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Abstract

A comprehensive programme for seismic assessment and upgrading is currently in
progress at Hungary's Paks NPP. The re-evaluation of the site seismic hazard had been already
completed. The technology of safe shut down and heat removal is established and the systems and
structures relevant for seismic safety are identified. A seismic instrumentation is installed. The pre-
earthquake preparedness and post-earthquake actions are elaborated. The methods for seismic
capacity assessment are selected. The seismic capacity evaluation and the design of upgrading
measures are currently in progress. The easy to perform upgrading covering the most urgent
measures had been already performed.

1. INTRODUCTION

In the late 1980s it was recognised that the Paks site seismic hazard may be much higher than
that assumed in the design. In 1993 a preliminary study of the site seismicity gave the basis for a
resolution on the seismic safety of Paks NPP issued by the Hungarian Atomic Energy
Commission's Nuclear Safety Directorate. As a response the NPP launched a comprehensive
programme for seismic assessment and upgrading of the plant which is due to be implemented on
all of the units by the year 2002.

Here, an overview of the seismic assessment and upgrading of Paks VVER-440/V213 units is
given.

2. OBJECTIVES AND SCOPE OF THE SEISMIC SAFETY PROGRAMME

The basic safety requirements are: to ensure safe shutdown, to cool down and remove any decay
heat, and to limit radioactive release. In order to achieve these goals the seismic capacity
reassessment and the upgrading may be performed by applying specific methods based on the
possibilities and limitations of the present operating plant rather than on the requirements applicable
to a new design.

The seismic safety programme includes the following tasks:

• re-evaluating of the site seismic hazard, including the geotechnical survey of the site, analysis of
ground and foundation stability, liquefaction, settlement, sliding, etc.

• establishing the technology of safe shut down and heat removal, elaborating the list of
structures, systems and components relevant for ensuring seismic safety,

• installing seismic instrumentation, elaborating pre-earthquake preparedness and post-earthquake
actions,

• evaluating the seismic capacity of systems and structures relevant for safety,
• performing the necessary upgrading measures, prioritising the measures needed, and carrying

out the urgent and easy-to-perform fixes as soon as possible even if only preliminary seismic
input is available.



Re-qualification of the plant for two earthquake levels, i.e. for the safe shutdown earthquake
(SSE) and operating basis earthquake (OBE) level, is not feasible. The basic issue is to re-qualify
the plant for the new design base (DBE or SSE) level. The leve| of safe continuous operation of the
plant which is not designed for an OBE would be defined on the basis of the plant capacity
assessment experience.

The seismic safety programme is an important part of the overall safety enhancement programme
of the Paks NPP. The implementation of the seismic safety programme is harmonised and
synchronised to the implementation of other safety upgrading measures and projects which may
also affect the seismic safety of the plant. The seismic requirements are taken into account in the
ongoing reconstruction of the reactor protection system which reduce essentially the re-qualification
and upgrading needs in C&I area. The replacement of the emergency feed water system from the
longitudinal gallery building and turbine hall to a safe position under the localisation tower
decreased also the seismic safety relevance of these parts of the main building. This modification
allows also the cool down by bleed and feed process after an earthquake.

3. SITE SEISMIC HAZARD RE-EVALUATION

Prior to completing the site seismic hazard re-evaluation a conservative review level earthquake
(RLE) had to be defined for the preliminary margin evaluation and for realising the most urgent and
easy-to-perform fixes. The NUREG/CR-0098 soft site median spectrum was selected for the 0.3 g
level as input for the screening, and the 0.35 g US NRC Regulatory Guide 1.60 response spectrum
was used to design the easy-fixes.

The 10"4 annular non exceedance probability event has been defined as the safe shutdown or
design base earthquake (DBE) and characterised by best estimated U_niform Hazard Response
Spectrum (UHRS). In evaluating the seismic hazard the probabilistic method was applied because
of the seismotectonic features of the Pannonian basin. The result was also compared with the 84%
confidence level deterministically defined response spectrum. The UHRS has been calculated for
the Pannonian level, 30 m below the free surface.

The free field spectra were obtained by non-linear calculation because of the soft nature of the
uppermost 30 m thick soil layer. A probabilistic approach was applied to assess the uncertainties of
the soil properties obtained from a state of the art geotechnical survey. The DBE ground peak
acceleration (GPA) was found equal to 0.25 g, ten times more than the original design assumption.

