

The Koreans organized their industry for that purpose. 
They created KHIC, a major industrial complex, at 
Chengwon, which attracted all the experience already 
existing in various industrial Korean entities. It 
constituted the strong basis on which to develop an 
industrial capability for efficient participation in 
nuclear power projects. 
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The objective set for KHIC was to supply, by themselves or 
through their subcontractors, nearly 30 % of the 
equipment. 

The objective set for the Owner, KEPCO, was to be 
responsible for the construction, erection, and startup 
activities. In that task, KEPCO had to rely upon Korean 
Contractors, for civil works and equipment erection. 

The objective set for the foreign suppliers, including 
Framatome, was to transfer technology to the local 
manufacturer, KHIC, and to convey technical assistance to 
the Owner, KEPCO, to the local supplier KHIC, to the civil 
works and erection companies, during the entire duration 
of the project. 

That is what we did. 

We supplied engineering documentation to the local 
Architect-Engineer KOPEC. 

We also supplied direct assistance, by integrating 
experienced Framatome specialists into KHIC's workshop and 
into KEPCO's site management team. 

He trained many KHIC staff members in France, to 
familiarize them wi<-h our methods of construction. 

Through these channels, we were able to transfer our 
experience and to rapid? help solve the manufacturing and 
construction problems encountered. We had already run into 
most of them in France, so we knew the answers beforehand. 
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The project is not yet completed, since the contract was 
actually implemented in March 1981 and the first concrete 
was poured on February 1st, 1983. Just 66 months later, 
however, we can already see the achievements made, under 
KEPCO's management. As of today, we can now be reasonably 
confident that the target commissioning dates of March 
1988 for KNU 9 and March 1989 for KNU 10 will be met, 
having achieved this project in accordance with schedule 
quite similar to that of a project performed in France. 

If such a success is achieved, this is due mainly to the 
large and efficient effort made by South Korean industry 
and the utility, an effort that is certainly justified, 
because the KNU 9 & 10 units are part of a long-term 
nuclear power program. 

CONCLUSION 

This example helps to draw a first conclusion. 

Starting a nuclear program implies long-range decisions 
and continuity. 

Considerable participation of the local industry can be 
attained, but only in exchange for costly investments and 
continuous efforts to bring the quality level up to the 
high standards imposed by the safety requirements. 

Such efforts probably are justified when we. think on the 
basis of long-term programs, implying several units to be 
built at regular intervals. 
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In that case, and provided that some simple guidelines axe 
adopted and maintained, such as : 

- one reactor technology, 
- one unit size, 
- concentration on a limited number of local suppliers, 

benefits can be expected from the continuity and 
standardization effect. 

But success also implies prudence at the beginning. 
Experience shows, as I already mentioned, that the best 
approach for the first project is to determine a limited 
objective for localization and to leave the major part of 
the responsibilities on the shoulders of the suppliers. In 
this respect, in many cases the turnkey approach remains 
the most appropriate, at least for the supply of the 
electromechanical part, the erection and the civil works 
being handled locally. Then, from one project to the next 
one, local industry can gradually increase its 
participation. 

Of course, such a major effort implies confidence in the 
future of nuclear energy. For our part, we are convinced 
that the demand for energy will continue to grow in the 
years to come. Energy is cheap and easily available today, 
but new energy crises may very well happen in the future. 
The example of France demonstrates that nuclear energy is 
already a powerful tool available to produce safe, 
reliable, and competitive energy. Over the long range, we 
are convinced that its contribution to the world energy 
picture will have to be sharply increased and that it will 
have to become available much more easily than it is today 
to countries that will be needing to implement it on their 
own territories. 

- 17 -



Progress will have to be made to help developing countries 
to gain access to this energy source. Along the way, many 
problems will have to be solved. 

For instance, to date nuclear energy has grown up in large 
industrialized countries and this is reflected in the size 
of the nuclear units generally built, from 900 to 
1500 MWe. 

New models, of a smaller size, better adjusted to the 
needs and size of smaller electrical networks, will have 
to be (?-signed and tested. 

We are presently working on the development of such a 
model, which shall benefit from the cumulative experience 
of the French nuclear industry. This point is extremely 
important, because we know how much any country that 
intends to acceed to nuclear energy attached great 
importance to proven design and would be reluctant to 
consider building a plant that would be the first of its 
kind. 

This problem of size is not the only one to be solved. It 
is true that nuclear energy remains a capital intensive 
industry, that it takes a long time between the decision 
to implement it and the realisation of the first benefits, 
and that it implies an opening to a new technology, 
requiring efforts of adaptation for the receiving country. 
Efforts have to be made by everyone in all these fields, 
to develop new mechanisms of financing, share 
responsibilities, and build up mutual confidence between 
the supplier and the receiver. For our part, we at 
Framatome firmly intend to participate actively in these 
efforts. 

