
It also seems necessary at the front end of each tranche of designs, 
if significant capital savings are to be made. This means: 

a. A few 'international' designs must be developed which 
satisfy utilities' needs and are supported by large 
international consortia, both in design and financial terms. 

b. The safety and licensing aspects of each design must be such 
that the same safety case will achieve a license in any 
country without modifications - in other words, a realistic 
international safety standard which will permit one-step 
licensing in each country is an essential (and short-term) 
goal. 

c. Plant ordering must be coordinated to achieve the benefits 
of learning-by-doing through (and between) each design 
tranche and to avoid manufacturing, construction, licensing 
and commissioning bottlenecks. 

d. Single-tender contractual procedures such as option 
agreements must be developed which constrain prices on 
subsequent orden, so as not to lose any benefits which wider 
competition between contractors is said to provide. 

If these steps can be achieved there will be corresponding savings 
from pooled designs and resources throughout the operating and 
decommissioning phases of the life cycle. These will arise from 
shared technical support, shared operator and maintainer training, 
shared tool developments, and so on. While it is clear that any 
well-developed and proven technical development will offer future cost 
savings, the amplification of these savings through the avoidance of a 
multiplicity of differing 'local' designs will be much more 
significant than the size of the original saving. 
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Abstract 

The franch program la certainly specific to the frtnch context but It 1* 
• lars* and a real experlaent of standardized eerlea of unite from which v« 
can abstract the main Idea* and ranges available In different contexts. It 
was estimated that the standardized part could reach more than 60X of the 
capital cost and this percentage does not take into account a regionalized 
part which also could have been stendardized. The stain condition is a large 
program which could be issued from a country or a partnership between 
different countries. That mesne, common terms of reference, lists of 
standardized equipment, sane design documents. With a levelized rhythm of 
erection, beneficial effects of the series could be expected. The scale 
effect is fairly vellknown, also we can wonder for instance about the choice 
between five units of 600 HW end three units of 1000 W . The anawer is 
depending on the number of units and on Che discount race. 

I MAIN CHARACTERISTICS OF NUCLEAR POWER PLANTS 
STANDARDIZATION 

The standardization of nuclear power plants is based on the decision for 
a single technology, the choice of a sole architect-engineer, and the 
definition and application of precise design and construction 
specifications, in order to build a series of identical units. 

1.1 Goals and advantages of standardization 

The general goal of nuclear power plants standardization is to 
dispose, at the lower cost, of electricity generation facilities, which 
form a safe and high-performance industrial tool capable of 
assimilating, mastering and improving the technology of nuclear 
power plants. 



One of trie advantages of standardization refers to the design 
studies and engineering work : the development of a standard 
model, that can be adapted to the conditions prevailing in different 
sites, considerably lightens the engineering workload. Extensive 
design and test means can be concentrated in the first units of a 
series, so that in-depth studies can be undertaken for system 
design, for suitable installation and for optimized equipment quality. 
A Safety Analysis Report is set out for the standard model, and thus, 
after approval from the Safety Authorities, this document is available 
for the whole series. 

Standardization is also beneficial to construction times : studies 
carried out for the first-off units are available in good time for the 
following units : the fact of components being identical mean that a 
component intended for the next unit can be substituted for a 
defective component ; each new unit under construction benefits 
from the experience gained from the others and each improvement 
made to one is immediately applied to the whole. 

Standardization allows to structure the production industry 
efficiently: it enables the manufacturers contractors to plan their 
work schedules and requirements on a long-term basis and thus to 
improve their productivity. 

By another way. standardization makes it possible, when the plant is 
in operation, to take advantage of feed-back from experience, to 
anticipate maintenance work, and to train the operators on 
simulators. And in view of the number of units, the number of spare 
parts to be kept in stock is relatively low. 

More generally, those carrying out the program (architect-engineer, 
project manager and operator), because of the repetitivity of the 
work, acquire in-depth know-how and thus, mastership of all 
operations. 

So. each of these standardization benefits leads to a reduction of 
corresponding costs, because of the induced series effect: studies 
shared by several units have a favourable impact on architect-
engineering cost improvement of productivity for repetitive 
operations reduces the construction cost, shorter delivery times 
result in lower interest during construction charges. 

Limits end drawbacks of standardization 

For a nuclear program being developed on several sites, over a 
period of about ten years, standardization comes up against two 
main limitations : 

a) Each site is characterized by geological and seismic data, a cold 
source, a geographical, industrial, human, climatic environment, 
etw.. and mere is no question of defining a standard project 
suitable for all the different sites. Similarly, it is inconceivable to 
be able to choose sites which could agree to a given standard. 

