UDC 621.311.25:621.039.58

A. M. Agwa1, H. M. Hassan2
1 Faculty

of Engineering, Al-Azhar University, Cairo, Egypt
Nuclear and Radiological Regulatory Authority, Cairo,

2 Egyptian

Egypt

A Study of the Ageing Effect
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Risk Assessment for Nuclear
Power Plants
Ageing is a general process in which properties of a component
gradually changes with time or use. Ageing is one of the phenomena that
effects the availability of Nuclear Power plant (NPP) electrical systems.
Ageing can cause the failure rate of components to increase over time
as the component wears out. Operating experience has demonstrated many
components failures that have occurred as a result of ageing mechanisms
such as corrosion, erosion, embrittlement, fatigue, vibration and wear.
In this paper, the influence of ageing on Probabilistic Safety
Assessment (PSA) results is estimated for Advanced Power Reactor
(APR1400) onsite power system. Models for component ageing failure rate
including surveillance test and replacement ageing control are presented
for utilization. Time-dependent system unavailability due to ageing is
evaluated. The average increase of system unavailability due to the ageing
of system components is estimated. Components are prioritized regarding
their influence on the change of system unavailability and relative increase
of their unavailability due to ageing. The analysis is performed using
Systems Analysis Programs for Hands-on Integrated Reliability Evaluations
(SAPHIRE-8) software.
The obtained results show the significant increase in average system
unavailability after incorporating ageing effect, and the surveillance test and
replacement activities can reduce this effect. Detailed time plot over plant
lifetime is obtained showing the progression of ageing impact on system
unavailability. The time-dependent results show when, in a plant’s lifetime,
ageing effects become significant from a risk standpoint, and whether
components are being replaced frequently enough. System components
are ranked in accordance with their risk significance. As the components
age, the contribution of some components in system unavailability
increases, while it decreases for the others. The method presented is
applicable for identification and ranking of the components that should be
considered in the ageing management program.
K e y w o r d s: ageing effect, onsite electrical power system,
Probabilistic Safety Assessment (PSA), Nuclear Power Plants (NPPs).
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robabilistic Safety Assessment (PSA) has become
a standard approach for modelling and assessing
the risks which can occur at an NPP. A standard PSA
model supposes a constant value for component failure
rate. When ageing effect is considered, the change
in component failure rate as a result of component age should be
taken into account. For ageing effect, this reliance causes the failure
rate of both single component and common cause failure (CCF)
for a group of components to increase over time as the component
wears out [1, 2]. Effective management of component ageing is
a key element of ensuring the safe and reliable operation of NPPs
[3, 4]. A risk model such as PSA can be used to detect which
components in the system are sensitive to risk, and able to produce
major changes in the system if they vary. These risk-sensitive
components should have strict ageing management programs [5].
Several references discussed risk assessment methods including component ageing failures. Methods were described for
including component ageing unavailability models into a PSA
of an NPP [6]. A method for sorting of the NPP components
was presented considering the increase in the core damage frequency as a result of ageing [7]. A new model for estimating the unavailability as a result of ageing failures was proposed using normal distribution [8]. The gains from using PSA
in the assessment of ageing effects were addressed for electrical
power systems [9]. The sensiti vity of system unavailability due
to components ageing was evaluated for electrical power system [10]. A new approach was proposed for PSA ageing mo
delling, the maintenance and testing strategies were explicitly
incorporated into PSA models, which used to support the riskinformed decision making [11].
Component ageing failure rate models including surveillance
test and replacement ageing control are presented in this paper.
Using these models, time-dependent ageing effect and average
ageing effect over plant lifetime or replacement intervals can
be evaluated. The prioritization of components is done with
sensitivity coefficients obtained from their Risk Increase Ratio
(RIR) importance measure and utilization of the Taylor expansion approach. The presented method is tested on APR1400
onsite power system.
Fault tree analysis
Fault tree (FT) analysis is a deductive modelling approach
used in the PSA to identify and assess risks in NPPs.
FT analysis starts with a set of component failure conditions
and proceeds forward, identifying the possible consequences
leading to an undesired system state to occur. The undesired
system state such as an initiating event (IE) or a system failure
appears as the top event, and this is linked to more basic
failure events, showing its causes. The top event is, therefore,
an undesired event, which is further analyzed with the FT
analysis. The logical gates represented in the FT are continually
redefined in terms of lower resolution events. This process is
ended when component failure events, termed basic events
(BEs), are encountered. BEs represent the undesired events and
their failure modes, e.g., component failures, human errors,
and CCF contributions [12, 13].
FT is represented mathematically by a set of Boolean
equations. The qualitative analysis identifies the combinations
of the BEs which cause the top event i.e. minimal cut set (MCS).
MCS is a collection of the smallest number of BEs such that if
they all occur, the top event also occurs.
FT quantitative analysis represents a calculation of the top
event. System unavailability is the top event in this paper, and
it can be calculated (using rare event approximation) as [12]:
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Si = RIR i ⋅ U 0 .

