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Abstract. Dukovany NPP in the south-east of the Czech Republic operates four VVER 440/213 type 
units.  The first unit was commissioned in 1985 and the last one in 1987. The operational results of the 
whole NPP have been excellent and NPP permanently belongs between the first quartile of the best 
operated NPPs in the world in accordance with WANO factors. Large safety improvement programme 
have been implemented in last 15 years. The original design lifetime of main components is 30 years 
which means till 2015 and it is understandable that NPP is preparing for long-term operation (LTO). 
The paper is describing activities carried out and planned for safe and successful LTO. 

 

1. Introduction 

In 2015 Unit 1 at Dukovany NPP (hereinafter referred to as “the NPP”) reaches the end of its design 
lifetime. Renewal of the permission for further operation of the NPP will be connected not only with 
the certificate of the NPP ability to maintain the required safety level in the future, but also with 
documentation of the method of monitoring and corrections (mitigation) of equipment ageing effects 
on the safety of the nuclear power plant. It also covers set-up of all relevant programs so that the 
ageing effects are effectively managed over the entire period of the anticipated operation of the NPP.  

The created “Program for Assurance of the NPP Dukovany LTO” shall serve for this purpose. The 
program is based on the IAEA documentation [2, 3, 4, 5] and internationally accepted practices, with 
the assumption that all required licenses for the NPP would be maintained in the standard way for the 
entire time of the extended length of its operation. 

 

2. Legislative background 
 

In the Czech Republic, State Office for Nuclear Safety (SONS) issues operational permission for each 
unit for a 10 year`s period, in accordance with valid legislation. Basic SONS requirements are an 
updated FSAR, successful PSR, living PSA, solving of safety issues etc. 

To attain operational permission beyond 30 years, SONS requires additionally [1]:  

1) “The applicant shall present the long-term operation strategy. The strategy will be based 
particularly on IAEA documents and on internationally accepted practice.” 

2) “The applicant shall submit “Program for Assurance of NPP Dukovany LTO” which will be 
based on a periodically updated Feasibility study.” 

3) “The applicant shall submit an updated “Program for Assurance of NPP Dukovany LTO” with 
the objective of demonstration of changes in LTO relevant programs and processes; to 
demonstrate solutions for new safety requirements, and issues arising from equipment ageing 
(obsolescence and physical ageing) and workforce ageing.” 



 

Based on the Czech legislation, in December 2006, the QA program “Preparation of the NPP 
Dukovany LTO” was submitted to SONS. 

In January 2008, a document “CEZ, a.s. approach to preparation of NPP long-term operation” was 
submitted to SONS. Following the QA program, it formulates basic elements of the preparation for the 
long-term operation of the NPP according to the requirements of SONS, and in addition, it documents 
approach for assurance of safe long-term operation that is based particularly on documents of IAEA 
and internationally accepted practice. 

In January 2009, “Strategy of LTO Dukovany”, “Program for Assurance of NPP Dukovany LTO” and 
“LTO Dukovany Preparation Project” was approved by CEZ, a.s.’ Board of Directors. Consequently, a 
safety part of this program was submitted to SONS in February 2009. SONS requires submission of a 
current version of this program annually. 

 

FIG. 1. Operational permission renewal process for Dukovany NPP 
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3. Program for assurance of NPP Dukovany LTO 

The program documentation was developed between 2004 and 2008 by the LTO Dukovany Working 
Team with support of NRI Rez, Czech Republic. It contains of the following main parts: 

Part 1 Thesis for assurance of NPP Dukovany LTO 
Part 2 Feasibility study of NPP Dukovany LTO 
Part 3 Safety aspects of NPP Dukovany LTO  
Part 4 NPP long term development plan 

3.1. Thesis for assurance of NPP Dukovany LTO 

The program thesis creates a summary of basic resources, principles and side conditions of the 
implementation of the Program for assurance of NPP Dukovany LTO. It shows incorporation of the 
Program for assurance of NPP Dukovany LTO in working activities within the Power Division of 



CEZ, a.s. They form program goals, organizational assurance of the program and milestones of the 
program.  

