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Abstract

The estimation of leak and break frequencies ingigystems is part of the probabilistic safetyeasment of
technical plants. In this paper, the statisticalthmd based on the evaluation of the German opeadtio
experience for piping systems with different diaengtis described because an earlier estimationbbas
updated and extended introducing new methodicaécspnd data. Major point is the inclusion of cine
reliability models based on fracture mechanics waton procedures. As an example of applicatioa th
statistical estimation method for leak and breaqdiencies of piping systems with a nominal diamefes0
mm (the volume control system of a German pressdnzater reactor) was updated. Moreover, the etiatua
of the operational experience was extended to &étsywith respect to cracks, leaks and breakseivélume
control system of German pressurized water rea¢@W¢R). Using the actual data base, new calculatmin
leak and break frequencies have been performetharmgsults have been compared with the previoluesa

1. Introduction as a function of effective break size and operating
time through the end of the plant license-renewal
period. The estimates were based on an expert
elicitation process consolidating operating expare
and insights from probabilistic fracture mechanics
studies with knowledge about the plant design,
operation history and material performance during
operation.

The elicitation required that each member of a grou
of international experts assessed qualitatively and

In general, the likelihood of leaks of piping syste
is of importance for the safety of process plaiks |
chemical plants, both onshore and offshore indesstri
and for nuclear power plants.

In case of all kind of process plants, leak andakre
frequencies are an input to any probabilistic safet
assessment (PSA) of the process plant, usuallgccall
quantitative risk assessment (QRA) for these tyffes

plants. uantitatively the important factors contributing t
As explained in [20], standardized leak frequenCIesEOCA frequ)(/ancies aFr)ld quantify their uncerta?r?ties.

have been developed, pased on recent data frOIEach member estimated the leak frequencies based
offshore process, for different types of Process . tor reference cases

equipment to ensure that consistent frequencies CU= expert estimation for different systems and

available for any equipment type and hole size. components was achieved by a factor relative to one

In the nuclear field, a report has been recentiyad ; ; o
’ o reference case of his choice. After estimation each
by the US regulatory body [22] describing the expert was asked in an interview for the rationale

devt_eI0||ome;nt thOf | leak f fre?uetncy . dest;mategé: Ambehind the given factor. A statistical evaluatidralth
particular for the loss-of-coolant accidents ( ) answers was performed. Finally, the individual
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estimates were aggregated to obtain group estimatege.g. enrichments, deposits, condensation, pretecti
Leak frequencies were provided for mean, median]ayer disturbances).

5" and 9% percentiles. The following damage mechanisms are to be
Compared to earlier evaluations for pressurizeakvat regarded at least:

reactors, the results of the elicitation are gdhena « cracking due to thermal or mechanical fatigue or

good agreement, only for medium LOCA sizes (30 —  corrosion (e.g. stress corrosion cracking),

100 cnf) the results of the elicitation process ares material weakening by (planar) corrosion or

significantly higher because of the high potengél erosion,

the damage mechanism “primary water strese overload (e.g. by internal pressure, temperature,
corrosion cracking”. malfunctioning of supports and shock absorbers,

In Germany, in accordance with § 19a of the nationa  water hammer, condensation impact, ignition of
Atomic Energy Act a regulatory guideline exists for radiolysis gas),

performing the probabilistic safety assessment (PSAe assembly and maintenance error,

in the context of comprehensive safety reviews. « external effects, e.g. from assembly and trartspor
In addition, the Working Group ,Probabilistic Safet operations, earthquake.

Assessment for Nuclear Power Plants", leaded byWhich types of damage causes are to be considered
BfS, had compiled two technical documents onwith the examined system depend particularly on the
methods and data for PSA [7], [8] which are usuallymaterial, the dimensions, the medium and the
updated after about five years. These documents alsoperating conditions.

provide guidance how to deal with leak and breakFor example, mechanical oscillations can occur
frequencies of pipes within a PSA. particularly with small nhominal sizes, while theima
This paper describes the statistical method,alternating loads, e.g. as a consequence of leiks o
meanwhile updated, by including structure religpili shutoff devices, are of higher importance with darg
models and using the recently extended database&ominal sizes.

