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ABSTRACT 

Slovenian Nuclear Safety Administration (SNSA) supervises nuclear and radiological 
safety of Krško NPP. This SNSA supervision is performed through inspections, safety 
evaluations of plant modifications and event analyses as well as with the safety and 
performance indicators (SPI) which are a valuable data source for plant safety monitoring.  

In the past SNSA relied on the SPI provided by Krško NPP and did not have a set of 
SPI which would be more appropriate for regulatory use. In 2003 SNSA started with 
preparation of a new set of SPI which would be more suitable for performing the regulatory 
oversight of the plant. New internal SNSA procedure which is under preparation will define 
use and evaluation of SPI and will include definitions for the proposed set of SPI. According 
to the evaluation of SPI values in comparison with the limiting values and/or trending, the 
procedure will define SNSA response and actions. 

 

1 INTRODUCTION 

During the last decade regulatory bodies in many countries have started to develop and 
use SPI. Properly chosen and defined SPI provide an objective tool for the regulator to 
monitor nuclear safety as well as for enhancing the efficiency and effectiveness of their 
regulatory activities. 

A set of Krško NPP SPI is reported regularly to SNSA. Most of these SPI are required 
by Slovenian regulation for reporting from 1981 and have been reported since the start of 
plant operation. Some other SPI fulfil the requirements of SNSA decree from 2002 that 
regulates radiological monitoring. Many of mentioned indicators that are reported to SNSA 
are used as a review of the Krško NPP performance, operational safety and of radioactive 
emissions to environment. Next to these SPI some additional indicators are reported to SNSA 
to be included into the annual report on Nuclear and Radiation Safety in Slovenia.  

In the past no specific set of SPI for regulatory control of Krško NPP have been used. 
Since 2003 SNSA started with preparation of a new set of SPI which would be more suitable 
for performing the regulatory oversight of the plant. These proposed SPI were reviewed at a 
PHARE workshop in 2004 [1] and the resulting set of SPI is presented in this paper. In 
parallel, a new internal SNSA procedure was prepared to define SPI use and evaluation at 
SNSA. The procedure includes SPI characteristics and defines SNSA response and actions in 
case of irregular SPI values. 
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2 SAFETY AND PERFORMANCE INDICATORS  

2.1 Krško NPP safety and performance indicators 

Krško NPP has established its own system of SPI for internal performance monitoring. 
Krško NPP publishes two annual reports that comprehend some of the SPI, namely Krško 
NPP Performance Indicators [2] and Krško NPP Annual Report [3]. The first report contains 
World Association of Nuclear Operators (WANO) indicators as well as some ex-WANO 
indicators and additional indicators that are still monitored and recorded primarily not to lose 
track of information from previous years. The second report does not strictly follow the 
indicators presentation since it contains additional information linked with plant 
modifications, meteorological data, etc. Krško NPP started in 2002 with a new approach to 
SPI and established a pilot project Reactor Oversight Process (ROP) [4] based on the Nuclear 
Energy Institute guidelines [5].  

 

2.2 NEA safety and performance indicators  

In the OECD/NEA1 task group 12 countries and organisations co-operate in the 
development of an indicator system that aims to encourage regulators to consider separately 
those SPI that would apply for oversight process of safety performance at NPPs. The 
proposed SPI set is based mainly on already existing national systems to avoid additional 
burden to member countries.  

Table 1: CNRA/CNSI categories of SPI and their use at SNSA 
A REACTOR SAFETY SNSA 

A1 INITIATING EVENTS ✔ 
A2 MITIGATING SYSTEMS ✔ 
A3 BARRIERS INTEGRITY ✔ 
A4 OPERATIONAL PREPAREDNESS ✔ 
A5 EMERGENCY PREPAREDNESS ✔ 
A6 OPERATIONAL RISK / PROBABILISTIC INDICATORS ✔ 
B OCCUPATIONAL AND PUBLIC RADIATION SAFETY  