Therefore, the standard must be designed so that adaptation to 
each site recognized as convenient, may be possible. 

b) Technology is continually developing and thus standardization 
must find the middle road between two conflicting aims : to 
stabilize the techniques for a sufficient period of time in order to 
draw the benefits from series construction, and to leave the way 
open to improvements because of technical progress, feedback 
of experience and regulatory requirements. 

Regarding the standardization drawbacks, it is often objected two 
mam ones : 

• The risk of a generic incident, important enough to require the 
shutdown of every unit of the series. In fact, french experience 
showed that !nce the commissionnings were spread over 
several years, a generic event did not occur at the same time on 
each unit ; on the contrary, standardization can enable a 
common action plan to be defined for every unit, without any 
appreciable consequence on the total electricity generation. 

- The situation of monopoly issued from the possible selection of 
a sole constructor for the main components. That could be an 
economic and commercial problem, but it is probably favourable 
for the equipment quality and safety. And it can be noticed that 
such a monopolistic situation is not inevitably to be associated 
with standardization : a large participation of the architect-
engineer in the components studies could allow industrial 
competition for the equipment supply. 

II WHAT PART CAN BE STANDARDIZED ? 

2.1 Standerdlzable part 

So as to make up a standardized nuclear power plants series, total 
identity between each unit is demanded for: 

• functional, instrumentation and control systems, 

• equipment, components and circuits. 

installations, and consequently the buildings and structures 
containing the equipment. 

Conversely, foundations, waterstructures, accesses and connection 
to the grid are specific to each site. 

Yet, it can be chosen not to actually fully standardize the whole 
standardizable part, especially for local industrial policy reasons. 



That last option was taken tor the French nuclear PWR program : 

Thus, the power block, including the nuclear island and the turbine 
hall, is standardized. Sizing of systems and equipement was 
performed with an average envelope of the site conditions 
encountered on most of the French potential sites. This decision was 
especially valid for the ventilation system, the auxiliary cooling 
system and did not cause significant overcosts. 

Even when it was absolutely necessary to adapt the equipment to 
special site conditions, its interfaces with the surroundings were, as 
far as possible, kept unchanged. Thus it was possible to preserve 
the identity of the civil works and of the installation of the building 
where the equipment was located. The condenser is the most 
distinctive example, with its heat exchange area dependent on the 
cold source type but housed in a standardized turbine hall. 

The difference of levels between nuclear island and turbine hall can 
be changed, thus permitting an optimization between the costs of 
circulating water pumping and earthwork, without affecting any of 
the buildings. 

The site auxiliary buildings (production of the general service fluids, 
site electric source switchboards.) and the operation buildings 
(workshops, warehouses, administrative buildings) may also be 
standardized. On the contrary their layout on site is to be studied 
case by case. 

So. for the French nuclear program, the standardized part can be 
estimated at about 65 % of the total base cost (i.e construction cost 
+ architect-engineering cost). This percentage does not include the 
main civil works erection, with which local contractors are entrusted 
although the design and installation of every main building are 
standardized ; the main civil works contract is a good example of 
what can be called a 'regionalized" contract. 

So we can estimate that the whole standardizable part could reach 
more than 75 % of the capital cost. 

2.2 Non-standard part 

The following parts cannot be standardized since they depend on 
constraints, which are specific to each site . 

the foundations and infrastructures of the buildings. 
• the pumping stations and, more generally, the cooling water, 

the water intake and discharge circuits and structures, 
the tunnels and other electrical and mechanical connections, 

- the connection to the electric grid. 
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111 STANDARDIZATION CONDITIONS 

3.1 A large program 

The first and main condition required for standardization to exist 
and really be efficient, is a nuclear program, to be implemented 
within about ten years, and which must be large enough to benefit 
from the associated series effect on costs. It can be noticed that 
such a program can be issued from the needs of only one country, 
but can also result from a partnership between several different 
countries. 

The minimum number of concerned plants can be estimated at 
about ten units, to be built at a levelized rhythm of about one unit 
per year. 

3.2 Engineering activities organization 

Standardization means a detailed definition of tiie standard model, 
precise rules and codes to be complied with, so as to establish the 
common design and construction documents that have to be valid 
for each unit of the series. Consequently, standardization requires 
that construction engineering and follow-up teams have to be set up 
to cover the entire program. 

