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1. EDF EXPERIENCE AND MUCLEAR ELECTRICITY GENERATING PROGRAM IS FRANCE

The annual nuclear equipment investment program of Electricité de France will
attain around 7,000 MF (constant value 1975) between 1977 and 1985. EDF is
attempting to minimize overall cost of tbs operation, which includes designing,
building and operating these new generating facilities. The investment represents
only part of the total expenditures in the overall cost.

In addition to the investments proper, the overall balance should make allowance
for cost of possible commissioning delays and cost of functional shutdowns due
to incidents. In view of these considerations, EDF has adopted an equipment
policy based on the technical series concept.

1.1 TECHNICAL SERIES POLICY

1.1.1 Experience acquired by EDF on conventional thermal facilities

Thirty-seven conventional 250 MW capacity thermal units have been successively
connected to the main electrical grid between 1961 and 1971.

A provisional commissioning date was set for each of these units by the EDF
engineering office responsible for its construction.

If the amount of energy the unit could have produced one year after this theore-
tical date is compared with the energy these .same facilities: actually provided
to the user in the same period, the ratio of these two quantities is called the
generation factor. This factor reflects the consequences of schedule delays (or
advances) that have occurred during construction and the operating incidents of
the first year, as illustrated in the attached diagram. The first series of
eight units has achieved only an average generation factor of 22 %. These units
were mainly coal or oil-fired prototypes.

In the second series represented, the twenty units considered are not of a um'-\
form nature both with respect to fuel used (coal, fuel oil, gas) and to facility
and equipment operation design. Their generation factor is only 37 %.



In contrast, the last series is distinguished by a generation factor of 90 %.
The nine units in this series have in fact benefited from the engineering
methods which allowed to exploit operating experience and led to production
of a series of units grouped on a small number of sites, with the object
of securing identical design, layout and - insofar as possible - equipment.
The significant benefit of standardization is thus illustrated.

A new series of oil-fired 700 MW capacity units followed the 250 HW series and
the last of these units are now in the startup phase. The series has been con-
siderably reduced owing to the recent increase in the cost of fuel oil.

1.1.2 Technical series policy and technological progress

The technical series policy implemented for fuel oil fired thermal plants has
been renewed for the 900 14! level pressurized water reactor nuclear plants.
But how can this policy be justified in view of the increasingly efficient
and less expensive facilities?

Technological progress, which undeniably generates economical progress in the
long run, is most often offset in the beginning by adjustment difficulties and
equipment outage.

Consequently, standardization begins to make beneficial contributions after
startup of the first identical units, which accumulate all the "teething"
difficulties. The number of units selected for the technical series should
result from study of a trade-off between the gain secured by rapidity and
safety of the construction and commissioning of the proven units on one hand,
and the benefits that woulo be provided by use of new techniques or more power-
ful components , which produce the subsequent series.

For the duration cf the level, the engineering potential is used to correct
defects that have occurred during operation rather than to innovate.



Manufacturing quality improves in the workshops and inevitable rejects are no
longer disastrous owing to use of the subsequent parts. During plant operation,
the operating and maintenance teams acquire ir,-depth knowledge of equipment
and systems beneficial to subsequent plants in the series. Lastly, an incident
in one plant can in i t iate corrective action in the others.

An intermediate solution involves introducing"groups" of units within the same
series in order to allow taking into account certain improvements or safety
requirements without, however, modifying power output or basic general measures
adapted for the series. The following chapter provides an example of "groups"
of units that exist within the 900 MW level of PWRs at EOF.

Jt should be noted that electrical u t i l i t i es nearly everywhere are interested

in the beneficial effects of series of identical units, for example American com-

panies which are associated to promote a standard project (SNUPPS) adaptable to

the special requirements of selected sites.
\

1.2 EDF SERIES OF PWR 900 MW LEVEL UNITS

The units being built by EDF as of December 31, 1976 are currently the following

SITE

Fessenheim

Bugey 2-3

Bugey 4-5

Tricastin

Gravel ines

Damp 1er re

Le Blayais

Saint-Laurent

Chinun

CAPACITX M

2 x 890

2 x 925

2 x 905

4 x 905

4 x 925

4 x 905

2 x 925

2 x 905

2 x 900

INDUSTRIAL COMISSIGfIING

1977-1977

1977-1978

1978-1979

1978-1980

1979-1980

1979-1980

1980-1981

1980-1981

1982-1983

GROUP

A

B

B

CPl

CPl

CPl

CPl

CPl

CPl



This table allows to gauge the importance of the amount of identical units in
each series.

