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TAEA SAFETY RELATED PUBLICATIONS

TIAEA SAFETY STANDARDS
Under the terms of Article III of its Statute, the JAEA is authorized to establish standards
of safety for protection against ionizing radiation and to provide for the application of these
standards to peaceful nuclear activities.

The regulatory related publications by means of which the TAEA establishes safety
standards and measures are issued in the IAEA Safety Standards Series. This series
covers nuclear safety, radiation safety, transport safety and waste safety, and also general
safety (that is, of relevance in two or more of the four areas), and the categories within it
are Safety Fundamentals, Safety Requirements and Safety Guides.

® Safety Fundamentals (silver lettering) present basic objectives, concepts and
principles of safety and protection in the development and application of atomic
energy for peaceful purposes.

® Safety Requirements (red lettering) establish the requirements that must be met to
ensure safety. These requirements, which are expressed as ‘shall’ statements, are
governed by the objectives and principles presented in the Safety Fundamentals.

® Safety Guides (green lettering) recommend actions, conditions or procedures for
meeting safety requirements. Recommendations in Safety Guides are expressed as
‘should’ statements, with the implication that it is necessary to take the measures
recommended or equivalent alternative measures to comply with the requirements.

The IAEA’s safety standards are not legally binding on Member States but may be adopted
by them, at their own discretion, for use in national regulations in respect of their own
activities. The standards are binding on the IAEA for application in relation to its own
operations and to operations assisted by the IAEA.

OTHER SAFETY RELATED PUBLICATIONS
Under the terms of Articles IIT and VIIL.C of its Statute, the IAEA makes available and
fosters the exchange of information relating to peaceful nuclear activities and serves as an
intermediary among its members for this purpose.

Reports on safety and protection in nuclear activities are issued in other series, in particular
the JAEA Safety Reports Series, as informational publications. Safety Reports may
describe good practices and give practical examples and detailed methods that can be used
to meet safety requirements. They do not establish requirements or make
recommendations.

Other IAEA series that include safety related sales publications are the Technical Reports
Series, the Radiological Assessment Reports Series and the INSAG Series. The JAEA
also issues reports on radiological accidents and other special sales publications. Unpriced
safety related publications are issued in the TECDOQC Series, the Provisional Safety
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FOREWORD

The International Atomic Energy Agency establishes and implements programmes to assist
Member States with respect to safety assessment of existing nuclear facilities. Engineering
Safety Review Services (ESRS) is one of the elements in these programmes. To ensure an
effective and consistent approach in assessing the safety of existing nuclear facilities, relevant
requirements and recommendations of IAEA codes and safety guides are implemented.

Very few nuclear power plants are currently being constructed. The recent ESRS review
missions are mainly related to seismic re-evaluation of operating nuclear facilities. In the past
decade, re-evaluations of seismic safety of WWER type nuclear power plants have been the
primary focus of ESRS review missions.

Since 1992 the IAEA has been assisting Member States to develop plant specific guidelines
used in the post-construction seismic safety re-evaluation. Working together with many
experts in this field from Member States, the IAEA developed technical guidelines to
establish a general framework within which a seismic re-evaluation of an operating nuclear
power plant can be carried out. These technical guidelines will form the basis of an JAEA
Safety Report on seismic evaluation of existing nuclear facilities.

To exchange information and share valuable experience among the Member States, the IAEA
organized and hosted this post conference seminar on the subject as part of the activities of
Structural Mechanics In Reactor Technology (SMiRT). This is the third time that experts
involved in seismic re-evaluation and upgrading of operating nuclear facilities convened to
discuss issues of mutual interest and the experience that they have gained after first meeting in
Vienna, Austria, in 1993 at SMiRT-12 and then in Iguazu, Argentina, in 1995 at SMiRT-13.

The main co-ordinators of the seminar were A. Glirpinar and A. Godoy from the JAEA. Other
members of the coordination committee included N. Krutzik (Germany), J. Johnson (USA),
J.D. Stevenson (USA), H. Shibata (Japan), T. Katona (Hungary) and M. Zola (Italy).

The IAEA officers responsible for this publication were A. Godoy, A. Giirpinar and P. Contri
of the Division of Nuclear Installations Safety.
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SUMMARY
BACKGROUND

The SMiRT 14 Post Conference Seminar No. 16 on Seismic Evaluation of Existing
Nuclear Facilities was held in Vienna, 25-27 August 1997, and logically follows the previous
two post-SMIRT seminars held in Vienna and Iguazu with the same title.

The scientific community, which convened in Vienna, was composed of 76 specialists
from 26 countries representing regulatory bodies, electrical utilities, engineering companies
and suppliers. Forty papers were presented and discussed in plenary sessions, panel sessions
and panel discussions.

Most of the papers are connected to IAEA review activities in the field of the seismic
re-evaluation and upgrading of existing plants carried out in recent years. Therefore, together
with some general papers on criteria and methodologies, many papers deal with national
experience which is the essential background for the JAEA in the development of a unified
approach to the seismic re-evaluation of existing facilities, applicable to WWERs, CANDU,
PWRs, etc.

The sessions reflect the variety of topics which have been considered in the seminar. In
particular, three main topics attracted the most attention and discussion. These were; the draft
Safety Report on the seismic re-evaluation and upgrading of nuclear facilities under
development by the IAEA, the results from the JAEA Co-ordinated Research Project (CRP)
entitled “Benchmark Study for the Seismic Analysis and Testing of WWER Type NPPs”, and
the progress of seismic re-evaluation and upgrading programmes from a number of nuclear
power plants. For many of the latter this involved the implementation of the recommendations
from IAEA Seismic Safety Review Services.

It is important to note, however, that the seminar was not restricted to a report on
IAEA related activities; there were a significant number of contributions form the scientific
community on the current state of the art in seismic re-evaluation.

As mentioned above, a number of papers in the seminar deal with the CRP on
benchmark study for the seismic analysis and testing of WWER type NPPs organized by the
IAEA (1993-1997). It offered the opportunity to many specialists to review and assess their
methodologies. Two types of WWER reactors (WWER-1000 and WWER-440/213) were
selected as prototypes for benchmarking: Units 5/6 of the Kozloduy NPP and the Paks NPP.

The main objective of the CRP was the meeting among utilities, safety authorities,
engineering companies and suppliers involved in seismic re-evaluation programmes for
WWER type plants. The scientific framework aimed at a harmonization of the methodologies
to be used in such programmes and to their validation through dedicated exercises and in
general through the experience that many Member States were accumulating in actuality.

The focal activities of the CRP were the benchmarking exercises. A similar
methodology was followed both for Paks NPP and Kozloduy NPP Unit 5: The NPP (mainly
the reactor building) was tested using a blast loading generated by a series of artificially
generated ground explosions. The participants had to make a blind prediction of the structural
response and their analytical results were then compared with the results from the test.



Twenty-four institutions from thirteen countries participated in the CRP through either
a research contract or a research agreement. Two other institutions (both from Japan)
contributed to the CRP informally and on a voluntary basis.

This scientific work highlighted the reliability of the available numerical tools, the
need for further research, and a general judgement on the best compromise between
experimental and numerical tools in the seismic re-evaluation processes.

The final results of the CRP are presented in IAEA-TECDOC-1176, “Benchmark
Study for the Seismic Analysis and Testing of WWER type NPPs” (October 2000).

STRUCTURE

The meeting was a valuable opportunity to discuss the status of the seismic re-
evaluation and upgrading activities for many nuclear power plants A general survey of the
ongoing work is provided in Session I. Session Il is dedicated to the results of the CRP, as
some of the participants to the seminar also took part in the benchmark exercise, organized by
the IAEA. Major outcomes from the ongoing seismic upgrading activities are presented in
Session III, where the IAEA efforts to reach a consensus on a shared approach to both seismic
re-evaluation and upgrading is the main focus. The “unified criteria documents” developed for
some Eastern European NPPs are intended to be used in the development of an IAEA safety
report on the seismic evaluation of existing nuclear facilities. The seminar served as a useful
means to have international expert opinion on the development of this safety report.

Session IV is dedicated to the proposal for the development of special databases for
NPP component seismic data to be used as a tool for the seismic re-evaluation of existing
components and equipment by applying the similarity criterion. Such approach is foreseen in
many general documents, but the limited availability of basic experience data limit its
application in practice, especially for the WWER type nuclear power plants. The technical
implications are discussed, the difficulties in data recovery are outlined and some elements for
a financial evaluation are also provided.

Session V presents discussions on emergency preparedness measures and seismic
warning systems. Both traditional (automatic scram of the reactor following an earthquake
occurrence) and more sophisticated approaches for a warning system are discussed.. Safety
and operational aspects are presented for a global evaluation of their effectiveness and safety
relevance.

At the date of publication of these proceedings, the information collected is still
valuable for the orientation of the long term objectives of the IAEA’s support to the seismic
re-evaluation processes in progress.

Most information provided in the TECDOC is also valid and can be used as a basis for
any study and improvement in the field of simulation and qualification methods.The overview
of the world experience still represents an essential background material, substantially
unchanged, with many state of the art-surveys and useful “position papers”.



The main message left by the meeting is associated with the usefulness of the IAEA
role in the context of the harmonization of seismic re-evaluation where different approaches,
traditions and requirements may often lead to different evaluations of plant safety. Seismic
upgrading of a nuclear power plant can be a costly investment and justifies the refinement of
the analysis design methodologies, as discussed in this publication. The identification of the
safety issues, to propose focused upgrading measures and to finally provide the international
community with a reliable measurement of the improved safety level of the nuclear plants
have been the major outcomes of this seminar.



OPENING ADDRESS
THE IAEA’S NUCLEAR SAFETY PROGRAMME

A. Carnino
Division of Nuclear Installation Safety
International Atomic Energy Agency

The future of nuclear energy depends on three main factors, namely:
o Nuclear Safety: prevent accidents and demonstrate excellence in safety (Safety Culture)

¢ FEconomics: electricity deregulation, modernization and life extension of existing (old)
plants, decommissioning

s Public Acceptance

In this context, the vision and role of the IAEA is to work towards the International
Harmonization of Nuclear Safety.

The specific objectives of the IAEA activities are to:

e Strive for excellence in safety for all nuclear installations worldwide with emphasis on
safety culture.

o Establish with Member States based on the Agency standards, a “reference basis™ for
evaluating the safety level of their installations.

¢ Demonstrate safety measures under harmonization of nuclear safety worldwide.

Achieving these objectives will also increase public understanding and confidence in
nuclear safety.

Therefore the priorities for the next budget and programme cycle (1999-2000) for the
Agency’s Nuclear Safety Programme are on:

— revision of its nuclear safety standards

— strengthening regulatory bodies in Member States

— operational safety

— astrategy for nuclear safety assistance to developing countries

— safety culture enhancement

— identification and prioritization of key, safety issues including tools and analysis methods
development

— response to requests of analysis of unusual events

— develop national capabilities in self-assessment

— service the Convention of Nuclear Safety



In order to best serve the interest of its Member States, much of this work has already
been included in the revised Programme for 1998.

With regard to the Convention on Nuclear Safety, the role of the IAEA Secretariat is to
convene, prepare and service the meetings of the Contracting Parties (CP) and transmit to the
CP information received or prepared in accordance with the provisions of the Convention.

At the Preparatory Meeting held in April 1997, three documents have been agreed:

— Rules of Procedure and Financial Rules
— QGuidelines Regarding National Reports
—~ QGuidelines Regarding the Review Process

According to the Guidelines for the preparation of National Reports, the status of
existing Nuclear Installations should be summarized, including, where necessary, upgrading
measures to achieve a high level of nuclear safety or, if such upgrading cannot be achieved,
plans to shut down the Nuclear Installations as soon as practically possible as described in
Article 6 of the Convention.

Other information required includes legislation and regulation, general safety
consideration, and safety of installations including the implementation of the “defence in
depth concept”.



STATUS OF SEISMIC RE-EVALUATION AND UPGRADING PROGRAMMES OF
SELECTED NUCLEAR FACILITIES

(Session I-1)
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SEISMIC ASSESSMENT AND UPGRADING OF

PAKS NUCLEAR POWER PLANT

K. TAMAS
Paks NPP,
Paks, Hungary

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:

e 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,

e 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 level 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™ annular non exceedance probability event has been defined as the safe shutdown or
design base earthquake (DBE) and characterised by best estimated Uniform 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 coofant 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, 1&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.
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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, 1&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 J&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:

e 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

o 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 1&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 10184
Number of "easy fix" cases 5507
Mechanical equipment 202
Electrical equipment 465
Cable trays 2498
[ & C (racks, cabinets) 2061
Masonry walls 281
Weight of steel frames built in 445t

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.
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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, ie. 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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Abstract

The changes in the safety policy of Bulgaria in the eighties resulted in the implementation
of the international safety requirements for operating NPPs and in re-evaluation of the seismic
safety importance. It was estimated that the site seismic hazard may be much higher than it was
assumed in the design. Complying with the international practice, broad scope studies were
started for the seismic qualification of essential systems and structures. Many upgrading
measures were launched.

1. INTRODUCTION
The Kozloduy NPP is situated in the north-west of Bulgaria on the bank of the river

Danube. It was built and equipped in compliance with a Russian design. There are six units in
operation, which were commissioned within a long time period.

No reactor type commercial operation original PGA
1. WWER 440/230 10.1974 NED*
2. WWER 440/230 11.1975 (<5°/MSK-64)
3. WWER 440/230 12.1980 0.1g
4. WWER 440/230 06.1982 (<7°/MSK-64)
5. WWER 1000/230 11.1987 0.1 (0.2g)
6. WWER 1000/230 12,1993 (<8°/MSK-64)

During this period the assessment of the seismic hazard at the site was changed. This led
to changes in the criteria and methods for seismic design as well as in the seismic re-assessment
of the structures, systems and components (SSC).

The Kozloduy NPP was affected during its operational time by four strong earthquakes in
1977, 1986 and twice in 1990. The first two WWER 440 type units were designed according to
the standard building practice. The seismic intensity of the site was assessed as equal to IV-V
grade on MSK-64 scale, i.e. aseismic design requirements could be totally ignored. After the
Vrancha earthquake the seismicity of the site was re-assessed and the SSE was set to VII
intensity grade on the MSK-64 scale. The corresponding peak ground acceleration (PGA) was
defined as 0.1g. It resulted into some modifications in the design of units 3 and 4 and they were
put into operation taking into account the new seismic inputs. Seismic instrumentation and

*NED - not explicitly designed against earthquake
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automatic scram system was installed at the plant and upgrading of some structural elements and
equipment was performed, e.g. hydraulic snubbers were installed on Steam Generators, main
circulation pumps and primary loops for all four units.

An overview of the seismic re-evaluation and upgrading programmes being realised at
Kozloduy NPP after 1990 is presented in this paper.

3. GOAL

The main goal of the seismic re-evaluation and upgrading is to provide the performing of
the defined main safety functions in RLE.

Frequently, as a result of the collected data analysis, quick, easy and cheap upgrading of
elements not included in the safety systems is implemented and considerable safety improving is
achieved.

4. MAIN PRINCIPLES AND APPROACHES IN PLANNING AND IMPLEMENTATION
OF THE ASEISMIC ACTIVITIES AT KOZLODUY NPP

The year 1990 was a milestone regarding the aseismic activities at Kozloduy NPP. The
latest earthquake with epicentre Vrancha was in this year. Units 1-4 were shutdown
automatically. PGA of 0.046g was recorded.

The same year, after inspection of the site, the IAEA presented to the Bulgarian
Government a report, where the seismic safety of Kozloduy NPP was assessed as insufficient.

The Bulgarian authorities in close co-operation with the IAEA took a decision in
principle to start immediately the implementation of a comprehensive programme including
studies and activities for safety upgrading of the Kozloduy NPP site regarding the external
impacts, considering the seismic impacts as a priority.

The following principles and approaches were observed in planning and implementation
of the further activities:

e close co-operating with the JAEA;

e maximum applying of the experience of the international companies and western experts and
technical recommendations;

e combining different methods and approaches for seismic re-evaluation and designing of
upgrading depending on the actual stage at General Workplan Flowchart;

* maximum conservative approathes during the first stages;

* maximum realistic approaches in the later stages after collecting sufficiently confirmed
results from the analysis, inputs, as-built/design data;

e cost-benefit-terms analysis;

e maximum usage of the annual outages for implementation of designs for upgrading;

e improving the seismic safety by replacement of the elements that have insufficient seismic
capacity with seismic qualified elements;

e seismic safety upgrading simultaneously with the systems’ reconstruction’s and
modifications (equipment and pipes replacement, changes of the configurations and
connections of the systems), addition of new systems and equipment.
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5. STAGES OF THE ACTIVITIES FOR SEISMIC RE-EVALUATION AND
UPGRADING OF KOZLODUY NPP TILL NOW

5.1. STAGE ¢

The IAEA Project BUL 9/012 was launched in 1990. The Bulgarian Geophysical Institute
at BAS and “Energoproject” were engaged. The main objectives defined by this programme
related to the seismic safety of Kozloduy NPP were geotechnical data collection and site seismic
hazard re-evaluation.

An IAEA mission was held in April-May 1991. A preliminary seismic ruggedness
evaluation of units 1 to 4 was carried out by external experts from EQE International and
Westinghouse. A list of safety related equipment and structures was presented. The seismic
capacity of the items in the list was determined.

5.2. STAGE 1

A comprehensive WANO programme for upgrading of the operational reliability and
safety of Kozloduy NPP was launched in April 1992. This marks the beginning of Stage one of
the activities.

Item HB of the WANO programme is related to the seismic safety. Its implementation
was funded by the PHARE programme for the needs of the contract. The IAEA co-ordinated the
development of Terms of Reference and Technical Specifications (TOR) for Seismic Upgrading
Design of Kozloduy NPP for Units 1 and 2.

A wide NPP own programme was initiated simultaneously with the WANO’s one. The
above mentioned TOR governs these programmes and all the following seismic related activities,
regarding research and design. The scope of the item HB contract is limited to units 1 and 2. The
NPP programme covers the same activities for units 3 and 4 as the WANO’s one and the general
tasks related to units 1 to 4.

As contractors of the WANO programme were involved WESE, EA and Energoproject -
Bulgaria. EQE International was the main contractor of the NPP programme at this phase. Full
walkdowns were performed. As-built and design data were collected.

Seismic anchorage upgrades for the weakest equipment identified in the IAEA reports
(Stage 0) were designed. This task resulted in fixes based on conservative criteria, usually called
“easy fixes”.

Detailed seismic upgrading designs of DG-2 and Pump House 2 buildings were prepared.

Functions, systems and components classification was carried out.

A safe shutdown equipment list (SSEL) of mechanical, electrical and 1&C equipment was
developed. The seismic upgrades were prioritized accordingly.

The site seismic hazard re-evaluation was finalized approximately at the same time and
new seismic input (RLE, SL-1, SL-2) was defined.
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The Bulgarian Building Research Institute developed specific site response spectra,
approved by the IAEA mission at the end of May 1992. On this basis the seismic evaluation was
to be conducted for a Safe Shutdown Earthquake anchored to 0.2g horizontal peak ground
acceleration with 50% of this value for the vertical component.

All subsequent research and design activities were based on the newly determined
seismic parameters.
5.3. STAGE 2

Design of seismic upgrades for “Priority 1” items was carried out. The implementation of
both low capacity equipment designed in Stage 1 and “Priority 1” items was initiated in 1992.

Soil liquifaction study for the site with emphasis on Pump House 1 and the channel going
to the Danube river was conducted.

The structure capacity of the following buildings was evaluated:
¢ within the scope of the WANO Programme:

- Diesel Generator Building - 1

- Pump Station Building - 1

- Main Building - Units 1 and 2

e within the scope of the NPP own programme:

- Spent Fuel Storage Building
- River Bank Pump House

Detailed seismic upgrading designs of the above mentioned buildings, excluding the
Main Building, were created.

In-structure response spectra were generated for all six units and for the Spent Fuel
Storage Building. They were further used for the qualification of equipment and systems.

Plane models both in transversal and longitudinal direction were used for Units 1 and 2.
The in-structure spectra for the remaining structures were developed on the basis of complete 3D
finite element models.

The effect of seismic excitation from local earthquakes on the structures and equipment
of NPP was analysed additionally according to the JAEA recommendations.

A seismic hazard analysis on the site was carried out and hazard curves were determined.
The influence of local earthquakes on the already generated in-structure response spectra was
estimated.

Re-assessment of previous projects for local earthquakes was prepared. By Risk
Engineering LTD and EQE-Bulgaria. Some changes in few elements was recommended and
implemented.
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54.STAGE 3

In the scope of IAEA Programme BUL 9/012 in NPP KOZLODUY are well-grounded

three basic seismic instrumentation systems:

- Seismic scram system (SIAZ), modernization (Fig. 1);
- Seismic monitoring system for strong motion (SASKGK) (Fig. 2);
- Local Seismological Monitoring Network (LSMN) at KOZLODUY NPP.

One system SIAZ on each unit 1-4 has been installed that is entirely equipped with
components by Kinemetrics, USA. Each system has 3 strong motion station at a distance of 200 -

500 m, connected through cables to the central recording panel.

In each of the seismic stations are installed:

- one three-component accelerometer FBA-3, recording the accelerations during an
earthquake;

- one three-component trigger TS-3, automatically switching on the recording system at
acceleration over 0.01 g;

- one three-component seismic switch, transmitting the signal for shut down of the
reactor, if the earthquake acceleration exceeds the specified level :

old threshold  new threshold

unit 1 and 2 0.035g 0.046¢g
unit 3 and 4 0.035g 0.065g
unit 5 and 6 0.050g 0.083g

In accordance with recommendation of IAEA on 02.1993. at KOZIL.ODUY NPP was
put into operation a new SASKOK system.

SASKOK system includes three model KINEMETRICSs accelerographs, as follows:

- 4 accelerographs SMA-1 (optical record on 70mm photographic film on three-
component accelerograms)
- 3 accelerographs SMA-2 (magnetic analogue record on audiocassetie on three-

component accelerograms)
- 4 accelerographs SSA-2 (recording conversioned data from the accelerometers in digital

form on instruments RAM-memory)

For all of the instruments the trigger level is defined 0.01g. Only the outdoor
accelerograph SSA-2, for unit 3 has defined trigger level 0.005g. This gives a possibility to
register weak earthquake.
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Figure 2

Building of Auxiliary Emergency Feedwater System of Unit 3
/AEFWS-3/ in Construction



At KOZLODUY NPP a new Local Seismological Monitoring Network (LSMN) system
has been installed. The systems includes tree broad band seismometers with remote central
registration station in Sofia. This LSMN will be common for both KOZLODUY NPP and
BELENE sites with six Seismic Stations ,Radio Telemetry System for transmission

seismological information to Geophysical Institute / Bulgarian Academy of Sciences.
So far, there are many records from all three seismic stations:

- Surface Seismic Station Borovan (in a cave).
- Borehole Seismic Station Vulchedrum.
- Surface Seismic Station Orjahovo.

The records are from events out of 30-th kilometers region around KOZLODUY NPP and
analysis maked in GI/BAS has demonstrated good LSMN’s performance.

At the third stage of the seismic re-assessment , the WANO programme continiueus with
tasks 3.1 ; 3.2 and 3.6 of TOR. WESE, Emresarios Agropados , along with Energoprojest - Sofia,
performed re- evaluation of Primary Circuit-and auxiliary lines and equipment of units 1&2.
Results projects for upgrading and supply of new supports were prepared in accordance with .
These projects were completed during outage period for units 1 and 2 this year.

WESE, EA and EGP prepared a seismic upgrading project on the basis of results of
Structure capacity evaluation of Main Building (units 1 and 2) which was carried out during
Stage 2. It consists of detailed design of Turbine Building construction (between rows A<B) and
electrical shelves (rows B+B) as well as conceptual design for the rest part of Reactor Building
(rows B-G-D).

Within the frameworks of Stage 3, the local programme of KNPP includes two basic
activities.

The first one was evaluation of seismic capacity of the three reinforced-concrete venting
stacks. The final results show no need of upgrading.

The second one was design of seismic upgrading for cable routes, systems interactions
and items, which were designed as second priority components. The designing started
immediately after the completion of first priority items upgrading. The designing were
implemented at each unit during outages. A typical example for systems interactions is upgrading
of masonry brick walls that are located near by safety systems components,

Now, stage 4 is in progress. The related tasks are being performed according to local NPP
Programme, EBRD Programme and Item E of WANO Programme.

5.5. Stage 4

As it was mentioned above, the activities of WANO Programme related to units 1 and 2,
are expended as NPP Programme activities for units 3 and 4. Following this principle, NPP
assigned to RISK Engineering structure capacity re-evaluation of Main Building complex (row
A-B-B-T-JU) of units 3 and 4 which is in progress.

Re-evaluation of primary circuit and auxiliary lines and equipment of units 3 and 4 are
already completed under the same contract.
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The corresponding detailed design for unit 4 is prepared. During the coming outage of
unit 3 the required walkdowns for unit 3 will be carried out and consequently a design will be
done.

This evaluation, as well as structure capacity re-evaluation of Main Building Complex of
units 3 and 4.

The structure’s modification resulted from the evaluation of capacity of all pipelines for
dependent failures as well as reconstructions and modernization’s performed under EBRD
Programme. The Evaluation covers the scope of activities foreseen by tasks2.3 and 4.1 of TOR.

Another topic of NPP Programme is DSA for units 3 and 4. Evaluation of capacity of
underground pipelines between BPS and NPP is also included and it is in progress.

At this stage, design for safety upgrading of Spent Fuel Storage Building is done on the
basis of relevant re-evaluation performed of stage 2. As mentioned above, during the first stage
EQE International and EQE Bulgaria have fulfilled a mutual design for seismic upgrading of the
buildings of Diesel Generator 2 and of Pump station 2. These designs were prepared following
TOR conservative criteria. So fare, it turned out that it is prefarable to prepare new designs for
these two buildings instead of implementing the old ones.

A design for the seismic upgrading of the building was created by EQE-Bulgaria in 1993.
It was based on the preliminary WANO prescriptions which valid before the adoption of the
seismic design spectrum for NPP. The conservative seismic input estimation led to complicated
upgrading concepts and heavy details. cross section of the upgraded building is given of fig**.
External steel braces anchored in new foundations and cast-in-situ piles were to be used. All wall
panels and a considerable number of concrete beams were be dismounted and/or replaced with
lighter ones. The operation of the Pump station ans DG-2 halted.

In 1997 the seismic vulnerability of Pump Station-2 and DG-2 buildings at Kozloduy
NPP site was investigated for a Review Level Earthquake with 2.0g peak ground acceleration,
taking into account the influence of local seismic sourse. The more precise seismic input
estimation made possible the creation of an upgrading design which could be implemented
considerably easier.