The soil at the Paks site is soft, the shear wave velocity in the upper 30 m sandy deposit is
around 300 m/s, and the groundwater table is high. The liquefaction potential of the soil has been
evaluated in terms of the annual probability for liquefaction to occur. The soil below free field at
depths of 10 to 20 m has a best estimate return period of liquefaction between 11,000 and 14,000
years. Soil under the NPP has a somewhat lower likelihood of liquefying with the best estimate
return periods being between 15,000 and 18,000 years. Consequently, assessing the plant safety a
global liquefaction of the soil should not be taken into account.

4. SAFE SHUTDOWN TECHNOLOGY

A Seismic Safety Technological Concept was developed by Paks NPP which define the method
of ensuring the safety of the plant during and after an earthquake. The concept is supported by
extensive safety analyses.
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According to the Concept the reactor shut down and the stable subcriticality could be maintained
by the reactor control and protection system together with the-boron system, cooling down of the
reactor could be made by secondary side bleed and feed. It would be possible to ensure a continuous
decay heat removal by the low pressure emergency core cooling system heat exchanger after some
modification. The Concept includes measures for mitigation of small LOCA, and also measures for
containment isolation and prevention of radioactive releases. The systems mentioned above as well
as the supporting systems (C&I, energy supply, cooling, lubricating, etc.) and also the necessary
monitoring systems have to be re-qualified for the new DBE level together with the relevant
building structures. These systems and structures form the first seismic category, where the
requirement on functionality and/or integrity of each item is defined. The seismic margin of systems
and structures classified should be evaluated. If necessary the systems should be re-qualified for the
actual seismic level by fixing or replacement. Seismic interactions should be taken into
consideration. Those systems or parts of systems not important for safety should be separated from
the upgraded part by quick closing valves. System redundancy relevant for seismic safety matches
the general safety philosophy of the plant, i.e. 3 times 100% redundancy should be maintained. The
DBE should not be combined with Loss of Coolant Accidents.

A comparison of the Concept with internationally established requirements and practice
demonstrates that the Concept significantly exceeds the minimum requirements, e.g. ensuring the
decay heat removal over 72 hours and practically without limitation in time usually is not required.

According to the safety significance the systems specified by the Concept are separated into three
priority groups. The safe shut down systems (i. e. systems for ensuring the control of the reactivity,
primary pressure and reactor coolant inventory, and for the decay heat removal) have the highest
priority.

There are methods for the cool-down and decay heat removal other than those specified in the
Concept. The reactor cool-down feed and the continuous decay heat removal may be ensured after
an earthquake upgrading the operational heat removal system for the required seismic level. A
comparison of different methods and a cost-benefit analysis is recently in progress.

The list of seismic safety relevant structures and equipment is stored in form of a database which
consists also the important for the project management information (i.e. priority, function, location,
documentation, results of walkdowns, analyses, contracting information etc.).

5. SEISMIC CAPACITY EVALUATION

In 1993-1996 the capacity of the safety related systems and structures was evaluated using a
conservative input. The reason for the preliminary investigations was to select the appropriate
methodology, to develop adequate models, and to obtain information about as-built conditions.

The final capacity assessment of relevant systems and structures in relation to final seismic
demand is currently in progress.

5.1. Methodology

Following the advises the IAEA the seismic re-qualification techniques developed for operating
plants such as the Seismic Margin Assessment (SMA) method and the experience based re-
qualification (SQUG) technique have been adopted at Paks. The limits and conditions of the
applicability of the re-qualification methods have been defined by means of systematic analysis and
comparison of the US and Soviet design codes and procedures type by type for all relevant
equipment classes, distribution systems and structures.
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5.2 Capacity Evaluation of Building Structures

The main building is a set of coupled structures having a separate foundation and widely varying
rigidity, and the distribution of the stiffness and masses is highly complex. The problem of optimal
modelling of coupled structures with very different characteristics and also the adequate modelling
of twin main buildings on a common base mat had to be solved. Various calculation techniques,
such as the response spectrum method and the time history method have been studied in order to
determine the most cost effective yet least conservative evaluation method. In the case of the main
building structure the soil-structure interaction is modelled through the introduction of the
frequency dependent dynamic stiffness matrix obtained for all points of the structural model in
contact with the soil, and the equations of motion are solved in the frequency domain. This
approach leads to an essential reduction in conservatism compared with the routine calculation
methods. The analyses of the structures response and capacity for the final input is currently going
on.