1.3 TRANSFORMATION OF FRENCH INDUSTRIAL STRUCTURES

Compliance with deadlines o1 such an extensive program presupposes an industrial
capability and organization which public officials and companies involved have
attempted to implement beginning several years ago. Large French companies have
thus been led to equip for meeting the EDF program requirements, and also for expo
activités if necessary. The total investment expenditure for this purpose in
1974, 1975 and 1976 by French NSSS and turbine generator manufacturers exceeds
1,300 MF. Numerous other industries have also had to take significant steps
toward equipping themselves, particularly the valve manufacturing industry and
many specialized subcontractors.

2. CONTRIBUTION CF FRENCH NUCLEAR PROGRAM TO EXPORT REQUIREMENTS

The desire to capitalize on the investments granted by the French nuclear indus-
try and the experience acquired in carrying out the national program are the
two main reasons which lead French industrialists to offer their services to
the countries whose economic development requires construction of nuclear elec-
tricity generating units.

It is certain that, if an order is placed, the foreign customer will benefit for
his own facilities from the industrial machinery set up for the national program.

Should a French reference plant be adopted for the exported plant,additional
advantages would be added to the preceding one in certain areas, such as ;

2.1 ENGINEERING

VHt-h regard to conceptual design, use of the standardized series provides not
only the possibility of referring to all EDF or manufacturer documents common
to all units cf the series, but also of referring to documents specific to
each unit.



The technical provisions adopted for a series include :

a) those reapplied in the same manner whatever the site, and which should
of course be reflected in the exported plant,

b) those which have undergone adaptations in view of French site conditions.

In the latter case, choices may be exercised among the solutions studied and
adopted for the French plants. The exported plant benefits from these studies.

2.2 FACTORY MANUFACTURING

Special emphasis should be placed on manufacturer capabilities, the quality
assurance program established, the possibility of coping with consequences
of fabrication reject for a part owing to presence of the subsequent part,
and the perfecting of means and methods specific to any manufacturing program
including important series of identical components.

However, integrating the manufacture of main components for the exported plant
in the series of components intended for the French plants can only be consi-
dered, insofar as fabrication standards of manufacturers are not altered by
superimposing other required standards. Otherwise, the high safety advantage
afforded by mass production is lost and the difficulties of unit production
with distinct specifications are raised again.

2.3 ON SITE CONSTRUCTION AND STARTUP TES'ÏING

EDF and the major manufacturers have developed capabilities for programming
construction of nuclear power plants. The scheduling methods adopted include,
in particular,the implementation of a general construction schedule.



This schedule covers supervision of administrative procedures, subcontracting
phases, civil works, all the onsite construction, erection» testing and commis-
sioning operations. The schedule provides a general view of progress for the unit
considered.

On the actual construction site, EDF performs coordination and supervision of the
contractors with respect to quality, financial management of work remunerated on
a lump sum basis, and storing.

Lastly, EDF and manufacturers have set up an integral planning schedule for all
the tests required during industrial commissioning of a unit.

The knowledge and experience acquired are also used for export requirements.

2.4 PREPARATION FOR PLANT OPERATION

EDF, owner and architect-engineer, is also operator of its power generating
facilities.

Consequently, the design and startup of facilities benefit from the approbation
'. of experience owing to the close relations existing between the "Direction de
i
'; l'Equipement" and the "Service de la Production Thermique".

EDF contributes its experience and assistance to French manufacturers in the
fields of plant operating organization, personnel training, and quality assurance
insofar as these questions affect plant design or appear in the supply contract,

Thr French nuclear industry thus has a national program as a solid reference
basis. Depending on the industrial erection operations performed for each project,
which most often derive from financing requirements, French nuclear industry
can propose either a complete turnkey plant, or a part of the plant : conventional
or nuclear island, NSSS or turbine generator.



Several examples of reference rcodeT adaptation to special conditions prevalent
for the plant considered, taken from these two different types of contracts, are
discussed be'low. In both cases, adaptation is carried out with the aim of main-
taining, insofar as possible, the important options taken forthe reference EOF
experience in fact provides assurance that reuse of proven measures makes i t
possible to guarantee maximum re l iab i l i ty .

3 . CONSTRAINTS GENERALLY REQUIRING ADAPTATIONS

The importance of choosing a reference plant and series, as well as the plant
model used for exporting has been emphasized in the preceding sections. I t i s ,
however» obvious that duplication is limited by various constraining factors :

3 .1 SITE FEATURES

The choice of the plant site may bring about certain changes compared with the
reference plant. In particular :

- The main cooling water characteristics (sea or river temperature, etc.) are a
primary factor for choosing the appropriate type of reactor coolant system
(open or closed, with cr without cooling), in the condenser characteristics
and in the design of the pumping station.