Thank you for your attention. 
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6 THE FRENCH NUCLEAR PROGRAM 

CHALLENGE : IMPROVE ENERGY INDEPENDENCE 

MEANS : NUCLEAR ENERGY 

GOALS : . MASTERY OF RELATED TECHNOLOGIES 

. EFFICIENCY AND OPTIMIZATION 

OF INDUSTRIAL EFFORTS 

KEYWORD : STANDARDIZATION 



6 BASIC DECISIONS 

. SELECTION OF A SINGLE TECHNOLOGY: PWR 

.CONCENTRATION OF THE INDUSTRIAL 
CAPABILITIES AROUND A FEW PARTICIPANTS 

. DEVELOPMENT OF A COMPLETE AND COHERENT 
SET OF CODES AND STANDARDS 

. PROGRAM OF LARGE SERIES OF IDENTICAL UNITS 

D3 



e FRENCH NUCLEAR PROGRAM 

56 UNITS 

900 MWe —m 
- PRE-SERIES 
- CP 1 SERIES 
- CP 2 SERIES 

( 3-LOOP TWIN UNITS ) 
6 UNITS 

18 UNITS 
10 UNITS 

. 1300 MWe — 
- P 4 SERIES 
- P'4 SERIES 

( 4-LOOP SINGLE UNITS ) 
8 UNITS 

12 UNITS 

• 1500 MWe — 
- N 4 SERIES 

( 4 - LOOP SINGLE UNITS ) 
2 UNITS ORDERED TO DATE 
4 UNITS UNDER PLANNING STAGE 

Oil 



6 .NUCLEAR POWER UNITS EQUIPPED WITH FRAMATOME PWRs 
Domestic program 

1955 

1955 

Ion l ine 
| j un 

U n n * s e « r r . ^ P l a n n e d 
Total units : 61 
Aggregate capacity : ca. 66,000 MWe 

2000 

2000 
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ORGANIZATION OF THE FRENCH NUCLEAR INDUSTRY 
CEA 

RESEARCH AND 
DEVELOPMENT 

FRAMATOME 
• NUCLEAR PART ( NSSS ) 
• FUEL ASSEMBLIES 

FRENCH UTILITY 

COGEMA V 
FUEL CYCLE 

-ENRICHED URANIUM! 
SUPPLY y 

-REPROCESSING ' 

ALSTHOM-ATLANTIQUE 
TG AND CONVENTIONAL 

SYSTEMS 

CIVII. WORK COMPANIES 
CONSTRUCTION 

DÀA 



6 BENEFITS OF STANDARDIZATION 
- SIMPLER LICENSING 
- MINIMIZED RISKS 
- MORE R & D 
- IMPROVEMENTS BACKFITING 
- REDUCED TIME 
- IMPROVED OPERATION 
- SAVING ON SPARE PARTS 
- REDUCED RADIATION DOSES 
- FASTER EXPERIENCE BUILDUP 

DAS 



È PLANT CONSTRUCTION LEAD TIMES 

ORDER ON LINE 

FSH 1 , FSH 2, BG 2, BG 3 74 MONTHS 

TN 1, GR 1 72 MONTHS 

BG 4, DA 1, TN 2, GR 2, DA 2 68 MONTHS 

BG 5, TN 3, GR 3, DA 3, SB 1, TN 4 64 MONTHS 

OTHER UNITS UNDER CONSTRUCTION 60 MONTHS 



f ] POWER GENERATING COSTS 

- COMMISSIONING DATE : 1992 
- CURRENCY UNIT : FRENCH CENTIME AS OF JANUARY 1, 1984 
- ECONOMIC LIFE : 25 YEARS 

NUCLEAR COAL(1) OIL 

CAPITAL COST 

0 & M COSTS 

FUEL COSTS 

12.1 

4.3 

6.4 

8.2 

3.5 

20.9 

6.8 
3.0 

63.0 

TOTAL 22.8 32.6 72.8 

SOURCE : E.D.F.<6 84) (1) DESULPHURIZATION COST NOT INCLUDED 



ft POWER GENERATING COSTS 

BASED ON CURRENT 1986 COAL AND OIL PRICES 

NUCLEAR COAL OIL 

CAPITAL COST 

0 & M COSTS 

FUEL COSTS 

12.1 

4.3 
6.4 

8.2 

3.5 
16.9 

6.8 

3.0 
32.7 

TOTAL 22.8 28.6 42.5 
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ft POWER GENERATING COSTS 

o 
• C 

O o 

OIL 

COAL 

NUCLEAR 

T 
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6 KNU 9 & 10 PROJECT ORGANIZATION 
( 2 x 900 MWe UNITS ) 

PROJECT : KEPCOC Korean 
MANAGEMENT utility ) with support 

Of FRAMATOME 

NUCLEAR ISLANDS FRAMATOME 
( Design and supply ) 
CONVENTIONAL ISLANDS : ALSTHOM-ATLANTIQUE 
( Design and supply ) 

ERECTION : KEPCO ( with support 
AND CONSTRUCTION of FRAMATOME ) 

ENRICHED URANIUM COGEMA 
SUPPLY 

FUEL ASSEMBLIES FRAMATOME 
( Design and fabrication ) D " 