Thus, for the implementation of French PWR series, a set of 
standardization texts has been written and updated : Design and 
Construction Rules (RCC) for use in the design and manufacture of 
NSSSs and other parts of nuclear power plants (process^, 
mechanical equipment, electrical equipmenf, nuclear fuel, civil 
engineering and fire protection). Similar texts (Implementation and 
Construction Rules - RRC) have been written for conventional parts 
of nuclear power plants. 
These rules are common to EDF and its contractors. They have been 
accepted by the French Safety Authorities. They are updated with 
experience and with technology progress. 

Regarding the engineering, operation, installation and fabrication 
documents, which relate to the standardized systems and 
equipment, they are designed only once for the whole series. On 
each of these reports, diagrams, specifications and drawings, a 
validity pattern, part of the title block, indicates the sites the 
document is applicable to. These documents are constantly updated, 
so that modifications considered necessary on a unit under 
construction can be automatically made on the following units and 
also on those already built. 

3.3 Equipment and systems procurement 

So as to be really effective in terms of quality, scheduling and cost 
relatively to the construction phase, standardization requires a 



specific component procurement strategy in order to allow the most 
adapted industrial organization. 

Such a strategy has been followed for the implementation of the 
French PWR program. Each equipment supplier received orders for 
a whole series but with the obligation always to use the same 
procurement sources and the same subcontractors for each of the 
units. 

This policy has guaranteed to each constructor a stable order book 
so that he could undertake investments, develop his production 
rationally, and take all measures needed to ensure a high quality 
level . 

Thus, contracts involving a number of units ranging from 8 to 18 
according to the case, were concluded between EOF and the two 
main suppliers : Framatome for the NSSS and Alsthom for the 
turbo-generator sets. This plunannual contracts policy was extended 
to most of the other contractors such as those for piping, valves, 
electric power appliances or minor electrical components, thus 
covering practically the whole standard part of the units. 

Simultaneously, efforts were made to involve regional industries, 
located in the vicinity of a site, in the construction of the units 
(ea.thworks. civil works, roads, lighting...). 

As regards the technical contractual items, the basic French process 
consists in profiting by experience. So. in its contracts, EDF uses 
about 200 specifications and technical rules which define its 
technical requirements for categories of equipment such as motors, 
pumps, heat exchangers, switchboards, etc.. These documents are 
permanently updated taking into account industrial capabilities and 
operating results. 

IMPACT OF STANDARDIZATION ON CAPITAL INVESTMENT COST 

4.1 Qualitative analysis 

The choice of implementing a nuclear program made of 
standardized units series has a positive influence on the 
corresponding investment cost. This economic impact can be 
referred to as "the series effect" ; its usual definition is a follows : 

"The series effect expresses the fact that the average specific capital 
investment cost of a standardized units series is lower than the 
corresponding cost of one unit, which would have the same 
characteristics but which would be singly designed and built" 

The series effect, more or less directly affects the three main parts 
of the capital investment cost, i.e th6 construction cost, the architect 
engineering cost, and the interest during construction charges : 

- The gains relative to the average specific construction cost of a 
series are issued from two distinctive factors : 

. on one hand, from the single implementation of all the studies, 
developments, qualifications and tests relative to the 
standardized equipment : that is what we will call the program 
effect". The corresponding costs are independent of the 
number of the ordered units. This fixed costs amount, which is 
to be spent for the implementation of a new series, is not very 
dependent on the units size, but it is rather linked with the 
degree of innovation, which has been introduced in the new 
series compared with the reference one. 

. on the other hand, from the global improvement of the 
productivity of the contractors : that will be called "the 
pro luctivity effect". Actually, the order of an identical 
equipment series enables the supplier to reduce his prime cost, 
thanks both to the learning effect due to repetitivity, and to the 
optimization of the development, planning and use of his 
provisionning and production machines. 

- The series effect relative to the architect engineering cost is 
essentially due to the fact tha, the design and performance 
standard studies and the "first of a kind" engineering work are 
carried out only once for the whole series. 

- The series effect relative to the interest during construction 
charges results from the experience that a series construction 
enables to gain. The associated feedback allows to shorten the 
construction time, and so the impact on the payment schedule 
leads to a reduction of the interest during construction amount. 

Another cost influential factor is closely connected to the series 
effect : it is the "rhythm effect", which expresses the fact that the 
positive series effect is a function of the corresponding order 
rhythm. So as to lead to real economic gains, standardization has to 
be associated with a levelized order rate, important enough to keep 
a minimum continuous load both for the architect-engineering and 
the equipment product on. The order rhythm eveness is in fact a 
required condition to rrake it possible to optimize engineering and 
factories load on a long-term basis. 