n

U0

= ∑ QMCS i ,
i =1

where U 0 — system unavailability (top event of the respective FT);
Q MCS i — unavailability of MCS i; n — number of MCS in FT.
The unavailability of each MCS is calculated using
the relation of simultaneous occurrence of independent
events [12]:
QMCS i =

m

∏qi 0 ,

U 0 (qi 0 = 1)
U0

,

where RIRi — Risk Increase Ratio of component i; Uo (qio = 1) —
system unavailability (when unavailability of component i is set to 1).
Ageing modelling
Let ∆U be the system unavailability increase due to ageing,
i.e. the difference between unavailability of the system with and
without ageing. Using standard Taylor expansion approach ∆U
can be expressed as a sum of contributions [6, 11]:
∆U =

n

n

i

j >i

∑Si ∆qi + ∑Sij ∆qi ∆q j + … + S1, 2, 3, …, n ∆q1∆q2∆q3 … ∆qn , (1)

where Si, Sij, S 1, 2, 3, …, n — the risk sensitivity coefficients
determined from standard PSA; ∆qi — the increase
in the unavailability of component i due to ageing (the difference
between the unavailability with and without ageing); n —
number of BE in the PSA model.
Individual ageing contributions, two components interactions,
triple components interactions, etc., are included in Eq. (1). Due
to the small changes in component unavailability, the dependency of ∆U on simultaneous unavailability change of two or
more components can be neglected. Considering only individual
ageing contributions, Eq. (1) can be simplified as [6, 7]:
n

n

∆U = ∑Si ∆qi = ∑∆U i .
i

∆qi = qi − qi 0 ,
where qi — unavailability of component i after ageing.
The
component
unavailability
is
modelled
the exponential model by the equation [6]:

i =1

where qi0 — unavailability of component i; m — number of BEs
in the MCS i.
Risk Increase Ratio (RIR) is one of the importance measures
of FT analysis, and it is an indication of how much the system
unavailability would increase if the unavailability of component
i was increased (to a value of 1). RIR is represented
mathematically by the following equation [14]:
RIR i =

A detailed breakdown of individual ageing contributions
to the system unavailability increase due to ageing is given
in Eq. (2). Each ∆qi is the difference between component
unavailability calculated with ageing and without ageing [6]:

(2)

i

The total system unavailability after incorporating ageing
can be calculated as follows [6]:
U = U 0 + ∆U .
The sensitivity coefficient Si can be calculated from standard
PSA results using MCS approach [15]:

ISSN 2073-6231. Ядерна та радіаційна безпека 3(79).2018

 t

qi (t ) = 1 − exp  − ∫λ i (t ) dt  ,
 0


(3)
with

(4)

where qi(t) — age-dependent unavailability of component i;
λi(t) — age-dependent failure rate of component i; t — age
of the component.
Ageing occurs in the component if the failure rate λi(t)
is increasing as a result of component ageing. Ageing was
modelled in this paper with linear ageing failure rate model [6]:
λ i (t ) = λ i 0 + α i t ,

where λi0 — constant failure rate of component i; αi — constant
ageing rate of component i.
The replacement activity of component is the interval
at which the component age is restored to a value of zero.
In reliability terminology, this activity is termed the “Good
as New Restoration Model” since the component is basically
restored to as good as new condition. The surveillance test
activity of component is the interval at which the component
is tested, so that its operational status is assured. In reliability
terminology, this activity is termed the “Good as Old Restoration
Model” since the component is basically in the same condition
after the activity as before the activity. In both models,
the component is in an upstate after the activity and activity do
not influence ageing rate [16, 17].
By solving Eq. (2), highest component contributors to system
unavailability can be prioritized according to their sensitivity
coefficients Si and their unavailability increase due to ageing
∆qi. The component unavailability increase ∆qi in Eq. (2) can
be represented as a time-dependent ageing model or can be
an average ageing effect over replacement intervals or plant
lifetime, in this paper both approaches are discussed.
Time-dependent ageing model. Using Eq. (4), the timedependent component unavailability qi(t) at given time t is [6]:
 t −tiR

