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- SUMMARY : 
Improvement of the nuclear island design, to facilitate 

maintenance and working conditions during plant shutdwon, has 
been a subject of particular attention within the French PWR 
program. Standardization and industrial concentration created 
an unusually favorable context for approaching this objective. 
Progress efforts supported by the feedback of actual operating 
experience were pursued in the areas of plant layout-equipment 
installation, and on the design and technology of the component 
themselves. 

When compared to the 31 presently operating units of the 
3-loop series, the evolution of the latest nuclear island 
designs covers such layout features as better segregation and 
separation between systems, easier access in special areas, 
installation of new cleaning systems, etc. 

The progress efforts on the design and technology of the 
components were pursued along several paths including : 
- the resistance increase of specific parts submitted to various 
forms of in-service damage such as the steam generator tubes, 
the reactor coolant pump seals, the reactor control clusters 
drive lines, and some auxiliary equipment, 
- the reduction of the extent and duration of work during plant 
outages (fuel handling, in-service inspection, maintenance) by 
facilitating disassembly, removal, handling and storage of 
equipment parts, 
- the reduction of the Occupational Radiation Exposure (ORE), 
one of the most important axes of development, through the 
appropriate selection of less releasing materials like Inconel 
690 for the S.G. tubes, the implementation of more efficient 
decontamination systems and by the use of robots. 
1. INTRODUCTION 

Major features created an unusually favorable situation 
within the French pressurized water reactor program : 
- the importance of the program itself with a total of 56 
ordered units, of which 33 are operating by the end of 1984, 
- the high level of standardization implemented in this program, 
with two main series of units : the 3-loop, 900 MWe series and 
the 4-loop, 1300-1450 MWe series, 
- the concentration of industrial tools around single suppliers 
for the main parts of the plant. 
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This exceptional context allowed the implementation of 
powerful means and tools, including in-depth wide development • 
programs, to insure continuous progress features in several 
areas, of which operating and maintenance conditions constitute 
a significant part. 

This context has also proven efficiency in resolving 
unexpected situations. A typical example is given by the 
concern experienced for the guide tube alignement pins of 
reactor internals. After pin failures reported in 1982 on 
several plants (GRAVELINES 1, FESSENHEIM 1, 8UGEY 2 and 4 ) , a 
rapid solution was needed to overcome this difficulty. The 
total replacement of the guide tube sets, by new ones, avai
lable in shop thanks to the benefit of standardization, was 
applied in the first involved units. In parallel, FRAMATOME 
designed and built four hot cells, allowing the replacement of 
pins on irradiated guide tubes. These cells were put in opera
tion by 1983, in a special workshop located at PIERRELATE. 
Resulting of this, the backfitting of new pins on plants was 
conducted in 1984 within an average duration limited from 15 
to 20 days. 

The progress efforts in operating and maintenance condi
tions were pursued on plant layout - equipment installation, 
and on the design and technology of the components themselves. 
2. PLANT LAYOUT - EQUIPMENT INSTALLATION DESIGN 

The plant layout was improved along the PWR plant series, to 
achieve optimized design with the latest FRAMATOME nuclear 
island standards : the N4, a 4-loop of the 1450 MWe class, and 
the M 320, a 3-loop of the 1 000 MWe class. They are based on 
identical operating and maintenance principles, taking full 
account of actual experience on the 3-loop 900 MWe series. 

The single unit layout design has been selected for the 
4-loop series and is maintained for the latest nuclear island 
standards (figure 1). Among several advantages, when compared 
to the twin unit layout of the 3 loop - 900 MWe series, it offers 
improvements Of operating and maintenance conditions due to the 
total separation of the units on a same site. The only common 
parts are those whose operation is independent of the unit 
operation itself, such as the waste treatment systems. 

The main improvements of equipment installation in the latest 
nuclear island design include : 
- a better segregation between radioactive and non radioactive 
equipment and pipe routings, 
- the concentration of equipment requiring frequent maintenance 
or operator's actions, such as valve actuators and their radio
logical protection when required, 
- provisions for easier access to specific parts such as the 
steam-generator channel head and the reactor coolant pumps, 
- installation of permanent purification and cleaning systems. 

Most Of these features are based on lessons learned from 
operating experience on the 3-loop series. Their implementation 
was favoured by a close cooperation between FRAMATOME and 
ELECTRICITE DE FRANCE which simultaneously occupies the roles of 
plant architect-engineer, owner and operator. 
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3. COMPONENT DESIGN AND TECHNOLOGY 

Besides the installation aspects, progress actions have 
also been pursued in parallel, on the design and technology 
of the components themselves to continuously improve the 
operating and maintenance conditions. These efforts were 
directed along several paths. 
3.1. COMPONENT RESISTANCE 

A first one was to increase the resistance of specific 
parts submitted to in-service alterations such as corrosion, 
wear, aging, etc. In this area we will give some typical 
examples. 

Design and manufacturing improvements for reinforcing the 
resistance of the steam generator tube to various degradation 
phenomenons evidenced by previous operating experience, have 
been developed and incorporated in successive series of steam 
generators (Figure 3). These improvements apply to the thermal -
hydraulic conditions above the tube-sheet, the tube to tube-sheet 
junction, the tube supporting systems and the tube material. 
Most of these evolutions are incorporated into the steam genera
tors of the last units of the 3-loop series (from BLAYAIS 4), 
whose first operation started in 1983, and on all steam genera
tors of the 4-loop series. They will increase the resistance 
of these steam generators over those previously in operation, 
whose behaviour is already satisfactory. 