Substantial relevant aspects were identified withinfluences from the commissioning phase or from
reference to the determination of leak and breakonger shutdown periods can increase the frequency
frequencies and proposals are provided for an epdatof certain damage causes, as e.g. from assembly and

based on the current state-of-the-art. maintenance faults or due to corrosion mechanisms.
In that context, also corrosion releasing aids rayri
2. Determination of leak frequencies assembling and maintenance (e.g. chloride

. . contamination by tapes and foils or lubricants) toas
2.1. Basic information be considered.

A leak in consequence of the failure of a piping ca Occurrence frequencies of leaks can be determined
be caused by a wall-penetrating crack, by a break oby a statistic evaluation of the operational exgere.

by leaks at a solvable connection. According toFor the definition of the population to be included
experience a piping failure arises rarely at uningol ~ into this evaluation it is necessary to evaluate th
ranges of the piping, but obviously more frequentlycomparability of the systems, materials, water
on leak-relevant positions. chemistry, manufacture conditions and the quality
Typical examples for these positions are flanges@nd completeness of the experience feedback from
connections to components, elbow unions,the plants.

reductions, reinforcement for pipe brackets, bastks If possible statistics should be provided regardhey
tubes in heat exchangers and dissimilar weldinghumber of the leak-relevant positions of a system
seams. and/or a nominal size class. For the determination
Within such ranges stress enhancements exist, ¢auséhe frequency of an event, the use of a statistic o
by changes in stiffness, inhomogeneous temperaturgdecursor events is better than a zero-error 8tatis
and flow within feeding ranges as well as by exaern for the event (e.g. break). The correlation betwiden
additional loads, as e.g. bending moments or forcedrequency of the precursor events and the event
Damages can, then, develop due to irregularities ofvhich has to be evaluated is to be estimated tlyen b
the surface or by small flaws resulting from the damage mechanisms and the potential for the
manufacturing in welding seams, which are in thesdnitial event.

ranges and which were not found either during theln this context leaks due to wall-penetrating ceack
manufacture quality control process or were notshould be considered to determine break frequencies
evaluated as relevant findings. No precursor events of a leak within certain system
Leak-relevant positions can be also in ranges whichvith very high quality standard are to be expected.

are affected by local corrosion-conditioned infloes  This, at present, essentially applies to the maimg
of the pressurized and boiling water reactors, twhic
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are laid out on the German basic safety princigles. 2.3. Data base
such cases it is possible to determine extremeaflsm

leak frequencies (e.g. < 1), which are clearly As ideal source for the estimation of the frequeoicy

under the frequencies calculated from a zero-erro}eakS the system dependent operational experiance i
g considered. With very rare events, however, further

statistics. : . \
considerations must be added. Because, if apart fro

Such analyses were accomplished by dlfferentthe findings of the zero-error statistics no furthe

organisations with the help of probabilistic fraetu lizat q i ol
mechanics methods with comparable results. Usuall§ea lzations are used, a very conservative statemen

for such piping a break preclusion is assumed. about the occurrence frequency results.
For a break exclusion beside the concept of basiéndependently from the fact whether on a system or

safety as laid down in documents of the Germar®" leak-relevant positions referred leak frequencie

Reactor Safety Commission [16], [17] — an advisory@'€ [0 be determined, there is always the diffictot
board for the ?/egulatory body[ _ ]a[nu]mber of furtheyObtam the knowledge of the structure of the system
additional measures  are ﬁecessary for of the number of the leak-relevant positions in all

qualification of piping. statistically seized plants.

These principle requirements, together with thekwor For_tgxample,ttklm(e dletermlf?atlop (;Jf. thethleak-relevant
procedures for the quality assurance derived fripm i positions can take place after studying the appatepr

; ; flow chart with the help of a plant inspection.rare
\;vr(]e(;e[g]urther developed and explained in [1], {2}, { cases one will be able to determine these positions

alone from the flow plans and piping isometries.
Due to the generally missing detailed knowledge of
the plants considered in the statistics it is atgp
In the following leaks are defined as a comprehansi that the number of the leak-relevant positionaiig i
term for wall-penetrating cracks or breaks. For thecertain system section of the plant which can be
determination of leak frequencies it is importamt i examined equal to the average value of this number
each case to define the structures the leak freiegen in all plants considered for the statistics.
are to be referred. From this principle it can only be deviated wheisit
Possible reference measures are: known from the plant under consideration that there
e an entire system (e.g. not closable section ef this a substantially deviation concerning the nurdfer
emergency cooling and residual heat removalcertain positions from the average.

