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ABSTRACT

Transient cycle counting process

For more than thirty five years, EDF opemfWR (58 units at present). As a response to alategy
requirement, EDF has defined and implemented aigemprocess to perform cycle counting of the tramis of the
reactor coolant system and main secondary systeimglbperation instrumentatiorf the main reactor coola
system (RCS), main secondary system and the ayxdlistems, more than 40 parameters (pressurepetatares
flows, valve actuations) are recorded. Each opggatiansient is analyzed and counted as a transfahie list ¢
the design transients. EDF is permanently checktiag the actual operating transients are neitheersevere nc
more numerous than the design basis transients.

Experience feedback

In general, the occurrence rates of transientsoaver than the degn ones. In few cases, they are hig
such as the occurrence rates of the transientiedeta RCS piping connected to auxiliary systenfignodue tc
operating procedures or particular periodic testifignsient counting makes it possible to detettiad@perating
transients not accounted for during the design@hiass a useful experience feedback tool for afieg procedur
survey. After analyzing the actual operating trans and their occurrences, the operating procedcaa b
modified, slould they penalize the equipment. Transient cyolenting enables design basis transients to be ed
as closely as possible to operating transientss Tthenables operating mode changes to be takeragtount (fue
cycle with stretch-out, change thfe hot leg and cold leg temperatures for the PASB0 MWe ...). In this way, fc
example, the consequences due to the load fallpwperation of EDF PWR units were shown to be towthe
RCS fatigue damage. Every period of 10 years,ishef the desigriransients of a PWR series is checked and
updated to be consistent in particular with thedassts of transient cycle counting.

Advances

After significant studies (Hydraulics and Mechahiossome local fatigue phenomena, the complemsg
countirg of the cumulative durations of some sensitiverafieg conditions was defined and implemente
improve the surveillance of some therfmgdraulics phenomena affecting some locations &fteby mixing o
fluids with high difference of temperatures or hgitmal stratification.

To analyze unusual transients, EDF has developedssbased counting in a software computer prog
EDF is taking advantage of advanced systems exmerikke fatiguemeters that could improve the overall que
of the existing process and the knowledge and the understandifegigue in the sensitive locations with spec
loads or not well monitored by operating sensottseyTcould help in evaluating margins in the fatigleanag:
evaluation.

It is above within the framewhkrof the plant life management that transient cydanting becomes tl
most worthwhile. Transient cycle counting is a pryas tool to anticipate sooner fatigue damage andptimize
operating procedures or in-service inspection @ogr if necessary.he forecasts show that, after 40 years,
part of the potential lifetime fatigue will be camsed and it will be possible to operate the reaot@r a longe
period. It is worth noting that the transient retare very valuable and could be usedaidgsm less conservativ
detailed fatigue analysis.

Conclusion

With the activity of Transient Cycle Counting, ERWwns a database corresponding to more than
reactor-years for the PWR units. Transient Cycler@iog is complementary with other surlailce activities liki
in-service inspection programs.
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INTRODUCTION

Electricité de France (EDF) has implemented a mhoee of Transient Cycle Counting, ever since the
startup of his 58 PWR units. This procedure answeeesregulatory requirement laid down by the Omfdrebruary
26, 1974, renewed by the Order of November 10, 19889ch determines the aims of regulatory stepsndur
operation for the Reactor Colant System (RCS) &edntain secondary circuits of the PWR reactors. ditre of
« transient cycle counting » is to verify that thetual operating transients are neither more semeremore
numerous than the design basis transients.

After a rapid description of the procedure of tianscycle counting, the main results experieneglii@ck
results of this activity.

TRANSIENT CYCLE COUNTING

At the design phase, to establish the servicediifehe reactor coolant system (main primary cirantd
main secondary circuits of the PWR reactors) asired by the regulation, the operating conditiores defined and
classified in categories (design, normal and ugsegrgency, and faulted conditions). Under theselitions, plant
series behaviour are analysed in relation to thimwa damage which might be initiated by the assiitoads.

