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Introduction

NPP Paks is a relatively new plant. The plant age is an important factor in the
elaboration of the life management strategy.

At NPP Paks four WWER-440 V-213 type units are in operation (see Table 1.),
and they have been working with an efficiency of more than 80% for years. About
40% of the total Hungarian electric energy production is generated there, and
production costs are significantly lower than the average in the country.

Table. 1. The main parameters of NPP Paks

XA9949538

Unit

Paksl
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440

440
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Supplier

Skoda

Skoda

Skoda

Skoda

First operation

1982

1984

1986

1987

Due to the novelty of the plant the Life Management was not an important issue
until recently. During the previous ten years the safety enhancement of the plant was
the main issue. NPP Paks and the scientific institutes started to elaborate a common
life management programme about 3 years ago.

The conditions of Life Management

Several important factors affect the life management in Hungary:

• The political and economic system has changed. Related to these changes the
organisation of the Central Electricity Board, the Nuclear Safety Authority, the
research institutes, etc. also has been transformed.

• The new Hungarian Safety Code - based on the ASME code - has been
elaborated. Earlier the translation of the Russian Code PNAE and the
Interatomenergo Normative documents were used. These changes cause some
practical problems, as not all of the ASME regulations can be applied to a
WWER reactor, which was designed on the base of the PNAE code. E.g. the
material characteristics of a WWER plant (Kic curve etc.) can be found only in
the PNAE code. Since the PNAE code uses a different transition temperature
than the ASME code the use of the original Russian Kic curve is difficult.
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The contacts with the Designer (GIDROPRESS) are not satisfying due to the
political and economic difficulties. To solve this problem NPP Paks contracted
the Atomic Energy Research Institute and the Research Institute of Electric
Power in Hungary to become the main/official consultants.

The privatisation and economic restructuring of the Central Electricity Board
and the companies providing services and maintenance for the NPP affects the
life management too. In 1992 the so called periodic safety review system has
been introduced on the recommendation of the IAEA. First the review period
was 12 years, but 4 years later the Nuclear Safety Act of Hungary shortened it
to 10 years. The introduction of this system means not only safety enhancement
but also change of the previously established fixed (designer given) lifetime.
Using the periodic review system, NPP has to prove that the level of safety
satisfies the requirements for the following ten years, and the Regulatory
Committee extends the licence for this period if the results of the review allow
it. This provides the possibility to extend the lifetime more than the designed
life, but in the case of non-satisfying results the plant can be shut down before
reaching the planned life. The use of this system requires a new approach from
the plant management, the authority, consultants and maintenance services.

Hungary would like to join to the European Union. This is a new factor to be
considered also in the life management strategy. If the country becomes a
member of EU, the economic rules as well as the safety and environment
protection rules will be changed again. It is predicted that the safety and
environment protection rules of the EU can be fulfilled easily, but the change of
the economic conditions makes the economical predictions needed for life
management uncertain.

General life management strategy

The general idea of the technical life management used in Hungary is shown on
FIG. 1.

The codes, rules and the responsibility of the operator clarify the acceptable safety
level. Generally the development of the codes, rules, and safety enhancement practice
requires increasing the safety margin. The calculation of the safety margin - due to the
uncertainties - has a big scatter. The lower bound line of this scatter band has to be
over the required safety margin. Mitigation actions (maintenance etc.) can increase the
safety margin.
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Fig.l. The simplified scheme of the life management

The life limiting components considered

Elaboration of a life management strategy for the whole plant has been started in
Hungary. The technical lifetime of the following components are considered to be
limiting the lifetime of the plant:

• RPV-s
• Steam generators
• Box system
• Spent fuel storage
It is presumed that the basic equipment determining the plant lifetime is the

pressure vessel. Consequently the Atomic Energy Research Institute has been
contracted to perform a life assessment of the PVR-s.

The WWER-440 type is a pressurised light water reactor. The basic design was
made in Russia by OKG Gidropressz. The main contractor of the NPP was the
Russian Atomenergoexport Company. The reactor and pressurizer were constructed
by the Czech Skoda Works under Russian licence.

The WWER-440 RPV is a compact design. The reactor pressure vessels are made
from a 15H2MFA type Cr-Mo-V alloyed steel and have a 9 mm thick stainless steel
cladding inside produced by submerged strip welding. The wall thickness is 140 mm.
The small diameter has a unique consequence: the water gap between the core and the
reactor wall is small.
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At calculation of the technical lifetime of the RPV-s at NPP Paks the following
ageing mechanisms are considered:

• Radiation embrittlement
• Low cycle fatigue
• Head cracking
• The failure of the threads and thread housing
• The state of the concrete supports
• The ageing of the inside structures

The inside structures can be changed (repaired) at acceptable costs, and the non-
destructive testing results prove that the thread holes and the head penetrations have
not been damaged until now. Since the failures of these elements are not typical at
PWR-s it can be expected that these elements will not cause the limit of the lifetime.

