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Abstract

Because of the growing operational age of nuclearep plants, the ageing management of structuysgeras
and components used in these plants is gainingngortant role. Technical systems are subject t@-tim
dependent and operationally caused ageing phenomigmamodifications of originally given charactdits
and, thus, of relevance in terms of safety. Esfigcighysical ageing is of importance. Therefore, a
comprehensive ageing management is required. lodhtext of an integrated safety management itdde
shown how to integrate the safety related issueageing into probabilistic safety assessment (PSA).
particular the question is to be answered whetiereffort for the execution of an ageing PSA idifiesl, in
particular if the safety significant effects of aggcan be identified and quantitatively estimatiggthod for
prioritization of the components in the nuclear powlant considering implication of their ageingsafety of
the nuclear power plant is presented. On the lodgia actual report on ageing management in Genualear
power plants and a literature survey, this papes tio estimate the necessity and value for thhedottion of
an ageing PSA in Germany.

1. Introduction must be considered by the regulators and addressed

by industry in order to assure plant safety [17].
As of February 15, 2014, 435 nuclear power plant, snicipation of subsequent license renewal

units are in operation in 30 countries. The data inyyjications, the staff undertook a comprehensive
Figure 1 (as provided by the International Atomic

2 review. Categories of items considered during this
Energy Agency - IAEA) show that the vast majority yeyiew included the use of probabilistic safety

of nuclear power plants worldwide is more than 20 ,qcassment (PSA) to risk-inform scoping and
years old and more than 150 units are already mor?nanagement of ageing effects [27].

than 30 years in operation.
Moreover, many countries are currently extending or

planning to extend the operating lifetimes of their ;o planning to extend the lifetime, it has to be

nuclear power plants to 60 years or even moreéyemansirated that the plant safety level will remai
Therefore, it seems to be of great significance to,

, _ S : adequate until the end of operation, and to dq that
!dentlfy the possible impact of ageing on the safet necessary to evaluate the effects of ageing
in the long term.

phenomena on the plant performance and safety.

Currently, 73 nuclear power plants in the US havepqeing which could be understood in this context a
already received 20-year operational life-time a ,general process in which characteristics of

extgnsions, another 18 units are cqrrently undercomponents, systems and structures (‘equipment)
review by U.S. NRC [17]. Several applications for a

i tension b d 60 ; radually change wittime or use, eventuallgads
tl)(;?cr)]rceezggoensmn eyon years are expecte degradation of materials subjected to service

. . conditions and could cause a reduction in component
Several potential ageing effects on reactor pressur

essels. biping. cables and plant concrete strestur and systems safety margins” below limits provided
v » PIPING, P e in plant design or regulatory requirements.” [1].

For the units which have approached the end of
initial design lifetime and especially for thoseiahh
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Ageing phenomena can have one or both of thdn the context of an integrated safety management
following effects [1]: The failure rate of comporien the question arises if it is possible also to irdésg

or a system can increase with time or the compasnentthe safety related issues of ageing into PSA. $o fa
degrade and no longer fulfil design requirements.  the ageing effects are not explicitly included e t
Especially physical ageing is of importance. They a PSA provided today in the frame of periodic safety
caused by, e.g., embrittlement, fatigue, corrosionreviews.

wear and tear or by a combination of these factors.

Consequently, the effective failure rate is desttib 2, Incorporating ageing into PSA

by the so called "bathtub" curve presented in . .
Figure 2 which comprises of three parts: “infant N 2004 the so-called "Ageing PSA (APSA)" project

mortality" phase, period of normal operation and of Joint Research Centre (JRC) of the European

wear-out phase. It is generally assumed that ageing COmmission  started. The APSA Network was
taking part in the third phase [2]. created after it was recognized that current stahda