Currently, a procedure on PHARE Programme is underway for implementation of the
designs for seismic upgrading of spend Fuel Storage Building, DG-2 Building and Pump Station-
2 Building.

In accordance with the principle for providing seismic safety improvements throughout
the reconstruction and modernization of the systems, the following activities are in progress:

New auxiliary emergency feedwater system for Steam Generators is under construction. It
includes separate building (Fig. 3) and dubs the existing system which is located in Turbine Hall.
The new system is fed with water from a new Fireprotection Pump Station-2 This pump station
is under construction within the scope of the same programme and is located on the channel
between Pump station - 1 and 2.

Another very important topic is the total reconstruction of elevation 14.7m (row B-B). It
covers complete replacement of Main Steam Pipelines, installation of Quick Closing Isolating
Valves, replacement of anchorages and supports, including local reinforcement of the wall of row
B.
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Figure 4.

Building of Auxiliary Emergency Feedwater System of Unit 4
/AEFWS-4/ in Construction
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S.U. of Demineralized Water Tank/DWT/ at elevation +0.00m, Unit 3
Anchorage Ring

25



Item E of WANO Programme involves Qualification of safety related equipment under
accident conditions and it is performed by Empresarios Agropados. A part of it is Seismic
Qualification. So far, the list of equipment which require seismic qualification tests is ready. For
some equipment such qualification tests are already done by Bulgarian organizations and IZIIS -
Skopie.

6. IMPLEMENTATION PHASE

Table 1. gives a picture of allocation of selected representative provisions used in
implementation phase of seismic upgrading designs and same of the upgraded units.

Table 2. represents allocations of the basic provisions per year, for Kozloduy NPP units 1
to 4. Approximate expert estimation of expenses is given in the last column of the table.

7. FUTURE ACTIVITIES

In addition to the presentation of the evolution of seismic upgrading at Kozloduy NPP
site, Attachment a also indicates the status of the two basic type of activities:

- re-evaluation & designed
- implementation

Of course, all the activities identified as ”in progress” status are to be finished. The
expected terms for completion are as follows:

. Bank Pump Station Building Complex upgrading - 1998.

° Re-assessment of the previous project for local EQ - 1998.
The related activities are already completed and consequent measures are implemented
for units 3 and 4, the final completion of the re-assessment is foreseen for outage’98.

. Implementation of the S.U. design for T.B. and El. shelves (A-B-B) on unit 1 and unit 2 is
not planed up to now. It is foreseen to be performed after completion of Main Building

Complex.
. Construction of new auxiliary emergency feedwater system for SGs - end of 97.
° Reconstruction of elevation 14.70m; is completed for three of the units; for the last one

will be finished during current outage.

. Implementation of S.U. design for Spent Fuel Storage Building, for DG Building-2 and
for Pump station Building - 2 will be performed according to the terms of the contract
being prepared.

As noted in Attachment A (A-5), within the frameworks of WANO programme item E, a
list of equipment that require seismic qualification tests is prepared. Extension of the contract for
item E 1s underway and the corresponding tests will be performed accordingly.

Evaluation of capacity of pipelines between BPS and NPP - January’98.

Competition of structure capacity re-evaluation of Main Building Complex (units 3 & 4);

re-evaluation of primary circuit and auxiliary lines and equipment (units 3 & 4) and consequent
S.U. design 98.

26



TABLE 1:

ALLOCATION OF THE BASIC MATERIALS USED IN THE SEISMIC
UPGRADING (S.U.) OF NPP KOZLODUY UNITS 1-4 TILL AUGUST

1997.

o B

Outages Steel Number Upgraded units

[year] kg] of anchors Mechanical El. and 1&C Masonry walls
{pcs] equipment [pcs] | equipment [pcs] [m?]

1993 6 287 274 42 58 -

1995 11 804 1418 12 111 432 ,

1996 11 000 1555 15 22 705

1997 16 S00 1155 - - 924

Total: | 45591 | 4402 | 69 191 | 2061

e R
Outages Steel Number Upgraded units
{year] [kgl of anchors Mechanical El. and I&C Masonry walls
[pes] equipment [pcs] | equipment [pcs] [m?]
1991/1992 3324 108 22 23 -

1994 8 333 635 12 106 -

1995 27 403 1685 7 1 1542

1997 10 854 1456 36 13 525

Total: | 49914 | 3884 | 77 | 143 [ 2 067

5 TR s o T B F e, 1,
by %gﬁggﬁg x N
o e S e ek e
=, =

Upgraded units

Outages Steel Number
[year] kgl of anchors Mechanical El. and 1&C Masonry walls
[pcs] equipment [pcs] | equipment [pes] {m’]
1993 28 381 3161 31 294 765
1994 22 627 2483 4 19 1183
1996 6458 927 13 65 540
Total | 57466 | 6571 | 48 378 2 488
i s ]
Outages Steel Number Upgraded units
[year] kgl of anchors Mechanical El and 1&C Masonry walls
___Ipes] equipment [pcs] | equipment {pcs] [m?]
1992/1993 49 558 4713 43 129 1 560
1995 3086 328 14 17 105
1997 3 800 470 - - 240
Total 56 444 5511 57 146 1 905

27



TABLE 1 (cont.)

Steel Number Concrete Upgraded units
kgl of [m% Mechanical El and 1&C Masonry walls
anchors equipment [pcs] | equipment [pcs] [m?]
[pcs]
22337 | 430 | 65 | 6 3 | 48

SOt~ s

s v - b R - .

Steel Number Concrete ) Upgraded units
(kg] of [m?] Mechanical El and 1&C Masonry walls
anchors equipment [pcs] | equipment [pcs] [m?]
[pes)
231752 | 20798 | 65 | 257 861 [ 8569

#Provisions for itemsthaticontibutetd improvement-of:seismicisafety. sz fie™s iy, o 7e . 1
No Steel Number of | Concrete
Object [kgl anchors (m® ]
[pes]
1 | Replacement of Accumulator Batteries /AB/. 19 047 1079 -
2 Building of Auxiliary Emergency Feedwater 135 000 - 605
System of Unit 3 /AEFWS-3/
3 Building of Auxiliary Emergency Feedwater 267 600 - 775
System of Unit 4 /AEFWS-4/
4 Fireprotection Pump Station - 2 /FPPS-2/ 186 000 - 1643
5 Reconstruction at elevation +14,70m 26 000 2340 -
Total: | 633047 | 3419 | 3023
TABLE 2.
| BASIGPREVISIONSATLOCATION PERYEARBH SR Eslsuins diiernss |
Year Steel Number of Concrete Cost
[kgl anchors [pcs] [m’] [thousand $]
1992 31246 2 601 - 130
1993 60 771 5655 - 260
1994 35427 3118 - 150
1995 46 760 3 646 - 200
1996 171 458 3892 30 650
1997 519 137 5305 3058 2100
Total 864 799 24 217 3088 3490
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Some major activities have not been started yet. The ongoing reconstruction and
modernization of technological process systems resulted in changes in some safety functions,
some functions have been added, another - excluded, some components have been dubled or
supplemented and so on. On that basis NPP considers necessary to perform studies for re-
assessment and justification in order to structures and components.

For example, part of the safety functions were transferred from Turbine Hall this
requiring re-assessment of the Turbine Building seismic stability for RLE lower that the accepted
one of 0.2g maximum free field acceleration.

On the basis of these new studies the SSEList will be revised and updated. The remaining
designs for second priority items and qualification tests (item E) will be performed in
compliance with the updated SSEL.

A complete analyses and detailed S.U. designs for Reactor Building Complex (rows B-T'-
J) on units 1 and 2; for service water lines underground lines inlet in Turbine Building and for
nozzles and supports of the Primary circuit piping to the Pressurizer, high pressure injection
systemn and spray system, as well as main steam header and feedeater piping are to be performed.
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STATUS OF THE SEISMIC UPGRADING PROGRAMME
AT MOCHOVCE NPP

T. ZAJICEK, R. DOLNIK, M. STEVKO

Abstract

The paper provides an overview of the seismic characterisation of the Mochovce site in
Slovakia. Particularly, emphasis is given to differences between the original siting and design
procedures and the re-evaluation approach, much more based on the data from the micro-earthquake
monitoring system installed at the site.

Details are also provided for the seismic monitoring of the buildings, as confirmation of the
design assumptions.

Basic Information

The Mochovce NPP (EMO) is owned by the Slovak Power Plants sc. (SE a.s.). The power
generation in Slovakia is shared among the different production areas as in the following: 50%
nuclear, thermal 30%, hydro 8% and 12 % import (for year 1996). Estimated import for year 1997 is
about 20% (Fig.1).

NPP Mochovce is located in the Southwest region of the Slovak Republic. The site is about

20 km from the town Levice, 35 km from the district town Nitra and 135 km from Bratislava, the
capital of Slovakia .

Seismic input data

As result of all geological and seismological investigation, Mochovce NPP was designed
according to seismic criteria. Construction of the NPP has been carried out, as the first in formal
CSSR , in accordance with the CSSR standard CSN 73 0036 - seismic loads for buildings and
Soviet standard VSN 15-78-construction of the seismic resistant of NPP.

For the seismic design of seismic resistant buildings the following values have been
assumed:

Maximal Design Earthquake (MDE) = 5° of MSK - 64
-this value as OBE (SL1-IAEA 50-SG-S1 code)

-with the horizontal ZPGA for MDE = 0,025¢g
Maximal Calculation Earthquake (MCE) = 6° MSK-64
- this value as SSE (SL2-IAEA)

- with the ZPGA for MCE = 0,06g

From the point of view of seismic classification, buildings and equipment’s for safe
shutdown, aftercooling and residual heat removal for 72 hours were selected. They have been
grouped into seismic category 1. All other equipment’s and buildings are 2-category, that means
non- seismic resistant. '

From the point of view of core melting probability, we followed the international practice
and basic design criteria for seismic events. As acceleration diagram (Time history) the record from
,»Nis*“ (Serbia) was accepted, and from earthquake 4 march 1977 in Vrancea area (Romania). This
accelerogram was selected on the basis of administrative considerations. As MCE=6° of MSK-64
could be used only with the condition that there is rock under the NPP, the former site at about 3 km
on the east direction had to be replaced with a different site, involving extensive mining of about 6
million m® of rock.
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Seismic characteristic of this region is a very low activity. From the historical point of view,
we collected data from time period 1022 up to 1994. For the Mochovce site, the Komarmo area is
the most dangerous, with maximal historical earthquake is 8,5°:0f MSK - 64 scale: it is about 55
km from EMO site, south - west direction (Komarno area) (Fig.2). The attenuation law decreases
the intensity from 6 MSK-64 to about 2,5. Another seismic area is ,,Middle Slovakian area”
(Kremnica, Banska Bystrica (7.5) and Dobra Voda (9) (Fig.3). But from this direction the
attenuation is also about 2 of MSK-64 and 3,5 of MSK-64.

EMO site is located on the rock soil with volcanic layer (andesit). Characteristic shear wave
velocity is between 2,000-3,000 m/s.

Seismic re-evaluation

The original design of Mochovce NPP did not follow the IAEA recommendation about the
minimal seismic hazard. The requirements from today authorities are higher for NPP safety to
external hazard and therefore some upgrading is required to a level generally accepted by the
international community. Therefore, the seismic input SSE has been upgraded to ZPGA = 0.1 g for
the estimation of the seismic resistance of buildings and equipment. In accordance with IAEA
documents, the RLE has been defined as:

PGAgrLg is 0.1g (in horizontal direction),

PGARgLg is 0.067g (in vertical direction),

GRSgrie is NUREG-0098 ground spectrum of absolute acceleration (median +1sigma) for
rock site, resp. for shape site of next buildings.

This PGA is corresponding with an intensity 7° in MSK - 64 scale. For re-evaluation of
reactor hall the Newmark’s ground rock spectrum is applicable because the velocity of shear waves
is higher than 1100 m/s limit (Fig.4).

We used a less conservative method than used in formal design process. This fact was
confirmed in the revised edition of POSAR - part Seismic Hazard.

The methodology ,,Seismic re-evaluation guide of Mochovce NPP structures and equipment
Units 1 and 2“ was prepared by Skoda Praha and Stevenson & Associates. The guideline of NPP
Mochovce -Unit 1 and 2 - seismic re-evaluation is based on IAEA document ,, Technical guidelines
for the re-evaluation programme of Mochovce NPP* from august 1995. This document
recommended for seismic re-evaluation of NPP Mochovce a SMA methodology and a special GIP
procedure for the qualification of active safety related equipment. The SMA methodology defines
the boundary seismic capacity of NPP as the whole. This methods studies the question whether the
capacity of the already built plant exceeds the target earthquake input which was selected for
review. Following the guidelines, we recalculated the floor response spectra to be used for the
qualification of those structures, systems and components needed to bring the plant to a safe
shutdown condition after an earthquake, and maintain it in a safe shutdown condition for certain
defined period.

The main criteria for PWR reactor units are integrity of primary system. The plant must be
capable to be brought and maintained in a cold safe shutdown condition during the first 72 hours
following the occurrence of the RLE and seismic interactions prediction. The first step was based on
the original design and 8 000 mechanical components (pumps, tanks, pipes) and about 15 000
electrical and 1&C components (cables, cable traces, cabinets, etc.) were qualified.

The rest of structure and components, which are out of the safe shutdown equipment list, are
not seismically resistant. At the present time equipment list is divided into two groups:
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- Priority H (high) and L (low)
(H priority means - equipment’s are needed to bee reinforced up:to start-up)
(L priority means - equipment’s can bee reinforced later or in the first outage)
At the and we collected the list of equipment’s with approval protocols of seismic resistance based
SQUG-GIP (HCLPF):
-recalculation
-reinforcement
-replacing
as appendix of POSAR.

Seismic instrumentation
¢ Internal seismic instrumentation

In the basic design for NPP Mochovce, the plant was designed with a seismic shutdown
system called SIAZ of Soviet production (System of Industrial Antisesmic Protection). His
function was initiating a signal (as automatic reactor scram) for:

— Reactor Protection System - to initiate shutdown

— Safety system - to switch on the equipment’s for aftercooling though the initiating

schedule

— Alarm to Main Control Room

— Switching off crane and refuelling machine

— Recording of the absolute acceleration versus time
SIAZ had nine triaxial accelerometers in three independent systems with independent electric power
supply and two sets of them (totally 18 sensors). The output from seismic monitoring system is an
active input for reactor protection system and for many other Safety systems. In the basic design the
reference value of acceleration was assumed to be that measured by triaxial sensors located at the
NPP foundation base. The triggering level is 0.01g and the initiating level is 0.05g.

e External seismic monitoring network

Monitoring of seismic activity at the site of NPP and near region is a standard activity in the
world. It gives useful information of seismic sources and micro-earthquake capability.

The minimum monitoring period required to obtain meaningful data for seismo-tectonic
interpretations is several years.

The system comprises of a network of 7 seismometer stations located within a radius of
about 25 km from the Nuclear Power Plant at Mochovce. One of them is located inside the area of
NPP about 600 m from Reactor Hall. Seismic instrumentation has been purchased from Lennartz
Electronic (Germany) and GEMI (Czech Republic). The mounting of the seismograph stations were
preceded by an extensive field survey and careful investigation of noise background.

The Seismic Monitoring Network System is currently operated and its data transferred, processed
and analysed by Progseis Trnava and the Geophysical institute of Slovak academy of sciences, on a
weekly basis.
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STATUS OF SEISMIC RE-EVALUATION AND
UPGRADING OF KANUPP

HAMID MAHMOOD
Chashma Nuclear Power Project,
Islamabad, Pakistan

Abstract

The Seismic upgradation activities at Karachi Nuclear Power Plant (KANUPP) begin
in 1992 after a preliminary plan was chalked out with IAEA to conduct the seismic
walkdown of the plant and initiate site studies to reconfirm geotechnical parameters
& determine new seismic input. Consequently, the seismic walkdown was arranged
in May 1993. The site geotechnical parameters were re-evaluated by performing the
geotechnical investigations and cross hole seismic survey. This was followed by
collection of data for seismic studies, geological surveys, surface fault studies and
development of a seismotectonic model for determining the new seismic parameters
as per IAEA safety guide no. 50-SG-SI. In parallel with the seismic studies, the short
term fixes work was also initiated with iRLE value but gained momentum during the
last six months. Dynamic analyses of some structures / equipments identified by the
IAEA mission with a fabricated spectra and cross checked with simplified
techniques have been completed and retrofitting / anchoring details provided to the
implementation division while analyses / fixes design of other structures are in
progress.

1.0 INTRODUCTION

KANUPP founded on rock is located in the south of Pakistan on the Arabian
sea coast, at long. 66° 47’ 22’ & lat. N 24 49 10”, near Karachi. It is a 125 MWe
(net), heavy water moderated & cooled, natural uranium fuelled horizontal pressure
tube reactor with once through on power bidirectional fuelling plant. The
construction of the plant begin in Sept., 1966 and was made operational in 1972. Fig.
1 shows the layout of the plant.

The safety related equipment is housed in the containment, service, Turbine
and DG buildings. All these buildings except the containment are concrete frame
structures with reinforced block masonary infill walls. The containment building is a
prestressed structure with Freyssinet prestressing system designed against an internal
pressure of 27 psi. All these buildings were designed in accordance with Canadian
codes for a ‘g’ value of 0.1 and wind speed of 100 mph.

Factors considered in the estimation of ‘g’ value for NPPs in thé sixties were
not adequate and as such a value of 0.1g adopted for KANUPP was based on the
seismic data only. With the technological development during the last three decades
and the know how available today, the seismic risk estimated for Karachi area is
higher due to the tectonic setting in which KANUPP is placed. Consequently it was
decided in 1992 to reavaluate the NPP under the technical guidance of IAEA.
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2.0 SEISMIC WALKDOWN

The seismic walkdown of the plant was conducted in May 1993 by an JAEA
mission in a similar pattern performed for the NPPs in the eastern European
countries. Prior to the seismic walkdown, all background details relating to layout,
design criteria, description of plant structures & equipments were provided to the
experts.

The walkdown was conducted after functions, systems, components and
structures required during and after an earthquake were identified.

As a result of the seismic walkdown, recommendations were provided to
improve the seismic safety in a systematic way based on a phased approach of
short term and long term actions. The walkdown brought out a very clear picture of
KANUPP as the seismic capacity of every important equipment / structure was
precisely assessed and described. The general conclusions were very encouraging
as most of the plant was assessed to withstand much stronger goundmotion than
the original design while some critical areas were pointed out which could be
even vulnerable to an earthquake with PGA of 0.1g. This conclusion is based on the
results of seismic requalification programmes in western countries for plants of the
same vintage as KANUPP,.

For the execution of the tasks corresponding to the phase 1-short term actions,
it was recommended to anchor / fix equipment with no / in adequate anchors with a
conservative value of Review level earthquake (RLE). The RLE should be selected
on conservative basis, in accordance with the current information and knowledge for
the verification / design of anchor / fixes as a high value of RLE has no significant
influence on the cost of this work. The list of equipment for phase 1 included
emergency batteries, cranes, refuelling machine, control room panels, equipment in
distribution room, emergency diesels, ventilation fans, large tanks, heat exchangers,
steam generator pads, inadequately supported pipe spans & masonary walls. A
further walkdown was also recommended to identify interaction effects &
unanchored safety equipment.

For the long term, it was recommended to perform detailed dynamic analysis
of the structure foundation system and evaluate seismic capacity demand of all
structures, allowing acceptable levels of non linear response to the RLE if the
spectral intensities are equal / larger than twice the original design.

In case of RLE less than twice the original value, simplified methods were
recommended.

Although, the seismic studies have been completed and a value of 0.2g has
been obtained, a decision on the long term tasks shall be taken after the
seismotectonic studies are reviewed by IAEA.
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3.0

SEISMOTECTONIC STUDIES

The seismotectonic studies to reassess the seismic hazard were completed in

April 1997 by following the guidelines of IAEA safety guide no. 50-SG-S1 (1991):

20° 30° 40° 50° 60°

3.1 Seismotectonic Setting

The seismic behaviour of various structures present in the environs of
KANUPP site basically owe to the north ward push of the Indian plate due to
which its northern extremities have subducted below the Eurasian plate after
consumption of the Tethys sea (Fig. 2). The area is located very close to the
triple junction of Eurasian, Indian and Arabian plates, lying towards west of
the site in the Arabian sea. The northward movement of the Indian plate,
although did not register direct effects of the subduction in Sind area yet it did
register the drag effects produced by the transform movement of the plates
along Omach - Nal Fault which is the southward continuity of the Chaman
fault towards north and Murray ridge towards south. This movement imparted
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a typical structural scenario to the area around KANUPP with roughly N-S
oriented wrench faults such as Pab, Surjan, Ornach Nal and Kirthar alongwith
development of various thrust faults produced during the isostatic balance to
cope with the crustal shortening.

3.2 Construction of Regional Seismotectonic Model

In the first step, a seismotectonic model of the region, covering an area with a
radius of 150 kms around the site was developed. The area was thoroughly
studied and the investigations were performed in four scales. Regional, near
regional, site vicinity and site area. Maps were drawn on different scales and
greater is the contained information as the site is approached. Maps were
drawn on regional (r = 150 km), near regional (r = 25 km) and near site
(mapping, neotectonic studies) area. By super imposing the data on geology,
seismology, remote sensing and geophysical studies, this region was
subdivided and boundaries for different seismogenic structures &
seismotectonic provinces were defined. Fig. 3 shows the seismotectonic
model of the Karachi region.

33 Determination of the Maximum Potential Capability

On the basis of available data each seismogenic structure and seismotectonic
province were assigned the maximum earthquake generating capability. For
the floating earthquake, it was found appropriate to add a conventional one to
the maximum recorded / everfelt earthquake while physical characterisation
of the important structures were taken into account in assessing the maximum
earthquake generating capability. Similary, half the length of known faults
were taken in determining the maximum potential capability.

The maximum postulated earthquakes in each structure / province were
moved in their respective structures / provinces to the point closest to the site
for determining the epicentral distances.

34 Assessment of Peak Ground Acceleration (PGA)

After determining the maximum postulated earthquakes and epicentral
distances for each structure / province in the developed seismotectonic model
of the region, Peak ground accelerations were estimated at the site from the
different earthquake sources.

The accelerations at site were estimated by using the attenuation relations
developed for similar conditions in the world as the site specific relations are
not available for Pakistani sites due to insufficient data on strongmotion. For
each estimated value of ‘g’ a standard deviation was added to the mean value
to obtain 84.1 percentile values.
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35 RLE or SL2 Level Earthquake

Values of site accelerations were estimated using the attenuation relationships
developed by Sadigh (1987) and Idriss (1987) for each of the maximum
earthquakes determined in the seismotectonic analysis.
The estimated ‘g’ values (84.1 percentile) for each of the seismogenic
structures / seismotectonic provinces are given in Table 1. The estimated
values varied from .12 g to .20 g from the important structures. As such, 0.20
g has been proposed as the RLE or SL2 level earthquake for the KANUPP

site.

Site specific spectra generated using Sadigh’s attenuation relation is shown in

Fig. 4.

TABLE 1

PEAK GROUND ACCELERATIONS AT KANUPP DUE TO
DIFFERENT EARTHQUAKE SOURCES

SEISMOGENIC MAX. MAX. EPICENTRAL | ACCELERATION
STRUCTURES/ RECORDED/. CREDIBLE DISTANCE (2)
SEISMOTECTONIC | HISTORICAL |{ EARTHQUAK (km)
PROVINCES EQ. E 1 2

The Rann of Kutch 6.1 7.8 155 0.07 0.04
The Surjan-Jhimpir 5.6 7.7 50 0.20 0.18
The Sonmiani 5.1 7.1 40 0.18 0.16
The Ornach-Nal 5.9 7.6 80 0.12 0.09
The Pab 6.4 7.3 50 0.17 0.14
The Kirthar 6.8 7.0 85 0.07 0.05
The Murray Ridge 5.9 7.7 50 0.20 0.18
The Makran Thrust 8.3 8.3 225 0.07 0.03
The Sukkar Rift 6.0 7.0 160 0.03 0.02
The Sind Monocline 5.2 6.2 100 0.03 0.01
The Karachi Depression 5.1 6.1 0 0.14 0.12

1 Idriss (1987)

2 Sadigh et al {(1987)

All g. value are + 1 sd

40 GEOTECHNICAL INVESTIGATIONS

In order to reconfirm the geotech parameters, 3 boreholes were drilled in the
vicinity of the reactor building till a depth of 50 m, samples taken and tested. A cross
hole survey was also performed in these holes after making necessary arrangements.
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The drilling was performed with a rotary drilling machine using NX carbide
steel bit and double tube core barrel for countinous sampling. Drilling mud was used
during the entire drilling work to ensure good core recovery.

As a result of drilling & sampling, the underlying strata was reconfirmed. The
overburden in the plant area consists of unconsolidated silts, coarse sands and
gravels, with a thickness of 3-6 meters. The predominant geological formation is
laminated sandstone, interbedded with clay, claystone & limestone. Tests relating to
natural moisture content, dry density, direct shear and uniaxial compression were
performed in the laboratory.

The crosshole seismic survey was performed by grouting the PVC casing in
the drilled boreholes, spaced at 8 meters. The equipment used comprised of
seismograph, shear wave hammer, triaxial geophones and a sino slope indicator.
Readings were taken by inflating / deflating the geophones at 1 m interval. The shear
wave velocity varies from 885 m/s at 7 m to 1000 m at 45 m depth while the
compressional wave velocity varies from 1560 m/s at 7 mto 2075 at 45 m.

5.0 IMPLEMENTATION OF SHORT TERM ACTIONS

In order to enhance the seismic capacity of the plant in a short time at
nominal cost, short term actions were recommended by the IAEA mission for the
following equipment:

Batteries room

Control room panels
Distribution room
Emergency diesels
Ventilation fans and coolers
Unit air cooler

Bridges / cranes

Large tanks, heat exchanger & pressure vessels
Main feedwater / steam lines
Fuelling machine vault
Miscellaneous equipments

All this equipment is either unanchored or inadequately anchored. The short
term fixes task requires simplified analysis with a preliminary value of Review level
earthquake and anchoring design. A value of 0.25 g based on conservative
assumptions was therefore selected for this task.

The tasks relating to short term actions could not be immediately
implemented due to various reasons but are currently in progress and the portion
relating to analyses / fixes design will be completed by November 1997.