2.2. Classification of the leaks

system TH, or a simply closable section), Thus, for example for the not-closable part of

» the unit of length of piping of a certain nominal systems such as emergency cooling and residual heat
size, or removal system (TH) or volume control system two

e awelding seam. leak-relevant positions are assumed: one at the

The experience shows that the frequency of leakgonnection with the main cooling line (HKL), one at
depends on the regarded structure (e.g. straitpet tu the isolation valve.

welding seam). Experience has shown that leaks fronif a system section is very safety-relevant, one lma
cracks preferably arise in the vicinity of welding sure that the leak occurrences of all sizes were
seams. described in the wusual operational experience
The frequency of cracks is dominant at welding documents.

seams in close proximity to structural discontiiesit Therefore, one will be able to consult the
(e.g. binding of a piping to a component). international operational experience (for example
These considerations are important for the selectiofrom USA, Japan, France) for larger parts than a
of the leak-relevant design features and positionsnominal diameter of DN 15 mm, e.g. for breaks of
Leaks in piping can be classified according to thenot closable piping in the main cooling cycle.

following criteria: As far as possible, it is reasonable to make use of

e system (and/or function of the piping or the partcommon international databases such as the OPDE
of piping), database [12]. Current results from this database

» plant condition with occurrence of the leak (e.g. show that leak frequencies dominate the whole gipin
operation conditions), failure frequency.

e design feature and/or position, However, as a general principle, only those plants

* leak size (related to the flow cross section F ofwith similar materials should be considered. A
the piping), and restriction on the zero-error statistics in the not

¢ nominal size of the piping. closable sections of German nuclear power plants

would be too conservative.
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2.4. Methodology for the determination of considered for these certain input values which
leak and break frequencies determine the range for the uncertainty of the

. . respective result.
In the following, the applied methodology for the

determination of leak and break frequencies by
means of evaluating the operating experience amd th d break f ies b f i
used statistic procedures is explained. and break frequencies by means ot operating
For the nominal diameter (given in mm) rangeso €valuation and statistic procedures

DN < 150 the frequency of a wall-penetrating crack As an example the determination of the frequency of
(leak) is given through the so-called Thomas foamul a break in the volume control system (TA) is

2.5. Example of use for determination of leak

[21]: described for a German pressurized water reactors
(PWR).
,]L:C[ﬁLD EID)/tEX, (1) In a first step, an adjustment of the example

discussed in the existing document on PSA data [8]
Lo Number of the leak-relevant positions, has been performed by a new evaluation of the
D=DN Nominal diameter operational experience in recent years.
to Wall thickness of the piping with diameter The operating experience was extended from so far
D 191 years (until 1995) on to now 341 years (until
2006). With these updated data the leak and break

X Exponent with values within the range 2 to 3. :
frequencies were calculated new.
D=150 Table 1gives an overview of the number of leak-
N, o relevant positions of the TA-system for 14 PWR
— D50 divided into three groups A, B and C with
C=— (2) . .

D—15‘( X) structurally similar plants broken down into the

Z Lo D/t )0 operating conditions hot/cold.

D=50

Group of A covers 5 plants, B 8 plants and C is
represented by only one plant. The range of the
operational experience until 2006 amounts to 151
years (A), 153 years (B) and 37 years (C).

Table 2shows the results of the new evaluation of the
operational experience for the volume control gyste
of German PWR. The reference time amounted to so
far 191 years and with the new data now 341 years.

Tp  Actual operation time,
N_.p Number of the arisen leaks (diameter D)

The constant C includes the operational experiénce
terms of number of leaks in piping with different
nominal diameter forming a population, in relation
the operation time, to broaden the statistical ofsi
the leak frequency of the respective nominal di@amet
DN considered.

In the nominal diameter range 25DN < 250 the

Table 1 Overview of the number of leak-relevant
positions of the TA-system.

break frequency is estimated according to: DN A A B B C C
[Mm] | cold | hot | cold | hot | cold | hot
Ag =A, [25/DN )(3 | 100 10 7 11 1 - -

80 50 2 70 36 3 -
The evaluation of austenitic piping under fatigoad 50 23 20 36 36 88 30
in [1_] serves as basis. For DN < 50 as far as ptessi 55 43 15 97 45 33 3
a direct statistic evaluation of leak and of brea

occurrences takes place. For primary cycle systenis 15 62 4 119 20 125 24
with 150 < DN < 250 the leak frequency corresponds

to the same as for DN 150. Based on the methodology described in this pager th
For primary cycle systems with DN 250, without break frequency per leak relevant position in the
the main cooling line, during basis-safety prineipl Piping range of the nominal diameter DN 50 was
the following statements are valid: calculated.

