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ABSTRACT 

Ageing management has become a major concern for many responsible organizations 
during the last years, because as the operating power plants have got older, they may have the 
tendency to become less safe. The effects of age-related degradation of plant components, 
systems and structures are necessary to be assessed in order to assure a continuous safe 
operation of nuclear power plants. 

The Probabilistic Safety Analysis (PSA) is an efficient system analysis method which is 
used to assess the risk of operation of nuclear power plants. In the assessment of risk level for 
a plant, most of the PSA studies generally didn’t take into account the ageing effects, and uses 
a time averaged unavailability. By incorporation of ageing effects, the results enable an 
identification of the components that have the greatest effect on risk if their failure rates 
increase due to ageing effects modelling. 

In this paper, it was assessed the impact on Class IV Electrical Power System 
unavailability of the assumed increase in components failure probability caused by 
components ageing. The electrical system was chosen for the study because there are a lot of 
cables and for these types of equipment there is no planned preventive or corrective 
maintenance, and they are originally designed to reach the end of plant life with an adequate 
safety margin.  

To quantify the effects of age-related degradation on components, the linear ageing 
model was used. In this model, the failure rate of a component  λ (t) is expressed as a sum of 
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two independent failure rates, one associated with random failure, λ0, and the other associated 
with failures due to aging α, so:  

λ(t) = λ0 + αt 
The basic events were coded using a computer code similar to CAFTA, developed in 

INR Pitesti. For the reliability data allocation for basic events a intern data base was used. 
This data base contains data from the following generic data bases:  IAEA Component 
Reliability Data for use in PSA,  Point Lepreau Component Reliability Data, Ontario Hydro 
Data Base. 

The results obtained for Class IV system analysis before and after the incorporation of 
ageing effects are presented. 

The results highlight the changes induced on system unavailability by components 
ageing. Minimal cut-sets identified shows which parts of the system are most important for 
the system availability in those two cases analyzed. 

1 INTRODUCTION 

Ageing management has become a major concern for many responsible organizations 
during the last years, because as the operating power plants have got older, they may have the 
tendency to become less safe.  

The process of components ageing can be defined as the continuous time-dependent 
degradation of materials due to normal service conditions, which include normal operation 
and transient conditions  (IAEA 1990).  

The process of ageing in NPPs may lead to a large scale degradation of physical barriers 
and redundant components resulting in an increased probability of common cause failures. 
There is the possibility that unmitigated degradation could lead to a failure or even multiple 
common cause failures of redundant components under non-standard operating conditions or 
accidents. If no mitigation action is performed, ageing may reduce safety margins provided in 
design and thus may increase the risk to public health and safety. As a result, the effects of 
age-related degradation of plant components, systems and structures are necessary to be 
assessed in order to assure a continuous safe operation of nuclear power plants. 

The ageing management should have to be developed for all types of plant components, 
as: 

 active components (pumps, valves, motors, circuit breakers) 
 passive elements (structures, piping, electrical cable) 
 large infrastructure systems (buildings and facility-support systems) 
The components list includes major parts of the installation, for which the replacement 

will be heavy, complex, and will assume big costs. This kind of components is expected to 
operate for overall the plant life, despite the ageing degradation. For the components which 
are less expensive (pumps, sensors) there are developed maintenance, repair and replacements 
procedures / programs.  

Be effective in ageing management means looking at the right spots with the right 
techniques and one of the most effective tool which could be used for that purpose and which 
complements the deterministic approach and supports the traditional defence in depth 
philosophy is PSA.  

The probabilistic safety analysis, PSA, is an efficient system analysis method which is 
used to assess risk of operation of nuclear power plants. PSA consists of three levels:  

♦ Level 1 PSA the assessment of unit failure leads to the determination of core 
damage frequency 

♦ Level 2 PSA –the assessment of containment response leads, together with the 
PSA level 1 results, to estimation of release frequency from the containment 
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♦ Level 3 PSA –the assessment of consequences beyond containment leads, 
together with the results of PSA level 2 to estimation of risk for the public 

Level 1 PSA use the E/T and F/T techniques, in order to quantify the accident 
sequences leading to various core damage states and to evaluate the failure probability for 
components and plant systems. Event trees are used to model the evolution of accident 
sequences from initial disturbances to a core damage state, and fault trees are used for 
modelling the systems reliability as a  function of component reliability. 

PSA can be used for the following risk-based operations:  
♦ risk prioritization of components  
♦ risk-based technical specifications  
♦ risk-based configuration management  
♦ operator aids  
♦ risk-focused data collection  
♦ precursor evaluations  
♦ risk-based indicator evaluations  
♦ risk-based maintenance prioritizations 
♦ risk-based aging evaluations 

Explicit consideration of the risk effects of ageing is an important feature of ageing risk 
assessment evaluation. By explicitly considering the risk effects of ageing, ageing 
contributors can be prioritized according to their risk importance, ageing management 
activities can thereby be focused on important areas and the ageing management strategies 
can thus be made cost effective. Ageing contributors should include both active and passive 
components being susceptible to ageing.  

