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SYNTHESE :

Electricité de France assure le fonctionnement et la maintenance de 54 réacteurs
à eau pressurisée. L'équivalent d'environ 500 années-réacteurs lui ont permis de
développer sa propre stratégie de surveillance de la dégradation des composants les
plus sensibles du circuit primaire principal vis-à-vis de la sûreté et de la fiabilité.

Après plus de quinze années d'expérience dans le domaine de la
comptabilisation réglementaire des transitoires et sept ans d'un retour d'expérience
positif de fatiguemètres expérimentaux, EDF a décidé de mettre au point un nouveau
système : SYSFAC (SYstème de Surveillance en FAtigue de la Chaudière). Ce
système vise une comptabilisation automatique des transitoires et une surveillance en
fatigue en ligne de quelques zones sensibles.

Le système est entièrement automatique, directement connecté sur le système
d'acquisition de données de la tranche, et ne nécessite pas d'instrumentation
spécifique. Un module d'affectation fonctionnelle des transitoires et un module
d'affectation mécanique ont pour objectif de satisfaire les exigences générales de
comptabilisation. Un module de surveillance en fatigue permet d'évaluer le dommage
de fatigue thermique de cinq zones particulièrement sensibles du Circuit Primaire
Principal.

Après une étude de faisabilité, le procédé SYSFAC est en cours
d'industrialisation. Le premier système doit être mis en place sur une tranche prototype
début 1996. L'extension à tout le parc 900 MW est prévue après un retour
d'expérience d'un an.
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EXECUTIVE SUMMARY :

Electricité de France (EDF), the French national electricity company, is
operating 54 standardized pressurizer water reactors. This about 500 reactor-years
experience in nuclear stations operation and maintenance area has allowed EDF to
develop its own strategy for monitoring of age-related degradations of NPP systems
and components relevant for plant safety and reliability.

After more than fifteen years of experience in regulatory transient data
collection and seven years of successful fatigue monitoring prototypes
experimentation, EDF decided to design a new system called SYSFAC (acronym for
SYstème de Surveillance en FAtigue de la Chaudière) devoted to transient logging and
thermal fatigue monitoring of the reactor coolant pressure boundary.

The system is fully automatic and directly connected to the on-site data
acquisition network without any complementary instrumentation. A functional
transient detection module and a mechanical transient detection module are in charge
of the general transient data collection. A fatigue monitoring module is aimed towards
a precise surveillance of five specific zones particularly sensible to thermal fatigue.

After a first step of preliminary studies, the industrial phase of the SYSFAC
project is currently going on, with hardware and software tests and implementation.
The first SYSFAC system will be delivered to the pilot power plant by the beginning
of 1996. The extension to all EDF's nuclear 900 MW is planned after one more year of
feedback experience.
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1. INTRODUCTION

Electricité de France (EDF) is the french national electricity company, responsible for construction,
operation and maintenance of nuclear and fossile power stations. EDF is operating 54 standarised
pressurizer water reactors : 34 PWR 900 MW, 20 PWR1300 MW. The new generation reactors under
construction will be capable of 1400 MW. Since the beginning of the nuclear program in the mid 70's,
EDF has accumulated an about 500 reactor-years experience in the nuclear stations operation and
maintenance area.

The chief objective of nuclear steam supply system maintenance and surveillance is to contribute to the
permanent upkeep of component integrity, in order to guarantee the safety of persons and equipment and
the availability of production resources ([1]).

The types of damage considered include both those occurring more or less instantaneously through a
combination of adverse factors (e.g. excessive strain, buckling, fast fracture) and those resulting from
an accumulation of stresses overtime (e.g. fatigue, creep, stress corrosion cracking).



Most types of potential damage have been submitted to a careful examination aimed at proving that
each component, as designed, manufactured, built and used, will continue to maintain sufficient margins
against potential deterioration, provided that it is operated in compliance with the rules given at the
design level.

At the beginning of the 70's, some regulatory requirements have been issued by the French Safety
Authorities for pressurized water reactors concerning transient data collection ([2]). These requirements
have two main objectives.

