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1. Introduction

The probabilistic Safety Assessment (PSA) of the nuclear

power plants becomes an important tool for the safety

management, if the plant personnel uses its models and

results directly in the different safety related

activities. Thus, the dynamic use of the PSA is the basis

for the risk based safety management. Such activity areas

- direct risk-affecting activities - are for example: the

maintenance planning, the surveillance test scheduling,

the safety upgrading works and even the training of the

plant personnel.

The risk based safety management is an optimized safety

management from the point of view of the minimum risk and

minimum burden. The risk is usually understood as the

core damage risk, and it can be determined by the level

I. PSA, as the core damage frequency (CDF) or probability

(CDP) multiplied by the consequences of the core damage.

The consequences can be physical, physiological and also

economical. The safety management of the nuclear power

plant in many cases can affect only the core damage

frequency and the duration of the events changing the

CDF, so the goal is to minimize the value of the CDF

and/or the CDP.

The risk based safety management requires dynamic PSA,

and it can be facilitated with the use of risk based

safety indicators. The good risk based indicators allow a

shorter response time and a faster feedback in the safety

management system for any change in the risk, the

duration of the change can be shorter, so the use of the

risk based indicators can reduce itself the CDP, and

improve the safety.

One of the activities of the plant personnel, that has a

significant risk impact, is the configuration control in

the maintenance planning and conducting. If the

configuration control is risk based, that leads to a



minimum CDP during the maintenance activities, however,

the personnel performs all the required works.

The risk impact, or the importance of the components is a

good risk based indicator to be used together with other

indicators for the configuration control optimization.

One can call the different indicators used in the

configuration management process as the configuration

management indicators.

The purpose of this document is to show the role of the

risk based indicators- namely the core damage frequency

(CDFI), the core damage probability indicators (CDPI) and

the importance of the equipment together- in the risk

based configuration control.

2. Risk based configuration control

With the application of a good configuration control

method the personnel is able to maintain the risk level

within an acceptable range during all the operational

regimes of the nuclear power plant. The risk based

configuration control in the nuclear power plant means

the control of the plant risk related to the different

plant configurations. It is a complex of risk related

measures, such as surveillance testing, preventive

maintenance,...etc., that helps to avoid the high risk

situations.

The necessity and the priority of these activities are

determined by the value of the actual risk and the risk

impact of the equipment involved.

The use of the plant specific PSA for the optimization of

the configuration control makes it risk based, and helps

to identify the measures needed to reduce the risk to the

acceptable level in any cases.



3. Risk based indicators as configuration management

indicators

The risk based indicators are dynamic plant specific

PSAs, that involves also the day-to-day changes in the

plant configuration. Several risk related activities can

be monitored using risk based indicators, and the

measures to be taken can be easily identified if

necessary.

Here we give the definitions of those risk based

indicators, that are used in the configuration

management, and we'll call together them as configuration

management indicators.

1. Importance indicators

There are several definitions of the importance, and

these definitions are used for the indication of the

different effects of a given event. Here we use the risk

reduction (RRW) and the risk achievement worth (RAW), as

importance indicators.

Risk reduction worth of a basic event shows, that how

many times the actual risk is higher, than for that

case, when the basic event surely does not happen.

Risk achievement worth of a basic event is the ratio of

the risk, when the given basic event surely happens, to

the actual risk.

In both cases the risk for the safety management can be

expressed as the CDF, or the CDP. It is obvious, because

the consequences cannot be affected by the safety

management measures, it is a problem of the accident

management.

One can extend the importance definitions not only for

the basic events, but for more complex operational

actions, such as compensatory measures prescribed for



the given situation in the Technical Specifications, or

multiple unavailabilities of components being under

maintenance.

2. Cere damage risk indicators: CDFI and CDPI

The core damage indicators monitor the quantitative

characteristics of the core damage risk.

The CDFI, as core damage frequency indicator is dynamic

CDF, characterizing the actual plant status. "It involves

the best knowledge of the plant personnel on the actual

situation at the plant, as the plant configuration,

equipment behavior.etc.

The CDPI, as core damage probability indicator is simply

the core damage probability calculated using CDFI. It

measures the CDP changes due to the long term, or short

term changes, depending on the time interval it is

calculated for.

Any of these indicators can be expressed in various ways,

depending on the purpose of using them. One application

requires the absolute value, other the relative

change,...etc.

4. How to use the configuration management indicators for

the configuration control

The risk based indicators can be used on different ways,

as retrospective indicators to evaluate the effect of a

past situation, or as predictive indicators to predict

the change due to a given feature. The configuration

control deals mainly with the future, -immediate, or

farer-, so it requires the predictive way of using these

indicators.