The global impact of standardization on cost will yet be referred to 
as the series effect; but the possible unevenness of the order rate 
could reduce, and indeed cancel, the benefit of the series effect 
associated to a levelized rhythm. 

4.2 Expression and quantif ication of the series effect 

In order to quantify the economic impact of standardization on the 
specific capital investment cost of a series, an expression of the 



series effect has been worked out. This formulation, which 
expresses the preceding qualitive analysis, is set out in appendix 1. 

The series effect is represented as a function of two main 
parameters : the number. N, of the series units, and a r.eries 
coefficient, s. that measures the series effect intensity : 

s =» o would mean that there is no beneficial series effect 

s =» 1 would mean that the average specific cost for a 20 or more 
units series is nearly half of the corresponding cost for a 
single unit 

The established formulation applies to the construction and the 
architect-engineering costs (the series effect on the interest during 
construction charges has not been schematized). So, for each of 
these two costs, the series gain, defined as the ratio between the 
average specific cost of a N units series and the corresponding cost 
of a sole unit, is a decreasing nomographic function of N. That 
means that the series effect is rapidly deadened with the number of 
the series units. The asymptotic value of the series gain is equal to 
11 / (1+8)1, 

Compared to a 10 units series, the specific capital investment cost 
relative gain (or loss) due to the implementation of a N units series, 
is thus estimated as follows (these figures correspond to a 
calculation made with medium values of the series effect as 
explained in appendix 1): 

Number of units : N 1 5 10 20 40 30 

Specific capital cost 
gain - 7 0 % - 7 % 0% 4 % 5% 6% 

We can conclude that most of the series benefits are achieved with a 
10 units series : very large series have no real economic advantages. 

V. WHAT COMPROMISE BETWEEN SCALE AND SERIES EFFECTS ? 

. This question is an important one, when a choice is to be made to launch 
a nuclear program : would a large series of rather small units be better, 
from an economic angle, than a smaller series of larger units ? The best 
compromise has to be found between the opposite scale and series 
effects in order to implement a same nuclear program (defined by a given 
electrical output to equip, which is supposed to be ordered at a levelized 
rhythm, within a given time period). 

So as to propose an answer to this question, we have used a simple 
expression of the two involved factors. For the series effect, the 
formulation is the one presented in the previous paragraph, and for the 
size effect it is the commonly accepted expression : the total cost of a 
unit is varying proportionally to its output raised to an exponent referred 

to as the scaling exponent. The complete formulation is presented in 
appendix 1. 

The application of this simple schematization shows that the answer to 
the previously asked question depends of course on the required number 
of units, but also on the discount rate. 

For example, the exercice has been performed in the case of the French 
PWB capacity replacement, that is supposed to be achieved in the future 
within about 10 years, at a levelized rhythm of 2800 MW/year, either with 
20 units of 1400 MW, or with 47 units of 600 MW. With a discount rate of 
8 % (in real terms), the total capital investment cost of the series is lower 
with the 1400 MW units series : from an economic angle, small is not 
beautiful! 

However, this conclusion has to be rather adapted to the corresponding 
assumptions : we can notice for instance that high discount rates (above 
about 12 % in real terms) lead to a great reduction of the size benefits 
(because of the increased interest during construction amount). 

So this schematization exercice allows to clearly show that, compared 
with the size effect and for identical technology units, the impact of the 
series effect is maximum with a rather small series : small units therefore 
appear to have little economic advantage. Yet, high discount rates can 
partly counterbalance the size advantage. 
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EXPRESSION AND QUANTIFICATION OF SERIES, 

SIZE AND RHYTHM EFFECTS 

1. SERIES EFFECT 

The qualitative analysis, which is set out in the text, § 4 . 1 , leads to define, 
for the construction cost and the architect engineering cost, a common 
schematic breakdown. 

1.1 Exprsssion of the serios effect on the construction and architect 
engineering costs 

Specific (construction or architect engineering) cost, relative to each P 
MW output unit of a N units series : 

A1 A1 An 

M i 
I 

B 

UniM Unit r > UnitM 

The individual cost of the first unit of the series can actually be divided 
in : 

- one part, A1, referred to as "standard, head of the series", which is 
constituted of: 

. for the construction cost : the studies, qualification and testing 
costs of the standardized equipment. The corresponding works 
are carried out only once, since they are valid for the whole series. 