qi (t ) = 1 − exp  − ∫ λ i (t ) dt  ,
 t −t

iT
iR

(5)

where tiT — time of the last surveillance test of component i;
tiR — time of the last replacement of component i.
Using Eq. (3), the time-dependent increase in component
unavailability ∆qi(t) due to ageing is the difference between
the time-dependent component unavailability with ageing qi(t) and
time-dependent component unavailability without ageing qi0(t):
∆qi (t ) = qi (t ) − qi 0 (t ) .
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Considering linear ageing failure rate model, and substituting
into Eq. (5) gives [6]:
1

2
2 
∆qi (t ) = 1 − exp  − λ i (t − tiT ) − α i (t −tiR ) − (tiT − tiR )   −


2

− 1 − exp − λ i (t − tiT )  .

(

)

Expanding the exponential to first order gives the simple
result:
1
2
2
∆qi (t ) = α i (t − tiR ) − (tiT − tiR )  .

2 
Average ageing model. The average increase in component
unavailability between two replacements or plant lifetime is
calculated for three different types of components:
1. Components periodically tested and replaced at least
once during plant lifetime.
2. Components periodically tested but not replaced during
plant lifetime.
3. Components not tested or replaced during plant lifetime.
Consider the first case when the component is periodically
tested and replaced at least once during plant lifetime.
The average unavailability increase ∆qi due to ageing is calculated
using Eq. (3), (4) and assuming linear ageing failure rate model,
by the following equation [6]:
∆qi =

1
1
α i ( Li − Ti ) Ti + α iTi 2 ,
6
4

where Li — replacement interval of component i; Ti —
surveillance test interval of component i.
If the component is periodically tested but not replaced
during plant lifetime then
T 2
1 
∆qi = α i  t 0Ti + i  ,
2 
3 
where t 0 — plant lifetime.
Finally, if there are no surveillance tests or replacements
through the plant lifetime then, the formula for average
unavailability increase ∆qi due to ageing is
1
∆qi = α i t 02 .
2

Ageing data
Data related to ageing evaluations are component failure
rate, component ageing rate, replacement interval, surveillance
test interval, and plant lifetime.
Component failure rates are captured from [18]. Ageing rates
are captured from TIRGALEX (Technical Integration Review
Group for Ageing and Life Extension) database [19].
Replacement intervals Li are estimated using constant
failure rates from standard PSA. It is assumed that component
is replaced when it fails, and that ageing does not influence
the time of component failure [6].
Li =

1
.
λi 0

Surveillance test intervals are captured from APR1400 plant
technical specifications [20]. Plant lifetime is 60 years [21].
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APR1400 onsite power system description
APR1400 is an evolutionary advanced light water reactor
developed in Korea in 2002. The APR1400 integrates a variety
of engineering improvements and operational experience
to improve safety, reliability, and economics. APR1400 has
1455 MW electrical capacity, and 60 years design lifetime [21].
The onsite power system of APR1400 consists of alternating
current (AC) and direct current (DC) buses that are provided
to supply power to safety-related equipment for all normal
operating and accident conditions [20].
The onsite power system involves the Class 1E and the nonClass 1E power systems. The onsite power system is usually fed
from two unit auxiliary transformers (UATs). In case the power
is unavailable from the UATs, the power source is automatically
moved to the standby auxiliary transformers (SATs).
Work was done on Class 1E onsite power system in this
paper, so only this system will be described. The configuration
of Class 1E onsite power system is shown in Fig. 1.
The Class 1E onsite power system has four redundant
subsystems (trains A, B, C, and D). Each train has its own
Emergency Diesel Generator (EDG). The Class 1E power
system consists of 4.16 kV buses, 480 V load centers, 480 V
Motor Control Centers (MCCs), 125 Vdc buses, and 120 V
instrumentation and control (I&C) buses.
The Class 1E 4.16 kV buses are linked to offsite power sources
through the UAT and SAT. Each Class 1E 4.16 kV bus is also
powered by an EDG during a Loss of Offsite Power (LOOP)
condition. The dedicated Class 1E 4.16 kV bus (train A or
train B) has access to the non-Class 1E Alternate AC (AAC)
source for a Station Blackout (SBO) event.
The 480 V Class 1E load centers and MCCs are provided
with potential transformers, relays, and current transformers.
Class 1E 480 V load center buses are fed from Class 1E 4.16 kV
buses through load center transformers. The Class 1E 480 V
MCC buses are linked to the Class 1E load center buses.
The onsite Class 1E 125 Vdc power system supplies reliable
power to the plant safety system DC loads and essential I&C
system DC loads. Each DC power subsystem has a battery, two
battery chargers (normal and standby), a DC control center,
and distribution panels.
The Class 1E 120 V I&C bus has four separate and
independent 120 V buses. Each Class 1E 120 V I&C bus has
an inverter, regulating transformer, distribution panel, manual
and automatic transfer switch, and distribution panel.
The distribution panel receives power from regulating
transformer or its associated inverter through the transfer
switches. The inverter is the normal and preferred power source
and the regulating transformer serves as a standby source when
the inverter fails.
Results
Due to existing symmetry, only train A for the onsite power
system of APR1400 is analyzed. 4.16 kV bus and 125 Vdc bus for
train A are chosen for further analysis. Where failure of 4.16 kV
bus represents losing all AC power in the plant i.e. SBO, and
failure of 125 Vdc bus represents losing all AC and DC power
in the plant.
First standard PSA model without ageing is constructed for
APR1400 onsite power system using FT analysis. FT is constructed
for 4.16 kV and 125 Vdc buses, 31 BE, 6 CCF and 1 IE are
modelled. The modelling is done using SAPHIRE 8 software.
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Fig. 1. Class 1E onsite power system for APR1400