- The capability of c iv i l work structures for providing suitable seismic resis-
tance is dependent on the site geology ami seisraicity. The spectra for floors
in buildings iiiay have .an influence on the choice of mechanical and electrical
equipment.

- Environmental considerations include population density around the plant, nearby
industrial f ac i l i t i es , and availableaccess routes (railway l ines, roads).



Such data may be a factor used in designing the plant and its immediate surroun-
dings.

3.2 REGULATIONS OF THE IMPORTING COUiVfRY

The lack of coherent international regulations may lead the importing country
to apply regulations whose specific features generally have significant conse-
quences on plant design, especially with regard to safety regulations, heat
released to the river and the conditions which allow for external hazards.

3.3 SPECIFIC REQUIREMENTS BY THE PLANT OWNER

Some plant owners require that for plant design special rules which are connected
with their past experience or with specific needs such as desalting sea water be
complied with.

bach adaptations are consequently of two different types :

The first ere absolutely necessary whereas,vthe second depend entirely on the
client's wishes.

In the latter case, dialogue must be established between the parties concerned.
Even though the contractor has the right to carefully review the client's
wishes, the latter should not under-estimate the inconveniences inevitably caused
by modifications made in a proVen reference plant design. The customer should
also keep in mind the fact that costs stemming from additional investments and
subsequent equipment outage generally involved in such modification which lead to
adopting untested measures or prototype equipment used to meet the required rules
or provisions.

4. EXAMPLES OF ADAPTING TC SITE CONDITIONS

The following sections provide some examples of equipment adaptations made in the
French 900 MW "CPi" type reference plant to meet, the specific requirements of plant
sites in South Africa or Iran. These examples are used to illustrate the efforts
made to limit the extent and therefore the impact, of modifications under study in



comparison with the reference plant.

4.1 SEISMICITY Al-ID TYPE OF SOIL

Few plants have been located to the present in seismic zones. The solutions
generally adopted for constructing plants in such zones has involved reapplying the
the design existing for non-seismic zones and reinforcing it to resist seismic
forces resulting from larger scale seismic activity.

The study of a structure shows that internal damping of the materials is a highly
significant factor. Consequently, behavior of the concrete structure is determined
by soil behavior. This phenomenon is increased by the high degree of building
rigidity.

Soil modelization,study of soil and structure interaction and schematic figures used
for buildings are not represented accurately enough in the calculation methods
presently used. Furthermore, the elastoplastic behavior of the soil and the mate-
rials is poorly known, whereas the maximum amount of energy is absorbed during the
plastifying stage.

Nuclear power plant safety therfore mainly depends on the knowledge of elastcplastic
behavior of the soil. Behavior of the latter can, hov.'aver, only be observed exper-
imentally under small loadings, which are much less than those developed during
a SSE (safe shutdown earthquake) type earthquake.

In order to solve such problems, the solution adopted for the KOEBERG nuclear
power plant in South Africa is to insert a fil.ter between the structure and the
soil ; this filter isolates the nuclear island from the soil and only allows
passage of materials which are determined by the filters specific features.

Installing this filter makesi't possible to virtually reuse the design and equipment
of the French reference plant.

The choice of this process by placing a nuclear island of standard design on a single
raft and paraseisroic pads reduces the problems involved to those associated with
connecting systems required for nuclear safety (for instance : emergency cooling
water supply).

10



The double raft design which results from using paraseismic pads also reinforces
protection of the ground water table.

4.2 AVAILABLE COOLING WATER

The IRAN 3 and 4 nuclear power plant is located on the Karun River 60 km north of
Abadan.

The Karun River is characterized by irregular flow rates, water heavy with solid
particles, and high water temperature in summer.

These various conditions have a direct influence on the choice of the turbine and
the condenser, as well as the pumping station arrangements.

4.3 ATnOSPh1ERIC CONDITIONS

Atmospheric conditions in some cases require adapting electrical equipment normally
used in France. Therefore, the high temperatures prevalent on the site chosen for
IRAN 3 and 4 require : J

- increasing capability of the transformers' cooling units,

- changing the insulation for cables (chemically cross linked polyethylene instead
of PVC),
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- changing tho type of insulating materials used for motors, which allows
the latter to operate at a higher temperature without changing the motor
size or downgrading their classification,thus avoiding any additional
penalties for startup current.

The pollution conditions on the Iran 3 and 4 site stemming from sand or dust
winds require maximum usage of high voltage SF 6 insulated equipment, which
is coming into widespread use in France for both nuclear power plants and
coastal substations to cope with sea water pollution.