The break frequency per leak relevant posiﬁgr‘is Table 3shows the results of the new calculation of
smaller than 10a for small systems @< 10).25 is  the example compared with the results given in [8].
smaller than 1&a for large systems. For the main This comparison shows that the new calculated
cooling line, the break frequenty is small (<10/a)  frequencies have not changed significantly dué¢o t
compared to the entire line. evaluation of extended operational experience.

In order to consider the uncertainties during theThis result is exemplary and might not be typical f
definition of certain input data, distributions acebe ~ the behaviour of piping systems. Due to ageing
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effects, the influence of in-service-inspections,2.7. Structural reliability models

repairs performed and replacing of components th . . .
change in the number of leaks in relation to theerhe described methodology which is based on

operation time might lead to changes in the IeakStat'S.t'ICShIS nct)t .Sltj.'table for p033|t_)le :ﬁali—re:j&r;]/a
frequencies resulting from operational experience. special characteristics (e.g. concerning the lan
pipes). For that purpose the use of structural

reliability models would be necessary.
With the structural reliability programmes todaysit
possible to calculate the quantitative probabditod

Table 2 Results of the new evaluation of the
operational experience for the volume control gyste

DN Number | Number of Number of leaks and breaks dependent on the position (a.@ fo
[Mm] | of events| leaks as leaks as certain welding seam) for certain damage
(until break break mechanisms.
2006) precursor precursor One proceeds as follows. For the substantial input
in [8] (new measures (e. . geometrical data, parameters
evaluation) characterising material properties, cracks, loading
15 6 2 4 distributions are identified. From this, for exampl
by applying Monte Carlo procedures a multiplicify o
25 11 6 6 parameter combinations is randomly determined.
50 2 7 With the help of fracture-mechanics procedures the
growth of an initial crack for the respective paeten
80 1 2 combination is determined. Altogether one receives
100 5 . 1 prognosis of the damage development of certain
defect geometries under the loads which are to be
Sum 33 11 20 expected.
Sections of a system can be differentiated reggrdin

_ _ their failure relevance for the determination oé th
Table 3 Comparison of the new calculation of the time and position dependent probability of leak by
example with the results given in [8]. the employment of the structural reliability
programmes. The probabilistic computation models

Measures for the | Former New are well suitable for the calculation of leak amdak
break frequency | examplein | calculation probabilities of piping and to determine trends
distribution g reference [8] quantitatively concerning the change of influence
for DN 50 [mm] parameters.
A5 (5%-quantile) 210° 410° Restrictions are seen in particular concerning the
.50 (50%- 7-10° 1.10° accuracy of absolute leak and break probabilities.
quantile) The rgsglts d_epend pqr'gly strorjgly on the
Ag.95(95%- 310° 410° uncertainties during the definition of distributofor
quantile) relevant input parameters. In this context pararsete
Expected value 10° 1.10° such as crack geometry, expected loads and those fo
the characterisation of the damage mechanismsaplay

) substantial role.
2.6. Disadvantages of the methodology A systematic comparison of different structural

Although the method as described is quite successfu reliability programmes was made in the framework of

there are some disadvantages and limits which ghoul[15]. Besides one US, English and Swedish
be mentioned: programme, the structural reliability programme

— the specification of leak-relevant positionsésyw  PROST developed by GRS [11] participated in this
complex and not well-defined, comparison. The evaluation of the results shows tha
~ the interpretation of the leaks as break precurso@ll programmes achieve the expected trends in the
requires a large experience in fracture-mechanic$robability of leaks with variation of the input
and knowledge about the system, parameters. The probabilities of leak of the ddfer
- the result within a system section can becodes agree well for the piping geometries
differentiated not further (e.g. regarding possible considered. o
different loads for different positions). Most of the structural reliability programmes
These disadvantages are the reason for the couplir@yailable provide possibilities to include the efte

of the methodology with structural reliability mdsle ~ Of in-service-inspections and repair measures & th
calculations on leak and break probabilities. Atarat

of further research might be the inclusion of time
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depending effects (e.g. due to ageing) in the inputhe main steps are similar, the different methou$ a

data of the structural reliability programmes. procedures differ considerably from each otheh t
way the evaluation and the selection of inspection