The first one is to verify that the number of transients effectively detected during the operation life of the
plant is not in excess compared to the number of transient initially defined at the design stage, assuming
that a conservative margin is always present during the logging procedure.

The second one is to undertake operating data collection for each component of the primary system
during the operation life of the plant. The french regulation includes this obligation to enable an eventual
back-fitting on the plant owing to an evolution of fatigue calculation rules.

2. THE FRENCH DATA COLLECTION PROCEDURE

2.1 Principle

In order to comply with regulatory requirements, EDF has set up a transient monitoring and logging
procedure to check the validity of design hypotheses and to provide an operating database which is
particularly useful for experience feedback ([3]).

This manual procedure, used in both 900 MW and 1300 MW PWR types, is based on a comparison
between operating pressure and temperature evolutions and the corresponding design transients. Any
variation in the parameters capable of creating significant stress is detected, provided small fluctuations
are eliminated according to a threshold below which the structure is supposed to undergo no fatigue
damage.

For each operating transient detected, a more damageable corresponding design transient has to be
found. The actual transient must have a slighter slope and a lower amplitude than the design one. If it is
not the case, an evaluation of the real severity of the transient is performed in order to verify the
pessimistic value of the considered design transient, or to address a more severe one.

The comparison is undertaken on special recording sheets plotted by dedicated recorders connected to
standard operating sensors. Both transient detection and data collection are then allowed by this
procedure.

This method is quite simple in its principle and has brought a valuable amount of informations relevant
for analysis of actual plant operation. This feedback has already led to some modifications of the plant
initial design, for instance the improvement of the pressurizer level and pressure control system.



2.2 Limitations of the present approach

Although this procedure fulfils the regulatory objectives initially set, after more than IS years of
experience in regulatory transient data collection some limitations have been found.

First of all, the procedure is very conservative : the operating transients are far less severe than the
design transients and the number of allowed transients would be exceeded after a few years of operation.

The comparison between complex real transients and simplified design transients is quite difficult in a
lot of cases, and sometimes the procedure cannot even be used because the number of transients is not
sufficiently detailed (e.g. surge line and charging line). The design transients do not cover all operating
transients and a few residual operating transients are still remaining unclassified.

Moreover, some areas of the reactor coolant pressure boundary are not monitored by transient logging,
especially where some not previously foreseen thermohydraulic phenomena are occurring.

Finally, the regulatory requirement leads to a systematic identification of design transients to actual
ones, even if no functional link exists between them. This results in difficulties to find the functional
causes of the recorded transients and to understand the origins of any disfunctioning of the process as
well as the root causes of the aging.

Dealing with all this available feedback, EDF therefore decided to design other monitoring methods
which are more accurate and effective as described below.

3. A TOOL FOR DATA COLLECTION AND FATIGTJE MONITORING : SYSFAC

SYSFAC (acronym for SYstème de Surveillance en FAtigue de la Chaudière) is a system devoted to
transient logging and fatigue monitoring of the reactor coolant pressure boundary ([4]). The SYSFAC
system is the result of seven years of successful fatigue monitoring prototypes experimentation.

The main objectives are to satisfy regulatory requirements for data collection and to detect and analyse
the main actions that have an effect on the expected life of the plant.

The system is fully automatic and composed of three main modules (see figure 1). A functional transient
detection module and a mechanical transient detection module are in charge of the general transient data
collection. A fatigue monitoring module is aimed towards a precise surveillance of five specific zones
particularly sensible to thermal fatigue.

The SYSFAC system analyses every day process data issued from 300 sensors and actuators of each
unit of the plant. These data are collected on the information system of the unit through the general
information network of the plant.



Figure 1. SYSFAC schematic overview.

3.1 The functional module

The functional module detects and analyses operating transients occurring on the units according to
functional criteria. Data are gathered in a specific data bank wiiich is devoted to life assessment and
feedback information regarding the evolution of the operating plant schedule. Transient data detection
and associated analyses handle information available on unit data processing computer, i.e valve
position records, pumps start-up reports, information issued by the reactor protection system and
analogic values given by standard instrumentation.

