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ABSTRACT 

As the six year long safety upgrading program at Paks NPP is approaching its final stage 
this year, it is a good opportunity to draw the conclusion: what have been done and how have 
measures influenced the safety of the plant. In its first part the paper gives an overview of the 
program’s main issues, assesses the results from the point of view of safety, reliability and 
cost effectiveness as well. 

In the second part a survey of future tasks follows.  
(1) Hungary is joining to the EU. The accession process so far has not revealed any 

major problems concerning nuclear safety which could be seen as obstacles toward the 
membership. However the plant should be ready to meet the increasing level of safety 
regulations. Further safety upgrading measures are planned, mostly in the field of severe 
accident management. 

(2) The electricity market liberalisation in Hungary will start in 2003 and being a EU 
member state, the full market opening will happen within a few years. The plant has to take 
into account the specificity of market functioning. The most important thing is to preserve the 
present cost advantage of nuclear electricity generation within the market conditions. The 
paper presents measures  performed and planned to keep the unit generation cost competitive. 

(3) The first unit at Paks will mark its 20th anniversary this year. Lifetime management 
issues are at the centre of the engineering activities. The work already started to prepare the 
lifetime extension for 20 years. The program for the license renewal, which was elaborated 
jointly with the nuclear regulatory body will be described. 

1 INTRODUCTION 

Presently there is an essential change of opinion on the use of the nuclear energy in 
major developed countries. Very important are changes occurred in the energy-policy of the 
USA that rehabilitated nuclear energy, recognised its economical and environmental benefit. 
The situation in the EU is controversial. There have been recently encouraging (Finland) and 
disappointing (Belgium) developments either.  

Considering the EU candidate states the European expectations are quite homogeneous 
and based on some fixed ideas. On the idea is the generic requirement against all NPPs in the 
candidate countries to be as safe as it is acceptable in the EU. More exact definition of the EU 
safety requirements has not yet elaborated.  

The economical conditions for the nuclear industry of EU candidate countries are also 
challenging and controversial. The liberalised market conditions to be introduced force the 
industry to enhance its competitiveness. NPPs in the future have to face with low-price 
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competitors in own country and with possible expansion of the foreign power industry to the 
electricity market of accessing countries.  

The Paks Nuclear Power Plant has to meet new challenges and adopt itself to new 
conditions in the close future. Ensuring survival and prosperity of nuclear power industry in 
Hungary three strategic targets have been set: 

1. The safety of the nuclear power plant shall be maintained at a level complying with 
national regulations and international requirements. Due to the measures implemented 
between 1996-2001, the core-damage-frequency (CDF) has been decreased more than one 
order of magnitude. "The basic technical structure of the plant is good from the safety point of 
view, and the key safety systems are comparable to Western plants of the same vintage."[1]  

2. Capacity of units shall be increased to a degree allowed by safety analyses and 
robustness of the main plant equipment. This measure decreases the unit generation cost due 
to the non-variable costs hereby spread to a larger generation volume.  

3. It was recognised already in 1992 that the safety enhancement and the plant's practice 
for ensuring safe and reliable operation give an opportunity to extend the operation time of the 
nuclear power plant [2]. By means of an effective lifetime management the units shall be 
operated other 20 years after design lifetime expires. The feasibility and business study 
performed in 2000 demonstrated the technical possibility and business rationality of plant's 
lifetime extension if appropriate ageing management programme will be implemented on the 
basis of the plant's recent practice.[3] 

2 RESULTS OF THE MODERNISATION PROGRAM 

In 1996 a safety upgrading program was launched at Paks NPP. The declared goals of 
the program were to improve the plant safety up to the internationally accepted level; to 
maintain the high operation reliability and to control the cost of power generation. The 
renewed safety analyses carried out in the beginning of the nineties and the outcomes from the 
international reviews gave the basis for the planned activities. 2002 is the final year of the 
modernisation program during which 250 million USD and significant engineering resources 
were allocated. During these years the nuclear regulatory regime has changed. The practice of 
Periodical Safety Reviews has been introduced since 1995 to deal with cumulative effects of 
NPP ageing, modifications, operation experience and technical developments. 

2.1 Safety upgrading 
The safety upgrading was at the core of the modernisation program. As a result of the 

implemented safety upgrading measures and modifications the core damage frequency has 
decreased by factor of ten (Fig 1). 

