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Abstract 
 
Operational license of the four VVER-440/213 units at Paks NPP, Hungary is limited to the design lifetime of 30 
years. Extension by an additional 20 years of the original license is one of the main goals of the plant owner. In 
2008 a programme for long-term operation (LTO) was developed and submitted to the Hungarian Atomic Energy 
Authority. The LTO Programme defines the activities for ensuring the extension of the operational lifetime and 
contains the justification of the safe LTO. The LTO Programme has to be implemented and comprehensive 
justification of the safe LTO has to be provided in the formal License Renewal Applications unit by unit. This 
work has been completed by the end of 2011, and the application has been submitted for approval for the Unit 1. 
The authority review and the approval of the License Renewal Application for Unit 1 should be finished before 
the expiration of the original design lifetime in 2012. In line with the regulations and supporting the License 
Renewal Application, a large number of engineering tasks have been performed. In this paper the entire project 
will be reported. The issues will be discussed, which have been arisen during the development of the application. 
The difficulties caused by the Hungarian technical and regulatory peculiarities will be presented. 
 
1. Introduction 
 
The 30 years of licensed operational term of the four units of Paks NPP is expiring, see Table 1. The 
preparation of the LTO at Paks NPP is almost a two decades history taking into account the firstly 
published paper on the subject in 1992 [1]. In 1999 the general assembly of the plant owners appointed 
the plant management to develop the middle term strategy of the company taking into account the 
evaluation of the technical, economical and legal preconditions of the potential extension of the 
original license, too. In 2000, a feasibility study justified that the extension of the original term could 
be safely extended by 20 years thanks to the good operating and maintenance practices, the robust 
design, good technical condition of the units and the safety upgrading measures performed during the 
operation [2]. In 2001 the owners approved the vision of the Paks NPP consisting of two significant 
elements: (1) the power up rating of the reactors and (2) safe operation beyond the original design 
lifetime by 20 years. 
 
Table 1. The licensed and extended terms of operation of Units at PAKS NPP 

Unit Start-up Design life expires Extended operating life 

1 14 December 1982 2012 2032 

2 26 August 1984 2014 2034 

3 15 September 1986 2016 2036 

4 9 August 1987 2017 2037 
 

The preparation of the operational lifetime extension was based on parallel activities (see Fig 1): 
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FIG. 1. Flowchart for licensing the extended operational lifetime 

 
As a first step, the environmental impact study had to be performed and the environmental licence had 
to be obtained for the extended time of operation. As part of this process public hearings were 
organized involving all stakeholders in Hungary as well as the interests in Austria, Croatia, and 
Romania according to the Espoo treaty. Finally, the responsible authority issued the environmental 
license for long-term operation (up to 2037) [3].  
 
According to the Hungarian regulation (government decree No.: 89/2005), the Paks NPP developed 
the Programme for Long Term Operation (LTO Programme) of the Units 1-4 and submitted for 
approval to the Hungarian Nuclear Energy Authority (HAEA). The LTO Programme was approved 
with some remarks and additional regulatory requests in 2009. The implementation of the Programme 
was launched on the basis of a detailed project plan.  
 
In 2001 the Licence Renewal Application Report (LRAR) was developed for Unit 1, which 
demonstrated the compliance with the Hungarian requirements according to the project plan and the 
LRAR was submitted for approval to the HAEA. 
 
2. Concept of the LTO and License Renewal 
 
The Hungarian regulation for LTO and extension of the operating license was developed via 
adaptation of the relevant requirements and guidance of the International Atomic Energy Agency and 
international best practice. The regulation includes the basic elements of the U.S. NRC 10 CFR Part 54 
with some Hungarian peculiarities accounting the VVER-440/213 features and the Hungarian 
regulatory environment. 
 
