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Abstract

The operational safety performance indicators serve as an important tool of performance monitoring
and management at the Dukovany NPP. A software-supported system has been developed, which has
included: data collection, central data storage, graphic output production and periodical report
generation. Analyses of performance indicator trends together with evaluation in respect of annually
updated target values and acceptance criteria is used for operational safety reviews forming an integral
part of continual self-assessment process.

This contribution has been focused on experience obtained during development of the operational
safety assessment model using indicator aggregation. It summarises problems that had to be paid
specific attention in the development process. Thanks to their solution, the model has become a
synoptic monitor and a useful tool for operational safety assessment.

1. NEW SYSTEM DEVELOPMENT

Based on our own experience with use of performance indicators since the beginning of Dukovany
NPP operation and according to the latest IAEA recommendations [1], we have revised the existing
performance indicator system and developed a safety performance indicator system. From the bulk of
indicators hitherto used by the individual departments of the plant, we have selected all indicators
concerning safety and meeting given criteria. These indicators have been included in a new centralized
system. To maintain compatibility with international performance indicator systems, all WANO
performance indicators and some IAEA-PRIS performance indicators have been included as well.

This effort has resulted in a group of 184 specific indicators. Each of these indicators has been
assigned the following attributes: definition, targets and criteria, frequency of data collection, data
provider and responsible system engineer. In the first step, the indicators were divided in four main
areas indicating: (1) safe, reliable operation; (2) barrier reliability and tightness; (3) environmental
effect; (4) activities of state regulatory body.

In the scope of IAEA Coordinated Research Project, the Dukovany NPP has been revising the system
and a software support. The choice and the basic hierarchy of the operational safety performance
indicators has been revised so that it was in accordance with three attributes of safe operation: smooth
operation, low risk and positive safety attitude. Also the lower levels of the indicator hierarchy
(overall and strategic indicators) reflect the recommendations provided in [1]. Specific indicators are
tested according to recommended selection criteria.

An important part of the centralized system of operational safety performance indicators is a computer
network application providing for data inputting and storage. It is a 32-bit Windows application
cooperating with an SQL Oracle server. The main characteristics of the application include:
• openness of the system for setting a group of specific indicators;
• possibility to create any hierarchic structure of the indicators and display the structure on the

screen;
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• distributed system of data collection (individual data providers can input 'their' indicator values
directly from their computer);

• automatic requesting of missing data;
• possibility to monitor indicator values and show their trends;
• easy generation of charts and tables;
• user defined report templates and generation of a desired report according to selection criteria;
• indicator evaluation by comparing the actual values with target and limit ones;
• evaluation of overall and strategic indicators by aggregating the lower-level indicators;
• using colour codes for displaying indicators of all levels;
• a support system makes possible to define more hierarchic structures of indicators with possibility

to repeat specific indicators within one or more structures. It makes possible to create
combinations of safety, operational and economical indicators.

2. EXPRIENCE WITH ASSESSMENT OF OVERALL SAFETY USING INDICATOR
AGGREGATION

In the document [1], a method has been proposed how to create the hierarchy of operational safety
performance indicators, so that it involved all significant safety areas and aspects. The document also
provides examples of indicator evaluation and colour coding by gradual aggregation of the indicators
from the specific ones to overall safety assessment. Although the aggregated values above a
performance indicator set had been used before (e.g. composite index above WANO indicators) the
recommendations in [1] have been very progressive due to their comprehensiveness.

Application of IAEA recommendation at a particular plant, development of a specific indicator
hierarchy and aggregation method, where specific conditions of the plant and national environment
were considered, requires a profound system analysis. Basically, a simplified quantitative model of
safety has to be developed that uses available measurable parameters. The analysis should include
selection of the most suitable indicators for each area (according to given criteria), establishment of
indicator evaluation criteria and limits and selection of a mathematical method of aggregation. A
profound comprehensive analysis of the existing plant performance indicator system is certainly
beneficial for the system, because it may help to better understand the role of the individual indicators
and their limitations following from their nature and the extent of simplification.

When devising methods of indicator aggregation, the following pitfalls deserving special attention
have been identified:

2.1. Setting the goal, planned and limit indicator values (further referred to as criteria)

The indicator evaluation criteria influence the whole aggregation process. It is therefore necessary to
pay the closest attention to this step, so that the criteria are in accordance with plant operation, with
plant strategic goals as well as with international standards. At the Dukovany NPP these criteria are set
up for a year period, and at key indicators, they are updated annually.

2.2. Terminology

The names of criteria and zones the indicator value can be related to are very important for common
users to understand the system and correctly interpret its outputs. At Dukovany NPP, the baseline is
represented by an acceptance criterion, which is called 'Limit' (it may be identical with a specified
legislative limit). This criterion divides the area of possible indicator values into an acceptable and
unacceptable range. The acceptable range is further divided by two other criteria. The first one called
'Annual plan' determines areas of expected and unexpected values. These areas are called 'Operating
zone' and 'Warning zone'. To evaluate extremely good results, the criterion 'Strategic goal' is used,
which should represent rather a long-term target than a required value for a near future. Figure 1
shows the terminology used at the Dukovany NPP.
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FIG. 1. Criteria terminology.