Certain adverse climatic conditions may require increasing the power of the
exported nuclear plant auxiliaries well, above the values chosen for the plants
of equivalent capacity in France. This results in modifying the power distri-
bution scheme of the plant auxiliaries :

a scheme similar to the one adopted for the 1300 MW level EDF nuclear power
plants (stepdown transformer with 3 secondary windings) will allow, for example,
the customer to benefit from the studies made for this series thus avoiding
resorting to specific and therefore usually prototype solutions.

It should be noted that the power supply scheme for the plant auxiliaries depends
to a great extent on the characteristics of offsi te plant power sources. Contacts
between the contractor and the official agency responsible for electricity
transmission should take place at an early date in order to permit studying the
draft project.

4.4 HYDROLOGICAL CONDITIONS

Another example of adapting to local conditions is the protection of Iran 3
and 4 against floods which may be caused either by an exceptional rise in the
Karun level or by a submergence wave due to failure of one of the retention
dams located up stream, already existing or under construction on the Dez River
(3.3 x 109 m3 of accumulated water) and on the Karun River (2.7 x 109 m3) or
planned for the Karun River (more than 6.5 x 109 m3) • The level of plant pro-
tection is established by taking into account the probabilistic concurrence of
these two events and the actual characteristics of the site and water flow.
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Plant protection is generally provided by setting the terrace level on which
the plant is built above the highest level reached by the river water as cal
culated for the plant site.

In the case of Iran, the large amount of water held upstream from the site
would result, in spite of the flatness of the site, in a terrace level far
too high with respect to the natural ground level and would involve excessi-
vely high plant costs.

4.5 ENVIRONMENTAL DEMOGRAPHY

The waste treatment systems are designed to comply with legislation, particu
larly for the following points :

In France, as well vas most countries, the MPD for the public and for the
whole body is 500 mrem/year. In practice, individual doses are far below
this value and the waste treatment systems can meet the most stringent li
mits (etg. 25 mrem/year required by South African legislation).

Specific regulation for doses received by the population can necessitate new
d°sign of the waste treatment system, especially if application of ICRP
criterion 22 is desired which leads to systems optimization in accordance
with a cost - benefit analysis.

Providing additional investments are made, the waste treatment systems can
in fact always be improved by installing other equipment andaccordingly
reduce the doses received by the population. Moreover, if a man-rem cost is
set, system improvements can be continued until the benefit obtained by
dose reductions is no longer compensated by the cost of supplementary
equipment.
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The conclusions of this study, in which the demographic factor is a deci-
sive parameter, can result in either simplification or greater complexity
of the waste treatment system involving differences with respect to the
reference plant, the hazards of which have been emphasized.

4.6 NETWORK CHARACTERISTICS

Operational and safety considerations require that a nuclear power plant
be connected to two separate networks :

- power transmission network,

- standby network for supplying safety equipment in the event of main grid
loss and unit trip.

The power supply arrangement for the auxiliaries depends on the character-
istics of offsite power sources and on the power balance of the auxiliaries
as noted previously.

Since offsite power sources and power balence of the auxiliaries vary from
one site to another» the auxiliaries power supply arrangement has to be
totally redesigned for each new project.

To sufficiently assess features of the offsite power sources, contacts
should be established between the contractor and the electrical utility
of the country considered very early in the preliminary project stage.
The utility should have the answers to certain questions on such subjects as :

- the latest inventory of production capabilities and anticipated development,

- present state of the electricity network and anticipated developments,

- short circuit capacity of the networks at the future plant location^

- protection principles (line protections, busbar protection, breaking)

- protection operation periods,

- statistical operating data for failure frequency assessment,
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- network frequency and voltage variation ranges under steady state and
exceptional operating conditions. If voltage and frequency variations
are known, limits can be established that are compatible with equipment
needed for operation of the unit and network requirements,

- automatic or manual actions anticipated in the event of serious distur-
bances (load shedding or frequency thresholds, synchronism break detection),

- amplitude and maximum daily plant load variation rales.

5. EXAMOLES OF MODIFICATIONS REQUESTED BY CUSTOMER

In addition to adaptations related to the plant environment, others may be
requested by the customer or by the architect engineer selected by the
customer in the case of a plant ordered in separate packages. In this case,
both seek to impose their practices on the contractors.

5.1 MODIFICATIONS ON TECHNICAL GROUNDS

General plant layoutdrawings can be supplied by the customer. In this case,
the contractor must, review the entire layout of components and the associated
calculations such as for mechanical resistance to various loadings (static,
thermal, dynamic) and for operational calculations (pressure drops in the
systems, differential component movements, piping flexibility), etc.