Solving Eq. (2), the change in bus unavailability due
to the ageing of components is estimated as a time-dependent
ageing model and average ageing model. Highest components
contributors to bus unavailability are ranked regarding their
sensitivity coefficients and relative increase of their unavailability
due to ageing.
The time-dependent unavailability, average unavailability,
and unavailability without ageing for 4.16 kV bus and
125 Vdc bus, respectively, are illustrated in Fig. 2 and 3.
The calculations of time-dependent buses unavailabilities are
repeated at different time points. The time points are selected
to correspond to the replacement times for each component.
Components with the same replacement interval are assumed
to be replaced at the same time. The sudden drops in the buses
unavailabilities occur when major components are replaced.
Three different cases for the average increase of buses unavailabilities, bus unavailability without ageing, bus unavailability
after ageing, and bus unavailability after incorporating surveillance test and replacement ageing control are shown in Table 1.
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For 4.16 kV bus, the unavailability before ageing is 1.075E‑02,
after ageing, the unavailability increased to 9.98E-01, when
surveillance test and replacement ageing control is combined,
the unavailability is reduced to 1.56E-01. For 125 Vdc bus,
the unavailability before ageing is 2.072E-03, after ageing,
the unavailability increased to 6.42E-01, when surveillance test
and replacement ageing control is combined, the unavailability
is reduced to 2.45E-02.
Table 1. Buses unavailabilities
Case

4.16 kV bus

125 Vdc bus

Unavailability in standard PSA

1.075E-02

2.072E-03

Unavailability after ageing

9.98E-01

6.42E-01

Unavailability with ageing control

1.56E-01

2.45E-02
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Fig. 2. 4.16 kV bus time-dependent unavailability