The configuration management means the control of the

high risk contributors. The risk contribution of the



components is dynamic, and can be monitored by the

dynamic evaluation of their risk importance, or -with

other words- by the calculation of the importance

indicators. The importance evaluation shews the main

contributors, and also those components, that are much

less important. The use of dynamic importance assessment

assures, that the attention is always focused on the

important contributors, and the efforts are redirected

form the unimportant areas to the risk significants.

The risk importance of the components is sensitive mainly

to the actual plant configuration, so the configuration

control has to be based on the control of the component

importances.

RRW is calculated, when a compensatory measure is

required to lower the CDF. Usually it is an extraordinary

functional test of a component or a set of components to

assure their operability. It can also be a transfer of a

standby component to an on-line monitored component

switching it on, that usually lowers the calculated

unavailability.

The measure to be taken is defined by the RRW of the

candidate measures. Of course, the solution with the

highest RRW has to be selected.

In those cases, that are not covered by the Technical

Specification, compensatory measures are not prescribed,

and the actual CDF becomes too high, they should be

excluded from the normal operational regimes by the

configuration control. However, if it is not possible,

the high CDF has to be compensated by additional

measures. In such a case it is necessary to rank the

basic events on their actual RRW to determine the most

effective measure lowering the actual CDF. That measure

very likely will affect the basic events with the highest

RRW.

Another area controlled by the configuration management



is the maintenance scheduling. The RAW of the

unavailabilities due to maintenance, and RRW of the

compensatory measures together are good indicators for

that application.

Usually a set of components is taken out of service for

maintenance, so the effect of the multiple

unavailabilities has to be controlled by the

configuration management.

When planning the maintenance works, RAW shows, how the

CDF or the CDP changes due to the components taken out of

service. If necessary, as it is described above,

compensatory measures can be determined calculating their

RRW.

For a predefined set of components, -say a maintenance

work package-, the priority and the combination of the

different multiple unavailabilities with the compensatory

measures can make a large number of possibilities, so the

selection of the optimum solution is a long iteration

process. The risk based optimum is the solution giving

the least CDP increase for the whole package, so the

definition of the RAW of the work package has to be based

on the CDP calculation. However, when the CDF is also

limited, the CDF based RAW definition is also to be used

during the optimization.

For the calculation of the importances of a complex

measure, the use of the CDFI and CDPI seems to be

helpful. The relative CDFI and CDPI represent the RRW or

RAW of the given measure, depending on the change,

whether it is positive or negative. The basis for the

comparison is the risk before and after the changes.

The planning of the maintenance duration is usually based

on the average durations of the past maintenances, and/or

on the Technical Specification requirements, such as

allowed outage times (AOT), and is independent from the

actual performance of the maintenance personnel. However,



during the maintenance planning the human errors have to

be taken into account , and if necessary, they have to be

eliminated by the experience feedback to increase the

quality and the effectivity of the maintenance

performance. That decreases the time required for the

successful maintenance. It is the task of the maintenance

management. The actual effect of the human performance is

evaluated by the same importance evaluations. The

duration of the works are to be determined taking into

account the probability of the successful maintenance

versus time, and the required quality.

All these evaluations require good computer hardware and

software support.

5. PSA requirements and data requirements for the risk

based configuration management

The risk based safety management requires a PSA of the

nuclear power plant being transformed to a dynamic

everyday tool. Dynamic means, that the PSA can handle the

dynamic behavior of the plant. An everyday tool can be

used whenever it is needed, and it has results within a

short enough time. The PSA as an everyday tool, of

course, also means the best knowledge on the

instantaneous plant status and the equipment data.

Altogether the dynamic PSA, included the actual data,

could be called as risk monitor, or risk based safety

indicators.

Current PSAs usually don't allow the dynamic evaluations,

even not all of them are computerized. The initial

purpose of making these studies is different. However,

there are some so called "living PSA" applications, that

are closer to the one needed for the everyday use, but

are not flexible enough for the monitoring of the dynamic

behavior.



Another problem is, that the current practice of the data

collection at the plant provides information for only the

statistical evaluation feeding the PSA updates. (Of

course, if the data collection system is multi-purposed,

than it provides also other kind of data for other

purposes.) This information is registered usually later,

than it would be desired. The knowledge on the actual

plant status is not present in the PSAs, so it can only

show long time averages.

Therefore, there are two main areas to be solved for the

risk based safety management: how to transfer the PSA to

an everyday tool and the data support for the day-to-day

evaluation. This section deals with these two areas

especially for the configuration management from a

methodological point of view. Some of the problems of the

risk based indicators are technical questions, such as

how to fasten the process of the calculation, or how to

feed back quickly the results to the operations. Of

course, the technical problems are another issue to

discuss.