The functional module classifies the transients in different so-called families, which are :

- heat-up transients,
- cool-down transients,
- unit loading,
- unit unloading,
- primary flow rate transients,
- pressure and temperature transients,
- scram,
- main outage.

The SYSFAC system database stores the starting time and the family type of any detected transient.
These informations will constitute the functional book-keeping of the unit.



3.2 The mechanical module

The main module of SYSFAC, a mechanical module, is in charge of the comparison between operating
and design transients in order to satisfy the legal requirements relevant for fatigue damage. This module
is monitoring different systems, such as primary loops (including the vessel), charging line, reactor
residual heat removal line and feedwater nozzle.

For each NSSS system (e.g. primary loops), several zones equivalent of the whole in a mechanic1 sense
where defined. In such a representative zone, the module computes stress history using a fatiguemeter
routine (see below 3.3) for each operating transient.

The first step is a detection task. If the fatigue exceeds a threshold value, the system stores a transient
start-up time. As soon as the computed stress relaxes, the transient is supposed to be finished and the
corresponding time is stored.

Once the transient is detected, the second step is a classification task. The mechanical module therefore
selects the output of the functional module in the same time-window to identify the plant operating
phase and to collect the corresponding design transients.

The third step is a comparison task. In order to define the less conservative design transient, the
mechanical module compares the effective operating transient stress range to the theoretical stress range
of the different design transients. Finally, the system dumps automatically the less severe design
transient until the theoretical stress range is very close to the effective stress range (expressed in terms
of usage factor).

The results of the mechanical module are then stored in a logging-book.

3.3 The fatigue monitoring module

In the early 80's, Electricité de France carried out the development of a fatiguemeter, a fully automatic
fatigue monitoring system devoted to an accurate evaluation of fatigue damage ([5],[6],[7],[8]). This
methodology is now widely spread in companies addressing aging of mechanical components

The valuable experience feedback of two prototypes in operation (Bugey Unit 3 since 1983, Dampierre
Unit 1 since 1988) has led EDF to incorporate a fatiguemeter module as a main feature of the SYSFAC
general framework.

The principle of the fatigue monitoring module is almost the same as described in section 3.2. The main
difference is the permanent computation of the fatigue usage factor for some areas of the nuclear steam
supply system, where complex local thermohydraulic conditions and poor instrumentation make it
difficult to assess the risk of having a fatigue degradation.

The fatiguemeter system has therefore three objectives. Firstly, to provide a more realistic life
evaluation of some RCPB's critical zones, in order to facilitate life extension justifications. Secondly, to
make it possible automatic surveillance. And thirdly to optimize the frequency of in-service inspections,
taking into account the real increase of fatigue damage.
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S. CHARGING LINE NOZZLE
4. SI/RHR LINE NOZZLE
5. FEEDWKTER NOZZLE

Figure 2. Monitored locations

A comparison between design hypotheses and transient book-keeping experience feedback has led to the
choice of some critical locations of the primary loop (see figure 2) :
- charging line nozzle on the cold leg,
- surge line nozzle on the hot leg,
- surge line nozzle on the pressurizer,
- feedwater nozzle on the steam generator system.

These zones were selected because thermal transients, stratification phenomena and load following
operation effects induced loads not previously foreseen at the design stage. Furthermore, transient book-
keeping is not possible for local transients, not directly detected by current plant instrumentation. The
fatiguemeter approach is an adequate solution to deal with these problems.

The tool presented herein deals with fatigue induced by thermal stresses, the main ageing cause which
affects the Reactor Coolant System, and neglects such other damage mechanisms as irradiation,
corrosion or vibrations.

The aim is to make an on-line computation of actual damage at critical locations of the primary loop.
The development of this prototype system is based on two basic ideas. The first one is the use of only
existing plant intrumentation data as system input. No special instrumentation is required for monitored
locations, and simplified thermohydraulic models are used for the determination of local boundary
conditions. The second basic idea is an on-line stress computation by means of transfer functions (Green
approach), which are computed once by use of a finite element code.



