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1. INTRODUCTION

Safety operation with optimized resources expenditures is one of the main concerns in
managing nuclear power plants (NPPs) operation by owner groups. Plant management
can be carried out by taking advantage of the information provided by means of the
evaluation and follow-up of a given set of indicators which allows plant staff to analyze
the plant performance focusing on specific areas of interest, such as safety, production,
availability, costs, maintenance activities and so on.

Nowadays, the utilities use indicators of various kinds to monitor the plant performance
[1, 2]. However, although these indicators are generally considered to have a positive
correlation with performance, they are not believed to have any predictive function at
individual plants [3], Thus, the development and implementation of more detailed and
more plant-specific indicators in some relevant areas is considered useful among plant
regulators and operators [3-6]. Such indicators should be more closely related to
operational and maintenance practices of individual plants. In addition, the desired set
of indicators should make it easy to compare the behavior of several plants, as it is
recognized that nowadays both the number and types of indicators vary significantly
among plants.

The objective of the paper is to present the work that is being conducted in the scope of
a research project between Cofrentes NPP (Iberdrola, S.A.) and the Polytechnic
University of Valencia aimed to the development and implementation of a performance
indicators system to support plant management. In developing this system attention is
being paid to the areas of safety, production and dependability.

A software is also being developed within this project, which is intended to help the
analyst to monitor the performance of the plant. This tool, flexible and friendly, allows a
quick evaluation and analysis of the different indicators that may be necessary to
follow-up the performance of NPPs. Finally, the results of a case of application are
presented, which show the viability and applicability of the performance indicator
system and the software developed.
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2. PERFORMANCE INDICATOR SYSTEM

The first step in the project was the development of the Performance Indicator System
(PIS), in order to help in assessing the effectiveness of the different activities in plant
(i.e. maintenance, inspections, tests, etc.). Figure 1 shows the scheme of the
Performance Indicator System, which begins with the collection of basic information
available from three main sources, design, maintenance and operation. The next step
involves the design of the indicators, which are linked with the operational data. Then,
the indicators are evaluated for the equipment and periods of the plant history selected
and the results obtained are analyzed and finally reported.

Application program

Figure 1. Scheme of the Performance Indicator System

2.1 Data needs

The Performance Indicator System begins with the collection of basic information that
can be gathered from the history of performance and maintenance of the systems and
components in the plant, i.e., maintenance labor and material costs, number of
corrective and preventive maintenance tasks performed over a certain period, operating
experience and so on.

The type of PIS to be implemented depends strongly on what kind of information exists
and how it becomes available. Plant specific information is required because of the
nature of the indicator system, which must be closely related to operational practices,
programs and work management of individual plants.

At Cofrentes NPP, this information is available from several sources related to: (1)
design, (2) maintenance and (3) operation practices.



2.2 Design of indicators

Performance indicators are based on the different types of operational data. It is well
recognized that a few indicators are sufficient to show operation, in terms of safety and
performance, for the entire plant. However, further development and implementation of
more detailed indicators are needed for the indicator system to play a preventive
function at individual plants. It must be emphasized that indicators should be used as a
group where specific subsets would be of interest for different purposes according to
their significance.

Therefore, it is suggested to establish the operational indicators set in three levels. The
lowest level concerns indicators monitoring performance and maintenance
characteristics of components. The next one involves a subset of indicators placed at
system level with a similar goal. And finally, the highest level summarizes the impact of
the global policy in the whole plant from a safety and performance point of view.

The definition of an indicator should comprise, at least, the following items: indicator's
name, performance area, definition and data needed. The definition stands for the
mathematical formulation that relates the indicator's name with the data needed for its
evaluation. A complete set of indicators is proposed in Ref. 7, which have been divided
into two main categories:

(1) Basic or direct indicators, which are linked directly with the operational data
being collected.

(2) Indirect indicators, which are derived from direct or other indirect indicators.