Fig. 3. 125 Vdc bus time-dependent unavailability

Fig. 4. 4.16 kV bus highest components
contributors without ageing effects

Fig. 5. 4.16 kV bus highest components
contributors with ageing effects

Fig. 6. 125 Vdc bus highest components
contributors without ageing effects

Fig. 7. 125 Vdc bus highest components
contributors with ageing effects

The 4.16 kV bus highest components contributors to bus
unavailability before and after ageing are shown in Figs. 4
and 5. As shown, failure of 4.16 kV bus BE is increased from
45 % before incorporating ageing effect to 55 % after ageing.
On the other hand, failure of EDG sequencer BE is decreased
from 4 % before ageing to 0.01 % after ageing.
The 125 Vdc bus highest components contributors to bus
unavailability before and after ageing are shown in Figs. 6 and
7. As shown, failure of 125 Vdc bus BE is increased from 80 %
before incorporating ageing to 86 % after ageing. On the other
hand, failure of battery BE is decreased from 10 % before ageing
to 7 % after ageing.
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Conclusions
The influence of ageing on PSA calculations is estimated for
APR1400 onsite power system. Detailed time plot over plant
lifetime is obtained showing the progression of ageing impact
on system unavailability. The time-dependent results show when,
in a plant’s lifetime, ageing effects become significant from
a risk standpoint, and whether components are being replaced
frequently enough.
The obtained results show the significant increase in average
system unavailability after incorporating ageing effect, and
the surveillance test and replacement activities can reduce
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this effect. The results show the effectiveness of maintenance
program to reduce the risk effect due to ageing.
System components are ranked in accordance with their
risk significance. As the components age, the contribution
of some components in system unavailability increases, while
it decreases for the others. The method presented is applicable
for identification and ranking of the components that should be
considered in the ageing management program.
***
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of this paper.
References
1. International Atomic Energy Agency (2009). “Proactive
Management of Ageing for Nuclear Power Plants”, IAEA Safety Reports
Series Iss. 62, Vienna.
2. International Atomic Energy Agency (2010). “Ageing Management for
Research Reactors”, IAEA Safety Standards Series Iss. SSG-10, Vienna.
3. Liu, L., Li, Z. C., Sekimura, N. (2015). “Ageing Management
of Nuclear Power Plants in China”, Japan Society of Maintenology,
E-Journal of Advanced Maintenance Vol. 7–1, pp. 74—77.
4. International Atomic Energy Agency (2013). “Periodic Safety
Review for Nuclear Power Plants”, IAEA Safety Standards Series
Iss. SSG-25, Vienna.
5. Smith, C. L.; Shan, V. N.; Kao T.; Apostolakis G. (2001).
“Incorporating
Ageing
Effects
into
Probabilistic
Risk
Assessment—a Feasibility Study Utilizing Reliability Physics Models”,
US Nuclear Regulatory Commission, NUREG/CR-5632.
6. Vesely, W. E. (1992). “Approaches for Age-Dependent Probabilistic
Safety Assessments with Emphasis on Prioritization and Sensitivity
Studies”, Division of Engineering, Office of Nuclear Regulatory Research,
(NUREG/CR-5587).
7. Volkanovski, A. (2012). “Methods for assessment of ageing based
on PSA results”, Nuclear Engineering and Design, 246, pp. 141—146.
8. Xie, K.; Li, W. (2009). “Analytical Model for Unavailability due
to Ageing Failures in Power Systems”. International Journal of Electrical
Power & Energy Systems 31.7, pp. 345—350.
9. Nitoi, M., Pavelescu, M. (2010), “Modelling Ageing at the Level
of Electrical Systems from Cernavoda NPP”, Rom. Journ. Phys 55.1-2,
pp. 53—67.
10. Jordan-Cizelj, R.; Kozuh, M. (1995), “Ageing in Probabilistic
Safety Assessment”, Nuclear Society of Slovenia 2nd Regional Meeting:
Nuclear Energy in Central Europe, Portoroz, Slovenia, 11–14 Sept. 1995.
11. Marton, I., Sanchez, A. I., Martorell, S. (2015). “Ageing PSA
Incorporating Effectiveness of Maintenance and Testing”, Reliability
Engineering and System Safety 139, pp. 131—140.
12. Volkanovski, A. (2008). “Impact of Offsite Power System Reliability
on Nuclear Power Plant Safety”, PhD thesis, University of Ljubljana.
13. Agwa, A. M.; Eisawy, E. A.; Hassan, H. M. (2016). “Loss of Offsite
Power Probability Assessment using Fault Tree Analysis”, International
Journal of Scientific & Engineering Research, Vol. 7, Iss. 10, ISSN 2229-5518.
14. Smith, C. L.: Wood, S. T. (2011). “Systems Analysis Programs for
Hands-on Integrated Reliability Evaluations (SAPHIRE): Version 8”, US
Nuclear Regulatory Commission, Office of Nuclear Regulatory Research.
15. Vesely, W. E.; Kurth, R. E.; Scalzo, S. M. (1990), “Evaluations
of Core Melt Frequency Effects Due to Component Ageing and
Maintenance”, Division of Engineering, Office of Nuclear Regulatory
Research, (NUREG/CR-5510).
16. Andrews, J. D.; Moss, T. R. (2002). “Reliability and Risk
Assessment”, Wiley-Blackwell, UK.
17. Rausand, M.; Hoyland, A. (2004). “System Reliability Theory:
Models, Statistical Methods, and Applications”, Vol. 396. John Wiley &
Sons, USA.
18. Eide, S. A.; Wierman, T. E.; Gentillon, C. D.; Rasmuson, D. M.;
Atwood, C. L. (2015). “Industry-Average Performance for Components
and Initiating Events at US Commercial Nuclear Power Plants”, Idaho
National Laboratory, US Nuclear Regulatory Commission Office
of Nuclear Regulatory Research Washington, DC, (NUREG/CR-6928).
19. Levy, I. S.; Wreathall, J.; DeMoss, G.; Wolford, A.; Collins, E. P.;
Jarrell, D. B. (1988). “Prioritization of TIRGALEX (Technical
Integration Review Group for Ageing and Life Extension): Recommended
ISSN 2073-6231. Ядерна та радіаційна безпека 3(79).2018