Ageing management in nuclear power pIantsPSA tools do not adequately address important

comprises the entirety of measures taken to controf9€iNg issues, and this could have a significant
the above mentioned ageing phenomena that coulti’Pact on the conclusions drawn from PSA studies
be detrimental to the safety of a nuclear powentpla and applications, especially in cases of operationa
In Germany the recently issued nuclear safety?ded plants. The network brings together operators,
standard KTA 1403 [16] specifies the requirermntsresearch_mstltutlons, industry and_consultantso wh
for ageing management that encompass the technicifVe their own research program in the area or are
and organizational measures with respect to ay earlinterested by the subject [8]. ,

detection of ageing phenomena relevant to theysafet!n 2006 a preliminary report was published by the
of nuclear power plants and to maintaining theAPSA project, summarizing the general procedure of
actually required quality condition. It is undedh ~ Incorporating ageing effects into PSA [1]:

that the development of the state of the art afrse ~ * S€lection of structures, systems and components
and technology regarding ageing shall be pursued Sensitive to ageing, _

and assessed. * Modelling of ageing mechanisms,

Additionally, in Germany it is required by law that Modification of PSA parameters/models and

the licensees have to conduct an overall periodic ~ calculation of PSA results.
safety review of the operating nuclear power pIantThe first step consists of selecting relevant stmas,

every ten years. Part of this periodic safety ievie ~ SYStems and components (SSCs) which shall be

to perform a level 1 probabilistic safety assesgmenConsidered. Detailed —analysis of every single
(PSA) for all operating states and a level 2 PSA fo COmponent in a plant would be too difficult and
full power. extremely expensive. In addition to the analytical
The probabilistic safety assessment (PSA) is seen £OMplexity, data gathering also involves a major
a complement to the classical deterministic safetyeffort, particularly for projecting the effects ageing

assessment and, in the meantime, PSA is used asxthe future. N
tool to assess the safety level of a plant in thené Therefore, a “simplified method that screen ous les

of international and national licensee and regujato 'iSk-significant components and prioritize the most
activities. risk-significant ones would be very useful in this

context” [1]. The risk-significance can be estindate
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by looking at, for example, the influence of the also addressed in [18] presenting the application o
reliability of a particular component on the overal implicit and explicit reliability models for
PSA results. incorporating ageing effects. These are dynamic
A qualitative approach for the selection of SSCs issystem reliability methodologies such as the GO-
described in [13] including a list of ageing FLOW chart and the Petri-nets-based method-
mechanisms. Analysis of Topological Reliability of Digraphs
Moreover, a guideline has recently been issued [14[ATRD) as a cell-to-cell analysis procedure.

providing a practical approach and recommendingThese alternative methodologies have been applied
methods to be used in the selection and prioritimat to a repairable pump and a non-repairable check
of SSCs sensitive to ageing. The guideline proposesalve in a segment of the VVER 1000 safety system
a simplified approach for SSC selection by using anfault tree in order to evaluate the ageing impact o
integrated decision-making process  which the unavailability of the residual heat removalteys
incorporates both risk and traditional engineeringand the unavailability sensitivity [19]. The ageing
judgment as given by an expert panel [14]-[15]. degradation and restoration have been modelled
The results of the application of this simplified using linear functions.

approach carried out for two particular systemthef  Furthermore, a new analytical model has recently
TRIGA research reactor are given in [14] and been developed [9]. The main advantage of this
demonstrate the feasibility of the approach and itmodel is that it simultaneously integrates the
allows to identify components that are important contributions of component ageing, effects of test
from the risk point of view but are not much and maintenance activities as well as the tesieglya
sensitive to ageing (pneumatic valves from primary(sequential, staggered) in deriving the system mean
circuit) and components that are not important forunavailability.

safety but are very sensitive to ageing [15]. The obtained results generally indicate the faat th
The second step consists of modelling the ageingisk-informed surveillance requirements differ from
mechanisms, e. g. embrittlement, fatigue and saxisting ones in technical specifications as wsll a
forth. show the importance of considering ageing data
The third step consists of modifying the PSA uncertainties in component ageing modelling.
parameters or the structure, since one now can havaternationally, there is no standardized single
components which were not considered previously inapproach to incorporate ageing into PSA. The
a "classical" PSA, e. g. passive components. greatest obstacle seems to be the sparse empirical
Two main options exist when the basic methods fordata and resulting from that, large uncertainties.
consideration of ageing in probabilistic safety Especially the chosen initial assumption (e. gmisa
assessment are considered. as-old” vs. “same-as-new”) can have drastic impact
The first option, which is known as stepwise conista on the results [10].