3.2.  Feasibility study of NPP Dukovany LTO 

International experience shows that the decision-making process about the extension of operation of 
nuclear power plants should include technical and economic analyses to establish practicality. This 
practice is summarized in the document prepared within IAEA activities [2]. Main elements 
influencing the price of  NPP  lifetime extension determined by this methodology, called ‘cost 
drivers’, were used for feasibility study of NPP Dukovany: 

1. Safety upgrades to meet regulatory requirements 

2. Other non-safety and conventional system upgrades 

3. Management programs and processes 

4. Environmental impact assessment 

5. Maintaining expertise  

6. Public acceptance  

7. Radioactive waste and spent fuel management 

8. Decommissioning 

9. Licensing process 

10. Operation and maintenance review 

11. Operational spare parts and consumable materials 

12. Fuel cycle improvements 

13. Overall risk assessment 

The important part of technical and economic feasibility study of NPP long-term operation represents 
analysis of ageing effects on equipment of the NPP, proposal of possible variants for mitigation of 
these impacts, and their economic evaluation. The aim is to determine the total time of possible 
operation of the NPP and the most economic strategy for its assurance. 

Due to simplicity, an economic assessment focuses on items of increased cost caused by operation 
beyond the original design lifetime of the equipment. This implies that the technical and economic 
study may be devoted, without serious impact on its information capability, only to part of the 
equipment with long lifetime (corresponding to original design lifetime of the NPP at least), the 
replacement or renewal of which represents significant cost. 

3.2.1. Technical part of feasibility study 

In accordance with the methodology prepared in 2005, the selection of SSCs for evaluation 
(approximately 6000 items) and their consolidation to 248 type groups was carried out. Subsequently, 
estimation of real lifetime of the equipment was realized considering ageing of materials, availability 
of spare parts, and technologies of maintenance, new safety and economical requirements. Further, for 
individual type groups a date of ending service life of individual SSCs was determined taking into 
account current or planned method of operation. With utilization of the PLIM program main 
degradation mechanisms affecting individual SSC were determined.  

Subsequently, variants of technical measures leading to assurance of 40, 50 or 60 years of 
operation (replacement, repair, monitoring of condition of equipment, change of operational 
conditions) were proposed. The proposal was based on currently planned modernizations and 
reconstructions and specified information, such as: 

− function of equipment the loss of which may occur during the long-term operation, 

− equipment`s failures of leading to loss of this function, 

− effects of ageing causing this failure, 



− operational conditions causing this failure, 

− degradation mechanisms causing stated ageing effects, 

− operational conditions, material features, constructional design, and production technologies 
allowing origin and effects of degradation mechanism. 

Selection of suitable variants based on assessment of their impacts and feasibility was carried out to 
find the best solution for 40, 50 and 60 years of operation. 

3.2.2. Economic part of feasibility study 

 

The first part of works contained creation of methodology and model for economical effectiveness 
assessment of scenarios of NPP operation extension in connection with other technical, investment, 
and reliability subsystems, which create bases of the “Program for assurance of Dukovany NPP LTO”. 
The initial works included also accumulation of necessary documentation for proper economical 
assessment. This phase of the economic part covered also specification of requirements for 
simultaneously realized assessments in the technical part. 

The methodology is based on IAEA recommendation in accordance with [2] and it was adjusted in 
accordance with current control documents and procedures in CEZ, a. s. Here, experiences from 
similar evaluations in foreign nuclear power plants are utilized as well. 

The second part of the work contains realization of economic calculations and proper technical part 
outputs` assessments, accumulated technical and economic bases assessment and realization of risks 
analyses and other necessary analyses according to the created methodology in the first phase of the 
economic part. The output is the determination of the optimum length of NPP operation including 
revenue and net present value calculations and defining the boundary conditions of this selection 
validity. 

The output, completed in September 2007, is comparison of profitability of 40, 50 and 60 years of 
operation, including the comparison with construction of a fossil power plant and a new nuclear 
source. 

 

3.3.  Safety aspects of NPP Dukovany LTO  

The purpose of this part is to determine methodology and scheduling of preparation of LTO until 
2014, and documentation (IAEA [3], [4], [5] and SONS [1]) on assumed methods of monitoring 
ageing impact on safety of the NPP, and scope and content of elementary and relevant programs and 
analyses necessary for assurance of LTO. 