The safety upgrading measures aimed at decreasing the vulnerability of safety systems, 
improving the component reliability, decreasing risk attributed to human factor. Most 
important modifications were: 

− relocation of emergency feed water system from the turbine hall; 
− installation of hydrogen recombiners in the containment (for design base accidents); 
− modification of containment sumps; 
− emergency gas removal from the primary circuit; 
− replacement of pressurizer safety valves; 
− management of primary to secondary leak accidents in the steam generators; 
− improvement of the earthquake tolerance; 
− introduction of symptom based emergency procedures. 
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Figure 1: Changes in core damage probability of Paks NPP in the last seven years 
 
These measures were reviewed in an earlier paper[4], here we go into details concerning 

the last two items only. 
Most extensive part of the general safety upgrading programme at Paks NPP is the 

seismic safety upgrading programme, which includes the following tasks: 
− re-evaluation of seismic hazard of the site, which included the geotechnical survey of the 

site, analysis of the soil liquefaction, etc. 
− establishing the safe shutdown and heat removal technology, and elaboration of the list of 

the structures, systems and equipment, which are essential to ensure seismic safety, 
− installation of the seismic instrumentation and elaboration of the pre-earthquake 

preparedness and post-earthquake actions, 
− evaluation of the seismic capacity of systems and structures relevant for safety, 
− performing the necessary upgrading measures taking into account the priorities and the 

feasibility of the necessary corrective actions. 
The re-evaluation of site seismic hazard was completed in 1996. The design base 

earthquake with 10-4 annular recurrence frequency has been determined by probabilistic 
method. The horizontal ground peak acceleration (GPA) of the design base earthquake is 0.25 
g, which is ten times greater than it was assumed during the plant design. The soil liquefaction 
study performed shows that no liquefaction has to be expected in cases up to the design base 
earthquake. 

Comprehensive evaluation of seismic capacity of safety related structures, systems and 
components resulted in excessive upgrading program. The steel frames of the reactor and 
turbine halls had to be fixed by new structural elements, i.e. x-bracing, improving of joints, 
etc. The total weight of new steel structures is close to 2000 tons. The main circulating loops 
and primary components have been fixed by viscous-dampers. On the piping and equipment 



0705.4 

Proceedings of the International Conference Nuclear Energy for New Europe, Kranjska Gora, Slovenia, Sept. 9-12, 2002 

fixes were improved, new fixes added or viscous dampers installed. The cabinets and racks, 
also the cable trays have been reinforced as well.  

The program is at its final stage. Measures will be completed by the end of this year. As 
well the level 1 seismic PSA will be completed soon. The objective of the study is to 
quantitatively show the current level of plant safety with respect to the seismic hazard 
representative for the Paks site and to confirm the completeness of the seismic upgrading 
measures. The implementation of the seismic safety program is harmonized and synchronized 
to the implementation of other safety upgrading measures and projects which may also affect 
the seismic safety of the plant, e. g. the reconstruction of the reactor protection system or the 
relocation of the emergency feed water system from the turbine hall to a safe position in the 
reactor building. 

The symptom based emergency operating procedures (EOP) were elaborated with a 
Western company. The whole set of instructions were tested on the full scope simulator. 
Presently the simulator training of the personnel is under way. The introduction of the new 
procedures will be done before the end of this year. The same time a new operator support 
system will start its operation. The PLASMA (Plant Safety Monitoring and Assessment) 
system was developed in co-operation within a Halden project. The system together with other 
developments like operating instructions accessible on computers, improved unit computer 
data processing etc., will improve the capability of operators to assess correctly the plant 
status even under stress conditions. 

2.2 Improving plant reliability 
Some other modifications, which had just partial, however not negligible influence for 

safety improved the operation reliability and cost effectiveness of electricity generation. The 
new software based reactor protection system helped to eliminate some minor design 
inconsistencies while significantly improved the level of self testing and failure detecting 
capability, decreased the service and maintenance requirements. The replacement of the 
turbine condensers allowed to introduce the high pH water regime in the secondary circuit 
providing better operational condition for components of the feed water system and for the 
steam generators as well. Retrofit of turbines gave the plant some extra 10 MW/unit. Presently 
the rated power of Paks units is 470/446 MW (gross/net) which is in a quiet contradiction 
with the unit name: VVER-440. Continuos efforts to improve the fuel utilisation – including 
of new fuel design introduction – opened the possibility to increase the fuel burn-up. Thanks 
to that the specific fuel cost has decreased in the last ten years by 18%. 