 
2 MODELLING CONSIDERATIONS 

A risk model such as PSA can be used to identify what failure rates are risk sensitive 
and cause significant variations in risk if they vary. These risk-sensitive failure rates need to 
be estimated as accurately as possible. With regard to plant applications, these risk-sensitive 
failure rates need to have strict quality control and qualification. 

Failure rates which are identified as not risk-sensitive do not need to be accurately 
estimated. With regard to plant applications, these risk-insensitive failure rates do not need to 
have as strict a quality control or qualification process.  

Usually, ageing is not considered in the PSA calculations, but the safety importance of 
assumed increases in the components failure probabilities can be evaluated. It can be 
considered that if a raise of a certain component failure rate doesn’t have a major effect, the 
ageing analysis for that component is expected to have a small importance. 

As many plants have already a PSA study developed, study which doesn’t have 
incorporated ageing effects, one method in performing the ageing study is to develop it by 
using as much as it can from the existing PSA study. 

The current PSA methods assume that initiating event frequencies as well as component 
failure rates are constant in time. This is not the case for ageing study, when the 
characteristics of a component are changing in time, so the basic event probabilities must be 
modified in PSA. This is one of the main differences between the usually PSA study and 
ageing PSA study. It should also be mentioned that in the process of performing an ageing 
study new initiating events, new basic events and new common cause initiators could appear. 
The ageing study should be performed very carefully, because there are cases when  cutsets 
that were truncated from the original PSA because of their low probabilities may now need to 
be restored. [2] 
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The incorporation of ageing effects into current PSA models would increase the 
credibility of existing PSA studies and applications and enhance their capability to practically 
support safety related decision making. Ageing phenomenas are modelled differently, 
depending on the rate of the functional degradation of a component and the availability and 
quality of data (both failure and condition monitoring). 

The general theory of aging of active components includes three regimes: 
o early failures 
o relatively constant failure rate 
o increasing failure rate over time 

The classic bath-tub curve has a high failure rate early in life, followed by a relative low 
constant failure rate in mid-life, and an increasing failure rate late in life as the components 
ages. If no preventive maintenance or repair occurred, the failure rate over time would follow 
the bath-tub curve. 

The ageing analyses have the following phases : 
 identification of critical components 
 identification and evaluation of ageing effects 
 development of mitigation methods 
Two application areas of PSA were considered as being useful in ageing effects study: 

o the assessment of impact of components and structures ageing to plant safety 
level 

o the prioritization based on risk of ageing management activities 
For the evaluation of ageing effects impact to plant safety level, the analyst should 

assess: [1] 
 the changes in plant safety level  
 the impact of plant safety indicators, which are relevant for the ageing  

The above mentioned actions will be performed after the information based on sensitivity 
assessment of plant improvements will be obtained and taked into account.  

In order to prioritize the ageing management activities the following steps should be 
taken: [1] 

 the specific testing, maintenance and replacement activities, which can 
be made in order to minimize the ageing effects and to control the core 
damage frequency, should  be identified 

 the uncertainties areas of PSA assessment, which requires a 
supplementary assessment and data should be identified 

 a prioritization of management activities regarding the ageing should 
be made 

The identification of age-critical components can be made using the prioritization of 
systems and equipment to be analyzed. The prioritization is based on the assessment of the 
impact on the plant safety and expected sensitivity for ageing. For selection and prioritization 
of components can be used as methods the analysis of operating experience, expert judgment, 
and probabilistic techniques (PSA results, risk importance). 

Besides the expected degradation rate, the importance of the components depends on its 
safety significance and economic aspects including replacement costs and importance to plant 
availability. According to the above mentioned, the prioritization of components requires a 
system-level analysis, where the results of probabilistic safety analysis can be used. 

The use of PSA for the selection and prioritization of components depends on several 
features. The models must be detailed enough to describe the impact of single components (or 
group of components) on the plant safety.  

Depending on the objectives of the ageing analysis, it must be possible to evaluate the 
significance of ageing (the changes due to inclusion of the components ageing effects in 
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components failure rates) either at component, system, and core-melt frequency level, or even 
on the level of accident consequences. 

In this paper, it was assessed the impact on Class IV Electrical Power System (CANDU 
reactor) unavailability of the assumed increase in components failure probability caused by 
components ageing. 

The study focuses on the evaluation of ageing impact on system safety level rather than 
making an initial assessment or analysis of aging, including the identification of aging causes, 
mechanism, and effects. 

