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1. ABSTRACT 

 
The goal of a periodic safety review is to record the safety-related plant state as well as 

the mode of operation of a nuclear power plant in a comprehensive and systematic manner after a 
longer operational period. Periodic safety reviews covers several areas, depending on the 
approach used for the task. The PSR is different in different countries; different is also position of 
a licensee and the regulatory organization. 

Dukovany NPP in Czech Republic performs this review for the second time after 
approximately 20 years of operation. Description of history the Safety Report and its 
transformation into the expected internationally accepted form, according to the IAEA standards, 
is the main objective of this article. The deterministic and probabilistic assessment of the plant's 
safety-related design and state is applied to determine whether and to what extend the relevant 
protective goals are fulfilled by the existing plant design. Description of the step-by-step process 
is presented together with the creation of methods and criteria for PSR evaluation prepared by 
Nuclear Research Institute Řež. 
 
2. INTRODUCTION 

 
Commercial operation of the first unit of Dukovany NPP started in 1985. Since then there 

have been substantial developments in safety standards and practices, and in technology, 
resulting from new scientific and technical knowledge and lessons learned from operating 
experience. As any nuclear power station also Dukovany NPP is a subject to routine safety 
reviews. These safety reviews do not always take account of all improvements in safety standards 
and operating practices, the cumulative effects of plant ageing, modifications, the feedback of 
operating experience, and developments in science and technology. For this purpose, the 
systematic safety reassessment, termed periodic safety review (PSR), was initiated to assess the 
cumulative effects of plant ageing and plant modifications, operating experience, technical 
development and siting aspects. 

A PSR is a comprehensive safety review of all important safety aspects, carried out at 
regular intervals, typically of ten years. The concept of PSR has been developed as a method that 
is complementary to the existing routine types of safety reviews and does not replace them. The 
reviews include an assessment of plant design and operation against current safety standards and 
practices, and they have the objective of ensuring a high level of safety throughout the plant’s 
operating lifetime. 
 
 



2 

3. NORMAL SAFETY REVIEW PROCESS APPLIED at the DUKOVANY NPP 
 

The normal safety review process applied at the Dukovany NPP is a continuous process, 
which takes place at different time intervals and includes various elements of safety assessment. 
Normal “day to day” safety revision includes testing activities conducted for SSCs important to 
safety according to the “Plan for Operational Tests” and the operational inspections and 
surveillance activities, conducted according to the “Plan of Checking“.  
In addition to the above mentioned “day to day” procedures there are regular safety review 
activities performed on annual basis. These include:  
- The regular post-refuelling safety evaluation (to obtain permission to start up the reactor after 

refuelling);  
- The safety evaluation activities covered by the „Annual Reports on Nuclear Safety and 

Reliability Status“;  
- The preparation of internal plant reports on the selected topics (annually by the responsible 

plant departments).  
- The annual updating of the „Safety Analysis Report“ (SAR); 
 

The last item – annual up-dating of the SAR is required as one of the licence conditions. The 
up-dating activities focus at the following areas/parts of the report:  
1.  Evaluation of significant operational events including root cause analysis; 
2.  Duration and sequence of operational states; 
3.  Number of the pressure tests and related contamination; 
4.  Results of the containment leak tightness test; 
5.  Numbers of blinded SG tubes and replaced SG bolts;  
6.  Changes of the reactor power with regard to the fuel warranty; 
7.  Numbers of violations of and exceptions from Technical Specifications; 
8.  Changes resulting from the new plant procedures and/or new internal documentation (e.g. 

organisation, responsibilities, etc.); 
9.  Changes resulting from the new requirements of the regulatory authorities (e.g. additional 

testing of components); 
10.  Changes resulting from the modifications that were implemented at NPP (this is the most 

extensive part of the annual up dating of the SAR); 

Up to now, the annual updating of SAR does not cover the results of ageing assessment and 
the final evaluation of the SSCs status is conducted to a minimal extent. These parts of the report 
are updated every 10 years. Such updating includes also recalculation of the strength and neutron-
physical characteristics, as well as the fault analyses.  