All these measures helped us to control the cost of the energy production. Fig. 2 shows 
how the unit generating cost has changed during the last ten years. Significantly slower 
increase than of the Consumer Price Index facilitated maintaining the cost advance of nuclear 
power. The general sales price of the plant is about 7.2 HUF/kWh (3 Eurocents/kWh) in 2002, 
which is half of the sales price of other domestic power stations and third of the average 
consumer's price. Even if the market opening after 1st of January 2003 will result in decrease 
of the electricity prices in Hungary, the Paks Nuclear Power Plant will maintain its 
competitiveness. 
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Figure 2: Changes of consumer price index and the unit generating cost at Paks NPP 

3 NEW CHALLENGES 

The achievements of Paks NPP are sound. However there is no room for complacency. 
Challenges the plant is facing with require unflagging attention towards the problems of plant 
operation. The most significant challenges and the plant's responses to them are discussed in 
the following chapters. 

3.1 Joining to the European Union  
Hungary is among countries, which anticipate to join the EU in the near future. It is a 

comforting fact that the operation of NPP Paks has never been a topic of political debates 
during the accession talks. Reviews like WENRA and Atomic Question Group (AQG) and its 
ad hoc formation, the Working Party on Nuclear Safety (WPNS) appreciated the safety status 
of the plant. Remarks of WPNS – beside the improving of the independence of the regulator – 
were directed to assuring the completeness of the bubbler condenser performance verification. 
Having in mind, that this remark was equally addressed to other V/213 operators, a common 
project was set up with the Czech and Slovak companies to carry out additional tests at the 
EREC facility built in the frame of a Phare project in 1998-99. New tests have been already 
carried out, the post test calculations are under way recently. 

We know that the nuclear safety is not a static matter. It has to be reassessed and 
renewed regularly. Our future activities will focus to improve our emergency preparedness. 
The overall safety assessment of the plant vulnerabilities against large radioactive releases had 
been started in 2000. This project includes a complete level 2PSA study with some extensions 
to environmental consequences, too. The first results will become known by the end of this 
year. These will give a solid background for justification further safety upgrading measures on 
the field of the severe accident management preparation. 
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3.2 Working on the liberalised electricity market 
The market opening in Hungary will start in January 2003. It is still at the centre of 

debate what relation between the fully open market and the public service obligation will be. 
It seems now that at the first years of liberalisation the Paks NPP will have limited role only in 
the open market. It is the understandable intention of the government to assure electricity with 
reasonable price for low income people and less developed territories, which in other cases 
could be losers of the market liberalisation. Although Paks will sell just a small part of its 
electricity generation – about 15% – at the market, the highest priority task for the plant is to 
maintain its cost advantage. 

The modernisation program already executed will give the plant extra MWh-s in the 
future years even in that case when the plant availability remains at the today’s level (86%). 
Great opportunity will be opened by the power increase. Exploiting reserves and advantageous 
features of the VVER-440/213 reactors, the electrical output of the unit can be safely 
increased by approximately 8% due to the reactor thermal power uprating. With utilisation of 
modernised fuel (larger pin lattice) and with the implementation of certain relatively simple 
modifications (replacement of inlet wheels of high pressure turbine, modernisation of the 
primary pressure control system and of core monitoring system) we plan to reach the 500 
MWe gross unit power. The project has already been launched. The goal is to reach this new 
capacity by 2006-2008. During the project the following principles should be followed: 

− the power increase should not result in a decrease of the plant safety level; 
− it should not influence in negative way the life time extension perspectives; 
− it should not decrease the plant availability; 
− the resources invested should be recovered during the original life time. 
In addition to the power uprating some other modernisation steps are in the planning 

phase. The replacement of the high pressure preheaters, the reconstruction of other parts of the 
I&C system will further improve the reliability of the plant operation. These measures are in 
good harmony with the life time extension considerations. 

3.3 Lifetime extension 

3.3.1 Preconditions to the lifetime extension 

The plant maintenance, in-service inspection, testing, surveillance and reconstruction 
practice shall ensure good plant conditions and form a solid basis for ageing management 
programme. During the Periodic Safety Review of units list of equipment critical from the 
point of view of both the lifetime and safety has been specified, the ageing processes have 
been determined, and a computer aided monitoring established. The conscious ageing 
management has already been implemented during modifications, replacements performed up 
to now.  

The Hungarian nuclear safety regulations give appropriate framework for licence 
renewal. There is a fixed time operation licence, limited to the design lifetime of most critical 
components in the Hungarian Regulations. The operation licence might be renewed for a 
defined time span after design lifetime. An application, demonstrating good plant status, 
operability of long lived equipment, and describing the ageing management programme of 
licensee shall be submitted to the Authority five years prior the operational licence expiring. 
In spite of fixed time operational licence the Periodic Safety Review and the annual updating 
of the Final Safety Report (FSR) are also included into the Regulatory system. 

It is very important condition that the public acceptance of Paks NPP is over many years 
higher than 70% and the perspective of the prolonged operation is also widely accepted. 