The structure of this part corresponds to documentation from SALTO [3], [4] and prepared criteria for 
LTO in SONS. It is covered by the following LTO programme chapters: 

3. General frame and preconditions for LTO 

3.1 Preconditions for LTO 

3.2 Plant life management program NPP Dukovany 

3.3 Operating programs 

4.  Scoping and screening process 

5. Monitoring and evaluation of SSCs degradation for LTO 

6. Revalidation of time limited ageing analysis (TLAA) 

7. Interface to other relevant programs 

Chapter 3 contains a review of programs and assessment of their correct implementation which is a 
necessary precondition for LTO. Further, it includes assessment of Ageing Management Program, and 



operational programs functioning as ageing management programs. For each program, there is a 
description of its current status, a statement on the relevant management and operational 
documentation, based on which the program is managed. Further, it includes legislative requirements 
and international recommendations imposed on individual programs from the LTO point of view, 
based on which the required target state of these programs is defined. Assessment to determine, 
whether the current state of programs corresponds with the imposed requirements and 
recommendations, is carried out.  

The result of the performed evaluation is a statement whether the current state of individual programs 
is satisfactory for the long-term operation. In the case where imperfections are stated, there is a 
proposal of remedial measures, the realization of which will assure achievement of the required state. 
The schedule of realization of proposed remedial measures has aim to demonstrate fulfilment of SONS 
requirements and IAEA recommendations by 2015. 

For the plant life management (PLIM), a graded approach is being implemented. All power plant 
equipment is divided into three categories in terms of safety, technological and economic importance 
and strategic vision of further operation. 

In each category, then the PLIM is defined by other procedures: 
Category 1 – Activities based on defined written PLIM Programme  

Scoping criteria -  

� SSCs critical for LTO (non-replaceable) 

� passive mechanical SCs, active mechanical components fulfilling passive function 

� SSCs economically important 

Principles - Managing of degradation mechanisms through managing of causes (temperature, pressure, 
flow, regimes, chemistry, etc.), monitoring of ageing impacts (diagnostics, measurement, testing, etc.) 
and their mitigation.  

Category 1 Scope 

� Primary circuit pressure boundary 

� Containment pressure boundary 

� Economically important SSCs – safety cables, cooling towers, turbines, generators, transformers.  

 

Category 2 - Activities based on a Preventive Maintenance Programme 

Scoping criteria - 

� SSCs important for fulfilment of operational-safety targets 

� SSCs  important for nuclear and technical safety 

Principles - Monitoring of ageing impacts (diagnostics, measurement, testing, etc.) and their mitigation 
by means of preventive maintenance. 

Category 2 Scope: 

� The rest of safety relevant SSCs 

� SSCs with direct influence on availability 

� SSCs with high maintenance costs 

 

Category 3 - Activities based on a Corrective Maintenance  

Scoping criteria - SSCs whose failure do not lead to safety or direct availability impacts or important 
economic impacts.  

Principles - Methods of a corrective maintenance 

 



Chapter 4 includes description of scoping method of SSCs for LTO and the procedure for proving that 
all significant effects of ageing on the selected components are managed and evaluated in proper way, 
so that all relevant license requirements are met during LTO (screening process). 

The process of selection of SSCs (systems, structures and components) for LTO and PLIM is shown in 
FIG. 2. It covers the scope recommended by IAEA [4] for LTO plus economically significant non-
safety SCs and periodically replaced safety SCs. 

 

FIG. 2. Scoping of SSCs for PLIM and LTO 
 

 

Screening process recommended by IAEA [4] is used for PLIM screening process. It is necessary to 
identify which SCs in a scope are subject to an assessment that demonstrates whether the effects of 
ageing are managed for the planned period of LTO so that all relevant license requirements are 
fulfilled. It is also necessary to determine which SCs are a subject of TLAA revalidation. 