. for the architect engineering cost : the studies, engineering and 
design costs, which are relative to the standard part. 

another part. M, that exits only for the construction cost. This part 
is composed : on one hand, of the studies, development and 
investment expenses, relative to the main contractors' production 
tools, and on the oth-r hand, of the manufacturing cost part 
which is sensible to the learning effect and the degree of the 
production planning optimization (all these costs are in fact 

equally shared between the units, since series contracts are 
concluded for the standard components). 

- A third part, B, corresponding, for both the construction and 
architect engineering cost, to the part of the cost that cannot be 
reduced and is directly ascribable to each unit of the series (and 
that of course includes the specific to the site part). 

The cost of the n , n unit of the series can also be broken down in : 

- a possible part An "standard evolution", that is of the same nature 
as Al , and that is available for all the further series units, 

- the part M, which is identical to the unit 1 corresponding part. 

- the part B, which is supposed to be identical to the unit 1 
coresponding part (this simple schematization does not take into 
account the site cost fluctuations) 

The sum A = i; Ai is therefore composed of the expenses, that are 
logically ascribed, from an administration angle, to the "head of series 
or sub-series" units, but which are available for the whole series. A is 
the origin of the program effect. 

M represents the potential productivity effect spring, it can b« noticed 
that M is also corresponding to the global series affect, with 'egard to 
the manufacturers. M can itself be broken down into a program effect 
(fixed studies, development and investment costs relative to the 
production tools), and a pure productivity effect. 

The total construction or architect engineering cost of the N units 
series can thus be divided into : 

- a part that is globally independent of the number N of the series 
units : [ A > - ( N x M ) ) x P - D x P 

Indeed, A is clearly independent of N. and so is the product (N x M) 
because M is issued from the distribution, between the N units, of a 
total cost that is supposed to be unaffected by N. 

- A part that is proportional to the number N of the series units : (N x 
B) x P 

So the series can be characterized by a series coefficient s, defined by 
s = D/B, which is independent of the number of the series units. 



The average spacific construction or architect engineering cost of the 
series, C(N), c m therefore oe ex Dressed as follows : 

C (ti) = B f (O/N) = B x [1 + (s/N)] 

The expression [C (N) / (1 + (s/N))] appears as an unvarying term, 
which is characteristic from the series effect. 

1.2 Quantification of the series effect 

In order to quantify the series effect, a detailed analysis of all the 
French series related cost data has been performed. This exercice 
showed that it is very difficult to isolate from rough costs the impact of 
the sole series effect: indeed, many other factors simultaneously affect 
the units cost. We can quote for example the cost escalation, the size 
effect, the site characteristics, the technical progress... Nevertheless, 
based on the results of this retrospective analysis and on our 
experience, we have assessed likeiy values for the series coefficient s. 
To allow a wide margin that couid include extreme cases, we have 
concluded as follows : 

for the construction cost : 0,6 s s s 1,9, 
s = 1 is assessed as the most likely realistic value 

for the architect engineering cos t : 1,3 ^ s £ 3.4 
s = 2 is assessed as the most likely medium value. 

Then, the total capital investment cost is rebuilt from its component 
parts : the series effect is thus taken into accourt for the construction 
cost and the architect-engineering ccst ; the interest during 
construction charges and the complementary miscellaneous costs are 
supposed to be unvarying. So we obtain a formulation of the total 
capital investment cost evolution in accordance with the number N of 
the series units and with the two series coefficients s relative to the 
construction cost and the architect-engineering cost ; this expression 
leads to the results and values, which are presented in the text, § 4.2. 

2. SIZE EFFECT 

2.1 Expression of the size effect on the construction and architect 
engineering costs. 

The size effect is represented by the wellknown expression : 

C1 = C2 x (P1 / P2) " - 1 ) 

with Ci : average specific cost (or part of the cost), (monetary unit/kW). 
of a Pi (MW) size unit. 

The size effect is thus characterized by the scaling exponent t, the 
43 value of which is situated between 0 and 1 : 

t = 0 would mean a maximum size effect (the total cost is independent 
of the size) 

t = 1 would mean there is no size effect (the specific cost is invariant 
with the size) 

2.2 Quantification of the size effect 

Our estimations of t values are issued from a global analysis of our 
successive series cost data. We have concluded, like in the case of the 
series effect, with a margin, as follows : 

- for the construction cost : 0,6 < t < 0,8 

t = 0,7 is the likely medium value 

- for the architect engineering cos t : 0,3 < t < 0,7 

t = 0,4 is the likely medium value 

3. RHYTHM EFFECT 

According to our experience, the duration of a technological series (between 
the commissionnings of the first and last series units) is evaluated at about 
ten years. So the average annual order rhythm r is supposed to be linearly 
dependent on the number H of the series units : r (unit/year) = N/10 

The rhythm effect is thus "integrated" to the series effect. We have not 
schematized the impact of the possible unevenness of the rhythm, which 
could modify the associated series effect. 