The following tasks are performed (see figure 3):
- data acquisition from plant process (e.g. fluid temperatures, pressure, valves status),
- determination of local fluid temperature at the monitored locations,
- real time stress computation at the most critical points of the monitored locations,
- periodic evaluation of the fatigue damage using a Rainflow counting method, a design fatigue

curve and the Miner rule.
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Figure 3. Fatigue monitoring outlines

The local thermohydraulic conditions are computed on the basis of available plant parameters. Previous
on-site and mock-up test experiments gave rise to simplified modélisations which provide local
temperature with a good accuracy, in spite of phenomena complexity.

The global stress in the structure is the consequence of three effects: pressure, thermal expansion and
thermal stresses due to stratification or thermal shocks.

The stress due to pressure is proportional to the operating pressure, whith a factor given by a finite
element method computation of the structural response to a unit load. The thermal expansion stress is
computed from nominal design values ajusted to the actual temperature of the structure.

A specificity of the fatiguemeter approach is the use of transfer functions for thermal stresses
computation. This method is in good agreement with a conventional finite element method for the same
type of transient and is adapted to on-line monitoring. Once computed the stress due to a linear
evolution of fluid temperature at a specific point of the structure (with a standard f.e.m code), the stress
due to the actual fluid temperature evolution is directly given by a convolution product, without any
time-consuming algorithm.

A Rainflow algorithm is then used to determine stress cycles and sub-cycles For each cycle, the stress
range is entered in a design fatigue curve to obtain the damage. The overall damage is assessed by the
linear Miner rule.



4. EFFECTIVENESS, PRACTICALITY AND BENEFITS

The transient book-keeping, which was originally considered as a compulsory constraint, increasingly
appears to be a precious tool towards a better understanding of the plant real life. During the first 10
years of plant unit operation, people in charge of this activity were mainly working on counting
transients, while transient analysis (e.g. root causes evaluation) was rarely carried out. The procedure is
now easier to apply and better mastered than at the beginning, and more time is spent for transient
analyses. Moreover, the control room staff has been growing more aware of transient book-keeping.
Transient "authors" are then more directly informed and much benefits appeared in the consumption
reduction of very sensitive transients.

Among those benefits, transient book-keeping enables design situations to be adapted as closely as
possible to operating transient. Accordingly, operating mode changes have been taken into account, e.g.
the consequences of load follow-up on the main primary system damage.

Another advantage appeared when designing the new PWR 1400 MW series. The latest modifications
found from the experience feedback of PWR 1300 MW transient book-keeping were incorporated in the
new design transient file.

In addition to this, the fatigue monitoring systems operating as prototypes highlighted that a low level of
damage was assessed for each monitored zone, compared to the design studies. This was mainly due to
far stress-severe transients than the ones provided at the design stage. A specific enlightening was about
the important role of cooling phases for the reactor heating and of emergency shutdowns in the case of
surge-line damage increase.

All these benefits are gathered in SYSFAC specifications. This process is fully automatic and keeps
operators free from the substantial and daily task of monitoring and data collection. However, an
operator has to validate periodically the results given by the system. In order to provide enhanced
informations, a friendly user interface has been designed and gives for the operator's benefit several
displays wich allow some more operations : to plot parameters evolution during the transient, to check
the provisional transient classification, to paste adjacent transients over a longer period, and to validate
the final lodging as an official book-keeping.

5. CONCLUSION

Transient book-keeping is a key tool for reactor safety assessment. In close association with fatigue
monitoring, the procedure set up by EDF since the units start-up has given a good global fatigue
damage estimation, enhancing the knowledge of local component behaviours and improving plant
operating procedures.

Furthermore, plant life extension projects will benefit from book-keeping experience feedback. If after
40 years , as expected now, a little part of potential lifetime fatigue is consumed, this will be a strong
argument to operate the reactor over a longer period.

These facilities will be involved in the SYSFAC process. After a first step of preliminary studies, the
industrial phase of the SYSFAC project is currently going on, with hardware and software tests and
implementation. The first SYSFAC system will be delivered to the pilot power plant by the beginning of
1996. The extension to all EDF's nuclear 900 MW is planned after one more year of feedback
experience.
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