According to the Hungarian regulation the operation can be extended beyond the licensed term, which 
was limited by the design lifetime, if the licensee obtains a formal operating license. i.e. in a process of 
licence renewal (LR). The requirements for LR are specific, differs from the rules of the license 
application of a new plant.  
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The licence renewal itself is a two-steps process:  
 

1. Step one is the development of the LTO Programme, which has to be submitted to the HAEA 
at least four years before the design life is due to expire, but not before 20 years of operation.  

2. The second step is the formal license renewal application: this has to be submitted one year 
before the design lifetime is due to expire. 
 

Experience of a four-year period is required for the demonstration that the licensee’s Programme is 
effective; it ensures long-term operation and the licensee’s assessments regarding the safe lifetime are 
appropriate. The application for the new license must demonstrate and prove the acceptability of 
continued operation. The basic requirements for the new license and the content of the application are 
similar to those required by U.S. NRC 10 CFR Part 54 and related regulations. This means that the 
licensing is focused on the ageing of the long-lived passive structures and components, while the 
performance of active systems and components is controlled in accordance with the Maintenance Rule 
(in Hungary it is called Maintenance Effectiveness Monitoring) and regulatory requirements for 
maintaining the environmental qualification.  
 
Compliance with the conditions of the current licensing basis is controlled via annual updating of the 
FSAR and the regulatory inspections and approvals. The content of the FSAR is defined in a 
Hungarian regulation similar to U.S. NRC Regulatory Guide 1.70 Rev. 3. The annually updated FSAR 
has to be consistent with the actual plant configuration, and must demonstrate compliance with the 
CLB.  
 
Obtaining the environmental license for an extended term of operation is a precondition to applying 
for the new operating license.  
 
As in many other European countries, the PSR is an important element of the Hungarian regulation, 
but it is not part of the Hungarian licensing process for LTO. The PSR is a self-assessment and 
reporting obligation of the licensee. It is considered the main method for identifying the need for any 
safety upgrade measures. 
 
The Hungarian regulatory system – based on the PSR, the annual update of the FSAR and 
environmental and operational (i.e. nuclear) licensing for the extended operational lifetime – 
represents an “upper bound” of what is defined in the IAEA and NRC documents. 
 
3. The Hungarian regulation 
 
In 2011 the nuclear regulation was modified affecting slightly the rules for LR, too. This new 
regulation was issued in the decree of 118/2011 (which was modified by the decree of 37/2012, again). 
This decree emphasises that the safe extension of the service life term is a rather complex problem, 
which must not limit only for the technical content of the licensing. It requires the commitments of the 
operator to the safety, which can be demonstrated by the performed safety measures and upgrades.  
 
At the Paks NPP the effectiveness of the conducted safety upgrades was justified by the results of the 
stress tests [4] in 2011. The LTO requires a special operation attitude, too. On the one hand, the 
extension of operation term focuses for certain activities and skills, e.g.: 
 
− Knowledge of the ageing mechanism of the SSCs including the experience of the similar NPPs;  
− Surveillance of these aging mechanism by aging management programmes; 
− Ability of the recognition of the previously not experienced aging mechanisms; 
− Adaptation of the good operation practice and the feed-back of the experiences; 

On the other hand, for the realization of the safe and economic LTO such operational experience is 
needed, which integrates all plant programmes, technical procedures and methodologies into a 
comprehensive and complete system.  
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The completeness is understood as follows: 
 
− All ageing mechanism affecting on the intended safety functions of the SSCs shall be considered; 
− All SSCs have to be covered by the operational and maintenance programmes, i.e. by aging 

management, maintenance, upgrading and replacement programmes;  
− For all safety classified SSCs it has to be guaranteed by the operational and maintenance practice 

that the intended safety functions will be managed during the extended operational period, too; 
− In case of the non-safety SSCs, the complexity of the programmes for ensuring required 

performance depends on the importance with respect to the operation, therefore the preventive 
maintenance or in some cases the principle of “run to failure” can be used, too;   

The value of the above system is not rooted in its scientific novelty but in the integration and 
pragmatic usage of proven methodologies in the field of aging management, while balancing between 
the safety and the thrift of the operation is achieved. 
 