The structural analysis of battery racks and control room panels have already
been completed and retrofitting / anchoring details have been provided to the
implementation division.
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The structural analysis could have been performed using simplified
techniques only but dynamic analyses were also performed to study the behaviour
in more detail. Consequently, 3-D models were developed and analysed with spectra
fabricated by consulting relevant references. A computer program, SAPV was used
for this purpose and the groundmotion was applied simultaneously in the three
directions in the ratio IH:IH:0.67V. The results cross-checked with simplified
techniques by performing 2-D frame analysis with ‘an amplified static value,added
confidence in the final stresses used for anchor design. 3-D models are shown in

figures 5 & 6.
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The anchoring arrangements were designed by combining stresses from dead
and earthquake loads. There was no yielding in any member of the control room
panels but the main legs of the battery racks yielded under the anticipated seismic
load and were replaced with required sizes.

For computing the stresses at the equipment anchoring locations, simplified
structural analyses techniques have been used while the larger tanks have been
analysed through dynamic analyses also.

6.0 FUTURE ACTIONS

Analyses / fixes design relating to short term actions shall be completed by
November 1997 while the site studies have already been completed. Since the
upgradation activities are being performed under the guidance of IAEA, future
actions shall be decided after the completed studies / tasks are reviewed and
discussed with them.

7.0 CONCLUSIONS

Two major upgradation activities relating to seismic walkdown and site
studies have been completed. With the completion of these activities, the retrofittings
required to upgrade KANUPP have been identified and only easy fixes are likely to
achieve the desired upgradation level.
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Abstract

Bohunice V1 in Slovakia is a two unit WWER 440/230 who’s units went into
commercial operation in 1979 and 1981 respectively. The plant was not initially designed for
seismic loading. Later geotechnical studies concluded that the site seismic hazard should be
defined as an earthquake of MSK 8 intensity. This relates to approximately 0.25g peak
ground acceleration in the free field at the site. Some early reconstruction to strengthen the
plant against earthquakes was done in the early 1990s but did not include all safety significant
structures and equipment. In 1996, EBO, the plant operator, entered into a contract with
consortium REKON, a Siemens and VUIJE joint venture, for a major reconstruction program
to update all safety systems required for a safe shutdown, to improve integrity of confinement
and assure spent fuel cooling. This reconstruction project includes verification of seismic
adequacy of all safety related structures and equipment in the REKON scope which is not
being replaced by new construction. Siemens and EQE International are jointly conducting
the seismic verification and required upgrading for the existing structures and equipment.

Criteria for the verification and upgrading were developed for the project utilizing
Technical Guidelines provided by IAEA, Reference 1, and linking them with international
and local codes and standards and specific methodologies developed for similar projects in
the US and Western Europe. The criteria are briefly discussed herein and are summarized in
a companion paper, Reference 4.

Because of the major improvements being implemented in safety systems, much of
the essential safety related equipment is being directly replaced or complete new systems are
being constructed that supersede existing ones. Consequently, a significant amount of the
equipment that would normally require seismic adequacy verification is deleted from the
verification scope (see Table 4). The reconstruction project will continue through 1999. This
paper summarizes the progress to date in seismic adequacy verification of existing structures
and equipment which will remain as essential elements of the plant safety systems.

L INTRODUCTION

The Bohunice site consists of two units of the first generation WWER 440/V230
(V1), and 2 units of the second generation WWER 440/V213 (V2).

The V1 units went in operation in 1979 and 1981 respectively and have made a high
contribution to the Slovakian power supply. Up to 1990, the Slovakian operator realized

more than 1000 modifications to the original Russian design of the V1, which increased the
safety aspects of the plant.
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From 1991 to 1993 the so called “81 + 14 task program” was realized which further
improved the safety of the plants. The most important tasks of this “small reconstruction”
were:

Annealing of the reactor pressure vessel
Improvement in emergency operating procedures
Improvement of the probabilistic safety analysis
Substantial system modifications

As a result of the small reconstruction, a decrease in the probability of core damage by
a factor of 2 as well as the increase of the confinement tightness by a factor of 40 was
achieved.

At the beginning of 1994 the Slovakian licensing authority, UJD, required additional
safety improvement of the V1. In preparation for significant safety upgrades, a “Basic
Engineering Program” was started in spring of 1994 by Siemens/K WU with the goals of:

. Improvement of the mitigation of loss-of-coolant

o Improvement of the reliability of emergency cooling system

» Decrease of radiation release by improvement in the tightness of
confinement

. Improvement of seismic safety

After establishing requirements to achieve these improvements, a consortium of
Siemens/KWU and the Slovakian institute VUJE contracted with the Bohunice owner in
April, 1996, to do a step-by-step reconstruction of the V1 units.

The program is scheduled from 1996 to 1999 and is budgeted to approximately 275M
DM, whereas Siemens will deliver 40% and VUJE 60% of the service scope. The REKON
projects covers 18 tasks, Table 1, which significantly improve:

Electrical and I+C Systems

Emergency Core Cooling System

Emergency Feedwater System

Cooling Water System

Relief Valves in Primary and Secondary System
Fire Safety

Seismic Safety

Part of the modifications have already been installed, whereas in this years outage six
main steam control and stop valves and part of the Emergency Feedwater System have been
realized. Upgrading will continue through 1999.

2. SEISMIC REEVALUATION CRITERIA

It is internationally accepted that for upgrading existing NPPs it is not necessary to
qualify all safety related structures, systems and components (SSCs) according to current
standards for new design. Adequate safety can be achieved by applying alternate approaches
like seismic experience, testing experience and analytical technique with allowable stresses
beyond the elastic limits.
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Table 1

18 TASKS OF REKON PROJECT FOR BOHUNICE V1

Task Description Schedule

1 Reconstruction of Pressurizer Relief Station 1697

2 Reconstruction of Super Emergency Feedwater 1997
System

3 Reconstruction of Main Steam Relief Station 1956/7

4 Upgrading of Emergency Electrical Power 1996/7

5 Reconstruction of ECCS and Leakage Return 1998/9
System

6 Improvement in Fire Safety 1997-1999

7 Reconstruction of Plant Normal Power Electrical 1996-1999
System

8 Reconstruction of I&C 1996-1999

9 Reconstruction of Spray System 1997/8

10 Upgrading of Purification System 1997/8

11 Increasing Confinement Tightness 1997

12 Upgrading of Confinement Strength 1997/8

13 Upgrading of Venting System 1999

14 Reconstruction of Technical Water System 1997-1999

15 Reconstruction of HVAC and Chilled Water 1999
System

16 Seismic Upgrades of Structures and Equipment 1997-1999

17 Development of iRLE 1996

18 Development of Response Spectra 1996

The fundamental guidelines for Seismic Assessment in the REKON Project are
contained in “Draft, IAEA Technical Guideline for Reevaluation Program of Bohunice NPP
Units V1-V2” (Reference 1). These guidelines, though incomplete and in draft form,
consolidate reevaluation criteria from several reevaluation programs in the U.S. and focus on
using the Seismic Qualification Utility Group (SQUG) Generic Implementation Procedure
(GIP), Reference 2, which was developed to resolve the seismic reevaluation issue of older
U.S. NPP’s having little or no seismic design. These criteria have been accepted by the NRC
for resolution of USI A-46. The GIP combines seismic and testing experience and well-
defined analytical procedures. This procedure has become internationally recognized and is
now a basis for several seismic reevaluation programs in various countries.

The GIP is focused on U.S. plants and their equipment, which is characterized by
twenty generic classes, and is supported by a comprehensive database. This equipment in the
database is primarily U.S. manufactured with a representative amount of equipment
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manufactured in Europe and Japan. Therefore some additional work was required for use as a
general assessment basis for seismic reevaluation in Bohunice plant.

The Seismic Upgrading Program of the REKON project is slightly different than the
intent of USI A-46 and also covers items which are not part of the GIP such as piping and
HVAC, consequently additional criteria had to be established. Siemens has joined SQUG in
order to utilize the methodology of the GIP. EQE, their partner in the seismic evaluation of
Bohunice V1, was one of the major contractors that developed the GIP. Together, Siemens
and EQE have developed specific criteria for the reconstruction of Bohunice V1.

For piping and HVAC, procedures similar to the seismic margin approach are utilized
using analytical procedures and empirical verification guidelines for safety related systems
and their supports. For non-safety related systems, which may be a spatial interaction source,
some experience based methods which have been accepted by European regulators in many
cases are being used as evaluation criteria.

An overview about the results of this approach and a description of additional
assessment criteria, is given in a paper for 14th SMiRT Conference, “KAMM”
(Reference 3) and a further Paper in Post SMiRT Conference Seminar 16, “Seismic
Reevaluation Criteria for Bohunice V1 Reconstruction” (Reference 4). Table 2 summarizes
the methods to be applied.

Assessment criteria for seismic reevaluation focuses on two major aspects. First is the
design of the equipments and their support structures and second is the equipments quality

Table 2

SEISMIC ASSESSMENT CRITERIA
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Item Criteria
Structures Analysis
Mechanical Components GIP

Electrical Components

GIP, Testing

[&C GIP, Testing
Cable Trays Screening Tables
Piping Analysis, Screening Tables

Piping Supports, Welding

Analysis, Screening Tables

HVAC

Screening Tables

Anchorage

Analysis, Screening Tables

Seismic Interaction

GIP, Screening Tables




and their installation. It is recognized, that many of the design elements are similar to
Western plants although some features are partly missing in regards to seismic resistance.
The quality of equipment installations is, however, an important issue and sometimes is very
poor. In many cases the welding of substructures is inconsistent or nonexistent (welds burn
through the material, lack of fusion, excess splatter, etc.). To handle this specific question
some supplemental criteria for assessment of welds with respect to load path, loading and
welding type have been established.

The GIP rules and variety of other assessment criteria, and the specific situation due
to the installation quality requires experienced engineers having a broad knowledge in the
experience-based rules and their background and being properly trained in seismic
verification.

3. SCOPE OF ESSENTIAL EQUIPMENT (SSEL)

According to JAEA Technical Guideline, Reference 1, and the German KTA 2201.4
Criteria, Reference 5, a minimum set of systems and their components must be verified to be
seismically adequate to achieve a safe shutdown, maintain the plant in a safe condition and
confine radioactive materials. The safety functions are defined as:

Reactivity trip

Maintaining the reactor subcriticality

Residual heat removal

Pressure and inventory control

Limitation of the release of radioactive substances

With this shutdown and confinement scenario a certain amount of systems and
subsystems - so called Class 1 - are defined, Table 3, where due to different demands all
equipment parts are classified in three safety functions, namely: Stability (S), Integrity of
pressure retaining boundary (I) and Functional capability (F).

All other plant equipment are classified as Class 2 components, whereas systems and
components which can affect Class 1 components due to falling, sliding or flooding are
classified as Class 2A and are verified by seismic interaction criteria.

Because of many deficiencies in the WWER design relative to Western Standards
considerable reconfiguration of plant mechanical, electrical, [+C systems and building
structures is required.

The 18 REKON tasks dealing with reconstruction overcame these deficiencies by
inserting either additional systems like super emergency feedwater and new service water or
by replacement and separation of individual plant components.

For Bohunice V1 systems, a significant amount of the safety related items are planned
to be new or modified, Table 4. REKON still is an ongoing project over the next three years.
There are still numerous iterations concerning the amount and type of equipment to be
replaced. Most of the ongoing iterations are focused on the electrical power and [+C systems.
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Table 3

SCOPE OF SAFETY RELATED SYSTEMS AND BUILDINGS

Systems and Components Class
Primary Circuit and Pressurizer Complete System I F,1
Coolant Purification System Suction and Injection 1 1
Filling and Cooling of Fuel Pool Complete System 1 F,1
Confinement Sprinkler System Complete System 1 F
Emergency Core Cooling System Complete (Modified) 1 F
Leakage Return System Complete (New) 1 I
Main Steam and Feedwater Up to Gate Valves 1 I
Blowdown System Up to Isolation Valves 1 I
Emergency Feedwater System Complete (Modified) 1 F
Technical Water System Complete (New) 1 I
Air Cooling and Ventilation System Complete System I I
Exhaust Air Systems Up to Isolation Valves 1 I
Building Structures
Reactor Building 1 S
Turbine Building 2A S
Diesel Generator and Storage Bldg. 1 S
Emergency Feedwater Pump Bldg. 1 S
Auxiliary Building ' 2A S
Service Water Pump Building (New) 1 S
Stack 2A S
Piping Ducts 1 I
Table 4
SCOPE OF EQUIPMENT TO BE REEVALUATED
Percent
Item Amount New Remaining

Pumps 80 15 85

Valves 1,100 20 80

Tanks and Heat Exchangers 60 25 75

Large Bore Piping (>DN 100) 700m 10 90

Small Bore Piping 5,000m 25 75

Piping Supports 1,700 25 75

Electrical Equipment 100 20 80

I+C Equipment 350 70 30

Cable Trays 25,000m 5 95

HVAC - Supports 400 70 30

Others (HVAC, etc.) 50 20 80




4. REEVALUATION PROCEDURE

The reevaluation work is primarily focused to either demonstrate compliance with the

specified reevaluation criteria or to modify and rebuild systems and components by use of
simple construction and design changes that, as a minimum, will meet the reevaluation
criteria.

Before the detailed REKON assessment work, a Basic Engineering Project started in
1994 to obtain some preliminary results concerning the seismic adequacy of the plant
equipment. A selective amount of about 300 safety related items of the main equipment
categories located in about 40 rooms of the main building were visual reviewed during a three
week walkdown in the spring of 1995. Due to previous activities of seismic reconstruction,
the equipment was categorized into three different categories.

Category 1: Equipment corresponded to items already improved and modified for the
previous seismic demand.

Category 2: Systems and components were currently in an upgrading process.

Category 3: Items had not been considered as priority items or correspond to
interaction concemns.

No building structures were included in the Basic Engineering scope nor was the
emergency generator station. For all assessment steps, the criteria of the GIP were applied.

Figure 1 shows the general process for verification of seismic adequacy of existing
structures and equipment which are not to be replaced. Table 5 summarizes the
implementation of the verification and upgrade process applied to Bohunice V2 in the
REKON Project.

5. UPGRADE DESIGN PROCEDURE

As previously discussed, in most cases, the upgrade designs were conducted at the site
in conjunction with the walkdowns. For equipment and distribution systems (piping, HVAC
and electrical raceways) simple concepts were worked out by the walkdown team and the task
of developing construction and installation drawings was given to local design firms who also
were at the site in adjacent offices. Loads for detailed design were usually developed by the
walkdown team and support staff using simple hand calculations or simple computer models.
Final sizing was often done by the local design firms. In a project such as this, it is absolutely
necessary to utilize local design firms who are familiar with local construction standards and
who are authorized by their governments to make fabrication and construction drawings.

This process worked out to be very efficient. The Western contractors with
experience in seismic evaluation and upgrade design performed the vital walkdowns, made
the screening decisions and developed realistic upgrade concepts, while the local designers
conducted the more time consuming detailed design under the supervision of the Western
contractors.

In developing the conceptual designs, it was emphasized that standardization as much
as possible was important. Ease of construction was also important. For instance, the use of
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expansion anchors was discouraged if attachments to nearby locations could be made by
welding Most upgrades of supports incorporated welding to existing structural steel
members. Support members were fabricated from standard rolled shapes and complex cutting

and forming was avoided if possible.

Since many upgrades were generic, the designs

accommodated field adjustments for generic components to compensate for differences in

final required lengths, etc.
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Table 5

STEPS IN SEISMIC ADEQUACY VERIFICATION
OF EXISTING BOHUNICE VI COMPONENTS AND STRUCTURES

Review existing documentation from the small reconstruction program.

2. | Prepare reevaluation criteria for:

GIP components
Modified GIP components
Non-GIP components

3. | Develop schedule for evaluation and reconstruction corresponding with
scheduled outages.

Establish a site office and full-time core staff.

Perform walkdowns and screening.

Define analytical tasks if required.

Develop upgrade concepts if screening criteria are not met.

Finalize upgrade designs.

Wl o v

Prepare final report documenting the screening results for items screened
out and the upgrading designs.

For most cases, the designs were deliberately conservative in order to minimize
expensive Western engineering time to fine tune loads and member sizes. Also, in the
interest of standardization, upgrades were designed for the highest demand in the plant,
whereas many of the components of similar construction were located in regions of lower
demand.

6. RESULTS OF ASSESSMENTS AND UPGRADE DESIGN SOLUTIONS

As of this publication, most of the walkdowns have been completed and upgrade
concepts have been developed. During the next outages, installation of upgrades will take
place and some final iterations on seismic adequacy verification and upgrade designs will be
performed. Following are some of the major findings of the walkdowns and screening and
highlights of the upgrading.

Mechanical and electrical components were initially evaluated using the GIP criteria
for screening. The fundamental screening requirements of the GIP are that the equipment is
included in the earthquake experience equipment class, the capacity is greater than the
demand and that the equipment is free of systems interaction effects. There are also some
detailed screening caveats which are specific to each of the 20 equipment classes. The first
requirement that the equipment is included in the earthquake experience equipment class is
more that a generic categorization of each equipment into one of the 20 seismic experience
based equipment classes. The design and construction of the equipment being evaluated must
be determined to be similar to the equipment in the earthquake experience database. The
database that supports the GIP screening criteria consists primarily of US equipment but does
contain some Western Europe and Japanese equipment. In many cases the equipment of
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Czech, Russian, Polish and Slovakian origin is fundamentally very similar in design and
construction to the official database and the representation in the database is satisfied without
controversy as long as all associated screening caveats are met. In other cases, the equipment
is not so similar and the comparison to the database is more challenging.

One of the capacity to demand criteria for screening of equipment is based on
comparison of the ground motion spectrum to the seismic experience based SQUG bounding
spectrum. This capacity to demand screen requires that the equipment be located less than
about 13m above effective grade level and that the fundamental frequency is greater than
8 Hz. Alternatively, the in-structure response spectrum must be enveloped by 1.5 times the
SQUG bounding spectrum. In this case, there is no limit on elevation or on the fundamental
frequency. Because of high amplification of the in-structure spectra, a lot of the equipment at
less than 13m elevation have spectral input motion that exceeds 1.5 times the SQUG
bounding spectrum, thus in order to be screened, the fundamental frequency must be
demonstrated to be above 8 Hz, or the equipment must be braced or stiffened.

In many cases, upgrades were done to stiffen the equipment and assure that the
screening criteria were met. Upgrades were usually not done to satisfy a stress limit based
upon a detailed stress analysis. In most cases if there was a stress issue, there was also a
stiffness issue for screening and the upgrade design alleviated both issues.

Some initial upgrading of equipment had been conducted by local organizations in the
early 1990s. These upgrades consisted of anchoring some of the essential electrical power
and control cabinets, anchoring of some unanchored mechanical equipment, internal bracing
of low voltage switchgear and DC distribution panels and stiffening of panels in the 6kv
breakers to which relays are mounted. In many instances these previous upgrades proved to
be inadequate for various reasons. Primarily though the actual upgrades were not in
accordance with the analytical designs.

Mechanical Components: In most cases, mechanical equipment outside of the
primary system had not been previously upgraded and was either unanchored or the existing
anchorage was inadequate for the iRLE. Also, many cases occurred where steel frame
supports of mechanical systems were too flexible for screening and when analytically
evaluated were found to be significantly overstressed. In general, the upgrades for equipment
and support frames were accomplished by bracing the component to a steel structural element
or to a concrete wall to resist the overturning moment resulting from horizontal seismic
inertia forces and to minimize the labor in installation. Reinforcement of load paths and
addition of expansion anchors to anchor components from the base only was avoided except
where necessary. In most cases attachments of the component or support sub-structure to a
structural member by welding was the most efficient. In some instances where the
component was passive and served only as an anchor point for piping beyond a second
isolation value, the installation of stops to prevent sliding was all that was necessary.

For some pumps, the anchorage and nozzles were marginal when piping reaction
loads were considered. In many of these cases, the best solution was to support the piping to
minimize loading on the pump nozzles and anchorage.

Some upgrades had previously been done to motor operated valves with extended
operators which would not pass the GIP screening criteria. In some instances, the upgrades
violated one of the GIP fundamental screening criteria that if the operator is braced, the valve
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body or adjacent piping must also be braced to a common structural member. Some
additional bracing and modifications to existing bracing was necessary to satisfy the GIP
screening. In a few instances, calculations were performed to verify the adequacy of valves
which could not be screened.

Electrical Components: The construction of most electrical cabinets would not meet
the GIP screening criteria, primarily due to the fact that the sides were open and provided no
shear stiffness in the front to back direction. Also, in many cases, the cabinets were very
flexible in the side to side direction even when bolted together. Many of the electrical
cabinets had previously been upgraded but most upgrades proved to be inadequate.
Anchorage of electrical and control cabinets had been accomplished by installing angles on
the concrete floor below the concrete topping and welding the cabinets to the angles or by
welding or rewelding cabinets to steel embeds. Some cabinets were stiffened by addition of
internal bracing. Not all essential cabinets were upgraded and for those that were, in almost
all cases, the upgrades were inadequate to provide the required stiffness for screening or to
justify reasonable amplification factors for which existing component tests could be used for
seismic adequacy verification. The inadequacy resulted primarily from inconsistent
installation of internal bracing, poor or unknown quality of welding and expansion anchor
installation, prying action on expansion anchors and incomplete evaluation of load path. For
electrical cabinets, the most effective way to alleviate all potential problems was to top brace
them to adjacent structural members to increase stiffness and to resist overturning. The fix at
the base then only required resistance to base shear.

In several rooms that contained circuit breaker and control cabinets, the cabinets were
welded to raised steel floors constructed of a gridwork of channel. All of these steel floors
needed to be upgraded to increase the stiffness. The lack of stiffness in many cases resulted
from the steel floors not being built in accordance with the drawings. Also, in many cases,
the steel floor gridwork was only supported for dead weight whereas the drawings showed
positive attachments of the vertical supports to the floor. Upgrading of the steel flooring
required addition of horizontal cross bracing and some diagonal bracing to the concrete floor.

In the 6kv switchgear, some stiffening of the panels to which relays mount had been
done in earlier modifications. In this case the modifications were found adequate to justify
lower amplification factors than suggested in the GIP. In this case. relays are not mounted on
the front door panel as seen in many U.S. manufactured switchgear and the stiffened internal
panels resulted in significantly lower amplification. Relays in electrical power equipment
and instrumentation and control equipment were evaluated separately as described in a
following subsection.

The 6kv transformers required bracing of the internal coil assembly. The top of the
coils were connected to the metal enclosure which first appeared to result in top bracing of
the coils but upon a close examination it was determined that the coils were actually
supporting the enclosure. An internal A-frame was designed to stabilize the upper portion of
the coil assembly and enclosure and to reanchor the transformer to the concrete floor.

Piping: During the small reconstruction program, some of safety related piping was
upgraded to resist seismic forces. GERBS dampers were added to the primary coolant system
piping and components to stabilize the six primary loops. Other piping connecting to the
primary loop system was also reinforced by the addition of GERBS dampers. In the REKON
project, all safety piping within the scope of reconstruction is being reassessed and upgraded
if necessary.
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Some of the analyses from the small reconstruction project were initially reviewed.
These analyses were conducted for a different earthquake than is currently defined so the
objective was to see if current loads exceed the loads used in the small reconstruction and
also to verify the adequacy of the small reconstruction modeling. In some cases the reviewers
disagreed with the existing modeling and that work will be revisited using the most current
definition of the Review Level Earthquake. This may result in modification to the supports
for the primary system. For most of the piping, whether it was included in the small
reconstruction or not, the simplified walkdown and screening criteria were applied and, where
warranted upgrades were recommended.

The walkdowns and screening revealed many issues of poor construction of pipe
supports, improper supporting of heavy motor operated valves and a general lack of supports
for seismic loading. In some instances, it was observed that GERBS dampers had been
placed in illogical locations and had been used when rigid struts would have been acceptable.
Several instances were noted where pipe guides, which were supposed to allow thermal
growth in one direction, were binding and not allowing thermal movement.

The solution to most of the issues identified by walkdown and screening, using chart
methods, was to add simple supports or fix existing supports. In most cases, the upgrade
designs were accomplished in the field without computer modeling of the piping system or
without conducting detailed analysis of supports. New supports were generally selected from
standard configurations contained in the pipe routing guidelines. Screening by experienced
Western contractors and preparation of detailed fabrication and erection drawings by local
contractors proved to be very efficient to resolve piping seismic issues.

Cable Raceways: Because of fire separation issues and the addition of new [&C,
many new cable raceway systems are being added. These new systems were designed for
seismic loading by classical stress analysis methods. There were still a large amount of cable
raceways that were to remain in service, which for the most part, required upgrading. The
GIP with some modification was used for initial screening and design of upgrades. Typical
discrepancies found during the walkdowns and screening were:

o Trays not attached to raceway supports

° Non-ductile connection of raceway supports to structures

o Floor to ceiling columns in the cable spreading room lacked sufficient
flexibility to accommodate vertical differential movement of floors

o Overloading of raceways

. Unacceptable welding quality

The upgrade designs were performed primarily in the field. In general, the upgrades
focused on altering the details to meet GIP requirements rather than to meet classic structural
strength criteria. In this manner, the upgrade designs could usually be accomplished without
detailed mathematical modeling or detailed calculation of strength for supports. New
supports were attached to the existing structure by welding where possible. Expansion
anchors were used to attach supports to concrete only if welding to steel structures was not
practical.

HVAC Ducting: The initial screening was done by walkdown and comparison to
allowable span charts. The span charts were based upon ducting capacities derived from test
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data. In almost all cases, existing HVAC ducting required resupporting. The typical detail
for existing support of the ducting was by rod hangers where the rods were attached to the
edge of structural I beams by poor quality welding. The only lateral support provided to
ducting was at wall penetrations. but most of these interior walls were of unreinforced
masonry and required stabilization measures as well.

Most of the new supports for ducting were attached to existing structural steel by
welding. Use of expansion anchors into concrete was avoided if possible. Just as for piping
and cable raceways, the support designs were primarily done in the field using standard
configurations contained in the routing guidelines. Very little detailed analysis of supports
was required.

Relay Evaluation of Electrical Distribution and Control Systems: The
distribution systems of Bohunice and the relay I&C-cubicles consisted in the past exclusively
of conventional switchgear cabinet types; no motor control centers were used. The
mechanical design varied slightly depending on the voltage level, function, date of
manufacturing and manufacturer. Variation is partly as a result of the available equipment at
the time of construction of the plant and/or of the responsibility of the different supplier and
partly as a result of the historical development. The design is dominantly of Czech origin.
Some parts, like the trip breakers, are from the former Soviet Union. But, fortunately, for
physical reasons the basic construction of the feeders and relay I&C constituting the systems
turned out to be quite comparable. Generally, the same design is used for safety and non-
safety systems.