Transient Cycle Counting (TCC) ensures that, undeerating conditions, the RCS (and the main
secondary circuits) is not subjected to either ns@eere or more numerous transients than thatgedvior during
the design phase. As mentioned in the introductid®C has been implemented by EDF to meet a regylato
requirement, but it also leads to a better knowdedfjthe actual thermal transients and loadinghstgbd by the
RCS pressure boundary, as far as severity anddneguare concerned.

Principles and procedures

It might be useful to briefly recall some elememigich will enable to appreciate the transient cycle
counting contribution better as well as its limits.

Transient Cycle Counting relies on the informatamilected by the unit operating sensors : RCS égt |
and cold leg temperatures, RCS and secondary pessswuxiliary line temperatures, and in additioms logical
(on-off) signals (valve position, pump ...); approately 40 parameters are regularly monitored veiffecific
recorders. No particular instrumentation was itetiedo check on an area nor particular local phesram

From the above mentioned signals, only the traisikkely to increase the fatigue usage factorahe
points are detected. Therefore, thresholds of gifeity to fatigue were calculated. These threghehlues are as
following :

- rate of RCS main loop temperature changes 5%C/3
- RCS pressure changes 1 MPa
- secondary pressure changes 0.5 MPa

- rate of auxiliary circuit temperature changes  waetn 20 °C/h and 40 °C/h.

It is worth noting these thresholds have been tated very conservatively. More detailed calculiasio
show that for transients equivalent to the detactimeshold, the calculated stress ranges areefamtthe material
endurance limit for the most heavily loaded RC%&are

When a transient is detected, the first task ini, in the design basis transient file, an “expa design
transient", i.e. a design transient at least asreem terms of temperature and pressure changiestdcommended
to first for an “envelope design transient” witketeame initiating event and then checks the "epeilfeature by
comparing the range and the rate of the variouamaters changes. Would this approach fail, it b@lpossible
sometimes to classify the transient in a categoiti & weaker functional connection, provided that design
transient evolved more severely. Consequentlyefample, at the end of the unit startup tests, peagations are
sometimes already accounted for transients withmower variations, or safety injection type trantiemare
accounted for transients without safety injection.

Currently, the transients are counted accordinghé&ir characteristics (pressure, temperature vanis}
and initiating event, but not according to theinsequences on the equipment (stress, fatigue damage

In the design transient file, each transient i®@#d to a number of allocated cycles (estimatext d0
years of operation) as used for the design stuttiesverified that these allocated figures hawee Imeen reached by
adding all the transients which have occurred.
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Implementation of the procedure

The doctrine and procedure of transient cycle dograre defined by EDF Nuclear Generation Division
corporate engineering, and implemented by the aug@ewer plants. At present, transient cycle cagnis carried
out on the sites generally by the testing teams. §thff assigned to this activity varies dependinghe sites. It
varies from 1 person to 2 persons for a nucleamtplath 2 units. The job is carried out, in rotatjcon all plant
units. Twice a year, a balance sheet of the trahsmnsumption is sent to the nuclear safety aitthor

Training sessions for transient cycle counting hiaen organized since 1990. More than 300 people ha
been trained for transient counting (in EDF Nucleawer Plants, transient counting represents ward® people).

Evolution of practicesin the plants

During the first 10 years of plant unit operatitime people in charge of this activity were mainlgriing
on counting transients. Transient analysis (cafifieedinitiating event) was rarely carried out. Tgrecedure is now
easier to apply and better mastered than at thimfiag of plant unit operation, thus making it pb$s to spend
more time analysing the transients and, in somesgdishas been possible to reduce transient cqutsams, thanks
to operating procedure modifications. For seveedry, the staff have been growing more aware ofrdmsient
cycle counting concern and the benefits appear#ukiconsumption reduction of so-called "sensitivahsients.

EXPERIENCE FEEDBACK, DESIGN BASISTRANSIENT FILE UPDATING

Transient Cycle Counting makes it possible to chetlether the design assumptions cover operating
transient characteristics. If it is not the cade, design transient file can be updated and thigniasress analysis
shall then be revised, as required by the regulatio

PWR 900 MWe series

With a first commercial operation of Fesssenheiin 1978 for 900 MWe CPO series and Tricastin 1 in
1980 for the 900 MWe CPY series, the design tramdiee of PWR 900 MWe series was modified in 198t
modified again in 2001 and for the third 10 yeantage of Fessenheim 1 and Tricastin 1 in 2009.