From the system point of view the most critical structure is the longitudinal gallery building
housing many systems and items of I&C equipment vital for safety. Relocation of the emergency
feed water system from the longitudinal gallery will reduce the safety relevance of this part of the
building, but will not completely eliminate the problem. The results of the calculations show that
this part of the main building has to be upgraded. The reactor hall steel frame structure may need a
number of fixes just to avoid falling the non-structural roof and side panels. Similarly, the turbine
hall is also vulnerable but it does not house vital equipment except for a limited part where the
service water lines cross the hall.

For the upgrading of the main building two different concepts were elaborated: One is based on
the idea of transferring the load from the turbine hall, intermediate building (transverse gallery) and
reactor hall to the very rigid reinforced concrete localisation towers. The other solution is to fix both
reactor and turbine hall and due to this longitudinal gallery as well. The solutions are based on
adding new structural elements, strengthening the main bearing elements of the structure, i.e. x-
bracing, jacketing, improving of joints, etc.

A particularly important question is the probable change in the leakage rate of the pressure
boundary of the VVER-440/V213 containment due to earthquake loads. A study of the potential
leakage spots has been started. The first results were reported recently at SMIRT Conference.
According to this results an essential growth of the leakage rate is not to be expected.

5.3 Equipment. Piping. I&C

For the dynamic analyses of the primary system (loops, steam generators, etc.) a coupled model
was developed that comprises the reactor building reinforced concrete structure together with the
components of the primary system. The purpose of this model is to provide a less conservative
seismic load on the primary system on the one hand and estimates for the displacements for the
evaluation of interaction effects on the other.

A concept of upgrading of the primary system by viscodampers has been elaborated. In each loop
the steam generator has to be fixed by six viscodampers and one damper has to be applied on the
cold leg. The detailed design work is started.

In the case of most seismic safety related systems equipment vulnerability mainly stems from its
anchorage which was not designed for seismic loads. The pipelines are flexible and are subjected to
low frequency resonance's because of the long runs between fixing points. In the original design a
considerable number of simple and spring hangers were applied, and there are no snubbers at all.

12



Analysis shows that in some cases the support spacing of the existing lines is too large and
additional supports or dampers have to be placed.

To assess the functionality of active equipment the experience based (SQUG) method has been
applied. Although the preliminary studies demonstrate the viability of this method for most of the
classes of equipment, some important items, e.g. relays, may need additional consideration because
of their design features. In some cases the shaking table test may be an appropriate method for
qualification. For instance, the most important relays, I&C and electrical equipment have been
tested on the shaking table.

Replacement of the old equipment is being considered as an alternative to re-qualification, e.g.
the ongoing reconstruction of the reactor protection system is performed taking into account the
actual seismic requirements consequently the scope of I&C seismic re-qualification is quite limited.

A special topic is the qualification of the I&C and electrical equipment mounted in the already
fixed, mainly top braced racks and cabinets.

5.4 Full-scale and model tests

The VVER-440/V213 building response has been studied by means of full-scale blast tests.
Three series of large (up to 500 kg of TNT) explosions were carried out and the acceleration
responses at characteristic points of the building structures and also the response of some large
components, e.g. the Emergency Core Cooling System (ECCS) tank were recorded and analysed.
For investigating soil-structure interactions the acceleration at different levels in bore holes was
measured too. The full scale test results were used to check the structural model of the main
building complex.

During the full scale blast test the response of the worm-shaped large low pressure ECCS tank
was measured. A 1:3 scale model of this tank has been tested on the shaking table at the National
Research Institute for Earth Sciences and Disaster Prevention in Japan. Comparison of the results of
these two tests as well as dynamic calculation of the tank gave information concerning the
behaviour of the structure and fluid-structure interaction.

6. SEISMIC UPGRADING

Making use of the international experience the items in the list of systems, structures and
equipment relevant for seismic safety at NPP Paks were classified into two groups:
• the so called "easy-fix" items requiring simple seismic upgrading that can be accomplished

comparatively easily and can be done during normal outage periods or even during operation;
the design solution and the cost of these fixes do not depend very much on the seismic input

• all other items which may need sophisticated evaluation and input dependent and cost sensitive
upgrading.

Those easy to perform upgrading covering the most urgent measures had been already realised in
1994-1995 before the completion of the site seismic hazard studies. Selection of the easy-fix items
was performed on the basis of simplified capacity-demand calculations and detailed plant
walkdowns. For screening the GPA of the RLE the NUREG/CR-0098 soft site median spectrum
was selected for the 0.3 g level. For designing of the fixes the 0.35 g US NRC Regulatory Guide
1.60 response spectrum was used.
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One of the main findings of the screening was that the I&C racks and cabinets, and also the
batteries are poorly fixed. Practically all of the safety related electrical and I&C cabinets have been
improved by adding new anchorage at the bottom or as a top bracing. In all cases the support
spacing of the cable trays was found to be too large and additional supports had to be placed.
Because of poor anchorage some of the mechanical equipment needs additional fixes.