3. Integrity concept for piping systems sites are performed. All known risk informed in-
service inspection methodologies are restricted to

As described above, methods based on statistics a
structural reliability models are applied to get
information on frequencies of possible leaks or
breaks. Technically, precautionary measures ar
taken to exclude failures of safety relevant system

ping [14].
Insights from the level 1 PSA should be used as one
of the inputs in determining the piping segmentsedo
%ddressed by the risk-informed in-service inspactio
n G called intearit ‘i i project, the risk significance of the segments of
n Germany, a so-called integrity concept is apblie piping being addressed, the target probabilitias fo

[13], in particular to exclude catastrophic failsiref . the piping segments that are inspected and thegehan

safety relevant pressure retainin_g components i, he risk resulting from changes to the in-sesvic
nuclear power plants during operation. inspection programme

This integrity concept is based on the requiremehts For piping failures leading to initiating eventéiet

assured _basic safgty charact_eristics such as de.SigBSA should be used to determine the conditiona cor
construction, material properties and manufacturlngdamage probability. For piping failures leadinghie

Complementary instruments which are Implementedfailure of standby systems or failure of systems on

are t'he principle of multiple chegking, WorStfcasedemand, the PSA should be used to calculate the
principle, comprehensive plant monitoring, e.gthie conditional core damage frequency.

frame of ageing programmes, as well as the priacipl However, the piping failures that lead to the

of verification of the actual quality status. This unavailability or failure on demand of safety syste
verification is performed on a continuous basis,and are not generally included in the PSA model simee t
in e}ddmon, checked during the comprehensive §“"‘f(:"tcontribution to the failure probability of safety
rewev_\;l every ten years as part of the regu"”mrysystems from failure of the pipe work is negligibie
surverliance process. . . omparison to that from a failure of active
Fracture mechanics safety analysis with poswlateiomponents

defect SIZES as well as the experlmental_results he rigorous way of determining the risk significan
load behaviour to be expected are essential parts s all the segments of pipe work included in thekqi

the integrity concept. The measures determined Mhformed in-service inspection project would be to

this way shall ensure that no major deviations fromrevise the PSA model to include these pipe work

deglgq v_alues oceur Wh'(’th has to be confirmed bysegments explicitly so that the core damage
periodic in-service inspections.

frequency and conditional core damage probability
L . . . could be determined directly. This approach has bee
4. Risk-informed in-service inspection used in some countries.

As explained above, the overall aim of the When the revised in-service inspection programme
programme for in-service inspection of the piping a has been defined, the PSA should be used to
a nuclear power plant is to inspect the piping anddetermine the risk insights needed for comparison
identify areas of degradation that can be repairectgainst the decision criteria or guidelines used to
before a failure occurs. The programme of assess the acceptability of the change in the in-
inspections that is carried out has been based on $grvice inspection programme.

traditional deterministic approach and engineeringThis can be done by estimating what the change in
judgement. the initiating event frequency or the component
The aim of the risk informed approach is to intégra failure probability would be as a result of changes
service experiences, plant and operating conditionsthe in-service inspection programme and rerunning
other deterministic information and risk insighteda  the PSA or by carrying out sensitivity studiesthis

to use the insights provided by the PSA to revime t process, the associated PSA limitations in terms of
programme of inspections that are carried out (inmodelling details, scope, etc. should be recognized
terms of the frequency of inspections, methods usedand taken into account.

sample size, etc.), see for example [4]. As a

consequence, the approach focuses on the segmeriis Markov models for estimating pipe failures

of the pipe work that have the highest risk As explained above, there are several different

S|gn|f|canc¢ and red_uce; th_e_ inspections carrigd Ouapproaches to estimate pipe leak and break
on those with a low risk significance.