For some transients the following difficulties hayeen noted :

— station heat-up and cool-down
RCS temperature changes in intermediate state
pressure excursion in intermediate state
auxiliary spraying

— charging line temperature changes.

The difficulties encountered are described below.

a) For RCS heat-up and cool-down, the current desansient file only contained complete heat-upd a
cool-downs (from cold shutdown to hot shutdownemiprocally,At = 270°C). For various operating reasons, these
heat-ups and cool-downs can be partial, e.g. thetoe can go from hot shutdown to intermediate cbwh state
and then back to hot shutdown. These partial hestamd cool-downs were accounted for as complegs. drhis
was a very conservative approach. It resulted Taoraeal” over-consumption of the complete heat-aptalown
transients. Through this example, it was obvioas thwas worth having a detailed design trandiigat It should be
noted that in many RCS areas, the complete heatgbsool-downs are the most significant for curivgausage
factor values.

b) In intermediate RCS states, the transients \itth temperature variation rates (> 100°C/h) were
detected. Taking into account our method of trarist®unting and the past design transient files¢hgansients
could not be classified. They constituted the greajrity of unclassified transients detected & time. They were
mainly due to RCS pump startings and stops. Thexefmall thermal shock transients were createtiendesign
transient file. In cooperation with the operatirgygpnnel, actions were also launched to limit thenler of these
transients.

c) Transient cycle counting had made it possibldaiect severe auxiliary spraying transients noviged
for at the design phase and which the pressurp@ydine is subjected to. In fact, periodic testye set up to a
check valve operability at hot shutdown. When trdlve opened, an amount of cold water was pushedrtts the
spray line whose temperature was around 340° C.fidggiency of this type of tests was 1 every 1 tgedrs,
depending on the plant unit. At the design phdss,type of transient was considered to occur vergly and was
“limited" to upset condition transients. The abaowentioned test was therefore modified, and theyaigbf the
spray piping behaviour was updated. In order t@iobiargins, the design transients which are muctersevere
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than the real transients were optimized. The destgdies assumed that the spraying pipe was sebjdot the
passage of the cold water at 20° C. On-site meammes showed that the temperature of this « coligmawas
about 100°C.

d) At the beginning of the PWR 900 series operatinaore transients than forecast were detected @n th
charging line. Various measures were taken in otdeeduce this phenomenon (modification of thespueizer
water level regulation) ; the operators were siesitto this issue and a decrease in such trassheas been
observed quite quickly.

e) Difficulties in counting some transients havestbeencountered, due to discharge isolation. Design
discharge isolation duration was given as less tham. In fact the quicker the line can pass fraroZlow rate to
flow rate, the fewer transients will be generatedoling will be compensated for by quick reheating

This problem is encountered (due to current tramsteunting methods) for the design transients Wwhic
comprise a series which is very limited in timee(§égure 3).

PWR 1300 MWe series

With a first commercial operation of Paluel 1 in859the design transient file of PWR 1300 MWe serie
(20 EDF units) was updated in 1991. At that date aftotal of 70 reactor-years, nearly 1000 tramsieletected on
the sites did not correspond to the descriptiorthéntransient file. This was essentially due tanges in operating
conditions:

- decrease in the average operating temperature

- design not having taken into account stretchemarating cycles.

The analysis of the various unclassified transient&bled us to define the design transients to dudified
and those to be created. These modifications wefiaed! with the aim of reaching a relatively fineedkdown of
design transients, so as to follow up fatigue daresyclosely as possible.