1. The PSA requirements for the risk based configuration

control

The ideal solution is, when a complex risk based

indicator system is build up, and is used for any safety

related decision-making problem. For any application the

fast recalculation of the PSA results is necessary. That

can be made by using faster computers, faster codes,

and/or by the simplification of the PSA models,

considering the sensitivity of the models, or the

uncertainties to the simplifications. However, for a

given application not everything has to be recalculated.

That means, that the most important development has to

be focused on the requirements of the given application.

As it was mentioned before, the configuration control

needs the dynamic calculation of the importances. In
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most PSAs the risk importance distribution of the basic

events is highly nonuniform, and the major part of the

risk is covered by the minority of the components. If a

careful selection based on a detailed preliminary

importance assessment is performed, it is not necessary

to monitor always all the components, but only the

selected ones, and it facilitates significantly the

evaluations. However, it is not completely evident for

the configurations differing very much from the usual

configuration. Fortunately, these configurations are

very rare.

The CDFI and CDPI calculations are based on the regular

recalculation of the CDF. For the configuration

management these indicators are used on a predictive

way. That means, the CDF has to be calculated at least

as many times as many times the configuration is changed

during the analyzed process. If this process is long

enough (one-two weeks), and the time dependence of the

component unavailabilities becomes significant, than the

CDF has to be calculated taking into account this

effect.

2. Data requirements for the CDFI, CDPI, and importance

calculations.

The quality of the configuration management highly

depends on the quality of the input data, how old, how

accurate they are, or how complete the knowledge of the

personnel is concerning the plant configuration. The

more complete and actual the used information is, the

less the uncertainty of the evaluation is, so the good

quality of the input information is essential for the

good result.

The configuration management requires two kinds of input

data:

1. The component reliability data, preferably plant

specific and updated, such as failure rates, average
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repair times, test intervals, ... etc. depending on the

model used.

2. Actual component unavailabilities, actual information

on the plant configuration, cr plant status data, such as

components being down, daily plans for tests,

maintenances. These are the operational data. It includes

also the last actuation, test or repair, the past life

history of the individual components.

There are two purposes of using the plant status data in

the configuration management:

1. Long term data collection and statistical evaluation,

production of the plant specific PSA data, and data for

the PSA updating. For this purpose the plant status has

to be kept in a computerized data base for the easy

future use. Usually it is the task of the component

reliability data collection systems.

2. Immediate use of the information available. Actual

unavailability evaluation, and model changes for the

actual or planned CDF and importance calculation.

6. An example of using Core Damage Risk Indicators and

the risk importance for the configuration management

Fig. 1. illustrates a possible solution for the desired

information flow.

-The primary information are on one hand the

maintenance and test schedules, on the other hand the

random disturbances, such as random component

failures, or human errors.

-This information is needed to define the actual plant

configuration, say by the Plant Status Information

System (P.S.I.S).

-The actual plant status is a direct input to the Risk
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Based Indicator System (R.B.I.S)

for the immediate use.

giving information

-The actual plant configuration is also an input to the

Component Reliability Tata Collection System

(C.R.D.C.S.) for the long term statistical data.

-The C.R.D.C.S. information is then used for the Plant

Specific PSA (P.S.PSA) updating.

-Using the models and results of the P.S.PSA, the

R.B.I.S. gives the input for the configuration

management (through CDFI, CDPI and the importances).

-The configuration management is an important

contributor to the plant maintenance and test

scheduling activity. This is the feedback effect in

the whole system.

Thus, on that way a self-regulating control system is

provided.

•Jlvlaint & Test Scheduling |

A L
I Random effects |

1 1.
P S . I S.

r i| C.R.D.B |
1 1

| P.S.PSA |
1 1

1

R.B.I.S.

CDFI CDPI I M P others

Configuration management

fig. 1. Risk based configuration management information

flow. See explanation in the text.

13



7 . Summary

The risk based configuration management in the nuclear

power plants is a tool to help the personnel to avoid the

high risk situations due to the improper combination of

the plant equipment being out of service. It controls the

operability or unavailability of those components and

component combinations, that have high contribution to

the plant risk.

This activity requires the best knowledge on the plant

status in terms of core damage frequency, risk

importances, ... etc. The use of several risk based

indicators seems to be helpful for that purpose.

The monitoring of the risk based indicators needs a

dynamic approach to the probabilistic safety assessment.

That means, the PSA of the nuclear power plant has to be

dynamically reevaluated. This reevaluation takes into

account the actual, or planned configuration and the

actual component data.

This document deals with those requirements, that make

the personnel be able to use the PSA and the risk based

indicators for an effective configuration control.
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