failure rates, includes modification of probabitist Further difficulties arise in the modelling of agei
safety assessment models in sense that the ageimgechanisms. “[It] is difficult to distinguish
contribution is added to the initial models, which equipment failures and equipment failures, [whose]
consequently causes also the modified results, whenauses are connected [to] degradation due to &geing
evaluation is performed [26]. The failure rates are[6]. On the other hand “it is difficult to defindne
determined as constant in determined time intervalsbasic elements of the evaluation, which are the
but as the time intervals go on, the failure ratescomponents themselves, as they are mostly made of
increase, if the ageing contribution to the failtates  several parts or subcomponents, which may degrade
increases [24]. The second option includesthrough time and age differently...” [6].

modification of the resulted minimal cut sets inse

that the ageing contribution is added to the result 3. Data availability and analysis

minimal cut sets [25]-[26].

A case study on incorporation of ageing effects in
the PSA model and a discussion on the use of PSA t
evaluate the SSC ageing effect on overall plamtgaf
are provided in [22] as part of task 7 of the APS

t In order to conduct a PSA, one needs some sort of
liability data of studied components, for exaniple

orm of failed components in a given operation time

ainterval (failure rate). One way of obtaining thista

project. The possible impact of age-relatedis operational experience. Ageing effects, however,

degradation on the component reliability and on theCan result in an increasing failure rate. The agein
plant risk profile is demonstrated using the PW PSA tries to model this t'm? dep_enqlence of the
Large LOCA PSA model as an example. failure rate, in contrast to the "classical" PSAenh

The incorporation of age-dependent reliability the failure rate is assumed to be constant. Several
parameters and data of SSC into the PSA model i§'0d€ls exist, the simplest being the so callecafine
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ageing, where the constant ageing is assumed to be Ag; = g; -G, (2)
described by a linear function instead.
In general, there are different types of ageingcivhi
. ) where
can occur with different types of age dependent, unavailability of equipmenti (no ageing
failure ratesi(w). The linear method, the exponential 0 - considered)
g)eg:ggn Erir?:thg:ji Weibull method are the mOStqi - unavailability of equipment with ageing
_ used for modelling of components considered
ageing. . I o
Data obtained from operational experience can beAqi i ;he ![ncrea§e of unavailability of equipment
studied using these models and the resulting time- ue 1o ageing.
dependent failure rates can be used to compute t
associated unavailability of the considered stmagtu
system or component.
Practical methods to analyze component and syste
reliability data with focus on frequentist and
Bayesian approaches are discussed in guideline AG =£ai(L- -T)Ti +£aiTi2
elaborated in the APSA framework [23]. '
(3)
4. Method of prioritization of ageing from
results of probabilistic safety assessment where
a - ageing rate of equipmeint

Method for prioritization of the nuclear power plan 11-’ - test interval of equipment

components due to ageing baseq on the results %i - replacement (overhaul) interval of equipmient
probabilistic safety assessment is developed an
presented. Ageing is a process, where the Properti®rye overhaul or replacement intertail the interval

of systems and processes may degrade through ﬂh‘? which the component is replaced with a new one

#rr?e anhd age. ¢ th q ¢ ¢ and the age of the component is restored effegtivel
e change of the core damage frequency fok -\ .aof zero.

different replacement and surveillance intervals ISThe surveillance intervar is interval at which the

calculated from the new importance coeff|C|ent._ component surveillance is performed, in order to

Components are sorted depending on thr3"rassure operational status with minimal repair being

contribution to _the chang(_a of _the core Olamageperformed. The component is basically in the same
frequency resulting from their ageing.

. ondition after the test as before the test. The
The m‘?‘.h‘.’d of assessment of ageing from results .Ofeplacement interval of equipmen(L;) is obtained
probabilistic safety assessment is presented '225] as:
reference [26], while the data are analysed also i
[24]. The mathematical formulation of the method is 1
based on the TIRGALEX database [24] about |[|;=-—— 4)
components ageing rates. The change of the failure Ao
rate AA; of component i due to the ageing is given
with expression: If there is no surveillance tests expected on the
component between replacements, theés set equal
Ai=A-A, (1) to L. In the case when the mean time to failure of the
component is larger than the facility lifetime and
there is no surveillance test expected the forrfala
the unavailability increase [25] will be:

rEor a linear ageing failure rate, the average
unavailability increase [25] due to the ageing for
r1},?sted equipment is:

where
Ao - failure rate of equipmenti (no ageing
considered)

Ai - failure rate of equipment with ageing Ag =1ait02 (5)
considered

AJ; - the increase of failure rate of equipmeiiue
to ageing. wheret, - facility lifetime.