As mentioned in Section 3, during the course of the reconstruction of the Bohunice
plant, major parts of the safety systems have to be replaced. The new equipment to be
installed will be qualified by conventional shake table testing. Because of almost total
replacement of I1&C, the group of remaining equipment containing relays could be reduced
exclusively to the distribution systems for the emergency power supply. For reasons, which
will be explained in the following, within the emergency power supply we did not
distinguish, whether a piece of equipment is necessary for the mitigation of the seismic event
or not (including all supporting functions and consequential functions). Regardless of
function and level of safety, with few exceptions, switchgears and 1&C-cabinets are generally
equipped with devices which may vary in size and power dependent on the special task, but
types, manufacturer, and functional arrangements of the constituting parts necessary for the
active functions are in most cases very similar.

Medium Voltage Distributions: The 6kV medium voltage emergency power
distribution systems are exclusively made up of bus bars and feeders; they contain:

J Circuit breakers

. Interfaces (relays) to I&C (automation and control)

. Protective relays (overload, short circuit, electric arc, etc.)

. Time relays

. Mini circuit breakers for the power supply of the protection and control
circuitry

. Relays for electrical interlocks (if any)
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Low Voltage Distributions (AC and DC): These 400v AC and 220v DC systems
are exclusively made up of bus bars and:

. Circuit breakers

. Load-break switches

. Break switches

. Contactors

. Manually operated switches

Time relays
Protective relays (overload, short circuit, etc.)
) Relays for electrical interlocks (if any)

1&C Cubicles Including Diesel Generator Control: These cubicles contain:

. Relays for automation and control

) Time relays

. Memory relays

. Mini circuit breakers for circuitry power supply
. Contactors

The total number of remaining cubicles and local distribution boxes of the original
design is small. As a consequence we decided to deviate from the general procedure and to
perform the screening based solely on equipment types necessary for relevant and typical
functions rather than on the specific functions required and the associated equipment.

Using a notebook computer allowed a highly effective data collection during the
walkdown, avoiding repeatedly recording the same devices in different locations (see
Table 6). This way, it took in total less than three days to collect the data looking into each of
the 81 cabinets and boxes. As a side effect we made sure to get the latest information. That

is, the potential of the influence of unrecorded changes of design and type of equipment was
eliminated.

As a result of the so-called small reconstruction, performed from 1991 to 1993, the
existing documentation in the plant included a collection of reports which demonstrate by test
the seismic resistance of nearly all relays and breakers to be evaluated. The tests were single
frequency, single direction. The adequacy of the test results was checked by response spectra
comparison (see Figure 2) where the single frequency envelope of response was compared to
the required response spectra. In performing the spectral comparison for single device tests,
it is necessary to consider the amplification of the support structure. As already mentioned
above, the amplification was quantified to be generally in the range of a value of three. This
generic value is acceptable for all cubicles and boxes, provided improvements suggested by
REKON like top bracing and local reinforcements are properly introduced.

The relay evaluation work, including some minor re-qualification testing, will be
completed by the end of 1997.

Systems Interactions: Miscellaneous systems interactions had to be stabilized to
prevent falling, swaying, overturning or sliding into safety relevant equipment. A common
source of systems interaction was unreinforced masonry walls. Some initial stabilization of
some of the walls had previously been done. In these cases, simple steel angle braces were
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Similar

concepts were applied to walls that had not been previously upgraded. Another common
systems interaction was the potential impact of adjacent cabinets. This is primarily a relay

performance issue.

Most electrical and control cabinets with similar function were

adequately bolted together to prevent impact. The most common impact issues were cases
where unlike cabinets were placed too close together and they had to be upgraded by adding
a connection at the top of the cabinets. In one instance, a building joint ran under an essential
row of 6kv switchgear. Some of these switchgear had to be relocated.
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While systems interactions were quite common, their fixes were usually very simple.
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Abstract

In India, the work toward seismic qualification of existing
nuclear facilities has been started. Preliminary work 1s being
undertaken with respect to identifying the facilities which would
be taken wup for seismic qualification, approach and methodology
for re-evalnation for seismic safety, acceptance criteria, etc.
Work has also been started for framing up the criteria and
methodology of the seismic qualification of these facilities.
Present paper contains the proposal in this respect. This proposal
is on similar lines of the present practice of seisnic
qualification of NPP , as summarized 1in the Appendix, but has been
modified to suit the special requirements of Indian nuclear
installations. :

1. INTRODUCTION

Earthquakes have the potential to induce common cause failure.
The frequency and severity of seismic hazard is site related.
Measures for protection against seismic hazard are incorporated
into the plant design. Plants built using earlier standards may
have deficiencies both in the requirements relating to the
derivation of design basis ground motion (DBGM) as well as in
criteria and measures (i.e. design features) for protection against
the effects of seismic hazard. In view of this, it is necessary to
re-evaluate the capability of the structures, systems and component
(SSC) of older facilities to withstand the effect of earthquake in
line with the current criteria.

The fundamental safety principles of nuclear power plants
(NPP) and the basis for judging the safety of NPPs built to earlier
standards are given in references - 1 and 2. The approach and
methodology for the evaluation of seismic safety of existing plants
built to earlier standards can be formulated wusing this basis.
Reference-3 outlines the criteria for re-evaluation of safety of
WWER type NPPs of Eastern Europe. Methodology had also ,been
developed for seisnmic re-evaluation of PWR based NPP (4,5,6,7]1 . A
brief overview of the present practice of seismic qualification of
existing NPP is given in the Appendix.

Indian nuclear facilities includes all facilities under
nuclear fuel cycle and associated activities covering from the
front end to the back end of the nuclear fuel cycle processes and

also associated industrial plants (see Fig. 1). Example of such
facilities are Nuclear Power Plants (NPPs), Research Reactors,
Heavy Water Plants, Spent Fuel Reprocessing Plants, Fuel

Fabrication Plants, etc. The present approach of aseismic design of
the Indian nuclear facilities, specially the nuclear power plants,

* Note: Numerical number inside the square bracket indicates
reference number.
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FIG. 1. Indian nuclear fuel cycle.

has been evolved over a period of time. Some of 1Indian nuclear
facilities were constructed several years back. For example
Tarapur Atomic Power Station, a light water reactor based NPP, was
commissioned in 1969. Two CANDU reactors of Rajasthan Atomic
Power Station were commissioned in 1972 and 1981 respectively. The
first 1indigenised pressurized heavy water reactor based NPP was
commissioned at Kalpakkam in 1984. 1In addition to these, a number
of facilities of Indian nuclear fuel cycle were constructed about

30 years back. If these installations have to be re-evaluated in.
terms of current practices for seismic safety, the proposal
presented in this paper is designed to address such reguirements.

2. PROPOSED SEISMIC QUALIFICATION METHODOLOGY FOR EXISTING
INDIAN NUCLEAR FACILITIES

2.1 Objective

The objective of the proposed seismic qualification
methodology is to carry out safety re-evaluation of existing Indian
nuclear 1installations against the perceived seismic hazard (site
specific as far as practicable) using current postulation and
aseismic design approach [7,9,101, principal objective of nuclear
safety [8] and also present status of the plant.

The seismic qualification programme based on the proposed
method would have three major components:

1) Deriving an earthquake level for the seismic qualification.
(Experience gained elsewhere indicates that this earthquake
level 1is expected to be larger than the one for which the
installation was originally designed).

2) Assessment of seismic margin of the structures, systems and
components, with respect to the above earthquake level.
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3) Upgradation of structures, systems and components, 1if found
necessary, using the information obtained from the seismic
margin assessment.

All activities of the proposed methodology need to be carried
out following planned programme. Flow diagram (see Fig. 2) for
the proposed method is similar to the one given in ref-11.

ASSESSMENT OF ORIGINAL
ASEISMIC DESIGN ASPECTS

ADEQUATE

y

DETERMINATION OF REVIEW
BASIS GROUND MOTION
(RBGM)

ASSESSMENT OF SEISMIC
CAPACITY WITH RESPECT TO

(RBGM)

ADE QUATE

DESIGN OF
UPGRADATION

NQ FURTHER ACTION

IMPLEMENTATION OF
UPGRADING

FIG. 2. Flow diagram for seismic qualification of existing nuclear installations
(following proposed method).

2.2 Review Basis Ground Motion

One of the main activities of the proposed method 1is to
deternine the ground motion parameters (PGA, Spectra, etc.) which
will be used 1in the assessment of seismic margin. The terminology
review level earthguake (RLE) 1s used in this context [3,11}.
This terminology may create confusion with regard to the other
terminology related to the aseismic design of NPP used in Indla
{9). 1In India, the level of earthquake [9] refers to the severity
of earthquake and not the ground motion parameters. For example,

S1 level (OBE) or S2 level (SSE) earthquake. It may be noted that
the terminology, design basis ground motion (DBQM) is used in
defining the parameters (i.e. PGA, spectra and time history) of
different level of earthquake (i.e. S1 level, S2 leve})'whlgh are
considered in the design of plants. The seismic qualification of
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existing installations basically aims at reviewing the adequacy of
a nuclear installation to withstand the seismic hazard with respect
Lo current approach and methodology of aseismic design of nuclear
installations. In view of this, it is proposed to term the
parameters of ground motion which would be wused in seismic
qualifications as review basis ground motion (RBGM).

RBGM for the seismic qualification of a NPP 1is the ground
motion parameters corresponding the S2 level of earthgquake [91]. A
median plus one sigma PGA value with mean spectral shape is
proposed to define the ground motion parameters of RBGM for NPP
{3,171. If deconvolution approach [18] 1is wused in response
analysis the ground motion parameters of RBGM may be taken as same
as those, of design basis ground motion (DBGM) which 1is generally
used for the design of new plant. However, This aspect needs a
very detailed deliberation.

In general, conservative approach is adopted in developing the
DGBM {9]1. The areas, where conservatism are typically found, are
in the specification of design basis earthquake, deterministic
derivation of PGA, spectral shape, etc. These conservatisms arec
desirable for designing new facilities but all of them may not be
required for seismic re-evaluation of an existing installation.
Less conservative approach with minimum level of uncertainties is
proposed to be adopted for deriving the RBGM {17].

All nuclear installations are not required to be re-evaluated
with respect to same level of earthguake. The severity of
earthquake level, to be considered in the seismic re-evaluation of
an installation, should be 1linked with the overall safety
requirement of the installation. In view of this, structures,
systems and components of existing nuclear installation are
proposed to be. categorized in the following three groups for
defining the corresponding parameters of RBGM;

Category-1

o Systems of a NPP or a research reactor associated with the
safe shutdown of reactor, decay heat removal from reactor,
containment, spent fuel storage pool or others whose failure
would cause radioactivity release beyond acceptable limits.

e} SSC of any other hazardous plants situated nearby NPP whose
failure could jeopardise the safe shutdown of reactor and
decay heat removal.

RBGM parameters of Category-1 SSCs correspond to S2 level
earthquake as mentioned above.

Category-2

o] Radiochemical plants like waste management facilities, fuel
reprocessing plants, etc.

RBGM parameters for Category-2 SSCs correspond to Sl level
earthquake. In the absence of detailed analysis, PGA value for
category-2 SSCs may be taken as 50% of the PGA value considered for
Category-1 SSCs.
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Category-3

o Hazardous chemical plants whose failure would not Jjeopardise
the safe shut down of nearby reactor and its delay heat
removal or would not release radiocactivity beyond acceptable
limits.

For Category-3 8SCs, RBGM parameters should be as per IS-
1893 (19].

2.3 1Identification of Plants and Associated Structures, Systems
and Components for Seismic Qualifications.

All structures, systems and components (SSC) of an
installation need not be re-evaluated for seismic adequacy. Only
those structures, systems and components of an installation
failure of which could lead to radiological risk beyond
acceptable range would be re-evaluated. Based on this principle,
following SS8Cs would primarily be considered for the seismic
gualification;

1. Nuclear Power Plant (NPP) and Research Reactors.
o 88Cs associated with safe shut down of reactor
o SSCs associated with decay heat removal from reactor
o Containment
o Spent-fuel storage pool
o Any other SSC whose failure would cause undue

radioclogical releases beyond acceptable limit.
2. Chemical plants

o} Failure of which would cause undue radiological release
beyond acceptable limit.

o Plants and installations, failure of which would
jeopardise the safe shutdown of nearby NPP, if any.

The criteria / assumptions given in para A-3.0 of the Appendix, may
be followed to identify the S8SCs for seismic gualifications.

In assigning the priority of the identified SSC, consideration
should be given to the healthiness (ageing effect) of the S8SC,
whether any undesirable events occurred during the operating period
of the plant, etc.

2.4 Re-evaluation of Seismic Safety

The seismic safety of a plant will be guantified in terms of
seismic margin. A definition of seismic margin, simi;ar. to that
given in ref. 5, is adopted in the proposal. The seismic margin
is expressed in terms of the earthquake motion level that
compromises the plant safety sufficiently leading to melting of the
reactor core. In this context, margin is defined for the whole
plant. The margin concept can also be extended to any particular
structure, function, system, equipment, item, or component for
which compromising safety means "sufficient loss of safety function
to constitute to core melting if combined with other failure".
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When this concept is extended to SSC level, it is termed as seismicr
capacity. The seismic capacity of SSC is the ground motion
acceleration upto which, if a component is subjected, would have
the ability to sustain its effect and continue to perform the
intended function. Therefore, in the proposal, seimsic margin
refers to the ground motion parameter (PGA) with reference to the
overall plant safety and seismic capacity will refer to the same
parameter level with respect to SSC.

Like the accepted practice [5], the concept of high confidence
low probability failure (HCLPF) will be applied in calculating
seismic capacity of the 8SC. The HCLPF capacity values are
approximately equal to a 95% confidence (probability) of not
exceeding of about 5% probability of failure.

Both fragility analysis (FA) [4,12,13,141 and conservative
deterministic failure margin (CDFM) [3,6,7,15]1 methods are proposed
to determine the seismic capacity of SSC. Determination of HCLPF
capacity from fragility analysis is significantly dependent on the
judgment and accuracy in calculating median capacity, randomness
variability and the uncertainty factor. Moreover, there is no
consensual methodology available to develop randomness and
uncertainties factor in consistent manner. As a result of these,
there may exist inconsistency in the HCLPF capacity of plant when
different groups of experts carry out the work {3]. On the other
hand, CDFM method is a code based method. It basically assumes
that if the capacity of SSC determined using the codal value of
material strength and other parameters and codal criteria of
strength, the HCLPF criteria in determining seismic capacity would
be satisfied. As this method is principally code based, chances of
existing inconsistency in HCLPF capacity of different component
carried out by different groups of experts is minimumn.

India has adequate experience of code based design analysis of
nuclear installations. Though preliminary work in the field of
fragility analysis has already been started in India, considering
the difficulties still remaining in the state of the art of
fragility analysis, it appears to be prudent to put more emphasis
on the CDFM method in the initial period of seismic qualification
work.

Assessment of the strength of structures systems and
components of an existing plant is to be carried out with respect
to the review basis ground motion (RBGM). The response analysis may
be carried out using higher damping values than those used in the
design work. The damping values suggested in the reference-3 is
proposed to be used in the response analysis work. The linear
response analysis would be carried out wusing linear spectra.
Almost all the structures and components exhibit certain level of
ductility, by virtue of which they may withstand a higher level of
loading than those corresponding to elastic level prior to failure
(“failure” 1is to be defined appropriately). The effect of
ductility would be considered in evaluation of seismic capacity.
There are two approaches available in this respect. 1In the first,
the spectra is scaled down by an appropriate ductility factor and
the response analysis is carried out using this modified spectra’
[151. 1In the second approach, the response of structural elements
determined from a linear analysis is reduced by appropriate
ductility factor {11]. Both the approaches are acceptable to the
proposal. However, it may be noted that the second approach seens
to be more rational. The values of ductility factors, as suggested
in ref.15 and those of ref. 11, may be used for the first and
second approach respectively.
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Seismic qualification based on experience and test results may
need data from international sources.

2.5 Plant walkdown

The plant walkdown is proposed to be carried out using the
similar procedure as described in references 3 and 16. Information

on construction of the plant and that on current status of
various SSCs of the plant would be collected and documented in this
step. The activities of this step also include screening the

system and components which needs to re-evaluated. The important
systems, components which would be examined during the walkdown are
anchorages of equipment, cable trays, and other components which
may suffer excessive movement during earthguake. Possibility of
gpatial interaction between near by structures, components,
equipments would also be examined during walkdown. Screening of
component would-be carried out following the similar c¢riteria as
described in reference-3.

3. SUMMARY

Preliminary work for the seismic qualification of these
existing installations have been started in India. Present paper
contains a proposal to outline the approach and methodology for the
work. The proposal is similar to the present practice adopted
clsewhere for the seimsic qualification of existing NPP with
certain modifications to suit special requirements of Indian
conditions. The salient features of the proposal are:

1) The SSCs related to safe shutdown of reactors, decay heat
removal from reactor, containment and spent fuel storage pool
of existing NPP or research reactors will be considered for
seismic gqualification. In addition, any other SSC of NPP and
research reactors whose failure may cause radiclogical release
beyond acceptable 1limit and SSC of chemical plants whose
failure may jeopardise the safe shut down of near by NPP, if
any, are alsec to be 1included in the 1list of seismic
qualification.

2) The ssCs of nuclear installations are prqpqsed. to be
categorised into three groups for seismic qualification work
depending on the overall safety demand of the installations.

3) The RBGM parameters for Category-1 SSCs should corresponds to
82 level earthquake and are defined by median plus one sigma
PGA value with mean spectral shape. If deconvolution approach
is adopted, the ground motion parameters of DBGM are proposed
to be considered; this aspect needs a detailed deliberations.
For category-2 SSCs, RBGM would correspond to S1 level
earthquake or PGA may be taken as 50% of that of Category-1.
For category-III, RBGM parameter should be determined from
181893,

4) Both fragility analysis and conservative deterministic failure
margin methods based on HCLPF concept would be used to
determine seismic capability of SSC. However, more emphasis
is proposed for CDFM method at the initial period.
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APPENDIX

BRIEF OVERVIEW OF THE PRESENT PRACTICE OF SEISMIC QUALIFICATION
OF EXISTING NPP

A.l.0 INTRODUCTION

The nuclear power plants (NPPs), constructed before early
seventies, are being subjected to severe scrutiny through out the
world for safety against earthquake with respect to present
standard of aseismic design of NPP. Seismic qualification of-
existing NPP has been started in the late 1970's. A number of NPPs
had already been scrutinised in different countries and several
other NPPs are being examined.

A-l.1 Objective of Seismic Qualification of Existing NPP

Primary objective of seismic qualification of existing NPPs is
to assess and enhance, if required, the seismic capacity of safety
related SSCs of these NPPs required for safe shutdown of the
reactors and to reduce the potential for release of radiocactivity
beyond acceptable limits during a seismic event.

aA-1.2 Stages of Seismic Qualification Activities {31

Seismic gualification of an existing NPP is generally carried
out in four stages;

Stage-1: Determination of earthquake level and corresponding ground
motion parameters which would be used for the qualification of
SSC. This earthquake level which defines the seismic demand
is known as review level earthquake (RLE).

Stage~2: In this stage, building structures of NPP are evaluated
against RLE, i.e. their seismic capacity is determined with
respect to RLE. The floor response spectra regquired to define
the seismic demand for SSC housed in the building structures
are also determined.

Stage-3: The seismic capacity of critical systems, such as reactor
coolant system, reactor protection systems, etc. are
determined in this stage. Engineering of rectification
measures required for seismic upgradation of SSC, if found
necessary, for which detailed analysis and test are regquired
is also undertaken in this stage. This stage also includes
the design of rectification measures of the building
structures and also the large tanks, systems and components
for which inadeguate seismic resistance data are available.

Stage-4: In the fourth stage, seismic evaluation of auxiliary
system is carried out using the experience and judgment based
on the performance data of the similar component during actual
earthquake or test; or during walk down by gualified
personnel. The modifications, if required for these systems
and which could be easily engineered in place during
operation or scheduled outage, are carried out in this stage.
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A-2.0 REVIEW LEVEL EARTHQUAKE: GROUND MOTION FOR SEISMIC
QUALIFICATION (11,17,20]

The geological stability and the ground motion parameters are
assessed according to specific site conditions and 1in compliance
with criteria and methods valid for new facilities. The review
level earthquake should correspond to the S2 level which 1is
directly related to ultimate safety requirements (safe shut down of
reactor) and is the level of extreme ground motion having a very
low probability - of being exceeded during the plant lifetime and
represents the maximum level to be used for design and re-
evaluation purposes.

In defining the ground motion parameters of RLE, a mnedian
plus one sigma peak ground acceleration (PGA) is considered along
with mean response spectra ordinates.

A-3.0 IDENTIFICATION OF SSC FOR SEISMIC QUALIFICATION (111

Each and every structure, system and component of an existing
NPP need not be re-evaluated for seismic safety. The SSCs are
identified for seismic qualification based on the following
criteria and assumptions,

1) The plant must be capable to be brought to and maintained in a
safe shutdown condition during the first 72 hours following
the occurrence of the RLE;

2) Safe shutdown means hot or cold shutdown
3) Simultaneous off site power loss occurs for up to 72 hours
4) The required safe shutdown systems should fulfill single

active failure criterion

5) Loss of make-up water capacity from off-site sources occurs
for upto 72 hours

6) Other external events such as fires, flooding, tornadoes,
sabotage, etc. are not postulated to occur simultaneously;

7) Loss of Coolant Accident (LOCA) and High Energy Line Breaks
(HELB) are not postulated to occur simultaneously.

It is seen from the above that those SSCs which are associated
with the safe shut down of the reactor (at least for 72 hours) in
the event of S2 level earthquakes (25) and also those associated
with the decay heat removal need to be assessed. Other systems,
like containment system which perform the mitigatory role in
connection with radiological release in the event of design basis
accidents 1like LOCA and MSLB, are also included in the scope of
selsmic re-evaluation programme. The seismic safety essential
list (SSEL) is the list of minimum SSC, selected for seismic safety
gualification. This 1is an important outcome of this step of
activities.

A-4.0 DETERMINATION OF SEISMIC CAPACITY OF ssC (4,5,6,7,161

The terminology seismic margin refers to different type
parameters compared to the ones which standard codes generally
refer to in using the word margin. Seisnmic margin refers to the
earthquake motion level that compromises plant safety, expressed in
terms of earthquake ground motion which is generally defined by
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means of peak ground acceleration (PGA). Therefore, Dbroadly,
seismic margin is quantified by a PGA value; which if exceeded
during an earthquake would lead to accident scenario Jjeopardizing
the overall plant safety. The concept of seismic margin 1is
extended to define the seismic capacity of component which is the
ground acceleration value upto which if a component 1is subjected-
will not -loose its performance on intended function,

The concept of High Confidence Low Probability Failure (HCLPF)
capacity is wused in the assessment to quantify the seismic
capacity. HCLPF corresponds to the earthguake level at which, with
high confidence (2 95%), it is unlikely (< 5%) that failure of
structures, systems and components required for safe shutdown of
the plant will occur.

Available methodclogy to determine the seimsic capacity may
broadly be categorized into two groups.

i) Methods based on analytical approach.
1i) Methods based on experience.

In both the methods, seismic capacities of the identified S$SCs are
assessed with respect to RLE. In general, RLE is greater than that
was considered in the original design of the plant. In the first
approach, the seismic capacity of a SSC is assessed using primarily
analytical methods while in the second method the seismic margin
of a given safety related SSC is assessed considering the
experience on the behavior of similar type of SSC at other plants
under earthquake or from the test results.

A-4.1 Determination of seismic capacity by Analytical Approach

Estimation of HCLPF seismic capacity includes responso
analysis, conditional on occurrence of RLE and estimation of the
capacity of the structures, systems and components. Two methods

are generally used for determination of HCLPF seismic capacity;
1) Fragility Analysis (FA)
2) Conservative Deterministic Failure Margin (CDFM)

Building structures, major equipment and pipelines associated with
the reactor coolant system and protection system, etc. are covered
by the analytical approach.

A-4.1.1 Fragility Analysis Method (3,4,5,12,13,14]

The general definition of fragility of a component 1is the
conditional probability of its failure given a value of the
response parameter, such as stress, moment, spectral acceleration,
etc. For seismic re-evaluation, the component fragility is
calculated by developing the frequency distribution of the seismic
capacity of a component and finding the frequency for this capacity
being less than the response parameter value. The capacity of a
component for a particular failure mode is expressed in terms of
the ground acceleration capacity. The fragility is the frequency
at which the random variable, the ground acceleration capacity, is
less than or equal to the specified value.
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The HCLPF seismic capacity using fragility model, 1is given
by [5]1;

as = ap expl-1.65(b,.+b,) 1.
Where,

ac = HCLPF Seismic capacity determined by fragility
analysis.

ap = Median ground acceleration capacity

by = Logarithmic standard deviation representing
randomness in capacity.

by = Logarithmic standard deviation representing
uncertainties in median value ap.

The median capacity ap can be estimated as a product of an
overall median safety factor times the PGA value of RLE.

A-4.1.2 Conservative Deterministic Failure Margin (CDFM) Method
[3,6,7,151

The CDFM method to determine HCLPF seismic capacity 1is the
code based standard design analysis method. 1In CDFM, deterministic
value of ground motion parameters of RLE(PGA and response spectra
ordinates) and material properties (strength, damping value,
ductility, etc.) are considered. However, The excessive
conservatism, 1in determination of the design value of thesec
parameters, is avoided in the case for CDFM. The guidelines of
CDFM approach are {3];

) Ground motion parameters, as outlined in A-2.0 above, is to be
considered.

2) Response analysis of SSC is carried out using mean values of
material properties like, damping, etc.

3) Material strength as specified in code or 95% excedence actual
strength, if adequate test data is available, is used in
capacity estimation.

4) The capacity or strength of a component is determined wusing
the equations and criteria given in codes ( for example, limit
state methods, etc.). However, if adequate test data 1is
available on the strength of component, 84% excedence of test
data for capacity may be used. In estimation of capacity
conservative values of ductility is considered.

Other important considerations for the evaluation of seismic
margins capacity are;

i) The term "failure" for each of the systems, structures and
components being evaluated is to be clearly defined. It 1is
possible that there may exists several failure mode of a
component. However most dominant failure mode, to be caused
by the seismic event, is identified by reviewing the SSC
design. This mode only 1is considered in the capacity
calculation. Sometimes more than one mode of failure are
also considered.
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1i)

1ii)

1v)

iv)

The response analysis for RLE is conducted with appropriater
damping values, which may be used if the stresses in the
majority of the resisting building elements for the applicable
loading combination are greater than 50% of ultimate strength
for concrete or yield capacity for steel. However, higher
damping values may be used for the seismic re-evaluation work
if properly justified considering the stress level.

Nearly all structures and components exhibit at least some
ductility (i.e. ability to strain beyond the elastic 1limit)
before failure or even significant damage. The additional
seismic margin due to ductility are considered in capacity
calculation.

Seismic response of building structures is evaluated on the
basis of dynamic analysis of models of the soil-structure
system. In order to develop appropriate analysis models,
special attention is given to the following;

(a) structural configuration and construction details
{joints, gaps, restraints and supports).