System designs can also be laid down by applying the architect engineer's
practices. One example is the boron thermal regeneration system using resins
to store or release boron, depending on the temperatureof the water flowing
over them. This process is often recommended by American architect engineers,
whereas technical and economic studies have led the French to avoid its use
in all their plants. The main reasons for this choice were the cost of the
kWh, of a cubic meter of demineralized water, of a steam thermal unit and
of a ton of boric acid.
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Another example is gaseous waste treatment for which a large number of
processes exists, ranging from plain filtering through active charcoal
prior to release up to total onsite storage for an indefinite period.
The choice among the various processes between these two extremes can be
determined for each site by a cost-benefit study. In addition to the man-
rem value which is the decisive parameter , this type of study requires
accurate knowledge of meteorological conditions on the sites atmospheric
dispersion factors, population in the area and forecast development for
several decades. The gaseous waste treatment system used in French plants
uses active charcoal and HEPA filters and a 60 day storage facility for
decay before release.

AnoL'.er example of modification for technical motives is the problem of
voltage levels on the medium and. low voltage panels of the plant. Some
foreign customers require different voltage levels from the ones normally
utilized by the contractor, for example, 1OkV and 660 V instead of 6.6 kV
and 380 V, respectively, which are the voltages that have been in use for
many years in all French plants, thermal or nuclear. In their field as in
many others, standardization on a European scale would be a great advantage
to all, electrical equipment manufacturers as well as buyers.

Customers also sometimes make special requests for safeguard systems in
view of the time needed for licensing their plant. They know that certain
arrangements will have less difficulties with national safety official
than others. Therefore they will tend to require them from the beginning.

Examples of this are the Doe! 3 and Tihange 2 NSSSs for which, following
the French model, safety' injection and residual heat removal systems had to
be designed.-with three completely separate lines, each capable of performing
the entire function.

In the same manner, an emergency plant cooldown system in a bunker that
cannot be entered during plant operation, has been built into these two
plants at the customer's request.
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The object of tin's system, riot used in France, is to protect the nuclear
part of the plant against external hazards (plane crash, explosion or fire
of a hydrocarbon container, sabotage), which would lead to total destruction
of life on tha site and the total isolation of the plant from offsite elec-
trical power sources.

Obviously, the impact of such systems on the entire plant is very great,
and even if the investment can be partially justified by the gain in licen-
sing time, it remains to be demonstrated that the plant availability is not
affected, despite all precautions taken.

These examples illustrate the many problems that can arise from extensive
modifications of plants, in particular as regards scheduling engineering
costs and problems with construction in general.

5.2 MODIFICATIONS CAUSED BY THE CHOICE OF NATIONAL MANUFACTURER

Specific techniques can be required over others proposed by the Contractor
for technical reasons by the customer or his architect engineer which can
have doubts on a given technology they have not experienced, or to give
local subcontractors advantages (e.g. instrumentation and control).

6. MODIFICATIONS CAUSED BY INTERFACE WITH OTHER MANUFACTURERS

These modifications are mainly due to interfaces with the secondary side
of the nuclear plant. Design of the feedwater plant can in fact vary
according to the manufacturer.

For example, the presence of a condensate deaerating tank changes the steam
generator feedwater system design and the corresponding controls. This
is. also the case for the feedwater pumps whose number, type (motor driven
or turbine driven) and operating mode (single displacement, variable dis-
placement, electrical or with gear reducer) have a direct effect on the
study of the nuclear power plant transients and hence on the protection
systems and their control.
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The design of the turbine steam bypass system also is an important interface
factor for the NSSS. It can be designed for a total load rejection from
100 % to power level of the auxiliaries (operating on house load), or
only 50 % load, shedding.

Steam can be dumped either completely to the condenser (as in all French
plants), or only partially.

7. CONCLUSION

After presentation of the development which led EDF to implement a technical
series policy for fuel oil fired thermal power plants and renew this policy
for nuclear power plants, it has been demonstrated, first of all,that the
extensive national program provides a valuable support for manufacturers ex-
porting to foreign markets. Furthermore, it frequently happens that foreign
customers must reconcile the desire to benefit from advantages offered by
reproduction of a reference plant, and the desire to obtain compliance with
their own requirements or those derived from local regulations. Secondly,to
the extent foreign customers are willing to follow the example of EDF-which
checks the natural tendency to add finishing touches when each r.faW plant is
started-and has preferred to scrupulously apply its technical series policy,
the national program could allow manufacturers to offer foreign customers
advantages comparable to those providsd in France.
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TRAtvCfîES THERPdIQUES 250
Quantité d'énergie mise à la disposition de ,"utilisateur
12 mois après la date de mise en service prévue.
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