The change of the component unavailabifity with ~ To calculate the core damage frequency change

consideration of the ageing is given as: ACDF as a function of the component ageing
changesAq, a Taylor expansion approach was
utilized to expresACDF as a function of thAqg:
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Results of prioritization of ageing from results of
ACDF =Y SAq, + Y. S,AqAq; + probabilistic safety assessment are presented in
! ] Table 1and Table 2[6]. Results include change of
2 SiAqAgAg, +...+ S, ,AgAg,..Aq,  (6) core damage frequency due to ageing for different
I test intervals T) and replacement intervalk)( given
in months, for a selected probabilistic safety

where _ assessment model. The reference nuclear power plant
ACDF -change in core damage frequency used in the study has a core damage frequency of
S - standard Taylor expansion coefficients, 1 gog-05/reactor year.
importance of equipment i _ The first column in these tables contains
4qi - change of the component/system unavailajgentification of the event which includes: numioér
bility. the basic event and type (Common Cause Failure

(CCF), Diesel GeneratorDG), Emergency Core

The Taylor expansion coefficieng&in Equation (6)  Cooling SystemECCS, Motor Operated Valve fails
are obtained as multi order derivates of &g~ and  t9 remain open EMSM\} or fails to operate

are termed as a core damage frequency sensitivitgesimyy).
coefficients or core damage frequency importancep the second column the basic event unavailability

coefficients. _ _ with the Fussel-Vesely importance measu¥¥)(is
coefficients the Equation (6) is simplified as: fourth column.
The fifth column contains the value of the sengitiv
ACDF =Y SAq, (7) coefficient§ of the corresponding basic event. The

value of the sensitivity coefficier® is obtained with

application of Equation (10) using basic event
Change of the core damage frequendZDF  ,nayajlability g and FV; given in first and second
resulting from the change of the component.qumn ofTable 1

unavailabilityAg; will be: In the sixth column theaverage unavailability
increaseAq; due to the ageing is given which is
ACDF, = § [Aq, (8) obtained with the application of Equation (3) for a

given surveillance intervalT and replacement
The Fussel-VeselyFyV) importance measure gives intervall.
fractional contribution to the system unavailailit The last column inTable 1 contains ACDF,
representing the increase of t8®F resulting from
CDF -CDF(q, =0) the ageing of the particular component. TA€DF,
FV. = CDF (9) is obtained with the application of Equation (8Han
is product of sensitivity coefficient§ and

The importance coefficients 6f equipment i can be unavailability increas@aq; of the corresponding basic
vent given in previous two columns.

obtained from the Fussel-Vesely importance measur%asic events iMable 1landTable 2are sorted based

as: on the value oACDF, [6], [28].
_ Table 1and Table 2contain only 10 basic events,
S = FV; OCDF _ CDF —CDF(q, =0) (10)  which have largestCDF..
q q The results inTable 2 show that basic event
identified with the largestACDF; is the event
where corresponding to th€CF of the diesel generators.
CDF - core damage frequency Other basic events identified fable 2correspond
CDF(gi=0) - core damage frequency when unavaila-to the failure of the valves of tHeCCS DC bus of
bility of equipment i is set to zero class 1E power system and valves of the components
FV; - Fussel-Vesely importance measures foicooling system [6].
equipment i
a - unavailability of equipment i.