The 10 years’ SAR updating practice described above is to some extent theoretical with 
regard to safety analyses, because many analyses are carried out in connection with plant 
modifications, prior to the implementation phase, to support the assessment of the safety impact 
of the modification. If the modification affects any of the items mentioned above, the related 
changes of the SAR are introduced during the annual updating. In the case of important 
modifications affecting the existing safety analyses (e.g. new fuel or new I&C) the regulatory 
authorities require the prior change of the SAR.  
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4. PSR SCHEDULE 
 
The starting point of Dukovany PSR was the agreement between the operating 

organization ČEZ, a. s., and the Czech regulatory body (SONS) on the scope and requirements 
for the PSR and its expected outcome. Of course, the operating organization has prime 
responsibility for performing the PSR. Since the PSR is a major task, an appropriate project 
management team was established. This was necessary to achieve the expected outcome within 
the agreed time-scale and budget. 

The frame for the PSR has been developed by the operating organization (ČEZ) based on 
the IAEA Safety Guide NS-G-2.10 and agreed upon with the regulatory body before the start of 
the review. The first step was the development of an internal document – instruction of nuclear 
section director. This document describes main tasks and objectives, common terminology for the 
project (after consultation with the regulatory body), scope of PSR (14 main areas with 
approximately 100 safety factors all together); lists of the responsible persons for each safety 
factor; contains detail description of duties and competences for each participant. The second 
step was development of the QA programme for the whole PSR process and its approval by 
Regulatory body. This programme presents the background of the regulatory body requirements 
for development the PSR (according to the paragraph 17 of the Atomic Low) as well as the main 
definitions, objectives, scope, responsibilities, communication, schedule for PSR and corrective 
measures implementation. 

An assessment of overall plant safety is a complex task. It can be divided into a number of 
elements. These elements are called safety factors. Each safety factor is reviewed using current 
methods, and the findings are assessed against current international safety standards and practices 
and national laws. Reasonable and practicable corrective actions and/or safety improvements are 
determined and an implementation plan is agreed upon. 

The aim is to complete as many of the corrective actions and/or safety improvements as is 
reasonable within the time frame of a PSR. 
 
 
5. SPECIFIC ASPECTS of VVER 440/213 
 
- DESIGN: The relatively low thermal output of the reactor with consequential small dimensions 

has a positive impact on the core characteristics. A large water inventory in the primary circuit 
and in the SGs is a unique feature of the VVER-440 plants. Because of the large thermal 
capacity of the heat transport system, the plant is very well protected against various 
disturbances affecting the balance between heat production and heat removal, such as loss of 
feedwater. 

- ACTUAL CONDITION of SSC. The process of selection of SSCs important to safety was in 
the past one of the issues that required attention in the PSR for VVER NPPs. Some systems not 
graded as safety ones were important to safety. This applied particularly to SSCs that were not 
safety graded but could affect other SSCs important to safety. SSCs of this type may be 
identified for instance in relation to external or internal hazards (e.g. seismic or internal 
flooding), which were the areas not adequately considered in the original design of the VVER 
plants. 

- QUALIFICATION of equipment important to safety. Evaluation should be focused at the 
demonstration that all equipment important to safety has been covered in the EQ programme 
and that the qualification records are kept. 
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- AGEING. The PSR has to check whether all components important to safety are covered by the 
ageing management programme (AMP) with consideration given to all ageing mechanisms and 
all the resulting effects. In some VVER plants a systematic approach to plant ageing 
management is lacking. 

- SAFETY ANALYSIS: Significant effort has been made at the VVER plants to improve the 
safety analysis. Due to the increasing role of the risk based approach in safety assessment, PSA 
becomes an important element of the safety assessment. Therefore, the availability of plant 
specific PSA of adequate scope and quality is essential. Quality of PSA and its credibility are 
important issues to be addressed during the PSR. The treatment of severe accidents in the 
current safety philosophy needs to be addressed. That remains an issue of importance for VVER 
plants because such analyses were rather limited.  

- External and internal HAZARDS were not properly treated in the design of older NPPs 
generally, and therefore considered a generic issue for many of them, regardless of their type. 
Preparation of external and internal hazard analyses according to the current safety practice is 
essential. 

- SAFETY PERFORMANCE. Most of the plants in the world use various safety performance 
indicators, e.g. those recommended by WANO. Arrangements for reporting and assessment of 
safety significant operational events at VVER plants are similar. The experience from some 
plants shows that in some cases the backfitting measures, addressed the immediate causes of the 
problem, failing to identify the root causes. 

- USE of EXPERIENCE. The experience of some VVER plants shows that transfer of 
operational experience becomes better. 

- ORGANIZATION and ADMINISTRATION. In the PSR guidelines an attention has to be 
given to the plant organisational structure and the division of responsibilities between the 
different plant departments. Maintaining configuration of the plant is an important area that 
should be addressed in the PSR. The plant operators might not apply the general policy 
concerning safety together with outside economical pressure. 