2.3. Creation of derived material (for periods shorter than one year)

When evaluating indicators for a shorter period, two basic characters of indicators have to be
considered — cumulative and rate ones. A cumulative indicator is an absolute value of a monitored
parameter that can be determined by summing parameter values over a period of time. For the time
period, the indicator value does not decrease. Such indicators may be number of events, radiation
doses received, volume of radioactive waste released etc. Rate indicators are ratio quantities that
express the monitored condition independently of the moment of calculation. They cannot be summed,
but indicator values can be averaged. Such indicators may be specific activity of reactor coolant,
industrial safety accident rate, number of events related to a constant period or indicators expressed in
per cent. Rate indicators can be compared directly to the one-year criteria at any time. For the
cumulative indicator, a derived criterion has to be calculated from the one-year value at the moment of
indicator evaluation. At Dukovany plant, linear interpolation is used. The actual indicator value is then
compared to the derived criterion.

2.4. Conversion of indicators of different nature and units

For the indicators to be aggregated, they must be converted to a comparable rating. At the Dukovany
NPP, the following methods have been chosen:
• Based on exceeding the individual criteria, the indicators are assigned points 1, 2, 3 or 4. In other

words, the indicators falling in the Unacceptable zone are rated 1, indicators in the Warning zone
are rated 2, indicators in the Standard zone are rated 3, while 4 is reserved for the indicators
occurring in the Excellent zone. The colour coding corresponds to Figure 1. (1 - red, 2 - yellow,
3 - white, 4 - green).

• Should the significance of the unacceptable zone be emphasised, it may be rated 0 instead of 1, so
the rating scale then transforms into 0-2-3-4. This increases the 'weight' of the unacceptable
indicator values in calculation of the aggregated indicator.

• For a more detailed indicator evaluation, the zone between the Limit and Goal is divided into 100
points; the Limit value is rated 0 points while the Goal value is rated 100. The points 1-99 are
assigned by linear interpolation (the difference between the goal and limit indicator value is
divided by 100). The value of the Standard criteria (the border between the warning and standard
zone) can be defined by system user. However this method provides higher resolution of
aggregated indicators, it requires additional modifications of the aggregation methods.
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2.5. Assessment of indicator significance in a particular group

In addition to selection of specific indicators for a group, it is very difficult to compare the indicator
significance. Based on this rating, weight factors are determined, which are used for weighted-average
calculations of aggregated indicators.

2.6. Aggregation methods for higher-level indicator evaluation

To calculate aggregated values of higher-level indicators, the Dukovany NPP uses the following
methods:
• simple average of the point rating — standard approach;
• weighted average considering the significance of individual indicators in the group (see item 5);
• average emphasizing unacceptable values (see item 4, second bullet);
• selection of minimum colour codes — discriminating approach, where the unfavourable indicator

values are not disguised. This method eliminates masking effect of aggregation.

2.7. Considering trends by indicator evaluation

Trends represent very important information component of each indicator. It is therefore desirable to
include significant trends also in the aggregated values. Inclusion of trends into the aggregation is
optional. The number of periods can be selected, which the trend is evaluated for. If a significant trend
is present, the indicator receives ±1/2 point. In the colour coding, the trend is depicted by ascending or
descending hatches.

2.8. Examples

In the Figure 2 there is as an example a cut out of a screen copy from the software supporting the
safety performance indicator system at the Dukovany NPP. Aggregated values of strategic and overall
indicators for the smooth operation attribute are displayed using colour codes described above.
Besides the status for 2000 there is also status for three previous years. It makes a rough view of an
indicator trend.
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FIG. 2. Aggregation of strategic and overall indicators..
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Details of trends and values of specific indicators are easily visible by rolling out the PI structure, see
Figure 3.
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FIG. 3. Details of specific indicators.

3. CONCLUSION

The model structure of plant indicators and their evaluation by aggregation of lower levels provides
plant management very useful tool for effective use of the information from operational safety
performance indicators. Selection of aggregation methods enables the user to optimise the view of a
given indicator group or confront conclusions following from different point of views, so that, for
example, negative trend of some indicators are not masked by positive trend of the others.

Simplicity and clarity of the aggregated values can tempt to making definite conclusions from this
monitor. It may also lead to deliberate manipulation with the methods to obtain a desired result. It has
to be emphasized, that should the indicators become a reliable tool of operational safety assessment, it
could not be an object of manipulation. They must be treated unbiased, and the aggregated values, in
spite of the system complexity, must be regarded only as a piece of a mosaic the complete safety
assessment consists of.
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