(b) non structural elements, such as masonry or precast
reinforced concrete panels that may modify the structure
response. Stiffness and strength of such panels, and
those of their attachments to the structure, should be
accounted for in the formulation of the models.

(c) as-built material properties and dimensions of structural
members.

(d) geotechnical data of foundation materials and their
potential implications on the necessity to perform soil-
structure interaction analysis, for which direct methods
are usually being applied. For soil-structure
interaction analysis radiation damping value 1is not
limited but resultant composite modal damping would not
exceed 20.0%. A

Combinations of seismic and non-seismic loads as per
acceptable design codes.

The HCLPF seismic capacity determined using CDFM method is

given by (131;
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acs = C ap

as = HCLPF seismic capacity determined by CDFM method

c = k[ (S-Py)/ (Pp-Py) ]

ap = PGA value corresponding to RLE

k = ductility factor

S = Seismic capacity of the component against a given

failure mode
Py = Non seismic concurrent loads on the component.

P = Total load on the component.



A-4.2 Evaluation of Seismic capacity Based on Experience and
Test Data [3,61.

Seismic qualification based on experience 1s Dbasically an
earthquake experience and test based Jjudgmental procedure.
The procedure is principally based on the performance of installed
equipment which have been subjected to actual strong motion
earthquakes as well as the behaviour of the equipment during
simulated test condition. Primary sources of experience data are
the non-nuclear facilities which have been subjected to strong
motion earthquakes. Seismic qualification using experience and test
data is carried out in following steps [3,161. '

1) Establishment of various alternative methods or paths related
to safe shutdown functions.

2) Identification of SS8SC associated with safe shut down
functions.

3) Identification of SSCs which satisfy the seismic demand for
qualification. This is carried out using following screening
criteria.

i) The seismic capacity of the equipment, based on

earthgquake experience data, seimsic testing data or
equipment gqualification data should be greater than the
seimsic demand imposed on equipment by RLE.

11) In order to use the seismic capacity determined using a
standardized spectrum, the equipment under consideration,
should be similar to the one for which existing data
bases are available and also gets the specific caveats
for that class of equipment.

iii) The equipment anchorage installations and rigidity should
be adequate to withstand the seismic demand at the
equipment location as per in-structure response spectrum
determined from RLE.

iv) The effect of possible seismic spatial interactions
with near equipment or structures should not cause the
equipment failure in performing its intended safe
shutdown functions.

The evaluation of equipment with respect to above screening
criteria 1is carried out through walk down, analyses and using
supporting data. The effective and successful appreciation of
the above method greatly depends on the engineering judgment of
the engineers associated with the work. Active mechanical and
electrical component such as motor control center, switch gears,
transformers, distribution panels, cabinets and racks,etc. can be
effectively evaluated by this method.

A-5.0 PLANT WALKDOWN {3,11,16]

During plant walkdown, emphasis is given to the collection and
compilation of original design basis data and documentation in
order to minimize the efforts required for the re-evaluation
programme. Plant walkdown 1is principally performed to collect
information on as-~built conditions and tc assess the seismic
capacity of equipment. The important aspects of the walkdown is to
examnine the status of anchorages of the equipment; load path from
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Lhe anchorage up through the equipment; the equipment structure;
and spatial systems interactions.

In general, there c¢ould be three alternative disposition
categories for each structure, system and component being evaluated
during the walkdown.

1) Disposition 1: a fix is required

2) Disposition 2: the seismic capacity is uncertain and an
evaluation is needed to determine if a fix 1is
required.

3) Disposition 3: the seismic capacity is adequate for the

specified RLE and the items appear to be
seismically rugged.

Judgement of walkdown teams plays significant 1influence in
working out the above disposition. When the dispositions are
worked out wusing earthquake experience and test data, screening
guidelines mention in A-4.2 above are used.

Screening guidelines are used to determine if the components
are represented by +the experience database and applies to the
component in question. In case of the components and distribution
systems for which seismic and testing experience has not been
gathered and reviewed, seismic response analysis should be carried
out.

Seisnmic walkdown may be conducted in two phases. In the first
phase, which is also known as preliminary screening walkdown,
disposition category 3 is identified. The disposition categories 1
& 2 require detailed walkdown and are covered in the second phase.
The walk down are completed by filling up standardized screening
walkdown sheet for preliminary phase and seismic evaluation work

sheet for the second phase.

A-6.0 ASSESSMENT OF ANCHORAGES [11,16]

The presence of adequate anchorage is important for the
satisfactory seismic performance of distribution systems and
components against slide, overturn, excessive movenent etc.

Strengths of system and component anchorage are determined by one
of the many commonly accepted methods. The load or demand on the
anchorage system are obtained from the in-structure response
spectra acceleration for the prescribed damping value and at the
estimated fundamental or dominant frequency of the system or
component. A conservative estimate of the spectral acceleratiow
may be taken as the peak of the applicable spectra. This
acceleration is then applied to the mass of component or system at
its center of gravity. There are four main steps for evaluating
the seismic adequacy of equipment anchorage;

1) Anchorage installation inspection;
2) Anchorage capacity determination;
3 Seismic demand determination;

4) Comparison of capacity to demand.
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In addition to the 1inertia effects, there may also be
significant secondary stresses induced in systems and components by
differential or relative anchor motion if the system or component
is supported or restrained at two or more points. For supports, it
is common practice to evaluate such seismic induced anchor motion,
where the relative or differential motion of the building structure
at the different points of attachment should be input to a model of
the multiple supported component or system. Resultant forces,
moments and stresses in the support system determined from the
seismic anchor motion effects acting along with normal loading
shall meet the same limits for normal operation plus RLE induced
inertia stresses.
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OVERVIEW OF RECENT DEVELOPMENTS IN ATTENUATION MODELS
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Porto Alegre, Brazil

Abstract

Attenuation equations predict features of the seismic motion, such as the horizontal

and vertical peak ground accelerations (PGA), the peak ground velocities (PGV) and the 5%
damped spectral acceleration response (SA), in terms of the earthquake magnitude and
distance from source to site. Occasionally other factors, like the type of faulting, are
considered in the attenuation expressions. An overview of recent developments in this field is
presented in the paper, including a discussion of the applicability of various models for short
source to site distances. In such case, i.e. in the neighbourhood of the epicentral region, which
is of utmost importance in Nuclear Power Plant applications, the use of two parameters to
define the earthquake size is suggested, instead of the single parameter, a magnitude scale.
Recent evidence of the importance in such situations of so-called directivity effects, which
require a more complete description of the focal mechanism, completes the paper.

1. INTRODUCTION

Seismic hazard assessments can be performed both deterministically, by specifying earthquake
scenarios without defining their probability of occurrence, and probabilistically, in which case all
seimic events are associated with given probabilities of occurrence. Both approaches require ground
motion attenuation models. These are usually based on statistical analyses of recorded ground
motions which are necessary to estimate future seismic motions at a given distance from the source
of an earthquake of a given magnitude. Thus, these estimates are usually given in the form of
equations, called attenuation equations, that predict features of the ground motion in terms of
magnitude and distance, and occasionally other variables such as type of faulting. The most
commonly mapped parameters of the ground motion are horizontal and vertical peak ground
acceleration (PGA), also designated zero period ground acceleration (ZPGA), because it constitutes
the ordinate at the origin of the acceleration response spactrum, peak ground velocity (PGV) and 5%
damped spectral acceleration response (SA).

It is widely acknowledged that to estimate ground motion it is necessary to define the earthquake
magnitude, distance and site conditions, i.e. soil profile at the receiving station. The type of faulting
has been recently included in the list of important factors (Abrahamson & Shedlock, 1997) for
attenuation relations not restricted to a small specific region. In those approaches, the size of the
earthquake is defined by its magnitude. Moment magnitude is the preferred magnitude measure,
because it is directly related to the seismic moment of the earthquake. However, the use of a single
parameter to describe the earthquake size or strength, for engineering purposes has been questioned
(Riera & Doz, 1991). It is noted that the effect of distant earthquakes on Nuclear Power Plants
(NPP) is normally irrelevant in the final PSA, while the large contributions to the total risk are due to
seismic events associated with sources located at small distances to the NPP site, say less than 20
or 30 Km. In fact, the closer the site is to the epicenter, the less adequate is the magnitude as a
single earthquake strength parameter. For instance, more than two decades ago, Trifunac (1973)
pointed out that the peak acceleration associated with high frequency components of the excitation is
very poorly correlated with the magnitude, noting at the same time that, in the neighborhood of the
fault, the size of the fracture area looses significance. Since the fracture area A is strongly correlated
with the magnitude, Riera, Scherer and Nanni (1986) explored the possibility of using A in
conjuction with the mean stress-drop Ac as measure of the earthquake strength Riera and Doz
(1991, 1996) further explore the idea of adopting a two-parameter strength scale
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It seems appropriate at this point to call attention to Atkinson & Beresnev’s (1997) objections to the
use of stress-drops obtained indirectly from certain theoretical models, which may bear no relation to
the actual stresses along the fault. It is herein understood that the stress drop is the difference
between the shear stress along the fault surface before and after one given seismic event, as
illustrated in the stick and slip model analized by Doz & Riera (1985). It is also relevant to note that
Atkinson & Beresnev (1997), in proposing the use of the difference between the high-frequency and
moment magnitudes, which they designate AM, in conjunction with the magnitude, implicitly
recognize the need for a two-paramelters strength scale.

Another important factor in the assessment of ground motion at a site are the potential directivity
effects. These effects have been largely ignored in engineering applications in the past, whether for
purposes of design or of reliability analysis, which can be easily explained by the extensive
representation of earthquakes as caused by a point source, associated to a given magnitude. Of
course, there is no orientation of a point (the source) in relation with another point (the site). In
addition, directivity effects tend to fade away as the distance to the fault increases. On the other
hand, directivity effects naturally occur when models such as the sick and slip model are employed,
because in such case the fault must be represented by a contact surface. Important results on this
issue (Somerville €t al’, 1997) are now available and will be briefly described in this paper.

2. ON RECENT ATTENUATION RELATIONSHIPS

Basic data used to derive attenuation relationships as well as models and assumptions employed are
widely scattered and frequently unavailable to the engineering community. A recent issue of
Seimological Research Letters ( Vol 68, Number 1, Jan/Feb 1997) was designed to rectify this
problem. On account of its global quality and actuality, much of the following material is based on
this volume.

It must first be noticed that different source-to-site distance measures are used in the various
attenuation relationships available in the literature. A brief summary, adopted from Abrahamson &
Shedlock (1997), is given in Fig.1. Moreover, different site classification schemes for local soil
conditions are employed in the selection of the data base for the determination of attenuation
relations. In this context, the author believes that local geology may be expected to significantly
increase the variability of the prediction equations and that therefore the appropriate procedure
should be to always derive attenuation equations for hard or sound rock foundation and to obtain the
ground motion at the surface of soil deposits by analytical means, using the former as basic input.
Consequently, all relations quoted in this paper refer to sound rock outcrops. One restriction to this
approach is of course the fact that fewer records on rock may be available, for statistical analysis,
than for another soil type of interest. A second restriction is related to applications to sites in which
bedrock is found at considerable depths, say more than a few hundred meters. In such case,
questions may be raised concerning the determination of surface motions on the basis of rock motion
in the free-field.

As an example of attenuation expressions for response spectra in terms of earthquake magnitude,
results obtained by the author will first be mentioned. Riera, Scherer & Nanni (1986) presented
equations of the form:

S.= S (EM) @ (f, M, 1) (1)
Sa=S8,(EM) ®(f,M,r) (2)

in which S, and S, denote the pseudo-velocity and pseudo-acceleration response spectra,
respectively, the same symbols with an added o subscript the corresponding source spectra and @ an
attenuation coefficient that describes the decrease in amplitude of the spectra with epicentral
distance. The coefficients in empirical equations for the source spectra were determined by nonlinear
regression on a data base consisting of 186 accelerograms corresponding to 57 earthquakes,
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Fig 1 Definitions of distance from earthquake source to site used in different
attenuation equations (adapted from Abrahamson and Shedock. 1997)

classified according to soil conditions at the recording station. For rock records, the following
expressions resulted:

Svo=0.0253 exp {4.5-20 M = (0.58 + 62 M )(1 €M )In0.125fM" ) 3)
S, = 0.00396 M*® {exp[-(0.52+49M")T1+ 494 T*? exp (-10.6T)} (4)

in which the frequency f must be given in Hz, and the period T in seconds. S,, results in m/s and S,,
in m/s’>. It may be shown that assuming nonlinear, amplitude proportional damping, the attenuation
factor takes the form:

®=r'/(1+0.00238 "*Minr) (5)

where r > 1 is given in Km. The preceding equations allow the determination of expected response
spectra on rock outcroppings. Note that the equations represent mean values of the spectral
velocities or accelerations and should in principle be applied only for epicentral distances larger than
the square root of the rupture area.
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More recently, Atkinson & Boore (1995, 1997) presented similar assessments of the acceleration
spectrum An earthquake source spectrum E (M, , f) is defined as the Fourier spectrum at a distance
of 1 km, from which the desired result can be obtained by multiplying E by an attenuation factor D (
1., £) and frequency dependant filters, used for instance, to assess response spectra These results
are based on a large number of records from eastern North-America Sample values of the
acceleration response spectra expected for three moment magnitudes M, and a wide range of
hypocentral distances are given in Table 1

TABLE 1

ENA Median Horizontal Component: Hard Rock Sites
Natural logs of values, 1n g, are given Abndged version of Appendix of Atlanson and Boore, 1995

SA (5% damped) for frequency (Hz) =
Moment M, r, (Km) 1.0 2.0 3.0 5.0 10.0 PGA

500 100 422 -301 220 -150 077 -0 97
500 150 468 -345 278 -212 -135 -171
500 200 -512 385 -316 -240 -179 -217
500 300 -557 433 371 302 -242 -2 88
500 400 -596 464 403 -349 -288 -3 40
500 500 -6 24 504 447 -380 -323 -3 80
500 600 652 =533 470 406 -355 -4 18
500 800 669 -533 490 -433 -385 -4 57
500 1000 -669 -553 496 433 395 -4 70
500 1500- 68 -573 516 463 425 -512
500 2000 -712  -601 -551 498 -474 -5 65
500 3000 -756  -657 -608 -568 -565 -6 62
600 100 273 -154 -102 042 12 -033
600 150 323 204 -154 094 -044 -0 88
6 00 200 356 -244 -190 -130 079 -130
6 00 300 404 -204 -240 -18 -137 -191
6 00 400 -438 -328 275 229 -179 -238
600 500 464 -359 304 -260 -215 -276
6 00 600 -493 -386 335 -284 -244 -309
600 800 513 405 361 -311 275 -3 44
600 100 0 510 -405 361 316 -281 -3 59
6 00 1500 -528 4121 -381 -340 316 -4 00
6 00 2000 -555 458 412 -381 -3 60 -4 52
6 00 3000 -593 -503 469 441 -4 49 -537
700 100 -152 058 -0 09 36 80 32

700 150 -195 096 054 -013 31 -021
700 200 -228 -134 091 -047 -003 -0 58
700 300 275 -176 -136 -095 -52 -1 10
700 400 302 210 -170  -130 -093 -153
700 500 336 -241 -193  -159 -122 -1 89
700 600 -354 262 -218 -18 -149 221
700 800 376 279 -246 -210 -181 -254
700 1000 379 -283 -253 219 -188 -2 67
700 1500 396 306 -268 242 222 -3 08
700 2000 419 334 -298 272  -266 -3 53
700 3000 450 -372 -49 336 -349 -4 28
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Attenuation equations for Eastern and Central North America were also obtained by Toro,
Abrahamson and Schneider (1997), who attempted to quantify all uncertainties involved in the
prediction process. The functional form adopted by Toro ét al’(1997) is the following

lnY=C1+C2(M-6)+C3(M-6)2-C4lnrM-(C5-C4)max[ln(rM/IOO),O]-C6 ny +¢€ (6)
m= [ I‘Jbz'*‘ C?2 ]"2 (7)

in which the spectral acceleration Y is given in g’s, C; (j=1,7) denote regression coefficients, M is
either Lg magnitude or moment magnitude M, and r, is the Joyner-Boore distance to the earthquake
rupture. The total uncertainty ¢ represents the sum of the statistical and physical uncertainties The
regression coefficients for moment magnitude are given in Table 2

Fig 2 shows a comparison of median spectral accelerations for a magnitude 6 earthquake at a JB
distance of 20 km Similarly, Fig 3, also adapted from Abrahamson & Shedlock (1997), presents
various proposals for the median spectral acceleration in case of a strike-slip earthquake of
magnitude 7 O at a distance of 10 km in an active tectonic region. Upper and lower bounds for the
5% damped response acceleration for the same situation obtained using eqs (4) and (6) are shown
in Fig 4 Source response spectra defined by eq. (4) may also be seen in Fig (5)

3. ATTENUATION EQUATIONS FOR TWO-PARAMETER STRENGTH SCALES

As an illustration of the feasibility of using the rupture area and the mean stress-drop for the
prediction of earthquake motions, the following equations obtained by the author on the basis of eqs.
(1-2) , by combining with well-known relations between earthquake magnitude and various relevant
parameters, will be given in this section: It is of course acknowledged that this is not the best
approach to obtain attenuation equations, which should be based on direct assessments of the stress-
drop and the rupture area, the objective being here to put in evidence the feasibility of using such
expressions in engineering applications, and some advantages of the alternative description of
earthquake size or strength.

The seismic moment m, can be related to the rupture area A in a dislocation model by means of the
expression (Kanamori & Anderson, 1975):

m,=pAD (8)

In which p denotes the shear modulus of the material (Lame’s constant) and D the mean
displacement. For a circular rupture area it may be shown that:

logm,= 1.5 log A+log(0.41 Ac ) )

where Ac denotes the mean stress drop, in bars , A the rupture area in 10° km? | m, being given in
dynes-cm.Using Kanamori and Anderson data base, Riera ét al’(1986) obtained semi-empirical
equations relating the seimic moment to the area:

log me=2236 +1.534log A-0388X (10)

in which X represents a categorical variable assigned a zero value for inter-plate earthquakes and a
value 1 for intra-plate earthquakes Defining as apparent stress the product of the seismic efficiency
n by the mean stress o, a second equation relates the seimic moment to the magnitude and the
apparent stress G,. Assuming that the expected values of these parameters are statistically different in
inter and intra-plate earthquakes, the following equation was also obtained by non-linear regresion
(Riera ét al’, 1986)
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TABLE 2

CoefTicients of Toro ét al’ (1997) Attenuation Equations

Freq. Median Weight=0.046 | Weight=0.454 | Weight=0.0454 Weight=0.046 * Median and all cases

Hz) | ¢1 ] ] cro]oe2 cr |« Y el s | 6 | c7

Midcontinent, equations using Moment Magnitude
035 074 182 -153 172 -0.99 1 82 -0 49 [ 91 0.035 2.00 -0.31 092 046 00017 6.9
i 009 142 075 125 018 136 035 147 09 158  -020 050 049 00023 6.8
25 107 105 023 0.89 08l 1.00 I 34 10 1 91 1.21 0,10 093 056 0.0033 71
s {73 084 08Y 069 146 079 199 089 2.57 100 0.00 098 066 00042 7.5
10 237 081 153 065 210 076 264 (.86 321 0.97 000 110 102 00040 8.3
25 368 08) 284 063 341 074 395 0.85 4 52 096 000 146 177 00013 105
35 400 079 316 0.63 374 0.74 4.27 085 4 84 096 000 1.57 1.83 00008 11.1
PGA 220 081 136 064 193 075 246 08 304 097 000 127 116 00021 93

Gulf, equations using Moment Magnitude

03 081 172 -16 1 58 -1 06 167 -0} 56 176 -002 1 86 026 074 071 00025 66

| 024 13t 06 1 1S 003 126 051 136 108 I 48 015 079 082 0.0034 72
25 164 106 080 090 1 38 Lol 191 112 248 123 008 099 127 00036 89
N I 092 226 076 283 087 3306 097 I 108 000 134 195 00017 114
10 S 0¥ 100 425 084 4 82 098 1S P03 592 116 oo0 187 25 aoonr 14|

25 S0 091 435 074 492 0 86 346 096 603 107 000 196 1% 00000 129
35 I8 091 197 074 454 086 308 (96 565 P07 000 18 L8 00008 119
PGA 291 092 207 075 264 086 318 097 375 108 000 149 161 oouid4 109
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log mo= 15.51+1.53 M + 0.483 X (11)
Finally, the magnitude and the rupture area are related by:
M=7455+0.977log A-0377 X-0.268 Xlog A (12)

Thus, substituting eq.(12) in egs. (30 and (4), permits deriving attenuation equations in terms of the
rupture area for inter and intra-plate earthquakes, valid at epicentral distances larger than A"?. Some
of these expressions are given below.

* for intra-plate earthquakes (mean Ac = 100 bars)

Sao — 5993 A0.34( e—l.l?T A0.098T+ 494 T2.02 e-106T) (13)

@ =03 CHD /(140,408 4%t (14)
*for inter-plate earthquakes (mean Ac = 100 bars)

Sw= 4432 A0.25 ( e-1.22TA0.071T+ 494 T2.02 e—lO.6T) (15)

@ = (% I 1140314 4% In1] (16)

with the limitation r>5 km. S,, represents the source acceleration spectrum and ¢ is an attenuation
function that describes the decay rate of the spectral amplitude with distance from the source. T ~
denotes the spectrum period (s) and f= 1/T the frequency (Hz). When energy dissipation due to
hysteric damping or internal friction are not considered, the attenuation function can be expressed as:

d=r [0.5exp(~1.1f) ~1] (1 7)

which, for high frequencies (£>5Hz) approaches the decay rate for body waves (r''). It is also well-
known that the attenuation law for peak acceleration in the near-field is not similar to that in the far-
field. In the near field, the spectral amplitudes depend fundamentally on the stress-drop Ac. It has
been suggested by Papageorgiou and Aki (1985) that there is a linear relationship between peak
ground acceleration and stress-drop, i.e.:

ZPGA = 0.01 Ac (18)

with ZPGA in g’s and Ac bars. The linear relation (6) is a direct consequence of the hypotheses of
material linearty. The proportionality constant was proposed by Riera and Doz (1991).

It is important to note that the parameters of equations (1) and (3), which characterize intra- or
interplate earthquakes, depend on the stress-drop. The expected values calculed by Kanamori &
Anderson (1975) indicate that Ac approches 100 bars in intra- and 60 bars assigned inter and interns-
plate earthquakes. Since the differences between expected values of the stress-drop in intra-plate
earthquakes was found by Riera ‘et al’(1986) to be statistically significant, different prediction
equations result for each type of earthquake. It may be more appropriate to select the attenuation
equation in terms of the inferred or predicted mean stress drop, rather than on the fact of the
earthquake be classified as intra- or inter-plate, the former being applicable for Ac > 100 bars.
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Taking into account the equations just defined, particularized for T= 0, it is possible to calculate the
peak acceleration in rock, resulting, for intra-plate earthquakes

(ZPGA) =59.934°* r'/f1+ 0408 4°® Inr] (19)
and, for inter-plate earthquakes

(ZPGA) =4432A4°P r' /11140314 4°* 1nrJ (20)

with A in 10° km? and 1 in km, (ZPGA), results in m/s’. Taking into account that when r—0 equation
(18) should substitute equations (19) or (20), Riera & Doz (1991) suggest a combination of these
expressions in a law valid in the whole field-

Vapx =1/C; + 1/(C1+C2) 210

where C; represents the lower value and C, the higher value between ZPGA and (ZPGA), If the
assumption represented by eq. (18) is extented to the entire spectrum frequency range, then eq (21)
may also be used to generate response acceleration and velocity spectra

As an example of the approach, the equations given in this section will be applied to the recent Great
Hanshin earthquake (1995), whose magnitude was estimated as 7.2, with a mean stress drop larger
than 100 bars Then from eq. 12 it may be inferred that A = 1500 km” . This area is compatible with
an estimate based on the distribution of slip, according to Shibata (1995), from which a slightly
smaller area results. Using eqgs. 18, 19 and 21, the attenuation curve for Ac = 100 bars shown in Fig
6 is obtained. For purposes of comparison, the curves for mean stress drops 50 % above and below
that value and predictions based on Joyner and Boore are also indicated

4 DIRECTIVITY EFFECTS

It has been repeatedly mentioned that models that imply that the earthquake induce vibrations radiate
from a point source should lead to very poor predictions of ground motion at sites in the epicentral
region, that is, close to the zone of energy release. Within this region the location of the site of
interest in relation to the fault plane, the rupture area, the location of the hypocenter and the velocity
and direction of motion of the rupture front become important factors In the immediate vecinity of
the causative fault surface, the stress drop becomes a dominant factor, as discussed above

A comprehensive discussion of directivity effects in connection with attenuation equations is due to
Somerville ét al’(1997) Forward directivity effects occur when two conditions are met the rupture
front propagates towards the site, and the direction of slip is aligned with the site These conditions
are frequently met in strike-slip faulting.In such case almost all the enegy radiated from the fault
arrives in a single large pulse of motion Conversely, backward directivity effects take place when the
rupture front moves away from the site, giving rise to the opposite effect, long duration motions
having low amplitudes at long periods Directivity effects can be clearly seen in records of the 1971
San Fernando earthquake, as well as in the 1994 Northridge earthquake Fig 7, reproduced from
Somerville ét al’(1997), dramatically illustrates the phenomenon in the 7.3 Landers earthquake of
1992, through the Lucerne and Joshua Tree records The information is complemented by Fig 8,
from the same reference, in which a comparison between the strike normal and strike parallel
responses in the forward region is presented
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In order to obtain criteria useful in engineering applications, Sommerville ét al’(1997) introduced the
rupture directivity parameters 6 and X for strike-slip faulting, and ¢ and Y for dip-slip faults, with
the meaning shown in Fig. 9. By processing data from 21 earthquakes from North America, Europe
and Asia, those authors arrive at the frequency dependent coefficients for modifying the acceleration
response spectra shown in Fig 10.It may be seen that the response may be drastically altered for

periods above 0.7 sec. Thus, the issue should be of special concern in presence of medium or soft
soil layers at the site.

The preceding results constitute an additional argument in favor of seimic hazard studies based on a
more detailed description of the earthquake source, rather than simply an assumed epicenter and
magnitude, from which all ensuing effects must be inferred.
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5. CONCLUSIONS

Several aspects of seismic hazard assessments of NPP connected to the use of attenuation relations
were discussed. In addition to a brief overview of attenuation expressions, the feasibilty of using a
two-paremeter scale to define the earthquake strength is discussed. Such a scale seems to be of
paramount importance when ground motion predictions are needed in or close to the epicentral
area. In this region, directivity effects may significantly influence the seismic motions, as discussed in
the last section of the paper.
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Abstract

1. To increase the safety of a NPP located on a seismic site, the seismic acceleration level to which
the NPP should be qualified must be as representative as possible for that site, with a
conservative degree of safety but not too exaggerated.