The most important preparatory tasks for the licence renewal were focused to the justification of the 
safety during the extended period, namely (see [5], [6], [7] and [8]):  
 
− Development of the Aging Management Programmes (AMPs) (or to modify the currently used 

ones) which can be monitor the potential ageing mechanisms of the structures and components 
(SCs) in due time and to verify the effectiveness of the AMPs; 

− Review and evaluation of the condition of the SSCs involved in the scope of LR and with 
justification that the condition of the SSCs is appropriate for the lifetime extension; 

− Review the scope of the Time Limited Aging Analyses (TLAAs) including extension and 
revalidation of the TLAAs for the term of license extension;  

− Performance of the Equipment Qualification for the I&C components as required;  
− Development of the Licence Renewal Application in compliance with the Hungarian regulations; 
 
4. Review of the Ageing Management 

 
4.1. Scope of Ageing Management 
 
Renewing the operation license is based on the judgement on the plant safety. Therefore the LR 
involves all the safety classified SSCs. Those non-safety-related SSCs have also been considered, 
failure of which can jeopardise the safety functions. The development of the scope of Ageing 
Management (AM) is a two steps procedure:  
 
− All SSCs have to be reviewed taking their safety significance as per the principle described above 
− The long-lived, passive SSCs have to be screened in the scope of AM, because those SSCs are 

limiting the lifetime of the plant.  

The active components can be screened out from the scope of the AM (therefore from the scope of LR, 
too), since they are within the scope of the Maintenance Rule (in Hungary it is called: Maintenance 
Effectiveness Monitoring) and/or replacement programmes. These plant programmes are independent 
from the tasks of LR and they are subject of licensee regular reports to HAEA. 
 
Identification of the scope of the AM programmes resulted into approximately 25 thousand SCs at the 
Paks NPP. To manage individually of these components are not reasonable and impossible. Therefore, 
an appropriate structuring of the scope is needed while the graded approach has to be applied. 
 
4.2. Development of Commodity Groups 
 
According to the safety significance of the SCs the scope of AM can be split into two large groups. 
Ageing of the highly important safety related SCs have to be individually managed by customised 
AMP. These are the reactor (pressure vessel, upper unit, reactor internals) and the components of the 
primary coolant loops, i.e. the Safety Class 1 components and some Safety Class 2 components and 
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structures. Commodity groups were developed for the rest of the SCs. The commodity groups can be 
identified by the similarity of the construction, materials and working medium of the components. 
Therefore, ageing of these groups of components can be managed similarly due to the fact that the 
ageing mechanisms are the same within the group.  
 
Considering the mechanical components approximately ninety commodity groups were found; at the 
civil structures this number is thirty; and among I&C and electrical components sixteen commodities 
were established. That means that the huge numbers of the components belonging to the scope of the 
AM are managed approximately by one and half hundred of AMPs. For example, the AMPs for 
“vessels/tanks” are listed in the table 2. 

 
Table 2. Specific ageing management programs for “vessels” 
ID Medium 1 Medium 2 Material 

01 Danube water  Carbon steels, non corrosion resistant steels  

02 Danube water  Corrosion resistant steels 

 Other contaminated 
solution 

 Corrosion resistant steels 

03 Acid/alkali  Corrosion resistant steels 
04 Gas  Carbon steels, non corrosion resistant steels 

05 Gas  Corrosion resistant steels 

 Treated water  Carbon steels, non corrosion resistant steels 

 Treated water Steam Carbon steels, non corrosion resistant steels 
06 Steam  Carbon steels, non corrosion resistant steels 

07 Treated water  Corrosion resistant steels 

08 Oil  Carbon steels, non corrosion resistant steels 

 Primary water  Corrosion resistant steels 
 Primary water Primary water Corrosion resistant steels 