The relative error of expression given with Equatio
(10) can be large in case when the value€bfF
andCDF(q = 0) are close to each other indicated by
the small value oFV importance measure [5].
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Table 1 Results of consideration of ageing

Basic event O FV, a S T=1m,L = 18m

Aq ACDF,
BEO1 CCF DG  |2.81E-05 | 3.05E-03| 4.11E-16/H1.09E-03/ry|9.41E-04 | 1.02E-06/ry
BEO2 ECCSvalve) | 1.20E-05 | 7.81E-04| 4.11E-16/h)6.51E-04/ry|9.41E-04 | 6.12E-07/ry
BEO3 ECCSvalve) | 2.40E-06 | 1.56E-04| 4.11E-16/h6.50E-04/ry|9.41E-04 | 6.12E-07/ry
BEO4 OC bus) 2.40E-05 | 8.83E-03| 3.43E-1%/h3.68E-03/ry| 7.84E-05 | 2.88E-07/ry
BEO5 ECCSvalve) | 2.40E-06 | 3.73E-05| 4.11E-16/h 1.55E-04/ry|9.41E-04 | 1.46E-07/ry
BEO6 ECCSvalve) | 1.20E-05 | 1.86E-04| 4.11E-16/h1.55E-04/ry|9.41E-04 | 1.46E-07/ry
BEO7 ECCSvalve) | 2.40E-06 | 3.13E-05| 4.11E-16/h 1.30E-04/ry|9.41E-04 | 1.23E-07/ry
BEO8 ECCSvalve) | 1.45E-03 | 1.89E-02| 4.11E-16/h1.30E-04/ry|9.41E-04 | 1.23E-07/ry
BEO9 ECCSvalve) | 2.96E-05 | 2.83E-04| 4.11E-16/h9.56E-05/ry|9.41E-04 | 9.00E-08/ry
BE10 PCSvalve) |1.45E-03 | 1.29E-02| 4.11E-16/h)8.90E-05/ry|9.41E-04 | 8.37E-08/ry

Table 2.Results of consideration of ageing (continued)

Basic | T=18m,L=18m | T=1m,L=72m T=6m,L=72m | T=72m,L=72m
event | Aq | ACDF | Ag | ACDF | Ag | ACDF | Ag | ACDF
BEO1  |1.15E-02| 1.25E-05/ry3.82E-03| 4.14E-06/ry1.28E-01| 1.39E-04/ry1.84E-01| 2.00E-04/r
BEO2  |1.15E-02| 7.49E-06/ry3.82E-03| 2.48E-06/ry1.28E-01| 8.32E-05/ry1.84E-01| 1.20E-04/r
BEO3  |1.15E-02| 7.48E-06/ry3.82E-03| 2.48E-06/ry1.28E-01| 8.31E-05/ry1.84E-01| 1.20E-04/r
BEO4  |9.59E-04| 3.53E-06/ry3.18E-04| 1.17E-06/ry1.07E-02| 3.92E-05/ry1.53E-02| 5.64E-05/r
BEO5  |1.15E-02| 1.79E-06/ry3.82E-03| 5.93E-07/ry1.28E-01| 1.99E-05/ry1.84E-01| 2.86E-05/r
BEO6  |1.15E-02| 1.78E-06/ry3.82E-03| 5.92E-07/ry1.28E-01| 1.98E-05/ry1.84E-01| 2.85E-05/r
BEO7  |1.15E-02| 1.50E-06/ry3.82E-03| 4.98E-07/ry1.28E-01| 1.67E-05/ry1.84E-01| 2.40E-05/r
BEO8  |1.15E-02| 1.50E-06/ry3.82E-03| 4.98E-07/ry1.28E-01| 1.67E-05/ry1.84E-01| 2.40E-05/r
BEO9  |1.15E-02| 1.10E-06/ry3.82E-03| 3.65E-07/ry1.28E-01| 1.22E-05/ry1.84E-01| 1.76E-05/r
BE10  |1.15E-02| 1.02E-06/ry3.82E-03| 3.40E-07/ry1.28E-01| 1.14E-05/ry1.84E-01| 1.64E-05/r

Table 3.Summary of results due to consideration of ageing
T L ACDF
T=1m | L=18m| 4.58E-06/ry
T=18m| L=18m| 5.60E-05/ry
T=1m | L=72m| 1.86E-05/ry
T=6m | L=72m| 6.22E-04/ry
T=72m| L=72m| 8.96E-04/ry
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In Table 3the overall increase of the core damageThe main objective of a German project [11] was to

frequency ACDF, obtained with Equation (7), for further develop the technical decision basis for a
given surveillance intervalT and replacement standardised national assessment of the effectgene

interval L is presented. Obtained resultsTiable 3 ~ of ageing management in German nuclear power
show that extension of the test intervall and plants from a methodical point of view and to carry

replacement interval results in an increase of the out an up-to-date generic assessment of the
ACDF. effectiveness of the ageing management systems
The increase of the core damage frequeXiCDF is implemented in German plants for safety-relevant

relatively large compared to the baseli@®F of structures, systems and components.