2. The consideration of the seismic events affecting the site as independent events and the use of
statistic methods to define some safety levels with very low annual occurrence probabilities
(10™) may lead to some exaggerations of the seismic safety level.

3. The use of some very high values for the seismic accelerations imposed by the seismic safety
levels required by the hazard analysis, may lead to very expensive technical solutions that can
make the plant operation more difficult and increase the maintenance costs.

4. The consideration of seismic events as a time series with dependence among the events
produced, may lead to a more representative assessment of a NPP site seismic activity and
consequently to a prognosis on the seismic level values to which the NPP would be ensured
throughout its life-span. That prognosis should consider the actual seismic activity (including
small earthquakes in real time) of the focuses that affect the plant site.

The method is useful for two purposes:

a) research, i.e. homogenizing the history data basis by the generation of earthquakes during periods
lacking information and correlation of the information with the existing information. The aim is
to perform the hazard analysis using a homogeneous data set in order to determine the seismic
design data for a site;

b) operation, i.e. the performance of a prognosis on the seismic activity on a certain site and
consideration of preventive measures to minimize the possible effects of an earthquake.

5. The paper proposes the application of Autoregressive Time Series to issue a prognosis on the
seismic activity of a focus and presents the analysis on Vrancea focus that affects Cernavoda
NPP site, by this method.

6. The paper also presents the manner to analyze the focus activity as per the new approach and it

assesses the maximum seismic acceleration that may affect Cernavoda NPP throughout its life-
span (~ 30 years).
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7. Development and application of new mathematical analysis method, both for long - and short -
time intervals, may lead to important contributions in the process of prognosis the seismic events
in the future.

1. INTRODUCTION

Earthquakes are very violent phenomena which affect people life as well as the building
safety. By now, deterministic correlation regarding the moment of their occurrence and their
violence has not been assessed and that is the reason why its analysis was made by statistic
methods.

The statistic approach is imposed by the fact that the seismic history of a focus has presented
a relatively small number of accurate determined events. Historical information are not continuous
and the moment of an earthquake occurrence and especially its violence, evidence a high degree of
uncertainty. For that reasons, by now, the seismic activity of a focus has been approximated by
Poisson type models in which events, considered independent, are the annual maximum magnitudes
or for certain time-interval.

If more possible alternatives for the parameters of a focus are considered, e.q. the maximum
possible magnitude, focus depth, epicentrum distance, etc. and certain levels of confidence are
associated to them, one can determine the effect of that focus on a site, by the determination of
hazard curves. Based on these earthquakes it is possible to determine the maximum acceleration on
site, considering all the possible alternatives and their percentage of confidence.

Consideration of earthquake generation in a certain focus as completely independent
elements may be quite a wrong approximation which, usually leads to overestimation.

The approach of a focus activity by means of time-series in which the events are supposed to
be dependent on one another and their occurrence is generated by deterministic causes, to which
aleatory causes are overlapping, is more realistic, we think.

The main problem today is whether the existing data are sufficient to assess the
deterministic component and make possible a correct assessment of the model parameters both for
deterministic conponent and for statistic ones.

This paper is an analysis of Vrancea seismic focus (the main focus which affects
Cernavoda NPP site) applying the method of Auto-Regressive (AR) time-series.

The paper is aimed to evidence the possibilities of analyzing a focus by means of AR
models. It presents several different approaches and points out the existence of an overlapping of
periodical events components ranging between 2 years and 46 years, events which might be
correlated to some geological phenomena regarding the earth thermodynamics and the plate
tectonics or to some phenomena related to the mechanics of planets like earth tide.

Due to a lack of representative series of the input data, the paper presents only few different
hypothesis which, to a certain extent, may alter the results and for that reason the analysis is
considered preliminary and it should be remade by reviewing the representative package of input
data.
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2. SEISMIC HAZARD CURVES AT CERNAVODA NPP

Cernavoda NPP site seismicity is determined by Vrancea intermediate focus whose depth
ranges between 90 - 150Km, and is located at 190 Km epicentrum distance to the Cernavoda NPP
site evidencing a maximum credible magnitude of 7.5, according to some authors, and 7.8 as per
others.

Cernavoda NPP site is also affected by Sabla-Dulove, Galati-Tulcea seismic area and the
smaller amplitude local Vrancea earthquakes (see Figure 2.1).

To determine the seismic hazard curves on the site, Poisson type process which represents
the probability of occurrence of at least one earthquake having the magnitude higher than M value,
was considered [Ref. 1, 7].

That probability is given by the relation:
pMy)=1-¢"™ @.1)

where, v(M) is the average annual number of earthquakes having the magnitude grater then M,

given by the magnitude - frequency recurrence law. For Vrancea intermediate focus, the non-
corrected magnitude - frequency recurrence law for the maximum credible magnitude is:

LgN(m=2 M)=716.3-626.4M +218.4 M-38.0M°+33M-0.1 M° (2.2)
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Figure 2.1 The seismic zones which affect Cernavoda NPP Site
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The law of seismic acceleration attenuation with epicentrum distance was determined by
processing the recordings made since 1977 till now and it is given by equation (2.3) for Vrancea
intermediate focus [Ref. 2]:

In case of Sabla-Dulove and Galati - Tulcea fault, similar analyses have been done and
their intermediate results are not presented herewith [Ref. 2].

The Figures 2.2-2.3 present the magnitude frequency law as well as the seismic hazard
curves for Cernavoda NPP site for medium value of 120 Km hypocentrum depth and epicentrum
distance 190 Km using the data base of Ref. 6.

Analyzing the results obtained we can say that:

1. the seismic zone which determines the seismic risk for Cernavoda NPP is Vrancea zone. The
predominant influence of intermediate Vrancea earthquakes in the assessment of the seismic
hazard on Cernavoda NPP site is due to the high frequency of earthquakes occurrence and fo the
high maximum magnitudes as to the other seismic zone.

>

The value of peak ground acceleration for an annual exceeding probability of 10° , corresponding
to the DBE design acceleration for Cernavoda NPP site, is 0.175 g from the median curve
attenuation + one standard deviation that is lower than 0.2 g as considered in the seismic
qualification of Cernavoda NPP Unit 1.

La(NC( > M

Figure 2.2 Law of the Cumulative Frequency-Magnitude for the 7.8 credible earthquake
magnitude
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Figure 2.3 Seismic Hazard Curves for Cernavoda NPP Site for medium value: 120 Km depth
and 190 Km epicentrum distance

3. ANALYSIS OF VRANCEA FOCUS ACTIVITY APPLYING THE
AUTOREGRESSIVE TIME SERIES

Analyzing the seismic history of Vrancea focus, for the period 984-1900 it was found that
there were large time-intervals in which no historical information were available. The largest time-
interval corves 120 years (1327-1446) and makes the time series non - homogenous and thus no

analysis was possible for that period in the first stage [Ref. 6].

The existing data, starting with the year 1900 by now, are quite homogenous and they can be
applied in the analysis for that period.

Based on Auto-Regressive method, the analysis of the focus activity includes the following
steps:

I. Determination and elimination from the time-series of the mean and all periodical
components;

II. Determination of AR model parameters;
III Selection of AR model;
IV Prediction of events;

Here below there is a brief description of each step above.
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I. Determination and elimination from time series of the mean and periodic
components

The mean component of the time series is determined as an arithmetic mean of the time
series and an elimination of the arithmetic mean is made for each element of the time series.

Determination of the all periodic components of the remain series, both as periods and
values, is a very important stage and that is why several determination methods are applied.

a) Determination of the period components by means of auto-correlation function

In order to point out the periods, the auto correlation function was applied both to the initial
series and to the resulted function until the periodic components became evident.

After 5 sequential applications, the component was obtained as per the Figure 3.1 where
two components are evidenced: the 2 years and the 13 years component.

b) Determination of the periodic component using Fourier analysis

Fourier analysis is a method to determine the periodic character of a time series by the
detection of the periodic components.

By the application of Fourier transform, the existence of some components became quite
obvious: 2, 31 and 46 years. The periodic components with period grater than about 10 - 20 years
(for a time-series of 93 records) are affected by computational errors and should be re-confirmed
by other methods.

c) Determination of the periodic components using a numeric method

The numeric method determines the periods of components by the arrangement, as a table,
of the time series as well as by the creation of a sub-series of constant lengths, subseries resulted

10 20 30 40 SO 60 70 80 a0

Y SN SN S— rrrrr—tr — -1
10 20 30 40 S50 [} 70 80 S0

Fig 3.1 Auto-correlation function applied to the time series
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from the division of the initial series by a number encompassed between 1 and the series length and
the numeric processing of the time-series so obtained [Ref. 3].

The following periodic components were evidenced: 13, 27, 31, 41, 43 and 45 years. Large
periodic components may have errors because the applied time-series has a relatively small number
of events.

In case of a time series with 93 records (the case herewith), with components period larger
then 30 years, there are sensible errors dependent on the increase of the detected period.

I1. Determination of AR model parameters

The time-series remained after the elimination of the time-series mean and the periodic
components are analyzed with AR model as follows.

In these models, a value y (earthquake magnitude value) at time t is produced as the sum of a
linear regression on a finite number of previous values and an aleator residual component. [Ref. 3, 4].

If the regression is limited to k terms, then the equation:

k

Y, =) ay.te 3.1)
i=1

defines the so-called Markov model of order k. The a, are autoregressive coefficients, and the residual
o 1s an independent random variable uncorrelated with the y,; valus for i=1, 2,....k.

For a first order scheme:

YT ary., T e : (3.2)

and a, is given by the first auto-correlation coefficient, r,, of the stationary series y,. For the second
order scheme:

V=airYtay.,te (3.3)
and a,, a, are given by:
ri(l-7r2) (r:-r1)
=g, = 3.4
YA A G4

where r,, r, are the first and second-order auto-correlation coefficients of the stationary series y,. The
residuals , are found from:

E+= Y,-ary,, (3~5)

for the first-order scheme, and:

Ez:y;’aly,_fazyl-z (36)

for the second-order scheme.
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III. Selection of AR model

An important problem of fitting a parametric model to a time series is how to choose the best
order of approximation. For purely AR models it can be solved rather easily in most cases by applying
the criteria [Ref. 4]:

AIC(k)=n-log A7 (k) + 2k (4)
fork =0, 1,....k,,,
where: k - the order of the current approximating model;
Kk, -maximum order which should be specified in advance;
n - the length of time-series;

(k) - the estimate of | for the current model of order k.
The optimal order is one for which AIC(k) attains its minimal value.
IV, Prediction of events.

In the alternatives subjected to analysis, the prediction on the seismic activity is performed
using the average component, determined by the application of AR model [Ref. 4], to which the
periodic components and the time-series mean are added. To those values, we can add a generated
gaussian aleatory value of mean zero and the dispersion determined from the remained time - series
(see paragraph II).

4. RESULTS

By the application of the above presented method, the seismic activity of Vrancea focus for
a time-series encompassing the time-interval 1901- 1993 was analyzed under the following
hypotheses:

e for the years in which data were not available, an earthquake having the magnitude equal
to the minimum detectable value throughout the period, namely value 4, was considered
in the analyses;

o for the years in which more earthquakes existed, the earthquakes were considered
equivalent to an earthquake which released an amount of energy equal to the sum of
energies generated in that respective year.

Figures 4.1-4.2 show an unidimensional case, in which the annual maximum magnitude
represents the time-series.

Moreover, a bidimensional case is presented herewith, a case in which the variables of time-
series signify the time-interval between two subsequent earthquakes, namely, the magnitude of the
earthquake occurred after each of these time-intervals. It is a case which, theoretically eliminates
some lack of information in the initial data (Figures 4.3 - 4.4).
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5. CONCLUSIONS

This paper is a first attempt to predict the seismic activity of Vrancea focus based on time-
series method.
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Analyses for Vrancea focus were made using the time - series of the earthquake magnitude
during the period 1901 - 1993 for which the estimation error is about 0.5 units of magnitude,
according to some authors. Due to the lack of data, the analysis was done considering earthquakes
of equivalent annual magnitudes in order to take into consideration the whole energy released
during one year interval.

Following to those analyses, some conclusions could be drawn:

e Vrancea focus_ seismic activity is the result of the overlapping of some periodic
components having as a basis, periodic components with the periods of about 13, 27, 31,
41, 43, 4S5 years;

e Although the duration of these periodic components as well as the magnitude of the
components can be affected by a series of errors, such as: series length, computational
method, etc., these components are quite clearly pointed out in the paper and their
existence might be correlated with some phenomena related to the earth thermo -
dynamics, earth tides, etc.

According to this first analysis, in Vrancea region, an earthquake of 6.7 magnitude might
be generated in 1999 (from Fig.4.1-4.2); or an earthquake of 6.5 magnitude might be generated in
2000 (from Fig.4.3-4.4).

The magnitude average dispersion is about of 0.5 - 0.8 units of magnitude caused by the
uncertainties of the initial input data, analysis method, etc.

These predictions are quite reliable because the earthquakes under investigations during S
years (1989 - 1993, see Fig.4.2) have shown quite a coincidence with the predicted earthquakes.

Results obtained can be considered representative for the following reasons:

e the data used in the analyses are most complete by now, in the sense that small magnitude
earthquakes, generated by Vrancea focus and available to us, have also been considered;

o the mathematical model allows processing of a large amount of information;
¢ the results, obtained for Vrancea focus by the simulation of a prognosis during 20 years ago,
showed a good fitness with the actual seismic activity of Vrancea focus from that data until
today.
Finally, here are some proposals in order to update the Vrancea seismic activity data:
» continuation of researches by the above method, both by enlarging the time - series length, in the
sense of considering a smaller time - interval of samples ( i.e. monthly time - intervals) and / or

by enlarging the period of research ( e.q. starting with the year 1800);

o filling in the years for which no information was available, with events generated by
overlapping the periodic components established for full-data time periods;

o detailed bi-dimensional analysis using representative data;
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» performance of similar analyses for at least 3 significant focus points on the Earth (possibly
located in USA, JAPAN and IRAN) in order to determine whether those focus evidence
deterministic periodic components and whether a part of them coincides with Vrancea focus
periodic components. That would conform the hypothesis issued in this paper;

e correlation of time - duration and magnitude of periodic components with deterministic
phenomena already known in the earth thermo - dynamics, earth tide dynamics forces, etc;

Based on the analyses performed, new hypotheses regarding the energy accumulation and

release mechanism can be developed but that will be presented in a future stage.
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EFFECTS OF INPUT STRUCTURAL DATES FOR DISPLACEMENTS AND
INTERNAL FORCES OF STRUCTURES IN CASE OF EARTHQUAKE
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Abstract

This paper analyses the effects of uncertainties in the modulus of elasticity of the
constructional material, soil stiffness and the mass of structure on models corresponding to two
typical structures in the Paks Nuclear Power Plant. The structure has been modelled as a beam
model, and in computation of soil springs, a stiff foundation has been taken into account. Analyses
show that masses must be taken into account as correctly as possible, but the effects of soil stiffness
are sharply different with flexible and rigid structures. This effect in the case of flexible buildings is

less important than in the case of rigid-box-like structures.

1. INTRODUCTION

In earthquake computation of structures, structural models of increasing preciseness are
created, and engineers try to take the interactions between structure and soil into account
approaching the reality as close as possible. For performing computations with models of high
degree of freedom, not linear due to frequency-dependent soil stiffness, efficient computations

methods have been elaborated. The decision on exciting spectra necessary for earthquake

calculation is based on extensive analyses. Afterwards, some basic data must be‘ given as input
parameters at the beginning of computations. The task seems to be simple as modulus of elasticity
of the reinforced concrete structure or the soil (soil strata) are well-known parameters. However,
real values actually occurring are not known, values chosen by engineers based on various
considerations will be surely others than the real ones. The same applies to the mass of the structure.
No model can be precise enough to accurately demonstrate the masses computable from the dead
weight of the structure, weight of the auxiliary structures (coverings, etc.) and technological
equipment. In static tests, uncertainties due to these inaccurate parameters can be handled easily
(e.g. applying appropriate safety factors with loads). However, in earthquake examinations,
discrepancies of the above mentioned characteristics affect the dynamic properties of the system. If
another frequency belongs to a given oscillation pattern, another value of the exciting spectrum
must be used in computations. This value may be either larger or smaller than the original one

depending on the location of the given frequency in the spectrum curve.
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From the above follows that results of the dynamic computations must be handled and interpreted

with proper caution because of the uncertainties in the input parameters.

2. TEST PARAMETERS AND MODELS

Effect of alteration of the modulus of elasticity of the reinforced concrete structures was
examined so that calculations were carried out not only for the design data, i. e. values determined

on the basis of related codes but also for three quarters and four thirds of the corresponding value:

0.75 x Egw <E < 1.33 x Egy

For mass characteristics, a large difference like with the modulus of elasticity cannot occur in a

careful examination, therefore, the test interval was as follows:

0.9 x My <M< 1.1 xMyy

At the same time, in the case of soil stiffness much greater differences were foreseen because there
is really a much greater uncertainty in these data. Furthermore, analysable effects can be only

awaited for these marked differences.

Therefore:

0.1 xReiv<R<10xRgy

In the above relations Egy , Mgy and Ry are the given parameters, while E, M and R are the

parameters the analyses were carried out with.

Presumably, effect of deviations in the individual parameters will be different for a flexible structure
and a structure that can be regarded as a rigid box. In accordance with this, the ventilation chimney
(Fig. 1) in Paks NPP as a flexible structure and an auxiliary building as a rigid box (Fig. 2) were

chosen for tests.

Out of the horizontal and vertical response spectra applied in the tests, the horizontal response

spectrum can be seen in Fig. 3.

The structure has been modelled as a beam model, and in computation of soil springs, a stiff

foundation has been taken into account.
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Figure 1. Flexible reinforced concrete structure: Ventilation chimney
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Figure 2. Reinforced concrete building with thick walls and slabs: Auxiliary building concrete block

3. RESULTS OF THE VENTILATION CHIMNEY

Fig. 4 shows the beam model of the chimney. The comparative test has been carried out for
the horizontal displacement in point 1 at the chimney top, for vertical displacement in point 2 in the
middle of the base plate. Internal forces were analysed in beam section 3 (in clamp cross-section of

the chimney), girder 4 connecting both chimneys, and girder 5 in the base plate.
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Figure 4. Beam model of ventilation chimney
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At first, the eigenvector value necessary for the appropriate accuracy was analysed. If all
eigenvectors belonging to the complete spectrum shown in Fig. 3 will be included in the tests, 42

eigenvectors must be used for the given structure because

o) = 1.37rad/s, wqy=208.7 rad/s.

Table 1 demonstrates that horizontal displacement of the chimney top can be already obtained rather
accurately with 3 eigenvectors, while calculation of appropriate accuracy of the vertical

displacement of the middle point in the base plate requires at least 10 eigenvectors.

Bending moment and shear forces can be computed rather precisely with 10 eigenvectors, but
accurate normal forces result only from more than 20 eigenvectors. Finally, in comparative tests 30
eigenvectors were included. Fig. 5 displays the location of the natural circular frequencies in the
response spectrum. It reveals that for the flexible structure the first natural circular frequencies
belong to the fast increasing section of the spectrum, and the eigenvectors included in the
computations correspond to natural circular frequencies belonging to high values of the spectrum

curve.

Table 1. Accuracy of displacements and internal forces at ventilation chimney

place of |kind of number  of eigen vectors
analysis | value 3 5 10 15 20 30 42
1 H. disp. | 99,2 100,0 100,0 100,0 100,0 100,0 100,0
2 V.disp. | 90,7 90,7 97,1 100,0 100,0 100,0 100,0
N 83,9 83,9 85,8 99,8 99,8 100,0 100,0
3 T 49,1 49,1 96,2 97,7 97,7 100,0 100,0
M 85,8 85,8 99,5 99,9 99,9 100,0 100,0
N 7,1 7,1 67,8 90,6 90,6 99,4 100,0
4 T 84,6 84,6 99,6 99,7 99,7 100,0 100,0
M 84,8 84,8 99,7 99,7 99,7 100,0 100,0
N 27,2 67,0 94,3 94,3 99,6 100,0 100,0
5 T 82,7 91,7 95,6 99,9 100,0 100,0 100,0
M 82,7 91,9 95,9 99,9 100,0 100,0 100,0
o =1,4 Wy =22,5 ®15 =38,1 w30=119,9 rad/sec
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Figure 5. Natural circular frequencies in the spectrum at ventilation chimney

Fig. 6 shows the role of differences in modulus of elasticity of reinforced concrete in the solution. It
can be seen that with decreasing modulus horizontal displacement increases, while vertical
displacement and internal forces decrease. While modulus was diminished by 25% (or increased by
33%) in comparison to the value taken originally, changes in internal forces made no more than

15%.

Fig. 7 underlines the importance of precise choice of masses. It can be seen that a mass growth of

10% may even result in a 10% increase of internal forces.

Fig. 8 demonstrates the effect of soil stiffness. Difference was deliberately chosen not really. In spite
of the fact that soil stiffness was reduced to 10% and enlarged to tenfold value, a maximum change
of 25% in internal forces and horizontal displacement was observable. Simultaneously, vertical
displacement increased, then decreased five times the original value. This means that in the case of
flexible structures, mistakes in soil characteristics little influence the displacements and internal
forces occurring due to flexibility. This small effect of soil stiffness change can be explained by the
location of the natural circular frequencies in the spectrum. The location of the first ten most
important natural circular frequencies in the spectrum hardly depends on the soil parameters (Fig.

9).

4. RESULTS OF THE ANALYSES OF THE AUXILIARY

Beam model of the building is depicted in Fig. 10. Comparative tests were here carried out
for the horizontal displacement in point 1 in the upper plane of the structure, for the vertical

displacement in point 2 in the bottom plane. Internal forces were examined in beam section 3 in the
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Figure 10. Beam model of auxiliary building concrete block

base plate, beam 5 in the wall and beam 4 in the upper plate. The whole spectrum covered now 44

eigenvectors.

o =9.63 rad/s, w4s=203.7 rad/s.

On the basis of Table 2 it can be stated that use of 10 eigenvectors results in computation of both
displacements and internal forces with the appropriate accuracy. Fig. 11 shows that the first seven
natural circular frequencies belong to the upper part of the fast growing section of the spectrum
curve, and eigenvectors to be included in computations correspond in this case again to the natural

circular frequencies belonging to the high values of the spectrum curve.

In Fig. 12 the effects of soil stiffness alteration are demonstrated. Unlike the flexible structure, now
there is a considerable change both in internal forces and horizontal displacement, i. e. in rigid-box-
like structures, the importance of mistakes in soil characteristics is much larger than with flexible
structures. The more important role of soil stiffness alteration is explained by the location of the
natural circular frequencies in the spectrum. Fig. 13 illustrates that the location of the most

important first ten natural circular frequencies immensely depends on the soil parameters.
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Table 2. Accuracy of displacements and internal forces at auxiliary building concrete block

place of | kind of number of eigen  vectors
analysis value 5 7 10 20 30
1 H. disp. 100,0 100,0 100,0 100,0 100,0
2 V. disp. 82,4 100,0 100,0 100,0 100,0
N 68,2 98,7 98,9 100,0 100,0
3 T 98,4 99,9 99,9 100,0 100,0
M 99,7 99,9 99,9 100,0 100,0
N 92,9 97,7 99.4 100,0 100,0
4 T 98,5 99,1 99,2 100,0 100,0
M 98,7 99,4 100,0 100,0 100,0
N 30,9 99,8 100,0 100,0 100,0
5 T 99,8 99,9 100,0 100,0 100,0
M 99,8 99,9 99.9 100,0 100,0
w; =9,6 w7 =27,7 Wi =37,3 W20=58,9 w30= 129,6 rad/s
—1-7
£ 8-10
{ I ; l o[rad/s]
16 56 126 200

Figure 11. Natural circular frequencies in the spectrum at auxiliary building concrete block
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CONCLUSIONS

Analyses show that masses must be taken into account as correctly as possible because
mistakes appearing in displacements and internal forces are proportional to mistakes made in
computation of masses. At the same time, it is a comforting result that mistakes in modulus of
elasticity of the structural material appear in a much less degree in internal forces, i. e. the results
obtainable by values given in code specifications are close to the ones obtained by the actual

modulus of elasticity.

Effects of soil stiffness are sharply different with flexible and rigid structures. In the latter case,
mistakes made in soil stiffness computation lead to a significant discrepancy with the real results.

This effect is, however, in the case of flexible buildings not important.
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Abstract

A seismic assessment and strengthening investigation is being performed for selected
structures at the Bohunice V1 Nuclear Power Plant in Slovakia. Structures covered in this paper
include the reactor building complex and the emergency generator station. The emergency
generator station is emphasized in the paper as work is nearly complete while work on the reactor
building complex is ongoing at this time. Seismic evaluation and strengthening work is being
performed by a cooperative effort of Siemens and EQE along with local contractors. Seismic input
is the interim Review Level Earthquake (horizontal peak ground acceleration of 0.3g).

The Bohunice V1 reactor building complex is 2 WWER 440/230 nuclear power plant that
was originally built in the mid-1970s but had extensive seismic upgrades in 1991. Siemens has
performed three dimensional dynamic analyses of the reactor building complex to develop seismic
demand in structural elements. EQE is assessing seismic capacities of structural elements and
developing strengthening schemes, where needed. Based on recent seismic response analyses for
the interim Review Level Earthquake which account for soil-structure interaction in a rigorous
manner, the 1991 seismic upgrade has been found to be inadequate in both member/connection
strength and in providing complete load paths to the foundation. Additional strengthening is being
developed.

The emergency generator station was built in the 1970s and is a two-story unreinforced
brick masonry (URM) shear wall building above grade with a one story reinforced concrete shear
wall basement below grade. Seismic analyses and testing of the URM walls has been performed to
assess the need for building strengthening. Required structural strengthening for in-plane forces
consists of revised and additional vertical steel framing and connections, stiffening of horizontal
roof bracing, and steel connections between the roof and supporting walls and pointing of two
interior transverse URM walls. Qut-of-plane forces require the addition of vertical steel members
attached to the URM walls with large openings and/or excessive height to thickness ratios. A
practical strengthening solution combining the capacity of the existing structure, as determined by
masonry testing, with the capacity of new structural elements has been achieved.
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INTRODUCTION

In July 1996, Elektrame Bohunice (EBO) entered into a contract with REKON, a joint
venture of Siemens and Vuje, for major reconstruction and additions to the safety systems of
Bohunice V1 located in Slovakia. The seismic evaluation and any required strengthening is being
performed by a cooperative effort of Siemens, EQE, and local contractors.