 Primary water Other contaminated 
solution 

Corrosion resistant steels 

09 Primary water Primary vapour Corrosion resistant steels 

10 Treated water Steam Mixed (Carbon steels, non corrosion resistant 
steels/Corrosion resistant steels 

11 Oil  Corrosion resistant steels 
 

Justification of the effectiveness of the AMPs was the essential part of the LRAR. Prior to the 
justification a comprehensive review of the current AMPs has been performed. In case of necessity the 
AMPs have been modified. In a few cases new AMPs have been developed. The HAEA guideline No 
4.12 has been used as for basis of the review. This guideline defines the content and attributes of 
AMPs in line with U.S. practice [9] and IAEA Safety Guide NS-G-2.12 [10]. According to this the 
AMPs should have the following elements:  
 
− Determination of degradation mechanism and affected areas of the components 
− Mitigation and preventive measures 
− Parameters to be monitored  
− Detection of ageing effects 
− Monitoring, trending, condition assessment 
− Acceptance criteria  
− Corrective actions 
− Feedback, efficiency and improvement of AMPs 
− Administrative control, quality assurance, coordination, documentation 
− Feedback from operation and condition of the component 
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The AMPs have been qualified complying with the attributes above. 
 
5. Survey for the condition of the SSCs  
 
Condition monitoring is a routine plant activity. Therefore the plant has up-to-date information and 
database on the discovered failures and the actual condition of all SSCs. The requirements related to 
the inspections and also the applied techniques are subject of improvements at Paks NPP. Paks NPP 
introduced in 2012 the ASME BPVC XI based ISI system. The process for maintaining the required 
condition and performance of SSCs is regulated by in house procedures. This process together with the 
condition monitoring will ensure that the intended safety functions will be managed throughout the 
lifetime. From the organisational point of view, appointed engineers (called: component engineers) 
responsible for the oversight of components are performing these tasks. They are also responsible for 
gathering and evaluation of the following information:  
 
− Operational records and event reports 
− Failure data 
− Outage information 
− Everything else related to the health of components. 

The results of theses activities are recorded in a central technical database. This database contains not 
only the technical evaluation of the current condition of the components, but also the necessary actions 
proposed by the component engineers. In the case if the necessary measure is a technical modification 
(such as component replacement) the database also contains the timing and the assumed costs of the 
modification.  
 
Independently from the routine plant activities, in the frame of justification of LR, a one-time 
inspection was performed to augment the available information for the condition of the SCs. A special 
programme was developed, conciliated with the regulators and executed to address the lacking 
information regarding condition of SCs. This inspection programme was targeted on the following: 
 
− Review and evaluation of the currently applied condition monitoring programmes, including the 

AMPs, in-service inspection and maintenance programs, chemistry programmes, etc. and 
identification of those component location which are not covered by the programmes. (For 
example the emergency water cooling nozzle at the reactor pressure vessel is not part of the 
normal in-service inspection programmes, since it is protected by a special heat shielding tube) 

− Identification of the necessary one-time inspection procedures (e.g. visual, surface or volumetric) 
− Performance of the decided actions 
− Evaluation of the current condition of the components, taking into accounts all available 

information. 

This program has been performed during the annual outage at Unit 1 in March and April 2011. The 
results and the evaluation of all components within the scope of LR were reported in the LRAR.  
 
It could be concluded that all SCs are in good condition, but in case of a few component location (e.g. 
lower nozzle of pressurizer, reactor pressure vessel emergency water cooling nozzle) the decided 
inspection could not finished yet. These inspections are planned to perform during the outage of Unit 1 
in 2012. 
 