The screening process covers especially: 

1. Assessment of current physical condition of SSCs and determination of significant ageing effects 
and degradation mechanisms 

2. Demonstration that significant ageing effects are managed properly 

3. Determination of TLAA extent  

4. TLAA revalidation 

 

Chapters 5 and 6 then include individual steps of a “screening” process, statement of current 
condition, and definition of remedial measures and schedule to be able to prove by 2014 that all 
significant effects of ageing on selected equipment are managed and evaluated in a corresponding 
way. Chapter 5 relates to chapter 3 where the Plant Life Management Program for NPP Dukovany and 
other programs related to ageing are assessed.  
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Evaluation of SSCs degradation for LTO is being done under ageing management review. Ageing 
management review has been carried out for LTO purposes in the following steps: 

− Preparation of strategy and detailed methodologies for mechanical, electrical, I&C and civil 
structures and components 

− Selection and classification of SCs for needs of ageing management 

− Collection of input data about SCs in the scope 

− Defining of potential degradation mechanisms and ageing impacts for SCs 

− Assessment of existing information utilizable for the SCs ageing understanding 

− Development of ageing management matrixes to screen that all degradation mechanisms and 
ageing impacts are covered by acceptable AMPs  

− Defining of gaps in the SCs ageing understanding, solving of degradation mechanisms and ageing 
impacts 

− Formal assessment of conformity of implemented AMPs with IAEA recommendations for 
acceptable AMPs [5, 4]. 

− Evaluation of results of realized assessments and determination of corrective measures 

 

Besides ageing management review which is done primarily for LTO purposes, there is a continuous 
process implemented for assessment of all SCs in a scope of PLIM. The following parameters are 
assessed typically after each campaign for each SCs or group of SCs in a scope of PLIM: 

 

1. Physical ageing of SSCs (AMPs) 

2. TLAAs 

3. Conceptual ageing 

4. Technical ageing 

5. Maintainability (spare parts, suppliers, etc.) 

6. Reliability (failure rates) 

7. Maintenance costs 

 

Results of this assessment are: 

1. Residual life time of SCs 

2. Definition of necessary diagnostics, monitoring, surveillance and testing 

3. Proposals for replacements, refurbishments and exchanges 

4. Proposals for R&D 

 

Chapter 7 describes other relevant programs, based on SONS requirements, such as human resources 
renewal programme, knowledge management, safety culture, public relations, external technical 
support sustainability. These programs were assessed similarly as programs in chapter 3 (see above) 
with statement whether the current status of individual program is satisfactory also for NPP LTO. 
Imperfections are stated, the proposals for remedial measures were prepared, the realization of which 
will assure the required condition. 

3.4.  NPP long term development plan 

The technical assessment of the condition of main SSCs is in comparison with the feasibility study 
extended to the entire power plant. All SSCs in NPP which will require correction steps with financial 
demands exceeding agreed sum are included. 



This part is divided into basic chapters by individual logical units, e.g. primary circuit, secondary 
circuit, electric systems, I&C and civil structures, divided further into technological units and groups 
of equipment. This part contains a description of assumed correction steps for individual units for 
achievement of the optimum length of LTO, such as modernizations, refurbishments, replacements 
and other measures. Three scenarios of long term development plan are maintained – 40, 50 and 60 
years of operation. It serves for optimization of strategic but also day-to-day decisions. 

 

4. Strategy of NPP Dukovany LTO 

 “Strategy of NPP Dukovany LTO” assumes implementation of “Program for assurance of NPP 
Dukovany LTO” in several steps - LTO projects. The first step is “Operational Permission Renewal 
and LTO Preparedness for 40 years of Operation” Project. This step arises from need to periodically 
renew operational permission each 10 years (now valid till 2015), see FIG.1. 

“Strategy of NPP Dukovany LTO” is based on evaluation of total investments in a feasibility study for 
40, 50 and 60 years of operation. The main result of this study is that the main investments for 50 or 
60 years of operation will not be necessary until 2016 when the final decision about LTO shall be 
made. Another aspect is that study confirmed technical feasibility and economic effectiveness of LTO 
up-to 60 years. 