. frequencies. One is based on statistical estimation
Several approaches have been developed for carryi

o ) N . "Wom large databases and the other on probabilistic
out risk informed in-service inspection [6]. Althglu fracture gmechanics. In [19], the purpoSes of the
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approaches and the differences in modeling and dath should be mentioned that the statistical analysi

use are highlighted. The

results of the breakapproach has also been developed in using a Markov

frequencies obtained by the two approaches are quitmodel to allow an explicit modeling with respe

different, but one approach does not
systematically higher values than the other one.

giveto

Pipe Element States

C, —Success, no detectable damage state

C, — Category 2 events, welding failures

C; — Category 3 events, part-cracks, full-cracksorigble events
C, - Category 4 events, through-wall leaks

Cs — Rupture or severe events

State Transition Rates

¢ — category gevents occurrence rate

A — part-crack failure rate, given welding failures
X2 — leak failure rate, given part-crack failures

\r — leak failure rate given welding failures

At - part-crack failure rate given success state
ps — rupture failure rate given leaks

p2 — rupture failure rate given part-crack failures
® — repair rate of part crack failures

u — repair rate of leaking failures

Figure 1 Five state Markov model for all pipe failure manisms

risk-informed in-service inspection strategies for
piping systems in nuclear power plants [9]. The atod
described in [9] contains four pipe element states
where one of it is a success state and may have th
capability to model the main known pipe failure
mechanisms. These failure mechanisms include

When the solutions to the respective differential
equations are solved, the time dependent proklabilit
of the piping component occupying each state can be
edetermined.

Under the assumption that all the transition rates
constant, the Markov model equations consist @dta s

damage mechanisms that operate in pipe base metabf coupled linear differential equations with caarst

(e.g. flow accelerated corrosion), those that att o
welds or in the heat affected zone near welds (e.g

thermal fatigue), combinations of mechanisms
involving wall thinning and crack propagation,
damage unrelated mechanisms such as

coefficients. These equations be solved
. analytically or numerically.
The appropriate reliability metric of the Markov

model that quantifies the time dependent pipe maptu

can

thosefrequency is the system failure rate or hazard, rate

associated with severe loading such as water hammerdefined in the following.

and overpressure, and failures due to various
combinations of these failure mechanisms.

However, the most general Markov model as a further
development of [9] that has the capability to maatel
least all known pipe failure mechanisms is shown in
Figure 1.1t includes a further pipe element state
compared with [9].

The only ‘success state’ in the Markov model shown
in Figure lis C, the others states are ‘failure states’of
different failure types with different severity of
consequences.

39

To determine the system failure rate or hazard, rate
one way is to first determine the system reliapilit
function for the model and then to derive the hdzar
rate as a function of the reliability function amting

to the definition of the hazard rate as explaineld.
One approach is to focus on pipe ruptures and tweek
estimate pipe rupture frequencies. Thus, instedteof
definition of G as the only ‘success state’, one can
declare any state except that for rupture a ‘siscces
state’. This means that only the rupture state is a
‘failure state’.
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Using this concept, the reliability function foreth
Markov model, r{t}, is then given by

H{t} =1-Co{t} = Co{t} + Co{t} + Co{t} + C,{t} (4)

Under the above mentioned boundary condition, one
can define from equation (4) the hazard rate fpepi
ruptures (@), h{t}, as

1
1- Cs{t}

dC.{
dt

1 dr{t] _

mﬂ:_qq dt

(5)

The hazard rate, h{t}, is the time dependent frexqye

of pipe ruptures. The time dependent form of thie r
strongly depends on the boundary conditions of the
model and an asymptotic rate, which is a functibn o
the parameters (transition rates) of the model.

6. Concluding remarks

This paper explains the updated the method for the
determination of leak and break frequencies inngjpi

of German nuclear power plants which is proposed to
be included in the revision of the documents on

have not changed significantly due to the evalumatio
of extended operational experience compared with
earlier results.

A further development of the methodology took place
via an inclusion of structural reliability modeladed

on fracture-mechanics computation methods.
Because estimates of failure rates for nuclear powe
plant piping systems are important inputs to PSA an
to risk-informed applications such as the appraaich
risk-informed in-service inspection as described
above, the treatment of uncertainties is an importa
issue. Sources of uncertainty include failure data
reporting issues, scarcity of data, inappropriate
characterization of component populations as well a
uncertainties about the physical characteristicthef
failure mechanisms and root causes. A possible
methodology for quantifying these uncertainties is
provided in [10].

As shortly mentioned, a statistical analysis apginoa
has also been developed using a Markov model,
however, it might be more likely to use semi-Markov
processes for that purposes.
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