0705.7 

Proceedings of the International Conference Nuclear Energy for New Europe, Kranjska Gora, Slovenia, Sept. 9-12, 2002 

3.3.2 Feasibility of the lifetime extension 

Study [3] made for the technical-economical feasibility of the lifetime extension 
includes three part tasks, as follows: 

− Processing technical and regulatory information, related to the lifetime extension of 
nuclear power plants (mainly in US); 

− Surveying technical condition of the nuclear power plant's structures, systems and 
components, specifying technical and safety limitations of the lifetime extension, if 
any, estimating costs needed for safe operation; 

− Elaborating the business model of the lifetime extension and analysing the 
competitiveness of PLEX. 

Surveying the plant's status has been carried out on a representative set (~ 500 items) of 
structures, systems and components (SSC). This analysis covered the lifetime-perspectives of 
SSC, the maintenance, ISI, etc. practice, as well as the data related to ageing and degradation 
processes. The costs of reconstruction have been assessed too. We have found that: 

− There is no safety limitation to the extended (by 20 years) over design lifetime 
operation of the NPP Paks. 

− In case of the most system and equipment the monitoring, maintenance and regular 
renewal practice of the plant allows the lifetime extension without outstanding cost.  

− There is only a well defined number of SSC requiring extensive reconstruction. 

3.3.3 Business assessment  

Business model of the lifetime extension covered incomes, expenses and financing. In 
the initial period sales are realised on the basis of the long term electricity purchasing contract, 
and starting from 2010 at the fully liberalised electricity market under competition conditions. 
Data originated from combined cycle gas-turbine power plants (CCGT) have been used as a 
base for formation of competitive market price. Representative data of the industry, such as 
data pertaining to the industry capital costs and data pertinent to construction- and operating 
costs of the CCGT are originated from international sources (e.g. International Energy 
Agency: Projected Costs of Generating Electricity). In case of input data and parameters 
considered as variable we have applied conservative assumptions.  

We have assumed that investments of the lifetime extension can be financed from the 
accumulating operating cash flow reduced by the dividend and principally from credits. A 
sensitivity-study has been performed for variables (natural gas price forecast, schedule of 
required reconstruction, level of O&M costs in the typical year).  

The calculations show that construction of a CCGT to replace the NPP Paks could not 
be reasonable, if during the extended operating time the real electricity price level will be 
above the value of 4.52 HUF/kWh (1.9 Eurocents/kWh). On the basis of the net present value 
criterion, the lifetime extension is reasonable if the electricity price is above of 5.85 
HUF/kWh (2.4 Eurocents/kWh). Data for the comparison of different generating alternatives 
are shown in the table 1.  

 
 Coal fired 

plant 
CCGT 20 year life-time extension of 

Paks NPP 
Investment expenses, HUF/kW 340000 160000 58000 
Maintenance cost, HUF/kWh 1.32 0.71 2.84 
Primary energy-cost, HUF/kWh 3.38 5.67 0.83 
Total operating and maintenance 
cost, HUF/kWh 

4.70 6.38 3.67 
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Table 1: Economic comparison among alternatives of power generation 

3.3.4 Plans and schedules 

A preparatory project has been launched by the Paks NPP for preparation of licence 
renewal of plant. The application, demonstrating good plant status, operability of long lived 
equipment, and describing the ageing management programme of licensee shall be submitted 
to the Authority by the end of 2006. Environmental Impact study has to be performed and 
approved by the Environmental Protection Authority as a condition of nuclear licence. Ageing 
management programme for long lived and passive components has to be established during 
this preparatory phase. The time limited analyses and qualifications have to be reviewed and 
their validity checked for extended lifetime. A plant lifetime management programme has to 
be developed to demonstrate the licensee commitment. New regulation for assessment and 
control of the effectiveness of the maintenance has to be implemented during the next five 
years.  

4 SUMMARY 

Due to economical and political circumstances it is necessary to maintain the position of 
Paks NPP at the domestic electricity market. Following international tendencies and 
exploiting technical capabilities Paks NPP, it can be realised by means of power uprating and 
lifetime extension. Their feasibility and unambiguous business benefits have been verified by 
the feasibility study. The elaboration and introduction of the lifetime management programme 
and also the licensing documents for the lifetime extension and power uprating shall be 
carried out within the scope of the preparatory project, launched in October 2001. This project 
will demonstrate and verify that the Nuclear Power Plant Paks can be operated at least up to 
50 years in accordance with the nuclear safety and environmental regulations and the 
international standards. Nuclear Power Plant Paks will stay a safe and environmentally clean 
source of the domestic electricity generation.  
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