The main goals till 2015 are as follows: 

1. Finalize NPP Dukovany modernization and actions for operational permission renewal for 40 
years of operation 

2. Implement a necessary part of “Program for assurance of NPP Dukovany LTO” for 50 years of 
operation  

3. Interconnect LTO Program with intention of new unites in the site  

4. Strengthen personnel capacity in LTO and PLIM area 

5. Periodically update “Program for assurance of NPP Dukovany LTO”  

6. Concurrently implement project “NPP Dukovany Personnel Regeneration” 
 

“Operational Permission Renewal and LTO Preparedness for 40 years of Operation” Project contains 
approximately 98 residual actions and modifications which will be implemented till 2015. 48 items in 
a scope of the project are arising from the list of corrective measures from Periodical Safety Review of 
Dukovany NPP after 20 years, which are the rest of approximately 178 measures (130 have already 
been fulfilled). 
There are 15 measures from Safety Issues according to the IAEA-EBP-WWER-03 which is the rest 
from approximately original 444 measures (429 have already been fulfilled). 
Residual 34 measures are arising from the IAEA SALTO Peer Review Mission in 2008 and measures 
from the evaluation of preparedness to LTO Dukovany NPP (70 have already been fulfilled). 
 

FIG. 3. Scope of “Operational Permission Renewal and LTO Preparedness for 40 years of 
Operation” Project 

 



 

Concurrently, power up-rate of all units to 500 MW is carried out and will be finished in 2012. It 
covers a group of actions as a new improved fuel, high- and low-pressure turbine part`s replacements, 
a refurbishment of generator, and output transformers etc. Another large undergoing investment action 
is I&C refurbishment covering safety and non-safety I&C systems which will be finished by 2016. All 
these modification projects are related and contribute to the ability of the power plant to operate in the 
long term. 

The “Project” is close to the first half of its implementation period. The content of the project was 
supplemented and updated several times since January 2009 and a large portion of tasks was already 
finished or is in a realization phase. A project team of about 50 people was launched in January 2009 
and is continuously modified in accordance with a need to assure particular activities in the Project 
implementation and the Programme for assurance of NPP Dukovany LTO updating.  

Implementation of a new PLIM which will fulfil recommendations of the IAEA is one of the most 
important tasks of the team. Several decisions were done in a strategy and a content of the PLIM 
Programme since January 2009. Revalidation of TLAAs and solving of cable issues are another 
crucial activities which will be solved in a scope of the Project till 2015. 
 

5. Safety Case for Dukovany NPP LTO 

Safety Case for Dukovany LTO will serve as a basic document which serves for 
demonstration of preparedness for LTO. It will contain all results of “Operational permission 
renewal and LTO preparedness for 40 years of operation” Project or references to those results.  

Main part of Safety Case is a description of equipment and personnel preparedness for operation for 
next 10 years. Safety Case will be prepared according to Atomic Law for submission to SONS 
till July 2015. Operation permit for Unit 1 is valid till the end of 2015 (for Unit 2 till 2016, Unit 3 
and 4 till 2016).  
 

6. International verification 

CEZ, a.s. decided to invite the IAEA SALTO Peer Review Mission for the verification that the 
preparation of NPP Dukovany for LTO complies with IAEA recommendations and international good 
practices. The IAEA mission in April 2008 was a one-week mission for verification of the program 
documentation for NPP Dukovany LTO. It helped to confirm the scope and content of tasks 
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determined for preparatory period for LTO (2009-2014), especially content and intention of the part 3 
of the Program documentation – Safety aspects of LTO. The mission included also assessment of 
scope of selected programs for NPP Dukovany LTO. 

A Follow-up SALTO Peer Review Mission was carried out in November 2011. It reviewed the 
progress in solving of recommendations from initial mission. More than 50% of the IAEA 
recommendations were already solved and residual ones were found satisfactorily solved. No new 
issue was defined. 

The full-scope two-week IAEA SALTO Peer Review Mission is planned for 2014 after completing of 
tasks of the preparatory period. It will serve particularly for obtaining of the IAEA statement as a basic 
document for support the operational permission renewal in 2015. 

 

7. Conclusions 

The documentation of the “Program for assurance of NPP Dukovany LTO” was finished in September 
2008. “Operational Permission Renewal and LTO Preparedness for 40 years of Operation” Project was 
defined in December 2008. Both documents were in January 2009 approved by CEZ, a.s. Board of 
Directors and Dukovany NPP LTO was defined as a key company project. Safety part of LTO 
Program was submitted to SONS in February 2009. 

LTO Preparation was verified by IAEA SALTO Peer Review Mission in 2008 and Follow-up Mission 
in 2011. NPP Dukovany is preparing for LTO in full conformity with IAEA recommendations, 
international good practices and with SONS requirements. 
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