The safety importance was studied at system level with a qualitative and quantitative 
fault tree analysis. 

Class IV is an a.c. power supply system which provides electrical power to the process, 
control, instrumentation and lighting loads through the plant. The system supplies the 
equipment which can tolerate long interruption in feeding, without affecting the personnel or 
the plant safety.  

The safety function of CLASS IV system is the guarantee of one available and sufficient 
power supply to that:[3] 

♦ in advanced exploitation situation, the design limits defined as acceptable for the 
nuclear fuel and the design conditions for the reactor cooling agent pressurized 
premises will not been exceeded 

♦ in case of accidents defined before, the reactor core cooling will be assured, and the 
containment integrity as well as the other vital functions will be maintained. 

The electrical power supply system is divided into two subsystems, ODD and EVEN, 
each one sized for 100% load capacity, completely physical separated. The system is supplied 
either the unit or the service transformers from the external grid and the 24kV generator 
system.  

The electrical system was chosen for the study because there are a lot of cables and for 
these types of equipment there is no planned preventive or corrective maintenance, and they 
are originally designed to reach the end of plant life with an adequate safety margin.  

In “no-ageing” PSA we use constantly random failure rates, which correspond to the 
medium failure rates of the curve, as the effects of ageing is shown by the quickly increase of 
failure rates.  

To quantify the effects of age-related degradation on active components, the linear 
aging model (NUREG/ CR-6415) was used. In this model, the failure rate of a component  λ 
(t) is expressed as a sum of two independent failure rates, one associated with random failure, 
λ0, and the other associated with failures due to aging α, so: 

λ(t) = λ0 + αt          (1) 
The assumption used by the linear aging model are: 

o the component failure rate is proportional to the amount of deterioration 
o both the occurrence time and the severity of deterioration are considered to be random 
o the occurrence of deterioration is described by a stationary Poisson process 

The model is applicable to such processes as linear wear, linear material build-up and 
linear elastic related phenomena. The model can serve as a first order linear approximation, 
even where the degradation build-up is not linear or independent of the previously-
accumulated damage, such as that due to vibration. 

There are two major problems in performing of the study: 
 one is related to specific data, because in the process of components failure rates 

allocation the generic date were used – the Cernavoda collection system started few 
years ago, and the collected data are not very numerous 
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 the second is referring to the amount of failure rate available and the information on 
the degree of component degradation (usually obtained by surveillance and condition 
monitoring), which is very limited 

As a result of the limitations above mentioned, in performing the analysis we use some 
assumptions: 

 it was assumed the same ageing rate for all the components (even there is a short term 
and a long term ageing). 

 it was assumed that the failure rates of components follows the traditional bath-tub 
curve 

 to quantify the effects of age-related degradation, we use the linear aging model for all 
the components 

The basic events were labeled using a computer code similar to CAFTA, developed in 
INR Pitesti. 

The qualitative and quantitative assessment for the fault trees was made with the 
modified EDFT code, designed for: 

• the editing of INPUT files in text format  
• the reliability data allocation for basic events 
• fault trees qualitative and quantitative analyses 
• fault trees drawings 

Data bases used in the analysis were: [4],[5],[6] 
- Point Lepreau Component Reliability Data 
- IAEA Component Reliability Data for use in PSA 
- Ontario Hydro Data Base 
 

3 RESULTS 

The following top event was evaluated: “Loss of power on 10 KV bus when the supply 
source is the external grid”[3] 

In the first case it was obtained for system unavailability a value of 7.04E-05.  
In case of ageing effects incorporation it was obtained an increased value for the system 

unavailability (2.54E-03). The major contributors to 10 kV bus Class IV system unavailability  
before and after the incorporation of ageing effects are presented below: 
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Figure 1: Major contributors for bus unavailability without the incorporation of ageing effects 
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Figure 2: Major contributors for bus unavailability with the ageing effects incorporated 
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The results highlight the changes induced on system unavailability by components 

ageing incorporation. It is easily to observe that as components ages, the system unavailability 
increases (as expected), the major contributors to system unavailability are changing and the 
failure modes associated to circuit breakers and cables have an increase contribution to system 
unavailability (un-isolated short circuits appear as contributor to 13% in the ageing effects 
incorporation case). 
 
4 CONCLUSIONS 

♦ the PSA can be used to evaluate the significance of ageing 
♦ the implementation of ageing effects in analysis can cause changes in the cut-sets 

contribution  
♦ the study is intended to be reviewed, as the aging factor should be different for the 

active and passive components  
♦ uncertainty in the results of the analyses depends on the amount and quality of data; as 

our data has been collected from different sources, the suitability of the data for a 
specific purpose can be questioned. In order to improve the quality of the data, 
systematic collection and treatment procedures of damage and ageing-degradation data 
should be created  
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