Components for Further Ageing Research”, Division of Engineering,
Nuclear Regulatory Commission, Washington, DC (USA), (NUREG/
CR-5248).
20. Korea Electric Power Corporation and Korea Hydro & Nuclear
Power Co. Ltd. (2014), “APR-1400 Safety Analysis Report SAR”,
Chapters 8, 16 and 19.
21. International Atomic Energy Agency (2011), “Advanced Power
Reactor (APR1400)”, IAEA Status Report 83.

A. M. Агва1, Х. М. Хассан2
1
2

Інженерний факультет Університету Аль-Азар, м. Каїр, Єгипет
Єгипетський орган регулювання ядерної та радіологічної безпеки,
м. Каїр, Єгипет

Дослідження впливу старіння на оцінку ризику енергосистем на майданчику для атомних електростанцій
Старіння — це повільна довільна незворотна зміна властивостей
матеріалів, процес, при якому властивості компонента поступово
змінюються з часом або в результаті використання, одне з явищ,
яке впливає на експлуатаційну готовність електричних систем атомних
електростанцій. Старіння може призвести до зростання ймовірності
відмови компонентів. Досвід експлуатації показав, що багато
компонентів стають непрацездатними внаслідок таких механізмів
старіння, як корозія, ерозія, крихкість, втома, вібрація та зношення.
У цьому дослідженні розглядається оцінка впливу старіння на
результати ймовірнісної оцінки безпеки вдосконаленого водоводяного ядерного реактора APR1400. Аналіз виконано за допомогою
програми SAPHIRE-8. Отримані результати свідчать про суттєве
підвищення середньої непрацездатності систем внаслідок старіння.
В процесі експлуатації атомних електростанцій ефекти старіння стають
вагомими з точки зору ризику. Компоненти систем класифікуються
відповідно до їх важливості щодо ризику. Із старінням внесок одних
компонентів у відмову систем підвищується, а інших зменшується.
Пропонується метод ідентифікації та ранжування компонентів,
які потрібно враховувати в програмі управління старінням.
К л ю ч о в і с л о в а: вплив старіння, енергетична система атомної
електростанції, імовірнісна оцінка безпеки, атомні електростанції.
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Исследование влияния старения на оценку риска
энергосистем на площадке для атомных электростанций
Старение — это медленное самопроизвольное необратимое
изменение свойств материалов, процесс, при котором свойства
компонента постепенно меняются со временем или в результате
использования, одно из явлений, которое влияет на эксплуатационную
готовность электрических систем атомных электростанций. Старение
может привести к возрастанию вероятности отказа компонентов.
Опыт эксплуатации показал, что многие компоненты становятся
неработоспособными вследствие таких механизмов старения,
как коррозия, эрозия, хрупкость, утомляемость, вибрация и износ.
В этом исследовании рассматривается оценка влияния
старения на результаты вероятностной оценки безопасности
усовершенствованного водо-водяного ядерного реактора APR1400.
Анализ выполнен с помощью программы SAPHIRE-8. Полученные
результаты свидетельствуют о значительном повышении средней
неработоспособности систем под влиянием старения. В процессе
эксплуатации атомных электростанций эффекты старения становятся
значимыми точки зрения риска. Компоненты систем классифицируются
в соответствии с их важностью относительно риска. Со старением вклад
одних компонентов в отказ систем повышается, а других уменьшается.
Предлагается метод идентификации и ранжирования компонентов,
которые нужно учитывать в программе управления старением.
К л ю ч е в ы е с л о в а: влияние старения, энергетическая система атомной электростанции, вероятностная оценка безопасности,
атомные электростанции.
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