B1 OCCUPATIONAL RADIATION SAFETY ✔ 
B2 PUBLIC RADIATION SAFETY / ENVIRONMENTAL RISK ✔ 
C INDUSTRIAL SAFETY  
C1 FIRE SAFETY ✔ 
C2 OCCUPATIONAL SAFETY ✔ 
D GLOBAL PLANT PERFORMANCE ✔ 
E SAFETY CULTURE   
E1 COMPLIANCE WITH PROCEDURES/ LICENCE REQUIREMENTS ✔ 
E2 ATTITUDE TOWARDS PROCEDURES, POLICIES AND RULES ✔ 
E3 HUMAN PERFORMANCE ✔ 
F STRIVING FOR IMPROVEMENT  
F1 SELF ASSESSMENT ✘  
F2 OPERATING EXPERIENCE FEEDBACK ✔ 
F3 OTHER ✘  
G OTHER SAFETY PROCESSES  
G1 MAINTENANCE / AGEING ✔ 
G2 QUALITY MANAGEMENT ✔ 
G3 MANAGEMENT OF CHANGE ✔ 
H PHYSICAL PROTECTION ✘  

 
                                                 

1 Organisation for Economic Co-operation and Development / Nuclear Energy Agency 



308.3 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 6-9, 2004 

A new SNSA approach to Krško NPP safety monitoring using SPI was developed 
during a PHARE workshop in 2004 [1]. At the workshop CWR2 experts from Belgium [6] 
and Finland [7] presented their national experiences on SPI development and application of 
SPI process and gave an overview of SPI approach of CNRA/CSNI3 joint task group and 
International Atomic Energy Agency (IAEA) [8]. Initially SNSA proposed a set of 89 SPI 
based on definitions of IAEA and Krško NPP [2-4] that was reduced during the PHARE 
workshop to 47 indicators covering nearly all of the CNRA/CSNI categories (Table 1). A SPI 
expert from SNSA also participated at the workshop on SPI use organised by 
OECD/NEA/CNRA/CSNI [9] where Slovenia obtained a status of observer of these activities. 

SNSA is active in the process of harmonisation of West European legislation on nuclear 
safety. Since SPI system was developed according to CNRA/CSNI Task Force and under 
assistance of CWR experts, the SNSA system of SPI is considered to be harmonised with 
common European approach. 

 

3 SAFETY AND PERFORMANCE INDICATORS PROCESS MONITORING 

3.1 Safety and performance indicators procedure  

Figure 1 illustrates the SNSA process of safety monitoring of Krško NPP using SPI. 
The SNSA internal SPI procedure describes the process of management of the indicators that 
are delivered from Krško NPP. SPI procedure shall be used by entire SNSA as a 
complementary tool for safety monitoring. The expert for SPI is in charge for gathering data 
and documentation and their distribution to SNSA experts from other fields (radioactive 
waste, radiological safety, etc.) that are competent for some specific SPI. These experts 
perform an overview of the SPI values and report their comments to the SPI expert at regular 
meetings. SPI are analysed and evaluated in comparison with limiting values and trending. In 
case of irregular SPI values the SPI expert may propose a SNSA response with appropriate 
actions such as more intensive regulatory surveillance and inspection control or request to 
Krško NPP for additional explanations. SPI will be reported monthly/quarterly on SNSA 
intranet web site and in annual report. 

The attachment to SPI procedure contains characterisation of indicators, including 
definitions, their purpose, frequency of SPI reporting and evaluation, sources of indicator 
data, responsibilities of SNSA staff/departments for assessment of individual SPI, as well as 
evaluation criteria with proposed SNSA actions in case of exceeded limiting values or at 
negative trend.  

 

                                                 
2 Consortium of Western Regulators 
3 Committee on Nuclear Regulatory Activities / Committee on the Safety of Nuclear Installations 
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Figure 1: Schematic flow chart of SPI monitoring process 

 
3.2 SNSA set of safety and performance indicators 

The following criteria were considered in selection and definition of individual 
indicators: availability of the data needed for the indicator, purpose of the indicator, other 
indicators already existing in the area, and added value that contributes to the SPI system. The 
frequencies for reporting of indicators were chosen according to current reporting practices 
and regulatory needs for updating of the indicator. Selected indicators should be obtained 
without considerable effort or complicated calculations and should be easily understandable. 
SPI that are already available at Krško NPP or could be made available without additional 
effort had priority at selection.  

 Yes
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Selected SPI can be differentiated into strategic and lower level indicators. Strategic SPI 
will be systematically presented in annual report that reviews the status of nuclear and 
radiation safety and is presented to Slovenian parliament, government and general public. 
Lower level indicators should mainly be used in monthly, quarterly, and annually integrated 
SNSA assessments and only be commented in the annual report if they show some trend that 
requires regulatory attention and explanation.  