- PROCEDURES. Within the PSR it is necessary to check that the existing procedures as well as 
technical specifications are revised considering the latest results of accident analysis. 

- HUMAN FACTORS. The PSR should review the related activities and programmes focused at 
effective implementation of the safety culture principles. 

- EMERGENCY PLANNING. The experience shows that severe accident studies oriented 
toward accident management and mitigation are available for the VVER plants. 

- RADIOLOGICAL IMPACT. The environmental off-site monitoring of VVER is usually well 
conducted and the releases are rather low (comparable to those of PWRs). 

 
 
6. CRITERIA and METHODOLOGY DEVELOPMENT 
 

The requirements for PSR include clear statements of applicable safety goals, safety 
standards and the plant design basis. For the periodic review very important are the Criteria 
according to which all the safety factors are evaluated. These criteria and also the application 
methodology for evaluation were developed by the Nuclear Research Institute Řež. This 
document covers 14 standard PSR areas: 

(1) Plant design, 
(2) Actual condition of SSCs, 
(3) Equipment qualification, 
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(4) Ageing. 
(5) Deterministic safety analysis, 
(6) Probabilistic safety analysis, 
(7) Hazard analysis. 
(8) Safety performance, 
(9) Use of experience from other plants and research findings. 
(10) Organization and administration, 
(11) Procedures, 
(12) The human factor, 
(13) Emergency planning. 
(14) Radiological impact on the environment. 

Quality assurance (QA) and safety culture are not separate safety factors; they should be 
an integral part of every safety related activity. QA is assessed as an aspect of organization and 
administration. As regards safety culture, while reviewing each safety factor, consideration 
should be given to whether there is evidence of an appropriate safety culture in plant operations. 
Similarly, radiological protection is not a separate safety factor since it is related to most of the 
other safety factors. Radiological protection and its effectiveness should be reviewed as specific 
aspects of the safety factors: plant design, actual condition of SSCs, safety performance and 
procedures.  

Safety factors (elements) were chosen for each area according to the Appendix of IAEA 
NS-G-2.10. For each safety factor (approx. 100 items) specific criteria and methodology were 
developed. The criteria were formulated based on the international (IAEA) and national 
requirements. Preparation team experts went through IAEA Nuclear Safety Requirements and 
Nuclear Safety Guides, as well as Czech Atomic Law and directions, to find examples 
concerning to each safety factor. Some safety factors needed more detail analysis, so the IAEA 
TECDOC and INSAG documents were used as well. After information collection criteria for 
each safety factor were developed. Then the description of fulfilment these criteria were simply 
formulated. 

The methodology gives a detailed description, how to use these criteria, how to perform 
safety evaluation and what results are expected from the evaluation and how to deal with them. 
The most complicated decision was to choose the reasonable level of detail for these criteria and 
methodology description. Too wide and detailed description would not contribute to an easy 
survey the same as a very brief description. For the criteria and methodology optimisation one 
safety factor was developed, approved by the ČEZ representative and was used as an example. 

These criteria and methodology will be finalised in October 2004 and handed over to ČEZ 
representative in November 2004 after final discussion. 

  
7. SCHEDULE for FOLLOWING YEARS. 
 

According to the QA programme, in 2005 January and February, Criteria and 
Methodology will be evaluated by Regulatory Body and then they will be used for PSR 
performance. During 2005, a pilot example of one area evaluation – Human factor – will be 
performed by NRI Řež. Following that the final discussion on the Criteria and Methodology will 
be organized and experience from the pilot study will be passed to the evaluators. During 2006, 
evaluation of other areas will be finished and the list of strengths and deviations will be 
developed. In 2007 the severity of deficiencies will be evaluated (by deterministic and 
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probabilistic approach) and finally – the list of corrective measures will be developed and used 
for new modernisation programme of Dukovany NPP. 

The end point of a PSR would be the approval by the regulatory body of an integrated 
programme of corrective actions and/or safety improvements. 
 
8. CONCLUSION 
 

Periodic Safety Review provides a powerful tool for plant safety assessment. PSR is an 
effective way to obtain an overall view of actual plant safety, to determine reasonable and 
practical modifications that should be made in order to maintain a high level of safety and to 
improve safety of the nuclear power plant to a level approaching that of modern plants. In this 
connection, it is useful to identify any lifetime limiting features of the plant in order to help 
evaluate whether a proposed modification is worthwhile.  
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