The state of the concrete supports is still satisfactory, but until now no reliable
calculation of their lifetime has been performed.

The allowed number of fatigue cycles is given in a list by the designer. The NPP
hasn't used too many of them, and if it will operate the units at a constant load - like
until now - the cyclic lifetime can be as much as 60 years, or even more.

Due to the high neutron flux the radiation embrittlement is the life-limiting load of
the WWER-s. Several steps have been taken in the framework of the life management
program in order to reduce the embrittlement rate.

All the surveillance results have been collected, written into a database and
evaluated. Tangent hyperbolic curves were fit for all Charpy data by the same fitting
procedure, and transient temperature shifts were evaluated for all the surveillance
specimen sets of the four units. Trend curves of the embrittlement rate were also
elaborated considering different operating modes. Material data obtained from these
trend curves were used to predict the material degradation in the function of the
lifetime.

During the previous years many transient cases (PTS pressurised thermal shock
events) were analysed and evaluated by Atomic Energy Research Institute. The stress
and strain analysis of these PTS calculations was repeated using the new material
degradation trend curves.

The results show that the lifetime of every unit of NPP Paks is longer than 24
operation year without any change in the operation mode. (The 24th years is the next
safety review, the calculations are made until this date, but the real lifetime is longer).
With proper life management all four RPV-s can reach a lifetime of 48 years or even
more, without annealing.

The suggested mitigation methods are as follows:

• reduction of the scatter of the material testing data base
• reduction of the scatter of the analysis
• reduction of the severity of the transients by revising the operation manuals
• application of the low leakage core
• heating up of the emergency core cooling water
The application of any of these methods or their combination should increase the

lifetime. The final lifetime of every unit has to be evaluated on the base of the
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electricity cost minimisation, and not on the basis of the final technical limit of the
lifetime. To reach a lifetime of over 60 years of operation annealing can be included in
the list of mitigation measures.

Other components

Other components of the primary circuits were manufactured in co-operation by
Russian, Hungarian and Western European firms. During the installation period the
Hungarian Central Electricity Board widely used the experience gained in Finland
during the construction of two similar units at Loviisa site and maintained a strict
quality assurance testing and controlling system, independently from the quality
checking carried out by the producers.

Six loops are joined to each RPV unit. The steam generators are vertical, the piping
is made from 18/8 type titanium stabilised austenitic steels. Periodic inspection (Eddy
current testing) is being performed regularly. Until now only a few pipes have been
damaged, but in life time calculation the fact that a large number of corrosion failures
generally occurs after a certain operation time within a short period, necessitates
careful life management of the steam generators. Technically the steam generator
replacement is possible, but exchange of 24 steam generators would have a great
economic impact on the plant

The primary circuit is covered by the so-called box system, which is an alternative
solution to hermetic isolation (instead of containment). The basic idea of the box
system is that a limited hermetic space covers individually every component of the
primary circuit, but they are connected to each other and to a huge cooling tower,
which is able to absorb the escaping steam even in case of large break LOCA. This is
a concrete system. If it became unhermetic due to the corrosion of the concrete or the
penetration, or the decrease of strength of the prestressed concrete below the accepted
level due to ageing the repair costs may reduce the economical lifetime of the plant.

Hungary has no long time storage facilities for spent fuel elements. The present
intermediate storage facilities can accommodate the spent fuel of 15 more years of
operation. Presently the fuel manufacturer (in Russia) stores (reprocesses) the spent
fuel, and hopefully will continue to do so in the future. Since the high costs and the
civil resistance against building long term spent fuel storage for NPP Paks, the fuel
management also is can be a life-limiting factor.

Summary

The life management in Hungary is in an early stage. The preparation of a suitable
database, development of maintenance systems, and education of the plant and
consultant staff is essential.

The Act of Nuclear Safety, the introduction of the 10 years periodic safety review
system (periodic licence extension) is a good base for life management. At the same
time the economic changes in the country make the life management difficult.
Presently the most important task is to prepare the technical environment and the
methodology for NPP Life Management, and within a few years - when the country's
economy will be consolidated - a real life management can be performed.
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