The seismic evaluation and strengthening program is based on the intent of the “Seismic
Qualification and Design Procedure - Part A: Civil Structure” for the EBO-V1 project (Reference
1). This procedure summarizes design criteria, procedures and application rules for seismic design
and evaluation of structures in compliance with the IAEA Technical Guidelines for Bohunice and
links them with the applicable national and international codes and standards. This procedure is
applicable to new or upgraded Seismic Class 1 (SC1) structures or members. The criteria for
seismic capacity was modified to include the results of the material testing for the existing URM
walls of the emergency generator station.

Final assessment of the site seismic hazard is being performed by SAV (Slovak Academy of
Sciences). Interim site-specific ground response spectra were adopted based on simplified
probabilistic seismic hazard analysis. The resulting Interim Review Level Earthquake (iRLE) is the
basis for seismic evaluation and design. The iRLE is shown in Figure 1.

REACTOR BUILDING COMPLEX

The reactor building complex consists of several structures connected above grade but
supported on independent foundations. Individual structures comprising the reactor building
complex include the reactor building/reactor hall, turbine hall, transverse electrical building,
longitudinal electrical building, and ventilation hall as illustrated by the plan view shown in Figure
2. The reactor building complex was originally built in the mid-1970s but had extensive seismic
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Figure 1: iRLE Ground Response Spectrum
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Figure 2: Reactor Building Complex Plan View

upgrades in 1991. The reactor building has very rigid reinforced concrete shear wall construction at
lower elevations with a steel frame reactor hall above. In addition, a steel frame turbine hall and
electrical buildings are adjacent to the reactor building. Lateral force resisting systems consist of
steel diagonal bracing at the roof to distribute foads to steel frames. The original design for lateral
resistance was transverse steel moment frames and longitudinal steel braced frames. Recent (1991)
seismic upgrades include addition of bracing members in the transverse direction and concrete
shear walls in the longitudinal direction.. In addition, the 1991 upgrades included substantial
strengthening of the transverse electrical building consisting of increased connections to the reactor
building concrete for seismic resistance in one horizontal direction and roof and wall steel diagonal
bracing for seismic resistance in the other horizontal direction.

Siemens has performed detailed three dimensional dynamic analyses of the reactor building
complex for the purpose of determining in-structure response spectra and seismic structural
response. A large model representing one of the Bohunice V1 units has been developed as shown in
Figure 3. The reactor building complex actually consists of two nearly identical units. There is a
separation joint between the two units and only one unit is included in the structural model.
Frequency domain soil-structure analyses accounting for independent foundation motion have been
performed using the computer program SASSI with the iRLE as seismic input.

EQE is using the seismic demand determined from SASSI analyses to assess the adequacy
of the structure and to develop strengthening measures, where they are needed Seismic demand in
the elements of the reactor building complex determined for the recent seismic response analyses
appear to be significantly larger than the seismic demand used to develop the 1991 seismic
upgrades. Increased seismic demand is due to the use of the interim Review Level Earthquake and
to soil-structure interaction behavior associated with independent foundation motions. As a result,
the 1991 seismic upgrades have been found to be inadequate in some areas. For transverse seismic
behavior, the strength of new steel diagonal members and their connections added between the roof
of the reactor hall and the roof of the ventilation hall are not adequate for the seismic loads. In
addition, there does not appear to be a reasonable and complete load paths to the foundation in
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Figure 3: SASSI Structural Model of Reactor Building Complex

certain areas. Examples include provision for the reaction forces from upgrade diagonal bracing,
connection of the reactor hall upgrade concrete shear walls to the supporting concrete floor, and
continuity of column doubler plates down to the foundation in the turbine hall. The development of

additional seismic strengthening measures based on the most recent seismic analyses is ongoing at
this time.

EMERGENCY GENERATOR STATION

The Emergency Generator Station/Building (Figure 4) is a two-story unreinforced brick
masonry (URM) shear wall building above grade with a one-story reinforced concrete shear wall
basement below grade. The plan dimensions are approximately 54m x 19m, with an average height
to top of sloping roof of approximately 10m. The station was constructed circa 1970. The
basement is located approximately 3.85m below the first floor which is at grade. The second
floor/mezzanine is located approximately 3.7m above the first floor. The floor area at the basement
and first floor is approximately 1026 m’. The second floor/mezzanine has a floor area of
approximately 558 m”. The total floor area is approximately 2610 m>.

The vertical load-carrying system consists of steel beams and girders with a metal deck and
rigid insulation at the roof; steel framing with a cast-in-place concrete slab at the second
floor/mezzanine and first floor; spread footing and concrete slab on soil at the basement. Vertical
element support for the first floor consists of reinforced concrete walls; vertical element support for
the second floor mezzanine and roof consists of URM walls.

The lateral force-resisting system consists of steel bracing and a flexible metal deck
diaphragm at the roof and rigid concrete slab diaphragms at the second floor/ mezzanine and first
floor. The diaphragms transfer their forces to interior and exterior load bearing URM walls above
grade on three sides only and reinforced concrete shear walls below grade. The existing station
does not have a vertical lateral force-resisting system along the north longitudinal wall (column line
A).
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Figure 4: Emergency Generator Stations/Building Isometric

It is of interest to note that the crane bays which service the emergency generators were
constructed of an independent steel frame prior to the construction of the surrounding above-grade
building. The URM walls were then constructed to incorporate the existing steel elements. The
crane bay steel framing is a braced frame in the transverse direction and a moment frame in the
longitudinal direction.

The emergency generators are Earthquake Klass 1 (EKI) and are thus required to remain
operational after a major seismic event. The station/building that houses these generators must be
able to experience the designated review level earthquake without compromising the operation of
the emergency generators.

The scope of work for the seismic evaluation of the Emergency Generator Station was
divided into four (4) major tasks:

L.

Review/evaluation of available construction documents to establish an
understanding of the vertical load-carrying and lateral force-resisting systems.

Site visit to document the existing conditions and verify general conformance with
the available construction documents. Additional site visits were also performed to
verify conceptual constructibility for required seismic strengthening.

Seismic analysis of the existing station/building to identify deficiencies and
determine required strengthening to provide sufficient resistance to withstand the
review level earthquake without compromising the operation of the emergency
generators.

Preparation of construction drawings to implement the required strengthening.
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Description/Assumptions For Computer Model

A three-dimensional dynamic model of the Emergency Generator Station was developed
using SAP 90 (Reference 7), a general structural analysis computer program appropriate for three-
dimensional finite element analysis of many building types. Critical lateral force-resisting building
elements were evaluated and demand-to-capacity (D/C) ratios were calculated. Member capacities
are based on the referenced standards including the results of the material testing for the existing
URM walls.

The finite element model for the Diesel Generator Station was generated taking into account
all specific features of the building, based on the available drawings and site observations. The
fixed-based model of the above-grade structure uses shell elements to represent both in-plane and
out-of-plane shear and bending behavior of the brick walls, including existing openings and
irregularities. The stiffness of the brick elements was adjusted to account for degradation during a
seismic event. Steel elements were modeled using frame elements with special attention directed to
assigning proper end release codes to properly model the expected performance.

The existing facade panels at building line A were modeled as masses only because they do
not contribute to the lateral force-resisting system. The masses of the existing traveling cranes were
modeled close to line A where a mounting ladder and parking positions are located.

The fixed-base response spectrum analysis was generated using the “Interim Review Level
Earthquake with 5% damping.” Forty modes were calculated using the Ritz analysis method. Note
that modes at frequencies of 4.6, 8.6, and 11.2 hz are characteristic for the movement of the
building in the longitudinal direction and modes at frequencies of 7.4, 7.9, 10.7, 11.6, and 13.7 hz
are characteristic for the movement of the building in the transverse direction. Vertical
participation is represented in modes at frequencies of 20.5, 34.9, and 36.1 hz.

Material Testing

Tests were conducted to determine the constructed strength of the existing URM walls for
the Emergency Generator Station. The in-place shear tests were performed as per U.S. Uniform
Building Code (UBC) standards (Reference 6) and modified write-up from SEAOC proceedings.
See Figure S for an illustration of the procedure for in-place shear test.

The capacity of the existing brick walls to resist seismic lateral shear forces may be
determined from an evaluation of the in-place shear tests. A total of 20 tests were performed as
listed in Table 1. Figure 6 is an example of test results. The values for elastic capacity are
developed herein for use in determination of demand/capacity values to evaluate the existing walls.

The shear strength of the tested mortar may be considered to consist of two components.
The first component is equivalent to a cohesion contribution and thus is independent of axial load.
The second component is equivalent to a friction contribution and thus is dependent on axial load.

The elastic capacity is determined from an evaluation of the force-displacement curves from
the in-place shear tests as shown in Figure 6. It is based upon a determination of the linear portion
of the curve and a maximum offset of approximately twice the linear displacement. The cohesion
component or mortar strength (V,,,) for elastic capacity is calculated as shown below:

* veto = (Vlcst/ Ab) = (PD+L) where

. Ve« is the value of test load

. Ay is the bedded and collar area of the mortar subjected to shear load

. Pp+L is the dead plus live load on the tested brick. There was no live load present at
the time of the test
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PRELIMINARY
NOT FOR CONSTRUCTION

QADRES  MICSES BIIP7

™ DRILL OUT MORTAR
(STEP 1)
SINGLE BRICK REMOVED
(STEP 2)
OND COLLAR JOINT MORTAR
BOND COURSE TO REMAIN BEHIND
BRICK
LHEAD JOINT REMOVED
ILLING OUT MORTA
CALIBRATED HYDRAULIC RAM '(BS"TE%R %
(STEP 4)
2 1/2.X2 '/2-X3 ‘/2.
STEEL PLATE SET
WITH POUR STONE
{STEP 4)
PROCEDURE:

STEP 1 Existing mortor drilled out with 5/,6" diameter masonry drill x 4" long.
STEP 2  Remove brick.

STEP 3  Drill out heod joint mortar x 4" deep.

STEP 4  install jock ond test.

STEP 5 V", mortar = P (load in Ibs.)
{Ibs./sq. in.) 2x bedded oreo plus collar oreo

Figure 5: Procedure for In-Place Shear Test

The total elastic capacity (V,) mortar shear stress including both cohesion and friction
components is computed as 56% of V, plus 75% of the dead load stress. The reduction in
recorded values accounts for statistical variations in recordings and vertical seismic components of

ground motion. These are empirical values being considered for UBC standards now being
developed.
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TABLE 1. TEST RESULTS SHEAR STRENGTH URM EMERGENCY GENERATOR

STATION BUILDING (530) ELASTIC CAPACITY

{8] |Test(H)| ness | (W) [ (L) [ (1) | RAGE | {2 21
(m) | (em) | (cm) | (em) | (cm) | (%)

WALL |[TEST| Wall BRICK Actusal in-Site
LOC.| Const{ DIMENSIONS DIMENSIONS Dead Load Dead Load Etastic
No. | Type on Test at Mid-HT Capacity
Grid| Level Helght | Wall | Width | Length{ Thick- | Collar Jt.| Bedded | Collar | Shear Gauge| Force | Mortar Stress Mortar Stress
Line{ Elev. Above |Thick- ness | COVE-| Area | Ares Area Veto Vet

12 m | 9 17 15 (6]
(em2) kP2 psi kPa pst | (bar) | (kN) kPa psi kPa psi

4 0 1] 2BK 8.80 371 1130} 23.50 i 80%| 265.55] 206.80 737.90F 118.71] 17.23] 120.73] 17.52 300] 37.68] 391.93] 56.88] 310.03] 45.00
37 2| 1BK 5.24 37} 34.00] 27.30 11 0% 928.20 0.00] 1856.40] 70.68] 10.26] 47.89] 6.95 95] 20.18} 38.02f 552} 57.21 8.30
i 0 3} 2BK 8.43 371 11301 24.00 11 70%] 271.20] 184.80 727201 11371 1650} 120.73} 17.52 225) 33.00] 340.08) 49.36{ 280.99] 40.78
! 37 4] I1BK 5.06 37] 3230f 2330 11 0%} 1752.59 0.00] 1505.18] 68.26] 9.91 47.89] 6.95 450] 9558 566.75] 82.26] 353.30] 5128
Bl 37 5| 2BK 6.04 401 11.00] 24.00 11 80%| 264.00{ 211.20 739201 81.48] 11831 4789 695 380) 47.75] 564.49| 81.93] 35203 51.09
B 0 61 2BK 9.04 401 11.30] 24.00 3} 100%! 271.201 264.00 806.40{ 121.94] 17.70] 12073} 17.52 3251 4000 374091 54.29] 300.04] 4355
B 0 71 2BK 9.04 40| 11.30] 23.50 11 100%] 265.55| 258.50 789.601 121.94] 17.70] 120.73{ 17.52 225] 34.56] 315.75] 45.83| 267.37] 38.80
Bf 317 8] IBK 0.30 36] 31.50f 23.30 i 0%| 733.95 0.00{ 1467.90 4051 059] 4789 6.95 280 60.00f 404.70{ 5874] 262.55] 38.it
b 0 9/ 2BK 8.79 40] 11.40] 23.80 i 20%] 271.32) 5236 595.00] 118.57} 17.21] 120.73] 17.52 325]  40.00] 553.70] 80.36] 400.62] 58.14
bl 37 10| 1BK 4.74 371 32.40{ 2330 11 0%] 754.92 0.00} 1509.84] 63.94] 9.28] 47.89] 6.95 280] 60.00] 333.45| 4840 22265f 323!
4 37 11} I1BK 4.75 34] 32.00] 23.50 11 0%] 752.00 0.00] 1504.00] 64.07] 9.30f 47.89] 6.95 450]  93.44| 557.20] 80.87] 347.95] 50.50
B 0 12 2BK 9.04 36] 11.50] 2400 11 90%] 276.00] 237.60 789.60] 121.94] 17.70f 12073} 17.52 180] 24.00) 182.01f 2642 19247 27.93
B} 37 13} I1BK 3.69 36) 32.00] 24.00 11 0%| 768.00 0.00) 1536.00f 76751 t1.14] 4789 6.95 325) 7227 393.75] 57.151 256.42 37.22
b 0 14] 2BK 8.79, 40f 11.50] 24.00 11 0%] 276.00 0.00 552.00] 11857} 17.21]1 120.73] 17.52 150 18.84] 22273} 32,33} 215.28] 31.24
bl 37 151 2BK 4.59 36] 11.50] 23.00 11 100%] 264.50] 253.00 782.00] 6192] 899] 47891 695 3501 4396] 500.23] 7260 316.05] 4587
b 37 16| 1BK 4.741 35.5] 31.50} 24.00 i 0%| 756.00 0.00f 1512.00{ 63941 928l 4789 6.95 475] 101.94] 610.27{ 88.57| 377.66{ 54.81
2l 37 17} 1BK 4.75 36] 32.50] 24.50 i1 0%| 796.25 0.00] 1592.50f 64.07] 9.30f 47.89] 6.95 2501 55007 281.29] 40.83] 19344} 28.08
5 0 18{ 1BK 4.75 40] 32.00{ 24.00 1 0%] 768.00 0.00] 1536.00{ 64.07} 9.30] 47.89] 6.95 3251 65.00} 359.}10f 52,12| 237.01] 3440
1 0 19] 1BK 5131 355] 32.00f 23.00 11 0%} 736.00 0.00f 1472.00f 69.20] 10.04] 47.89] 6.95 5201 11043} 681.00] 98.84] 417.28{ 6056
8 0 20} 1BK 4.75 371 32.00] 24.00 11 0%] 768.00 0.00) 1536.00f 6407} 9.30] 47.89] 6.95 220 45.00] 228.89] 33.22| 164.10] 23.82

1} Density of Brick = 1250 kg/m3
Dead Load Density = 1250 kg/m3 (9.81m/sec2) (kn/1000N) = 12.263 KN/m3
Dead Load Stress = 12.263 KN (Height) (F)
Where F = Factor for plaster on ane side or wall = 1.1
Note: Live Load
Also: 12263 N/m3 * (m/3.278 R)3 * (LB/4.45) = 78.23 LB/FT3
With "F" for plaster = 78.23 * .| = 86.06 LB/FT3
2) Shear Area = 2 (Bedded area) + Collar Area
Bedded Aren = WL
Collar Ares = TL(% Coverage)
3) Working Stress Mortar shear test values (Vo)
Vto = (Force/Shear Area}(10,000) - Dead Load Stress

PA25010710\URM| . XLS

4) Working Stress Mortar shear strength (Vt)

Vi=0.80 Vio
$) Elastic Capacity Mortar shear test values (Veto)

Veto = (Force/Shenr Area)(10,000) - Dead Load stress
6) Elastic Capacity Mortar shear strength (Vet)

Vet = 0.56 Veto + 0.75 Dead Load Stress at Mid-HT (h)
7) psi = kPa/6.89
8) Wall Construction

1 BK =One brick thick wall

2 BK = Two brick thick wall

9) Dead Load Stress =

12.263 KN (h) ()

Where: F = 1.1, see note |

and h = Mid-HT of wall
=(3.7-0)(1/2)+

(10.8-3.7)
=895 at lower elev.
h=(10.8-3.7)(172)

=3.55 at upper elev.
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Figure 6: In Place Shear Test

Note that some of the values for elastic capacity are below the preferred lower limit of 207
kpa (30 psi). Test location 12 is located in the longitudinal wall on line B and has an elastic
capacity below 207 kpa (30 psi); however, additional test locations also on wall line B and at the
same elevation (i.e., test locations 6 and 7) have values above 207 kpa (30 psi). The average value
for all three test locations is above 207 kpa (30 psi).
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Values for elastic capacity at test locations 2, 17 and 18 are also below the preferred lower
value of 207 kpa (30 psi); test location 2 is significantly below the preferred lower value. From an
evaluation of demand/capacity ratios, it is required to point these interior transverse walls using
1994 UBC standards as shown in Figure 7. The requirements to point URM walls are:

1. Joint Preparation - The old or deteriorated mortar joint shall be cut out, by means
of a toothing chisel or non-impact power tool, to a uniform minimum depth of 2
inches (50mm) until sound mortar is reached. Care shall be taken not to damage the
brick edges. After cutting is complete, all loose material shall be removed with a
brush, air or water stream.

2. Mortar Preparation - The mortar mix shall be Type N or Type S proportioned as
required by the construction specifications. The pointing mortar shall be
prehydrated by first thoroughly mixing all ingredients dry and then mixing again,
adding only enough water to produce a damp unworkable mix which will retain its
form when pressed into a ball. The mortar shall be kept in a damp condition for one

PRELIMINARY
68017 MOS8/ B/14/97 NOT FOR CONSTRUCTION
A
400mm 400mm
T_,L‘M“_ Omm
i
¥z
wr
Y,
——yrz ¥z
WALL TYPE 1 WALL TYPE 2
(3~WYTHE) (1-WYTHE)
PROCEDURE:

1. Remove a minimum of SO0mm of existing mortar until sound
mortar is reached.

2. New mortor mix shall be Type N or Type S.

3. Tightly pock domp new mortar into joint in loyers not
exceeding 8mm in depth until it is filled.

Figure 7: Pointing of URM Walls
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and one-half hours; then sufficient water shall be added to bring it to a consistency
that is somewhat drier than conventional masonry mortar.

3. Packing - The joint into which the mortar is to be packed shall be damp but without
freestanding water. The mortar shall be tightly packed into the joint in layers not
exceeding 1/4 inch (6.4mm) in depth until it is filled; then it shall be tooled to a
smooth surface to match the original profile.

Structural Evaluation

The seismic analysis of the Emergency Generator Station/Building found several concerns
in the existing lateral force-resisting system of the building. These concerns include the lack of a
complete lateral force-resisting system and insufficient capacity in the existing lateral force-
resisting system to comply with Reference 1. These concerns are described in the following

paragraphs.

The lateral force-resisting system along the exterior wall at wall line A is insufficient to
resist the expected lateral forces. A complete vertical lateral force-resisting system is required
along line A using some of the existing vertical steel columns modified to accommodate new steel
diagonal members. Strengthening of the steel roof diagonals is required to allow the elements to
carry both compression and tension loads and lateral forces.

The connections of the roof to the URM walls in both the longitudinal and transverse
directions do not have sufficient capacity to transfer the roof diaphragm forces into the supporting
URM walls. In addition, the roof diaphragm appears to have a horizontal separation adjacent to the
wall at line b (interior longitudinal wall).  Additional steel diagonal members and
connections/attachments are required.

The summary of results (demand/capacity ratios) for in-plane shear forces in the walls is
presented in Table 2. The average elastic capacity for each wall was based upon the results
presented in Table 1 “Elastic Capacity”. The demand for each wall was obtained from a three-
dimensional computer analysis as described above and presented as in-plane shear stress iso-
contour plots, see Figure 8. Note that Figure 8 shows in-plane shear stress iso-contour plot for Wall
B, similar plots were generated for all lateral force resisting shear walls. The results show that the
wall on grid line 7 and the lower portion of the wall on grid line 8 require pointing as previously
discussed.

The ability of the URM walls to withstand out-of-plane forces was also considered. The
capacity for each wall is generated in Table 3 based upon the theory and equations developed in
Reference 2. Capacity is expressed as a coefficient, C, which is the wall out-of-plane capacity
divided by wall weight. C, values range from about 0.4 to 12 in Table 3. The demand for each
wall is obtained from the theory and equations developed in Reference 8 and essentially represents
the dynamic behavior of a singly supported wall spanning between the roof and floor. For all walls,
the demand is estimated to be 0.63 times the wall weight. The resuits show that solid walls are
adequate for out-of-plane forces (except for the wall on grid line 10 which has an exceptionally
large height to thickness ratio). However, it is recommended that “strongback” members be
installed adjacent to large openings to assure stability.

Demand/capacity ratios for other structural members and connections were also computed.
The capacity of the various elements is generated essentially by manual calculations while the
demand is essentially determined from the three-dimensional computer analysis. The results show
that the roof diagonal bracing members must be strengthened. This will also allow these members
to act in both tension and compression and better distribute the lateral forces.
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TABLE 2. SUMMARY OF RESULTS [D/C RATIO] WALLA IN-PLANE SHEAR

FORCES ELASTIC CAPACITY

Wall Demand (D) Capacity (C) Ratio Compliance Comment
Grid line Level PSI(1) KPa (2) PSI(3) KPa (2) D/C Y/N
B 0 16 112 36.76 253 0.44 Y
3.7 12 84 42.14 290 0.29 Y
b 0 25 175 44.69 308 0.57 Y
3.7 22 154 44.33 305 0.50 Y
1 0 23 161 40.78 281 0.57 Y
3.7 17 119 55.92 385 0.31 Y
2 0 20 140 28.08 193 0.72 Y
3.7 14 98 28.08 193 0.51 Y
4 0 20 140 45.00 310 0.45 Y
3.7 17 119 50.50 348 0.34 Y
5 0 24 168 34.40 237 0.71 Y
3.7 17 119 34.51 238 0.50 Y
7 0 20 140 8.30 57 2.44 N Point per UBC STD 21-8
3.7 18 126 8.30 57 2.20 N Point per UBC STD 21-8
8 0 25 175 23.82 164 1.06 N Point per UBC STD 21-8
3.7 15 105 23.82 164 0.64 Y
10 0 15 105 23.82 164 0.64 Y
3.7 14 98 23.82 164 0.60 Y

(1) See Figure 11, Sample/Example In-Plane Shear Stress Iso-Contour

(2) Pa =6.89 (psi)

(3) See Table |
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Figure 8: In Plane Shear Stress Iso Contour

Structural Strengthening/Conclusions

The deficiencies found from the seismic evaluation of the Emergency Generator Station
lateral force-resisting system can be corrected by providing a supplemental lateral force-resisting
system, and through strengthening of the existing system. The strengthening concept basically
includes providing new steel diagonal vertical bracing members along the exterior wall at building
line A; additional steel connections/ attachments at the roof to the supporting URM walls, vertical
steel “strongbacks™ at wall lines B, b and 10, stiffening of horizontal roof bracing and pointing of
two interior transverse walls.

The five specific problem areas in the existing lateral force-resisting system of the
Emergency Generator Station/Building, along with strengthening measures are described in the
following paragraphs.

1.

Strengthening of roof diagonals (i.e. add angle shape to make box shape element
from existing single angle). This strengthening is required for all horizontal
diagonal roof elements. Details are also shown to provide shear transfer between the
apparent horizontal discontinuity in the roof diaphragm parallel to building line b,
see Figure 9.

Connections of the roof diaphragm to the supporting vertical URM walls, see Figure
10.

Additional steel diagonal braces and connections to existing steel columns. Note
that there are two sets of diagonal braces; one for the vertical lateral force-resisting
system which extends from the roof to the first floor in three bays and the other set
of braces is for a “drag strut” to connect the mezzanine(s) to the vertical lateral
force-resisting systems located in three different bays, see Figure 11.
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TABLE 3. SUMMARY OF RESULTS [Cp RATIO}: CAPACITY WALLS FOR OUT OF
PLANE FORCES — REF. 2

Wwall Data
. Height Thickness Ratio Weight (1) | D/Dcg =2 Pressure(2) Cp
R
Grid line Level h [m] ¢ [m] ht (3) Wt [ps] R, , (4) 1 w [psf] wiWt
B 0 3.0 0.38 9.47 100 0.90 0.61 0.067 1,119 10.5
37 6.1 0.38 16.05 100 0.77 0.6T 0.031 261 2.45
b 0 36 0.38 9.47 100 0.90 0.6T 0.067 1,119 105
3.7 5.94 0.38 15.63 100 0.78 0.67 0.032 - 2381 2.63
I 0 3.6 0.4 9 105 0.97 0.6T 0.074 " 1,314 7
3.7 6.54 0.4 16.35 T0S5 ~0.76 0.61 0.03 246 2.19
2 0 3.8 0.4 9 103 0.91 0.6T 0.074 1,314 IT.7
3.7 6.4 0.4 16.35 105 0.76 0.67 0.03 246 2.19
4 [1] 3.6 0.4 9 105 0.91 0.61 0.074 1,314 117
3.7 0.54 0.4 16.35 105 0.76 0.0T 0.03 240 2.19
5 0 3.6 0.4 9 105 0.91 0.61 0.074 1,314 11.7
3.7 6.5% 04 16.35 105 0.76 0.61 0.03 — 246 2.19
7 0 3.6 0.4 9 105 091 0.61 0.074 1,314 T
3.7 6.54 0.4 16.35 105 0.76 0.6T 0.03 246 2.19
3 0 3.6 04 9 105 ~ 0.91 0.6T 0.074 1,314 TT.7
3.7 6.54 0.4 16.35 105 0.76 0.61 0.03 246 2.19
T0 0 10.24 0.38 26.95 100 0.58 0.61 0.01T 4T 0.386
3.7 6.1 0.38 16.05 T00 0.77 0.61 0.031 — 201 2.45
Constants: fm = 1,000 k, = 0.50 k, = 0.30 Spax = 0.004
Density = 1,250 kg / m* ~ 80 LB/FT?
W, = 80 1b X t(m) * 328FT - PSF
) Fy?
2) W = 2fm IR, R,/ h/t) * 144 = psf
3) Critical h#t = 21.7
(4) Minimum Value for R, per Ref. 2
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4. Additional “strongback” members are also recommended to be installed on walls
along lines B and b due to the number of large openings and along the wall at line 10
due to its excessive h/t ratio, see Figures 12 and 13.