2.3 Design of equipment

This stage consists of establishing the equipment, that is, systems, structures and
components (SSCs) in scope.

It is also of interest to group the equipment according to common links. For example,
we can consider the whole equipment within the scope of the program as a single group,
named the main group. Then, we can split the main group into several subsets, called
divisions, grouping the equipment according to certain criteria; for instance, putting
together only electrical or mechanical equipment, respectively. It is also possible to
group the equipment by departmental subdivisions and/or depending on the similarities
of their functions.

2.4 Design of strategies

A strategy defines what, when and how indicators and equipment have to be processed,
(that is, evaluated, analyzed and reported). The strategy must include a set of indicators,
the equipment selected and the additional necessary parameters to design a particular
strategy. These parameters involve the time period, time step and other specific
information required for the evaluation.

It is strongly recommended to establish a hierarchy with two sets of indicators:

1. Key indicators, to be evaluated periodically.
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2. Detailed indicators, which are only for searching for the causes of deviations

observed in the key indicators.

In selecting key and detailed indicators, it must be considered whether the analysis is
centered on the plant as a whole, on one or more of its systems or on individual
components. Additionally, attention must be paid to the specific application of the
indicators, that is, regarding the different programs conducted in plant aimed to improve
performance

It is also recommended to establish a hierarchy with two sets of equipment. This way,
one could follow the evolution of the indicators for the main group. Additionally, only
if a deviation is observed for the main group, one could evaluate the indicators for
individual subsets in order to search for the subset that is responsible of the deviation.

2.5 Evaluation, analysis and reporting of results

Performance indicators have to be evaluated for selected equipment and periods of the
plant history. Then, the analysis of the results from the evaluation process can focus on
the absolute value or on the trend of the indicators evolution.

The analysis of the evolution of the indicator absolute value means to focus on the
value that the indicator achieves in each period of the plant history. This, in turn, can be
compared with a reference value in order to realize whether the indicator presents a
significant deviation or not.

Alternatively, we can perform a trend analysis for the evolution of the indicator between
periods in order to reveal whether is a significant increasing or decreasing trend in the
indicator values. Both non-parametric and parametric statistical tests can be used.

Finally, it is particularly convenient to report the results derived from the analysis of the
indicators over the selected equipment and periods. This will help in the decision
making process regarding effectiveness of the in-plant activities within a living program
which should be updated periodically.

3. APPLICATION PROGRAMS

In assessing the outputs of the indicators-based analysis of the plant performance one
must not be limited to a single evaluation of a given indicator. Further, an objective has
to be established to require the follow-up of a set of indicators according to specific
strategies above mentioned.

Therefore, a well defined application program that implements several follow-up
strategies must be established, taking into account the particular application, that is, the
program in plant that it will support. Figure 2 shows the scheme with the issues that, in
general, have to be considered for an application program based on the above
Performance Indicator System (PIS). The PIS constitutes the kernel of such a program.
Based on the PIS, strategies must be developed that consist of sets of indicators,
equipments and parameters. Ref. [8] shows several application programs which may be
devoted to support improvement of maintenance effectiveness at Cofrentes NPP.
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Figure 2. Fundamentals of a performance evaluation program based on the PIS

4. CASE OF APPLICATION

This section contains an example application of the methodology to follow-up the
whole plant performance at the Cofrentes NPP. According to the general scheme in
Figure 1, a performance evaluation program may consist of the items in Table 1.