Low seismic capacity masonry walls separating the different compartments in the gallery
buildings had to be fixed to avoid any interactions with safety related equipment. The safety related
batteries were replaced during the easy-fix phase, too. The easy-fix work for the four units of the
NPP is listed in the Table 1.

Table 1.
The easy-fixes for the four units of the Paks NPP

Number of items checked
Number of "easy fix" cases
Mechanical equipment
Electrical equipment
Cable trays
I & C (racks, cabinets)
Masonry walls
Weight of steel frames built in

10184
5507

202
465

2498
2061

281
445 t

Design work related to the somewhat more sophisticated fixes was recently started following the
final capacity calculations.

7. PRE-EARTHQUAKE PREPAREDNESS AND POST-EARTHQUAKE ACTIVITIES

In 1993 separate seismic instrumentation was installed at each unit of the NPP. This
instrumentation consists in each case of seismic switches mounted on the base mat, sensitive
accelerometers registering the response at the characteristic points of the structure, an appropriate
data collection system, and a voting logic. Two free field stations are installed at the plant too. In
1993-1997 concept of the manual shut down was introduced.

Recently the concept of determining the OBE exceedance based on the response spectrum and
cumulative absolute velocity criteria has been implemented. An emergency procedure exists which
determines the post-earthquake action of the plant personnel. A comprehensive guide has been
elaborated to assess the post-earthquake situation at the plant.

A new concept has to be implemented in the future together with the realisation of the system
modification necessary to ensure heat removal from the reactor after an earthquake. In such a case
the seismic instrumentation would trigger the isolation of the fixed systems from the non-fixed
ones.

The basic question of plant response to an earthquake is how to define the level of safe
continuous operation of a plant not designed and not re-qualified for any OBE. The real basis for
determining the earthquake level of continuous safe operation could be the results of capacity
evaluation of the safety relevant systems of our four VVER-440/V213 units and other VVER-440
plants as well as the experience behind the response spectrum and the cumulative absolute velocity
limits.

14



8. ROLE OF INTERNATIONAL CO-OPERATION

International co-operation and technical aid are of major important for the realisation of the
seismic safety programme at Paks.

The basic principles for seismic safety as well as the re-qualification philosophy and technique of
the Paks NPP follow the recommendations of the IAEA. The IAEA plays an important part in
transferring the best international practices in seismic hazard re-evaluation and upgrading. IAEA
reviews and follow up missions both aid and check the NPPs activity. Moreover, the IAEA has an
important role in co-ordinating the work of all VVER-440 plants.

By means of its PHARE programme, the Commission of the European Communities supports
Hungary's seismic safety programme. The site seismic hazard re-evaluation at Paks NPP serves as
an example of a successfully performed PHARE project. A new PHARE project has been launched
for to assist plant re-qualification; a number of such projects are under preparation.

The help of the Japanese government in qualifying Paks personnel and in transferring knowledge
is also of great significance. The shaking table experiment mentioned above is also a good example
of support and co-operation.

9. CONCLUSIONS

The main results of the seismic assessment and upgrading at NPP Paks can be summarised as
follows:

The safety related systems and structures of the plant have been analysed for the RLE.

The reinforced concrete part of the reactor building which forms the sealed containment of the
VVER-440/V213 seems to have sufficient capacity. Those structures of the main building which are
the most vulnerable are attached to the reinforced concrete reactor building, i.e. the gallery
buildings, the reactor hall and the turbine hall. For these structures the design solutions are currently
being elaborated and realised. Upgrading of the non-structural elements has proved to be especially
important in order to prevent interactions with safety related equipment. The non-structural masonry
walls in the vicinity of safety related equipment had already been upgraded.

The equipment and piping of the primary system have sufficient capacity. Visco-dampers are
considered for upgrading. In many cases equipment anchorage is in need of upgrading. Anchorage
for highly critical electrical and I&C equipment have been already fixed already in the framework
of easy-fix projects.

The plant now has appropriate seismic instrumentation. The definition of the scram level of the
units not being designed for an OBE is an essential problem to be solved.

Seismic re-evaluation and re-qualification of the units of Paks NPP units pose a complex
problem which can be solved by adopting international experience, methods and requirements and
by taking into account the design features of these and other such VVER units as well as the as-built
and current conditions.
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