EXAMPLE :Transients of the charging line (withouscharge or charge isolation)

Scenario A Scenario B
12000 occurrences witht = 70° C 12000 occurrences wih= 70° C
1000 occurrences witht = 100° C 1100 occurrences with= 140° C

100 occurrences witht = 140° C

Scenario A is preferred to scenario B as it alldarsmore precise counting. The initial list of teients
used in transient counting included 50 transientee;revised list includes about 100 transientsniab and upset
conditions only). As a result of this complete dwarl of the design transient file, the classificasi previously
carried out had to be considered and this had septed a significant volume of work (between 30d 400
transients are accounted for every year on eagtt plit). After this complete revision of transiaycle counting
of the PWR 1300 MWe, a reliable and homogenous lokese was available.

Contrary to what might had been feared, the maalifims and creations of new transients did notlrésu
too significant an increase in the fatigue usagofavalues for the areas most frequently subjetethe cyclic
application of pressure loadings and thermal terisi The difficulty in defining these modificat®mwas to find a
compromise to cover transient consumption withowréasing equipment usage factors too much. When th
transient file of PWR 1300 series was revised, dsvwpossible to take advantage of the improved ledion
methods, which attenuated usage factor increasssine cases.

The updating of the PWR 1300 series transienhfile been incorporated into the PWR 1400 MWe file.

TRANSIENT COUNTING ANALY SISAND FORECAST

PWR 900 MWe series

At present, the numbers of observed occurrencebeofransients are generally lower than the alkxtat
numbers. The forecasts show that the allocated etsvdf occurrences of the design transients, adapt2009 for
the third 10 years outage, present still margin®bé 40 ans. Most of the transients will not posgbfem within 60
years. (see figures 1 and 2).
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Fig. 1: PWR 900 MWe series — Observed and foremasirrences as a function of the age (years) ofitits
Transient 1A : heat-up from cold shutdown for imt@rtion to hot shutdown (allocated occurrences): 70
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Fig. 2: PWR 900 MWe series — Observed and foremasirrences as a function of the age (years) ofitiits
Transient 28D2 : Cold thermal shock of 30°C of ®@&S (when RCS is under 180°C) (allocated occuriend&0)

PWR 1300 MWe series

The revision of the design transient file of the R¥800 MWe series performed in 1991 is still a good
envelope of the forecast consumption of transiefitss file is consistent with the forecast. Mosttloé transients
will not pose problem within 60 years.

The consumption is higher than the forecasts fer gmall thermal transients with high rates of RCS
temperature changes (RCS temperature under 180P€)orecasts predict also the necessity of a smakase of
the numbers of occurrences of the transients linéi¢de simultaneous isolation of the charging disdharge lines.

For PWR 1300 plant units, in case of automatic fimmasystem actuation, a volume of water with ahhig
Boron content is injected into the RCS. The tramtsiide includes this transient with the reactonaminal power as
the initial state. When this injection of cold watekes place at low power or during hot shutdotlue,amount of
available heat in the RCS is much lower than thvatlable when the reactor is at full power, thusuténg in
greater cooling than that taken into account bydigsgn.

The updating of the design transient file for thied 10 years outage is in progess.
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COMPLEMENTARY COUNTING

After significant studies (Hydraulics and Mechahios some local fatigue phenomena, the complemgntar
counting of the cumulative durations of some samsibperating conditions was defined and implemerite
improve the surveillance of some thermo-hydraydisenomena affecting some local zones :

- locations affected by mixing of fluids with higlifference of temperatures,

- locations affected by thermal stratification.

For the PWR 900 MWe series, the locations affedtgdmixing of fluids with high difference of
temperatures are :

- apiping tee of the reactor heat removal system,

- the nozzle of the charging line on a cold le@¢ter chemical and volume control system),

- the nozzles of the safety injection system orcitid legs,

- the tee of the auxiliary spray piping on the mspnay piping,

- the nozzles of auxiliary feed-water system omlfe@ter piping (near the steam-generator).

For the PWR 900 MWe series, the locations affettegdhermal stratification are mainly the feed-water
piping near the steam generators (SG).

As the transient cycle counting, the complementaynting relies on the information collected by thmit
operating sensors ; more than 10 parameters arétarexh without specific recorders. There was nodneé
complementary instrumentation to check local phesmem Using the records of the unit operating sensar
software computer program was developed to comihateluration of the monitored local fatigue phenoan&he
cumulative durations of the more sensitive opegationditions are regularly checked and in-servispéctions are
planned when these durations over-passed the dealiges.