6. Time Limited Ageing Analyses  
 
During the design, the ageing mechanisms of selected components were analysed with respect to the 
limitation of the operation in time (Time Limited Ageing Analyses: TLAAs). These analyses (the 
fatigue, the neutron embrittlement and the corrosion) are conducted assuming the loads and 
environment and the target lifetime (30 years). Therefore results of these analyses may appear invalid 
if the design lifetime will be extended and/or the parameters or the frequency of the loads or other 
circumstances are changing. Consequently, the validity of these analyses had to be reviewed 
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accounting the extension of the lifetime. In case of Paks NPP all together 27 TLAAs were identified, 
see Table 3. According to the Hungarian requirements, it has to be demonstrated for the period of long-
term operation that the analysis remains valid, or the result of analysis can be projected to the end of 
the period of long-term operation, or the effects of ageing on the intended function(s) will be 
adequately managed for the period of long-term operation. 

 

Table 3. List of the TLAAs 
Number Designation of the TLAA  

1. Low cycle fatigue assessment for metal components  
2. Equipment Qualification for I&C  

3. Pressurized Thermal Shock  

4. Development of p-T curves   
5. Crack propagation analyses of the main priority mechanical components   

6. Thermal stratification analyses  

7. Heat-up cool-down temperatures  

8. Transient conditions  
9. Amendment of the high-energy line break analyses  

10. Fatigue analyses of reactor pressure vessel internals due to flow induced vibration   

11. Fatigue analyses of steam-generator tubing due to high cycle vibration   

12. Analyses of reactor pressure vessel internals due to changes in material properties  
13. Fatigue analyses of hermetic penetrations   

14. Fatigue analyses of liners and transient welding   

15. Analyses of mechanical components due to thermal embrittlement   

16. Fatigue analyses of safety-related cranes  
17. Fatigue analyses of spent fuel pond liners   

18. Analyses of steam-generator tubing due to changes in material properties   

19. Analyses of heavy concrete structures due to changes in material properties   

20. Fatigue and stress analyses of high priority buildings  
21. Leak tightness tests  

22. Analyses of corrosion allowances  

23. Fatigue analyses of the flywheel of main circulation pump   

24. Forecast for the settlement of the main building complex  
25. Analyses of rack structure of the spent fuel pond due to the effect of B10  

26. Analyses of the cladding of reactor pressure vessel due to interface cracking  

27. Analyses of upper unit heat isolation due to changing in material properties  
 
The validation of the TLAAs for the extended operational lifetime is rather complex and difficult for 
Paks NPP, as with any other VVER-440/V-213 plant [8]. The issue relates to the availability of design 
base information and the incompleteness of the delivered design documentation. Although Paks NPP 
performed a design base reconstitution, some of the original design assumptions, inputs and design 
conditions remain unknown. Often only the final results of the analyses were known, or the analyses 
can be presumed to be obsolete. It was recognized that the recovery and review of original TLAAs 
would be insufficient since: 
 
− the required scope of TLAAs exceeds the scope of known TLAAs performed by the designer; 
− the design base has changed due to essential changes in regulatory requirements, and so the 

loads/stressors are different from those assumed in the design; 
− there was a need to remove the unjustified conservatism by applying state-of-the-art methods. 
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Due to the specific circumstances at Paks NPP, the TLAAs had to be re-analysed [8]. This process 
resulted two outcomes: 
 
− In the most cases the time limits provided by the analyses complies with the target (extended) 

lifetime and justify the extended lifetime;  
− In some cases a limited lifetime (less than the target one) could be justified. In these cases 

dedicated AMP or special measures (e.g. replacement, upgrading or the repetition of the analysis) 
had to be developed to cover the extended lifetime. These efforts are discussed in [8]. 

 
7. Conclusions 
 
Paks NPP performed all the tasks as required by the Hungarian regulation for the environmental and 
nuclear licensing and submitted the Application to the HAEA in December 2011. The volume of the 
Application document exceeded one and half thousand of pages with about seventy thousand pages of 
references. The extent of these efforts exceeded the “as usual” practice since the Paks NPP Unit 1 
licence renewal was the precedent for the consequent application of the internationally accepted rules 
for a VVER-440/213 unit.  
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