4. GLOBAL RESULTING EXPRESSION 

In order to appreciate the simultaneous impact of size and series effects on 
the average specific capital investment cost of a series, the size effect 
equation is applied to each part D and B of the construction and architect-
engineering costs, with specific t exponents. 

Then, the total capital investment cost variation, according to series and size 
factors, can be easily obtained : the construction and architect-engineering 
costs have just to be added up with the interest during construction 
charges, the amount of which depends on the discount rate and on the 
units size (and on the series effect, towards shorter construction times due 
to learning effect). In France, we used to expressing the interest during 
construction charges as a percentage of the construction and architect 
engineering costs ; with a discount rate of 8 % in real terms, this percentage 
(with the learning effect integrated) has been valued respectively at 28 %, 24 
% and 20 % for the french 1400, 1300 and 900 MW series. 
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THE FRENCH NUCLEAR PROGRAM 

SERIES AND SUB-SERIES 

The compromise between stability and evolution has been made as follows : 
a discontinuous evolution by successive series has been chosen. Each 
series corresponds to a standard, which is a step in technical evolution and 
benefits from the experience gained during the previous one. 

If necessary, partial evolutions are accepted in the same se'ies, thus 
defining successive sub-series. Theses sub-series remain conform to the 
major principles of the standard, but offer either the possibility to introduce 
some freedom in the choice of suppliers or to fulfill new safety demands. 

1. 900 MW SERIES 

Built on the twin-unit basis, this series was perfected on the Fessenheim-
Bugey pre-series and includes two sub-series. 

Pre-series 

After its experience with the Franco-Belgian 900 MW PWR unit in Tihange, 
EOF started up the Fessenheim power plant (one pair of units) in 1970 and 
the Bugey power plant (two pairs) in 1971-72. 

Thus the 900 MW series (of which the first sub-series CP 1 was started in 
1974 and the second one. CP 2, in 1977) benefits from the experience in 
design and construction gained with the Fessenheim and Bugey plants, as 
well as from the start-up tests and first phase of operation at Fessenheim. 

CP 1 sub-series (9 pairs of units) 

As with Fessenheim and Bugey it is made up of units, each one comprising 
a reactor building, with a single wall containment and steel liner, containing 
a three-cooling-loops primary system. The turbine hall is disposed 
tangentially to the reactor building. Each unit is associated with a turbine 
generator, the turbine being made up of one HP cylinder and three LP 
cylinders. 

CP 2 sub-series (5 pairs of units) 

This sub-series includes similar nuclear islands to those of the CP 1. 
However the turbine hall specific to each unit is located radially to the 
reactor building, which reduces risk related to turbine missiles. The turbine 
is made up of one HP cylinder and two LP cylinders. 

2. 1300 MW SERIES 

For this new series, introduced in 1976 with the Paluel plant, EDF decided 
in favour of single translationally reoeated units, notably in order to simplify 
the protection of each unit agains'. f.cts of malevolence. 

P 4 sub-series (8 units) 

It includes a double wall containment without liner, containing a four-
cooling-loops primary s\ ;tem. The general lay-out is scheduled to provide 
total physical separatio. of the two lines of safeguard nuclear auxiliaries, 
with the creation of a special building to house them. The turbine hall is 
radial and the turbine is made up of one HP cylinder and three LP cylinders. 

P'4 sub-series (12 units) 

Identical units to those of the P 4 sub-series compose the P'4 sub-series, 
but they are optimized in order to reduce costs for equal quality, which 
involves essentially a reduction in size of the building. 

It should be observed that the two units of St-Alban as well as the two units 
of Flamanville are made up of a P 4 type nuclear island and a P'4 type 
turbine hall. 

3. N4 SERIES 

This new series was introduced in 1984 with the Chooz Plant. It aims at a 
slightly increased unit power output and was designed in view of the 
following objectives : 

. a system of completely French design, 

. a reduction of the cost per kW, 

. a continuation in the improvements of safety-related features. 