CDF = 1.00E-05/reactor year. For this purpose, recent operating experience with
The sensitivity and uncertainty of t#CDF due to  regard to the ageing management of structures,
the changes and uncertainties of other parameter isystems and components in German nuclear power

not investigated within this study [28]-[29]. plants was evaluated and the technical basis
expanded by evaluating the operating experience of
5. Evaluation of the ageing management of foreign nuclear power plants and analysing thesstat
the structures, systems and componentsin of the art in science and technology with respect t
German nuclear power plants selected degradation mechanisms. The results are

shown inFigures 3-4for nuclear power plants with

Ageing management in nuclear power plantspressurized and boiling water reactors, respegtivel
comprises the entirety of measures taken to control

any ageing phenomena that could be detrimental t
the safety of a nuclear power plant. In Germany the
nuclear safety standard KTA 1403 [16] specifies the " Carosion
requirements for ageing management that encompas b = Wear
the technical and organizational measures with
respect to an early detection of ageing phenomen
relevant to the safety of nuclear power plants tand
maintaining the actually required quality condition
until the end of life time. = Material modification
Already in 1996 [3] ageing management in nuclear Unstated or intsmninate
power plants including deterministic versus
probabilistic based ageing management has beep;y,,re 3 Ageing categories for plants with
discussed. Against the background of the 9rowingo\ v/ in German

) : y
operational age of nuclear power plants, the ageing
management of the structures, systems and
components used in these plants is gaining an eve
more important role.
The German Commission on Reactor Safety (RSK
has elaborated a recommendation regarding th
management of ageing processes at nuclear pow
plants [6] describing the principles on the procedu
regarding the management of ageing processes
nuclear power plants and detailed requirements ft(
manage ageing processes in nuclear power plant
RSK recommended that an annual report on agein
management should be submitted to the competent _ _ _
supervisory authority. In order to reach a Figure 4 Ageing categories for plants with BWR
standardised proceeding with regard to ageing
management on a broad knowledge base, the RSRS a further task of the German project, licensee
recommends to evaluate the plant-specific repdrts of€POrts on ageing management were assessed from a
the plant operators generically. The results okthin 9eneric point of view and proposals have been
from the evaluation have to be considered in theelaborated for an improved standardised national
ageing management of the different plants. For thigssessment in the future [11].

purpose, Corresponding procedures have to ba-he results of the evaluation of Operating eXp(E:IEi!en
specified [7]. show that the measures that have been initiated to

detect, monitor and control safety-relevant ageing-
induced changes in SSCs in German nuclear power

Plants with Pressurized Water Reactor

OOverload
m Lost of Form-Fit

OFatigue

BAssemboly

Plants with Boiling Water Reactor

BCorrosion
aWear
oOverload

| Lost of Form-Fit

OFatigue

mAssembly
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plants have so far proved to be effective. TheExperience shows that the contribution of ageing in
comparative evaluation of a representative crossthe probabilistic safety assessment is a diffiagdtie
section of recent licensee reports on ageingat the current stage of developed models and
management showed in particular differences in theavailability of empirical data which lead to large
kind and detail of representation. There were nouncertainties of the results.

indications of any deficits in the ageing managemenThe evaluation of ageing within the probabilistic
of the SSCs [11]. safety assessment is difficult [6] mostly becauss i
For the future standardised national assessment dfifficult to

the ageing management of structures, systems and distinguish equipment random failures and
components in Germany, the assessment according equipment failures, which causes are connected
to KTA 1403 [16] regarding the reports to be  with degradation due to ageing,

prepared on ageing management is seen as suitable. define the basic elements of the evaluation, Wwhic
Supplementary approaches are seen to be the generic are the components themselves, as they are
evaluation of operating experience with the ageing mostly made of several parts or subcomponents,
behaviour of SSCs, detailed examinations of the which may degrade through time and age
implementation of ageing management systems in differently one from another and which can be

the plants, and the reflection of the approachethen partly exchanged or renewed or inspected.