Since SPI monitoring process is more focused on safety aspects than on NPP 
performance, some WANO and ROP indicators [5] were not included into SNSA set. Only 5 
WANO indicators (out of 9) and 3 ROP indicators (out of 18) were directly included in the 
SNSA set while other WANO and ROP indicators are also contained in the SNSA set of SPI 
but with altered definitions to better suit the regulatory use. However, a complete set of 
WANO indicators will be presented in the annual report of SNSA to allow an international 
comparison of Krško NPP performance. 

 
3.3 Risk-Based performance indicators 

Some Risk-Based Performance Indicators (RBPI) were also included in the SNSA set of 
SPI. These RBPI are based on definitions of United States Nuclear Regulatory Commission 
(US NRC) and Finland Radiation and Nuclear Safety Authority (STUK) [7]. RBPI present a 
Probabilistic Safety Assessment approach to SPI and can be a very powerful tool in 
calculating the risk and assessing the plant safety level, based on data like component failures, 
unavailabilities and common cause failures. SNSA set of RBPI presented in Table 2 cover 
cases when Krško NPP is outside the Technical Specification (TS) limits. In such cases it 
must be considered also the duration of such TS noncompliance, which has to be compared to 
allowed outage time of limited conditions for operation. Currently, the risk of preventive 
maintenance is regularly reported by Krško NPP. 

Table 2: SNSA set of Risk-Based Performance Indicators 
A REACTOR SAFETY 

A6 OPERATIONAL RISK / PROBABILISTIC INDICATORS 
 Risk significance of failure on TS equipment 
 Risk significance of preventive maintenance on TS equipment 
 Risk significance of TS exemption 

 

4 SAFETY EVALUATION THROUGH SPI ANALYSIS  

Analysis will be focused on areas that will be highlighted by the exceeded limiting 
values of SPI or at areas with a negative trend of SPI. Some SPI presenting Krško NPP 
performance and efficiency are not compared with any limiting values and are compared only 
to the expected plant performance goals. 

 
4.1 Safety and performance indicators limiting values  

In defining the limiting values SNSA considered world practice, Krško NPP limits [2] 
and past experience with individual indicators. It was decided that not all of the ROP [5] 
thresholds would be appropriate since these thresholds are aimed to focus attention of 
regulator on worst performing plants among a large number of NPPs and are therefore less 
suitable for evaluation of a single NPP. For analysis of operation and performance of the NPP 
by WANO indicators were also considered the goals set by Krško NPP and by Institute of 
Nuclear Power Operations. These goals might vary between years. Setting the definitions of 
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limiting values by taking into account these various sources is a complex process and has not 
been concluded yet. 

 
4.2 Safety and performance indicators trending 

Trending was included in SPI process to focus attention on those SPI that tend to 
degrade. Trend limit can be different than the limit value. Trending is performed by linear 
correlation of last four values of SPI and predicted value for next period is determined from 
the slope. This predicted value is then compared with the trend limit (trend alerting value). 
Trending technique is illustrated with two distinct cases in Figures 2 and 3 where SPI values 
are below the limit for the current period. In first case the trend limit would not be reached in 
the next (predicted) period. This case does not require a SNSA action. The second case 
presents an evidently high slope of SPI trend which would reach the trend limit in the next 
period. In such case SNSA would respond with appropriate action. 

 

Figure 2: SPI trending not requiring action Figure 3: SPI trending requiring an action 

 
SNSA action regarding SPI evaluation can initiate not only when limiting value or trend 

limit are reached, but can also by decided by an opinion of SNSA experts. Even for a SPI with 
a small value compared to the limiting value and insignificant trend slope, SPI can be slightly 
growing in time, what is sometimes judged as sufficient reason for further investigation. 

 

5 CONCLUSIONS 

The paper presents the SNSA approach to SPI evaluation of Krško NPP safety and 
operation. SPI system is currently still in the developing phase with SPI characterisation and 
revision of the procedure for SPI evaluation in course. Possible new SPI could be added to the 
SNSA list from CNRA/CSNI or from other international pilot projects. SPI use shall be 
maintained as a living process, allowing an open set of SPI. Some indicators may become 
irrelevant and could be temporally excluded from evaluation process while some new 
indicators would be required and would be introduced to cover possible weak areas of plant 
safety and operation performance. 

Krško NPP should get familiar with SNSA set of SPI before final approval of SPI 
evaluation process in the beginning of 2005. Requirements for SPI reporting shall be defined 
in new Regulation on monitoring the safety of nuclear and radiation facilities when this will 
be issued. 
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