STRESSBASED CYCLE COUNTING AND FATIGUE-MONITORING SYSTEMS

Stress-based classification computer program

The software computer program called TNC has beseldped by EDF for unclassified transients of the
PWR 900 MWe series, 1300 MWe series and 1400 MWesseComponent stresses are computed using dktaile
Laplace-Green transfer functions. A stress-basaskiflcation algorithm attempts to classify thelgred transients
according to the stress-based design envelope.sbifiware computer program is currently used by ERi€lear
Generation Division corporate engineering to aralise unclassified transients of the plants angrtapose a
classification.

Fatigue monitoring

Transient Cycle Counting as currently carried optEDF makes it possible to count the RCS transients
This method which meets the regulatory requireméntgenerally conservative. For locations with higgsign
cumulative fatigue usage factor, a more realistiethmd could be useful. Because of the limited imiztion
collected by the unit operating sensors, some Ri8tibns subjected to particular transients dudyptr local
thermo-hydraulic phenomena are not well monitoprdgsurizer surge line, feed-water piping neaiSi¢.

To solve these issues, EDF R&D Division has devadofatigue monitoring devices which enables the
stresses undergone in some locations of the R®8 talculated. The principal steps are:

- direct acquisition of the required operating paeters,
- determination of the local temperature and pnesgariations based on thermo-hydraulics modeling,
- periodical stress calculation and calculatiomsdge factor.

The first fatigue monitoring prototype was instdllen the charging line nozzle at Bugey 2 in 1985. A
second fatigue monitoring prototype was installed988 on Dampierre 1.

EDF is taking advantage of advanced systems experikke fatigue meters that could improve the aller
quality of the existing process and the knowledgé tihe understanding of fatigue in the sensitiveations with
specific loads or not well monitored by operatiransors. They could help in evaluating margins i fdtigue
damage evaluation. At present, fatigue metersrestalled on two units. The monitored locations thes charging
line nozzle, the surge line (stratification) ané fieed-water piping near the SG. The experiencabieek will be
available next year.
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CONCLUSION

Transient Cycle Counting was originally considegsda compulsory constraint. Today, it increasingly
appears to be a precious tool in understandingptéuet units operation and in monitoring RCS fatigtre fact,
Transient Cycle Counting and fatigue monitoring eseplementary with other surveillance actions likeservice
inspection programs.

Transient Cycle Counting enables design basisitarssto be adapted as closely as possible to tpgra
transients. Thus it enables operating mode chatgdse taken into account. In this way, for exampghe
consequences due to the load follow-up operatioR@F PWR units were shown to be low on the RCSyfeti
damage.

Transient Cycle Counting makes it possible to dedetual operating transients not accounted fomdur
design. It is a useful experience feedback toolofegrating procedure survey. After analysing theaooperating
transients and their occurrences, the operatingegiures can be modified, should they penalize dngeent.

After long studies (Hydraulics and Mechanics) ofnsolocal fatigue phenomena, the complementary
counting of the cumulative durations of some sersibperating conditions was defined and implemerite
improve the surveillance of some thermo-hydraydisenomena affecting some local zones :

- locations affected by mixing of fluids with higlifference of temperatures,

- locations affected by thermal stratification.

However, it is above all within the framework oftplant life management that transient cycle cognti
becomes the most worthwhile. Transient cycle cagnis a precious tool to anticipate sooner fatigamage and to
optimize operating procedures if necessary. Afptlesent time, it is expected that only part of gbeential lifetime
fatigue will be consumed after 40 years in operatiad that it will be possible to operate the re@aover a longer
period. It is worth noting that the transient reisoare very valuable and could be used to perfess tonservative,
detailed fatigue analysis.

The procedure set up by EDF from the unit staryzives a good but conservative estimation of the RCS
fatigue damage. The installation of advanced systkke fatigue-meters could improve the knowledgel ¢he
understanding of fatigue in the sensitive locatiwnih specific loads or not well monitored by optérg sensors.
They could help in evaluating margins in the faiglamage evaluation.
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