results of recent international projects. Even PSA models without systematically
incorporated ageing effects may be adequate and

6. Concluding remarks useful for certain limited ageing related applioat

like setting priorities in ageing management.
In a case study described in [21] the result df ris
xtrapolation is an increase of core damage

The activities related to ageing evaluation arealigu
performed in the frame of periodic safety reviews,

ageing management, maintenance optimization an equency up to almost an order of magnitude. The

Iong term opera_tion. Basic methods for modelling 01:authors of this study acknowledge the main problems
ageing are the linear method, the exponential mbthodiscussed above (methodology, data availability,
and the Weibull method are presented [26]. etc.).

Probabilistic safety assessment is a standardes®d t A qiher study described in [12], discusses ageing a
for assessment of sgfety of nu.clear power P'a“ts- | “the level of electrical systems of NPP Cernavoda.
more and more included in the risk-informed Using generic data and assuming linear ageing

decisio_n-making process. Due to the potential impacmodel, unavailability have been computed and
of ageing on the perfo_rman_c_es .Of structures, S355'[emcompared to unavailability without incorporating
and components, the identification of ageing effect ageing. The resulting system unavailability inchg
and implementation of appropriate methods for their

VI . o , ageing can be up to more than the order of magaitud
mitigation has become of increasing interest in thebigger [12].

last years. Recently, a regulatory document has beer ithermore, a comprehensive ageing PSA plant-
issued underlining  that  probabilistic  safety gpqific model has been developed for the Armenian
assessments fo_r a nuclear power_plant are o atCoURpp ypit 2 based on the results of time-dependent
for the cumulative effects of ageing degradation Ofreliability analysis [20] The attempt was to use

SS?S on overall systems and plant safetypqeing psA results for plant system classification
per ormancle [421' : | ; h . ...__and to compare the obtained results with the safety
As a result, there is a lot of research activitiesy,ggification using the base case PSA model (i.e.
worldwide concerning ageing and its integration in neglecting ageing factor)

probabilistic safety assessment. One of the MOS{a comparative analysis has shown that the steam
advanced projects is the European APSA Project.  qymp 1o the condenser, the SG seismic make-up
Rea_llzmg the fag:t that neglecting the impact of system and the emergency feed water system have a
ageing effects in PSA models could lead 10 ianer rank if ageing factors are taken into actoun
incorrectness of risk profile and to wrong safety tp.s it was recommended to adjust test and
pIeC|S|ons, there is _currently a sustamabl_e effort maintenance strategies in order to pay more attenti
Incorporate t_he ageing effects in PSA S_tUd'eS' on systems which appear to be vulnerable to ageing
Therefore, it becomes extremely important t0 g s

develop a robust and efficient approach for atpe Fykushima accidents have led to fundamental

sy'st(-j:r'nati_c and grad_ual .SSC. screening_ anc1:hanges in the use of nuclear power in Germany. On
prioritization, with the aim to identify and pritide August 1, 2011, an amendment of the German

all structures, systems and components which requir zyo g Energy Act came into force. It consists
time-dependent reliability models in the PSA. basically of an accelerated step-by-step phase-out
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until 2022. Eight older nuclear power plants were
shut down immediately. The remaining nuclear
power plants will be stepwise shut down; the lasf7]
three will stop their commercial operation at timel e

of 2022 having reached an age of 34 years.. Against
this background, long-term operation is not andssu
anymore in Germany. However, for the nucleaf8]
power plants in operation it is still necessary to
ensure the required quality of safety-related SBCs

an ageing management process, though the specified
operational lifetime is not enlarged.

The necessity and value for the introduction of an
ageing PSA in Germany is under these boundaf]
conditions not seen anymore.

On the other hand, generic studies as explained
above show the potential of an ageing PSA to
describe ageing related effects on the overall aisk[10]

the plant.

With a further development of

mathematical models, increasing knowledge and a
broader empirical data basis, more precise statsmen

could be possible and support

risk-informed

decisions on changing test intervals or replacement

intervals.

[11]
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