Item Name Description
Indicators

Detailed:

Equipment
Main:

Parameters
Time period:
Time step:
Working groups:

Safety
cDose
Radwaste

Production
Electrical_energy

Maintenance
nCor
nPro
nMan
dCor
dPro
dMan

PLANT

Collective Dose Sv.p
Radwaste generation (m3)

Production of electrical energy (Millions of KWh)

number of work orders on CM1

number of work orders on PM2

number of work orders on CM & PM
duration of work orders on CM (hours)
duration of work orders on PM (hours)
duration of work orders on CM & PM (hours)

All systems of the NPP

1990-1999
once a year
all (mechanical, electrical,... )

'Corrective Maintenance, Preventive Maintenance

Table 1. Main items of a performance evaluation program
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Safety indicators

Figure 3 shows the evolution of the Collective Dose between 199land 1998. The
collective dose has repeated the level of 1997 thanks to the excellent results obtained
since the starting of the Dose Reduction Plan and ALARA's Good Practices performed
in plant to reduce personnel doses.

Collective Dose Sv.p

31-12-1991 31-12-1992 31-12-1993 31-12-1994 31-12-1995 31-12-1996 31-12-1997 31-12-1998

| • Annual value - INPO Goal |

Figure 3. Collective Dose Sv.p Vs. CNC-INPO Goal

During 1998 there has been an important reduction (23 %) equivalent to 38 m3 in the volume of
radioactive waste of low and medium activity level The starting of a new sludge in-drum drying
system, together with the implementation of three campaigns of dry active waste segregation,
following the Radwaste Reduction Plan guidelines, have made these reductions possible. Figure
4 shows the evolution of this indicator.

Radwaste Generation

31-12-1990 31-12-1991 31-12-1992 31-12-1993 31-12-1994 31-12-1995 31-12-1996 31-12-1997 31-12-1998 I

- INPO Goal o • Radwaste -« - CNC Goal \

Figure 4. Radwaste Generation Vs. CNC-INPO Goal

Production indicator

Figure 5 shows the production of electrical energy between 1990 and 1998. The
production of electrical energy in 1998 has risen to a figure of 8.473 millions of KWh.
This is the second highest figure the plant has registered since its start-up. This figure
has been reached as consequence of various favorable factors, such as not having
refueling outage in the year and an increase in power to 3015 MWt.
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Figure 5. Production of electrical energy

Maintenance indicators

RCM is a systematic methodology to allocate applicable and efficient predictive and
(PM) aimed at preventing the dominant failure causes of critical equipment, and, in
turn, towards achieving proper levels of equipment availability and costs by reducing.

Figures 6 and 7 show the evolution of the maintenance indicators for the equipment and
parameters selected. In these figures one can realize that preventive maintenance (PM)
presents a sudden (o sharp) drop, due to the implementation in 1995 of changes on PM
for some systems in the scope of the RCM living program, while the number of work
orders on corrective maintenance (CM) remains at almost a constant rate. This could be
interpreted as unnecessary PM removal and only effective maintenance retained. In
analyzing these figures one has to keep in mind that the plant undertook additional
hours of maintenance after ten years of operation as required by its license for
operation, which explains the high levels of both CM and PM maintenance in 1994.

It must be noted that the general criterion in Table 1 might be extended providing
equipment subdivision in order to identify the group of systems with the largest
reduction in PM. It is also of interest for the NPP to know where the reduction is
achieved, regarding the particular working group involved (mechanical, electrical, etc.).
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Figure 6. Number of work orders on CM and PM (see Table 1)
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Duration of work orders on Correct ive Maintenance and Prevent ive Maintenance
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Figure 7. Duration of work orders on CM and PM (see Table 2)

5. CONCLUDING REMARKS

The methodology presented herein is general and can be applied in many other fields of
industrial engineering. In fact, it is being considered to extend it to other conventional
plants that supply energy owned by the same company.

In our opinion, many other industrial activities which devote many resources to
maintain plant equipment could benefit with this type of performance evaluation
methodology, providing knowledge of the results of performing their maintenance and
then taking measures, if necessary, to improve it , i.e. by reducing maintenance costs
and improving effectiveness. Additionally, other engineering fields which involve less
but very critical maintenance could take advantage of implementing such a
methodology.

Based on the previous evaluation, a multivariate analysis is currently being conducted in
order to select the final set of independent indicators, which will be used in the decision
making process.
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