Another example is the use of an hydrostatic bearing for the 
new N4 reactor coolant pump design. This bearing is located on 
the impeller itself (at the impeller belt) so that the overhang 
of the pump shaft is eliminated. Measurements performed on a 
test model have indicated a reduction of the vibration amplitude 
at the seals level by a factor of about 3, when comparée to 
previous shaft configuration, so that an increase of the seals 
lifetime is expected. 

We can also mention in this area, design modifications of the 
reactor control cluster drive lines for improving their wear and 
fatigue resistance. They include mainly a double tip gripper-
control rod drive mechanism, provision of flow holes for 
reducing the hydraulic thrust at the rod-guide tube contact. 
Full scale tests performed on SUPERBEC loop have shown signifi
cant reduction of wear of those components (Figure 3). 

Corrective design actions have also been made on some 
auxiliary equipment, following returns of operating experience. 
3.2. EXTENT AND DURATION OF WORK 

Another goal was to reduce the extent and duration of work 
during plant outages, corresponding to the fuel reloading, the 
inspection and maintenance actions. This was achieved by design 
features making easier the disassembly, removal, handling and 
storage of equipment parts. 

Among- examples, let us mention the revolving cylinder manipu
lator crane developed by FRMATOHE for fuel loading operations. 
This equipment is used on the 4-loop units. It consists (Figure 4) 
of a revolving cylinder containing three mast systems, insuring the 
lifting or positioning of fuel elements, control rod clusters and 
thimble plug assemblies respectively. These three functions are 
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carried out by rotating the cylinder without altering the 
position of the manipulator crane. As compared with the 
equipment presently used on the 3-loop units, this new 
design presents advantages of : 
- a significant time saving during refueling, due to the 
flexible operation of the three mast device, 
- the elimination of auxiliary equipment and occupied space. 

This new fuel handling system requires only one operator 
instead of two for the previous one. 

Other examples of design improvements in this field are 
- the simultaneous stud-tensioning machine used for opening -
closing of the reactor vessel, 
- an oil-actuated shaft coupling fitted on the N4 reactor 
coolant pump, enabling an easier and faster dismantling of 
the shaft spool piece. 

Regarding the specific requirements of in-service 
inspection of the reactor coolant system, design efforts 
on the components consisted in : 
- reducing the number of welds to be inspected. 

This was achieved for the reactor coolant pump casing 
(a single piece cast casing including the support lugs) and 
the recent channel head design of the N4 steam generator 
(only one circular weld), 
- improving the accessibility and the geometry of the 
sut faces to be inspected. 

An example is given by the design evolution of the reactor 
vessel (Figure 5) for which the structural welds have been 
moved away from discontinuities and the profiles of the 
reactor vessel nozzles has been modified. This allows 100 % 
volumetric inspection of the welds and adjacent material with 
several ultrasonic testing bean angles, to be more easily 
performed. 
3.3. OCCUPATIONAL RADIATION EXPOSURE (ORE) 

The objective of reducing the Occupational Radiation 
Exposure (ORE) has been and remains one of the most important 
axes of development. The above mentioned design features 
contribute to this goal. 

The implementation of decontamination systems and the 
extensive use of robots are other ways to achieve this 
objective. A separate paper (IAEA-SM-278/12) deals with 
this subject. 

The selection of materials leading to a low activity 
release into the reactor coolant is a significant way of 
progress at the level of the contamination sources.. Examples 
are given with Zircaloy 4 - the structural material for the 
grids of the new Advanced Fuel Assembly, and with Inconel 690 
as steam generator tube material (Figure 6). As those two 
components represent the major surface scavenged by the 
primary coolant flow, a substantial reduction in activity of 
this fluid is expected. 
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4. CONCLUSION 
This brief presentation summarizes the main design 

improvements incorporated in the latest FRAHATOME nuclear 
island design. This was favored by the unusual extent and 
context of the French pressurized water reactor program, and 
through a close utility-supplier cooperation, which allowed 
full access to the actual plant operating experience. 



LIST OF FIGURES 

FIG 1 - N4 NUCLEAR ISLAND LAYOUT 
FIG.2 - CORROSION RESISTANCE IMPROVEMENTS ON FRAMATOME 

STEAM GENERATORS 
FIG.3 - WEAR TESTS ON CONTROL ROD DRIVE LINES 
FIG.4 - REVOLVING CYLINDER MANIPULATOR CRANE 
FIG.5 - REACTOR VESSEL OESIGN IMPROVEMENT TO FACILITATE 

WELD INSPECTION 
FIG.6 - COMPARISON OF RELEASE RATES 



BR . : Reactor Building 
BK : Fuel Building 
RAN : Nuclear Auxiliary Building 
BAS : Safeguard Auxiliary Building 

BL : Electrical Building 
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BW : Access Building 

N4 Nuclear island layout design 

FIGURE 1 
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Corrosion resistance improvements on FHAMATOME steam generators 
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Revolving cylinder manipulator crane 
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Reactor Vessel design improvement 
to facilitate weld inspection. 
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