5. Pointing of the URM wall along grid line 7 and at the lower portion of the URM
wall along grid line 8, see Figure 7.

Implementation of these recommendations will provide the increased lateral force-resisting
capacity required by Reference 1 for the Emergency Generator Station to withstand the iRLE such
that the emergency generators remain operational.
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Abstract

The Spent Fuel Storage Building at Kozloduy NPP site has been analysed for new review level
earthquake with 0.2g peak ground acceleration (compared to the initial design basis earthquake with
0.1g PGA). The preliminary seismic analysis of the existing building structure using the 5% site
specific response spectrum showed the need of seismic structural upgrading.

Two upgrading concepts were evaluated on the basis of several factors. The main factor
considered was preventing the collapse of the hall structure and the travelling cranes on the fuel
storage area during and after a SSE.

A three dimensional finite element model was created for the investigation of the seismic
response of the existing structure and for the design of the building upgrading. The modelling of the
heavy travelling crane and its sub-crane structure was one of the key points. Different configurations
of the new upgrading and strengthening structures were investigated.

Some interesting conclusions have been drawn from the experience in analysing and upgrading
of such a complex industrial structure, comprised of elements with substantial differences in material,
rigidity, construction and general behaviour.

1 INTRODUCTION

The Spent Fuel Storage Building is a cast in place and precast high-bay industrial type building
constructed in 1986 at Kozloduy NPP site. The building is approximately rectangular measuring
about 78 by 46 meters in plan and rises 37 meters above ground. Figure 1 shows the current
configuration of the building. It is comprised of two main parts - Main Hall (between rows B and I'),
with high-bay (between axes 1 and 7) and low-bay (between axes 7 and 14) and Auxiliary Building
(between rows A and B). There are two travelling cranes to handle the spent fuel - a high capacity
crane (160t) servicing the high-bay and a light capacity crane (16t) servicing both bays. The structure
is composed by two construction types: the precast concrete construction above Elevation 7.20m,
and the monolithic concrete block below this elevation where the spent fuel pools are housed and
which supports the precast building elements. Figure 2 shows a typical section of the building at the
transition between high and low-bays at axis 7.

The existing lateral load resisting system of the Main Hall superstructure consists of
cantilevered precast columns in the transverse direction and frame resisting frames precast columns
and beams as well as interior concrete shear walls in the longitudinal direction.

The existing structure has been designed for an anticipated seismic input motion with 0.1g
peak ground acceleration. With the application of stronger safety requirements for NPPs it came
clear that the facilities of Kozloduy NPP should be designed to withstand safe shutdown earthquake
(SSE) with 0.2g peak ground acceleration. Considerable efforts have been made by experts from
different institutions, essentially supported by IAEA, to develop more adequate seismic input
characteristics for the seismic qualification of facilities associated with the safe shutdown of the
plant. This included development of a free field Response Spectrum for Kozloduy site, anchored at
0.2g PGA, which was approved by IAEA [1], Figure 3. .

The preliminary seismic analysis of the existing building structure using the 5% site specific
response spectrum showed the need of seismic structural upgrading.
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2 UPGRADING CONCEPTS

Two upgrading concepts were evaluated on the basis of several factors - one based on cast in situ
reinforced concrete shear walls along the end walls of the building and the other based on new
vertical steel braces A key factor for the selection of upgrading concept was the client's requirement
for quick and easy for implementation building upgrades that will impose no breaks in the
technological process EQE-International defined acceptance criteria based on the USNRC and UBC
requirements for analyses, member and connections detailing [2]. Relative construction costs were
considered as well as the client's requirements for the building upgrading schedule Walkdown notes
were used as a base to assess the applicability of the proposed strengthening concepts Finally, the
main factor considered was preventing the collapse of the hall structure and the travelling cranes on
the fuel storage area during and after an SSE.

The acceptance criteria for design was that structural elements must have capacity to resist the
combined effect of gravity and earthquake loads. This is expressed as the ratio of demand forces to
capacity forces of the structural elements of the lateral load-resisting system, which is called Inelastic
Demand Ratio (IDR). The inelastic demand ratios used for the assessment of existing elements and
for the design of new ones in this case are shown in Table 1

The strengthening concept based on new steel braces was chosen The general advantage of
the steel structure upgrading scheme is that the construction work will be carried out outside of the
spent fuel pools area.

The main upgrading elements in the transverse direction are new external steel braces
supporting the columns of the hall, which are attached down to the auxiliary building, Figure 4 It
was estimated that their assembly and erection will be possible and comparatively easy on the roof
of the auxiliary building. Bracing upgrades are also made between the columns on axis 1 On axis 7
at the transactional area between the high-bay and low-bay roofs a new steel truss is arranged, Figure
2.

In the longitudinal direction, vertical steel braces along rows B and I' are arranged, Figure 5
Doubled braces are used at the high-bay part of the building to resist the longitudinal seismic loads

Reinforced concrete shear walls will also be built up in different locations in the auxiliary
building and in the inner structure of the hall, Figure 6.

A decision was made to remove the facing precast concrete panels on axis 7 between rows B
and T" above the low-bay roof, because they can fall down directly on the spent fuel pools through
the low-bay roof All heavy facing panels along row I" between axes 1 to 7 above Elevation 24 00m
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Table 1 Inelastic Demand Rations (IDR)
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Precast Beams I
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will be removed also, in order to decrease some of the masses on the higher levels and thus to reduce
the stress in the lateral resisting systems’ elements induced by seismic loads. All removed heavy
concrete panels are to be substituted by lightweight panels made of corrugated steel sheets and
polyurethane thermal insulation.

Figures 6 and 7 show the location of the new work and main strengthening elements. The
actual structural element locations were finalised during the detailed analysis and final design phase.

® ®& 66 &8 6 8 6 0

. N

s_NJPBRACING.

® 0

o

® 0

®

N(N) BRACING, TYP

o

®

)

™ pa BRACING.ITYP.
'\_!(m WAL TYP! i | !
! i ! ! !

o ®

! 1

®

®

®
4

{
i
!
i

é

:
!

Figure ¢ Plan of Structural Upgrades
at Elevation 7.2m

® © 6 6 6§ & & 0O

\

g?esasmu “~—— revove exisTnG
: EL BRACE, TYP, ' PRECAST PANELS
i 1

_ATUNE @

"Gf(@@@@@@@@@@@@
|

i
RANACOR, 090301 S0R

Figure 7 Plan of Structural Upgrades
at Roof Level

157



3 CREATING A 3-D FINITE ELEMENT MODEL FOR FINAL DESIGN

A three dimensional SAP90 model was created for the investigation of the seismic response of the
existing structure and for the design of the building upgrading. A seismic analyst, structural and civil
engineering team was formed and the benefits of their joint effort were utilised to accelerate the
process of analysis, member sizing and connection details design, [3].

3.1 INVESTIGATION ON THE STRUCTURAL BEHAVIOUR

Investigations of different elements of the model were carried out with the goal to develop envelope
of the seismic forces. Different configurations of the external steel braces were investigated. Two
lateral supporting sets of elements were finally chosen - one against heads of the high-bay columns
and one against columns transaction on Elevation 27.75m. For these braces the inelastic demand
ratio was defined equal to 1.0, Table 1.

The longitudinal vertical bracing along columns on rows B and I'" was arranged to span 2-4
bays. The investigation was carried out to identify the most reasonable span of bracing. The three
spans braced were chosen. After that the moment resistance of the longitudinal high bay girders for
rotations around vertical axis was investigated. It was decided to put shear force transferring
elements on the girders at Elevation 27.75m to make possible resistance through vertical braces of
the transverse seismic loads also.

The modelling of the heavy travelling crane and its sub-crane structure was one of the key
points of this work. Its mass can develop very large seismic forces, but it cannot cause movements of
the supporting nodes in opposite directions, so the crane also supports the lateral resistance of the
adjacent columns by distributing the forces to more than two pairs of columns.

The crane was modelled in two manners. The first was to put beam type elements between
columns on the corresponding axes. In the second, more precisely, the crane beams, crane car and
sub-crane ways were modelled. The influence of the crane location along the high-bay hall was also
investigated. Three principal locations were assumed: between axes 1-3, 3-5, 5-7. The critical crane
location for lateral bracing elements was found to be between axes S to 7 where it is often located
during operation.

The sub-crane structure transfers vertical and horizontal transversal and longitudinal crane
loads. For transversal horizontal and seismic loads, the sub-crane structures are vulnerable. That is
why they were proposed to be upgraded to a box type steel frame structure. The detailed modelling
of the crane was done mainly for the purposes of evaluating the sub-crane structure upgrading {4].

The modelling of masses took in consideration the real gravity loads distribution, established as
a result of the walkdown. Numerous runs were done improving the mass distribution, just to make it
closer to reality and, at the same time, reasonable to be processed. It was found during the
investigation that panel masses on the outer columns on row I' above Elevation 24.00m and axis 14
above Elevation 18.00m induce very large seismic forces. It was decided to remove the heavy panels
there and replace them with lightweight ones, as mentioned above. The effect of the masses on the
building cladding sides was investigated also and was decided that the panels can be left there.

3.2 FINAL RUN

As a result of the above mentioned investigations, the SAP90 model was refined and tuned to
properly assess the seismic response of the upgraded structure, Figure 8. Upper limit member seismic
forces were assessed from the analyses.

The final runs were carried out with 5% site specific response spectra. After that deconvoluted
5% response spectra down to the foundation level were used as input for comparative study. The
deconvoluted response spectra were prepared using SHAKE'91 code analysis {5]. The benefit of
using this seismic input motion was reduction of approximately 10% of the member seismic forces
which did not practically affect the new sized braces and upgrades of the existing elements.
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3.3 LOADING COMBINATIONS

The principal load combination used was:

DL +0,25.LL + CRL +E

DL - dead load (inciudes equipment loads);
LL - live load (includes snow loads);

CRL - crane loads;

E - seismic loads.

3.4 SIZING OF NEW ELEMENTS

The sizing of new bracing elements was carried out. The sizing calculations were done according to
the Bulgarian Code [6]. The steel profiles for the upgrading elements were chosen from the available
on the Bulgarian market. The new shear walls were sized to transfer the seismic forces to the
monolithic foundations [7].

3.5 CONNECTIONS DESIGN

The connections were carefully designed according to the requirements of UBC [8] and Bulgarian
Codes [6,7]. The connections of the upgrading elements must insure the full load transfer from the
connected elements to the adjacent supporting structure, Figure 9. At the same time, the main
upgrading elements must insure the bearing capacity of the main structure under combined loads.
The ties between new and existing elements were made by strips, anchor bolts passing through
reinforced concrete elements and anchor bolts with epoxy clay. Application of Bulgarian welding
consumables and increased quality control of the welds were proposed.

4 CONCLUSIONS

The experience in analysing and upgrading of such a complex industrial structure, comprised of
elements with substantial differences in material, rigidity, construction and general behaviour,
showed some interesting conclusions, as follows:

e It is always worth considering several alternative concepts for seismic upgrading and
strengthening of complex structures. Some of the conceptual upgrades may not work as
expected in the stage of detailed design and others may even come out to be applicable.
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It is important to take into account the structure of heavy bridge travelling cranes when making a
3D model of an industrial structure for seismic analysis, because in this way:

- more realistic assessment of the structural behaviour is achieved;

- the sub-crane structures can be analysed precisely and upgraded adequately;

- assessment of the crane-building structure interaction during seismic event can be done and

conclusions for the seismic qualification of the crane structure can be drawn;

The development of detailed models of complex building structures should be done very
carefully. Complex models may come out to be very sensitive when conducting spectral seismic
analysis. Extremely important is the mass distribution which should be made close to reality and,
at the same time, reasonable to be processed.
The detailed design of connections may sometimes result in changing of the whole upgrading
concept when there is lack of space to construct the connection or the adjacent structural
member has no sufficient capacity or adequate configuration.
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Abstract XA0100509

The containment structure of the reactor building is made of a post-stressed concrete shell with
a steel liner. The post tension cables (tendons) are anchored in a stiff ring girder at the junction of the
cylinder shell with spherical dome. The wall thickness is variable for different zones of the cylinder
and the dome.

Two finite element models are developed to study the structural behaviour of the containment.
The first one is composed as a stick model and is used for seismic response analysis of the
containment structure including the effects of soil-structure interaction. The second one is detailed
finite element shell model of the containment including inclined arrangement of the prestressing
cables. It is used for the study of linear and non-linear static and dynamic responses of the
containment under loads due to normal operation, additional loads due to the anticipated operational
occurrences and some additional loads due to accident conditions.

Assessment of the bearing capacity of the structure is done along with a study of failure modes
in critical load combinations.

The evaluation of the prestressing of the containment is made by investigating the prestressing
technology, as well as the on-line scanning of the prestressing using embedded sensors and annual
verification of prestressing by control of tendon stresses during operation of the unit. Comparison of
this evaluations with the finite element model analyses results will help to tune the model and assess
the reliability of the non-destructive control / monitoring system of the containment.

1. INTRODUCTION

The objective of the study is to provide assessment of the structural behaviour and safety
capacity of the WWER-1000 MW Reactor Building Containment at Kozloduy NPP under critical
combination of loads according to the current international requirements. The analysis is focused on
a realistic assessment of the Containment taking into account the non-linear shell behaviour of the
pre-stressed reinforced concrete structure. Previous assessments of the status of pre-stressing cables
pointed out that the efficiency of the Containment as a final defence barrier for internal and external
events depends on their reliability. Due to this, the experimental data obtained from embedded
sensors (gauges) at pre-stressed shell structure is to be compared with the results from analytical
investigations. The reliability of the WWER-1000 MW accident prevention system is under
evaluation in the project.

The Soviet standard design WWER-1000 MW type units installed at Kozloduy NPP were
originally designed for a Safe Shutdown Earthquake (SSE) with a peak ground acceleration (PGA)
of 0.1g. The new site seismicity studies revealed that the seismic hazard for the site significantly
exceeds the originally estimated and a Review Level Earthquake (RLE) anchored to PGA=0.20g was
proposed for re-assessment of the structures and equipment at Kozloduy NPP [1].

Comparison between the Russian design requirements and the international regulations was
performed. Additionally, an investigation of the pre-stressing technology and the annual control of
the cables’ pre-stressing of the Containment is carried out. The crane influence on the dynamic

behaviour of the Containment will be done as well as a study of the integrity of the Containment as a
final defence barrier.
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2. DESCRIPTION OF THE STUDY AND THE EXPERIMENTAL METHODS USED
EQE-Bulgaria undertook the following activities to fulfil the scope of the study
Finite element modelling of the WWER-1000 MW Reactor Containment of Kozloduy NPP,
Static and dynamic analyses including soil-structure interaction assessment,
e Strength and failure mode analyses of the Reactor Containment including reliability assessment
of cable pre-stressing technology
These activities were aimed at efficient analyses of the structural behaviour and integrity of the
Containment as well as at assessment of the reliability of the cables pre-stressing The analyses give
a deeper insight of the Reactor Containment safety

2.1 Description of the Containment Structure

The Containment structure of the Reactor Building is a pre-stressed concrete shell with a steel
liner. The post tension cables (tendons) are anchored in a stiff ring girder at the junction of the
cylinder shell with the spherical dome The wall thickness is variable for the different zones of the
cylinder and the dome

The heavy polar crane is located close to the upper part of the shell The general view of the
cross-section and plan of the WWER-1000 MW Reactor Building are shown in Figures 2 1 and 2 2,
respectively

2.2 Development of the Containment Structure 3-D Models
Two finite element models were developed to study the structural behaviour of the
Containment-
o A preliminary 3-D shell model of the Containment using SAP90 program for linear
analyses,
¢ A detailed 3-D coupled model of the Reactor Building using COSMOS/M program for
non-linear analyses
The first model was used for preliminary static loads analyses of the Containment for an
assessment of the loading conditions effects on the structure integrity The second model is a detailed
finite element coupled shell and stick model of the Reactor Building It is used for studying of linear
and non-linear static and dynamic responses of the Reactor Building from the loads due to normal
operation, additional loads due to the anticipated operational occurrences and some additional loads
due to accident conditions

2.3 Static and Dynamic Analyses Including the Soil-Structure Interaction

The dynamic analysis was carried out in two phases

1) A stick model was developed in order 1o assess the seismic response of the Reactor
building including soil-structure interaction

The main objective was to evaluate the seismic response of the Reactor Building, based on
data available for soil properties, site seismicity, free field ground motion, and structure design
State-of-the-art Soil-Structure Interaction (SSI) analysis of the Reactor Building complex was
conducted to assess the effect of greater than designed for seismic event

2) A detailed 3-D coupled shell and stick model of the Reactor building was developed

The model was used for static and dynamic analyses of the Containment The internal forces
due to setsmic response and the static load conditions were defined

2.4 Strength and Failure Mode Analyses of the Reactor Containment

The capacity check of the Containment shell was done tn accordance with the current
Bulgarian design codes and the IAEA recommendations and guidelines Pre-stressed reinforced
concrete Containment structures have large seismic margins above the SSE level because they have
been designed for a combined SSE and loss of coolant accident. Shear, flexural and bond failure
modes were postulated and analysed. This study concentrated on concrete cracks development and
flexural failure modes analyses
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3. WORK CARRIED OUT
3.1 Data Collection

The following information was collected for the modelling and the analyses of the
Containment

¢ Soil profile,

e Detailed drawings of the Containment structure;

o Embedded gauges records since 1986;

e Data from the annual checks of the cables pre-stressing

3.2 General Assumptions
In order to obtain a preliminary picture of the Containment dynamic behaviour the following
assumptions were accepted for the linear response analysis study:
¢ The Containment is a separate structure, lying on the thick plate at Elevation +13 20m, and
it has independent dynamic behaviour for seismic loading
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i

Fig. 2.2 Plan view of a WWER-1000 MW reactor building.

e The study of the Containment as a separate structure is accurate enough for the other
loading conditions (dead load, temperature, pre-stressing, etc.).LOC #

» The soil-structure interaction effects are taken into account in the input floor response
spectra.

3.3 Reactor Building Modelling

First phase

The model is composed of 3-D beam elements. It comprises equivalent stick models of the
Reactor Building Containment, Substructure, Internal Structure and Outer Building Structure.

General view of the model is presented in Fig. 3.1.

Second phase

Detailed 3-D model of the Containment structure was developed using COSMOS program. A
general view of the model is shown in Fig. 3.2. Due to the axial symmetry of the structure and the
loading conditions, and the symmetry of seismic loads about vertical plane, only half of the
Containment was modelled. 4-node thick shell elements and beam elements with 6 DOF per node
were used. The elements have both membrane and bending characteristics. The model consists of
784 shell elements and 813 nodes. The elements are assumed to be isotropic with constant thickness.
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They are arranged on the middle surface of the cylindrical shell and the spherical dome. The
Containment model is constrained at the upper thick mat of the Substructure. The appropriate
boundary conditions (restraints) were applied on the symmetry plane nodes. The horizontal thick
plate at Elevation +13.20m was modelled by means of appropriate elastic springs. The influence of
the reinforcement was taken into account by means of increasing the thickness of the cylindrical and
spherical shell from 1.20m and 1.10m to 1.28m and 1.20m respectively.

Material non-linearity is considered for static loading condition. The characteristic curves are
approximated by bilinear curves. The non-linear behaviour of the model is controlled by
displacements. The initial modulus of elasticity of the pre-stressed reinforced concrete is assumed to
be E=30000 MPa and Poisson’s coefficient is v=0.2.
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Fig. 3.1 Kozloduy 1000 MW Unit Beam Element Model
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Fig. 3.2 3-D Shell Model of the Containment Structure

3.4 Loading Conditions

The loads considered in the study are:

¢ loads due to normal operation - dead loads, pre-stressing, crane loads, snow, livedoads;

e additional loads due to the anticipated operational occurrences - internal pressure and
temperature due to design bases accident, loads due to asymmetrical pre-stressing of the
structures, sunshine influence;

e additional loads due to accident conditions - loss of coolant accident (LOCA), impact by
pre-stressing tendon break.

The pre-stressing of the Containment is modelled by equivalent uniform pressure on the middle

surface of the shell model varying in different locations. The values of the pressure vary in broad
range, see Fig. 3.3. The pre-stressing of the cables can not cover the design requirements. The
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recommended value of 10000 kN pre-stressing force can not be reached during the annual pre-
stressing checks. The mean values of the pre-stressing forces vary from 8500 kN to 9000 kN. A new
system of pre-stressing cables is under development for changing of the existing cables.

An anticipated occurrence is a cable break during service period or during annual cables
checks. This event may cause a shock impact on the Containment structure. Static loading of a cable
breakage on the Containment was considered.

The LOCA is modelled by means of internal pressure with intensity of 474 kN/m®.

3.5 Static and Dynamic Analyses

First phase

The seismic response analyses are based on both response spectrum method and time history
response analyses. The seismic response analyses include the soil-structure interaction effects,
obtained by the substructure method incorporated in the CLASSI chain of computer programs [2].

This part of the study was covered by splitting the study into following steps:
Generation of Single Earthquake Matching Kozloduy Site Specific Response Spectrum
Development of High Strain Soil Properties
Reactor Building Impedance and Scattering Functions
SSI Seismic Response Analyses

e Floor Response Spectra Generation

A fixed-base linear-elastic modal extraction analysis was performed to determine the
eigenvalues and eigenvectors of the combined model. The model was analysed for seismic loading
using the available envelop response spectra for the Foundation Reference Point (FRP) or
corresponding time histories for different soil conditions. The time histories at FRP were obtained by
SSI analysis of the Reactor Building for the site specific seismic input motion. The envelope
response spectra were generated by enveloping and broadening of FRP response spectra for three
different soil conditions: best estimate, lower and upper boundaries.

Time history and in-structure response seismic inputs at elevations -7.00 and +13.20 were
obtained. Free field response spectra and in-structure response spectra at elevation +13.20 are given
in Fig. 3.4 and Fig. 3.5.

Second phase

The eigenvalue and mode shapes extraction analysis was carried out for the 3-D shell model of
the Containment. The first 30 eigen modes were obtained. A selection of them is given in Fig. 3.6
and Fig. 3.7. Mode shapes frequencies and mass participation coefficients are presented in Table 3.1.

The loading conditions were combined according to the current requirements. The bearing
capacity of the Containment was assessed. Finally, the locations of the critical points and the possible
failure modes were defined.

3.6 Experimental Data

The evaluation of the Containment pre-stressing was made by

» investigating the pre-stressing technology;

¢ on-line scanning of the pre-stressing based on embedded sensors data during unit

operation,

« annual verification of cables pre-stressing by the control of tendon stresses.

Comparison of this evaluations with the finite element model analyses results helps to tune (he
model and assess the reliability of the non-destructive control and monitoring system of the
Containment. value of the cable force should be 10000 kN. According to the Soviet design
regulations a maximum decrease of 15% of this value is allowed. The pre-stressing forces are re-
evaluated each 2-3 years. Meanwhile, a monitoring system is arranged using embedded gauges for
prevention of unexpected occurrences. The reliability of this system is under discussion. The
appropriate way to tune the gauges data is to compare the Containment stresses obtained from
gauges with those obtained from anaual cables checks. For this purpose it is needed to figure out
analytically the stress-strain status of the Containment due to pre-stressing forces which are read
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directly from monitoring system. Comparison of stresses in concrete obtained from the pre-stressing
monitoring and by the analytical study are given in Fig. 3.7.

The reliability of the embedded monitoring gauges is controlled. Special procedures were
developed and implemented. Unfortunately, an increasing number (more than 50%) of the gauges
have failed in meeting the reliability criteria. An altemnative monitoring method for prestressing
assessment should be developed.

4. RESULTS AND CONCLUSIONS :
Stresses on the inner and outer surface of the Containment were figured out.

The results of the presented study show the following:

 The critical load combination is dead load + prestessing + seismic forces. Forces in hoop
and longitudinal direction due to dead load and prestessing are shown in Fig. 4.2 and
Fig. 4.3.

+ The compression stresses prevail. They reach values of 14.9 MPa at the spherical shell and
21.0 MPa at the cylindrical shell concrete sections. The allowable stress prescribed by the
applicable code for this case is 17.0 MPa. It is exceeded by more than 23%.

« The maximum stress resulting from the combination dead load + prestessing is 17.3 MPa.
In this case the allowable stress is exceeded by 1.7%.

+ The maximum concrete tensile stresses occur above the stiffening ring and at the bottom of
the cylindrical shell. These stresses have resulted from the non-uniform pre-stressing of the
spherical shell. They reach the value of 4.7 MPa. The allowable stress in this case is 1.2
MPa. The calculated cracks width is 0.11 mm.

o The cracks depth is expected to be small and not to affect the pre-stressing cables.

o The breakage of one pre-stressing cable is not critical for the Confinement. The resulting
forces in longitudinal and hoop direction due to cable breakage are presented in Fig. 4.1.

e The cables prestressing specified by the Russian designers is not reached.

« The load combination containing LOCA results in occurrence of tensile stresses throughout
the concrete shell. Forces in longitudinal and hoop direction are shown in Fig. 4.4 and Fig.
4.5. Fortunately, the reinforced concrete has adequate resistance.

The static and dynamic analyses resulted in finding the margins of the Containment behaviour.

Its preserving capabilities as a final defence barrier of the environment were assessed as satisfagtory.
The current requirements and regulations were met. .

Additional prestressing of the cables is not recommended. It might lead to exceeding of the

concrete allowable compressive strength.

LOCA does not lead to significant increase of the stresses in the pre-stressing cables.

The critical poiats of the Containment are located above the stiffeaing ring and above the plate

at elevation +13.20.

The reliability of the monitoring system is decreasing. Alternative monitoring procedures

should be developed.
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Abstract

After the break-up of the Soviet Union, ten countries in Eastern Europe inherited Soviet-
designed nuclear power plants which were constructed without adequate provisions to resist earth-
quake-generated lateral forces. An earthquake at their locations could seriously damage these plants
and could result in Chernobyl-like consequences on the environment. There is an ongoing program to
reinforce these plants using conventional piecemeal methods. A newly developed seismic protection
strategy called “base isolation” or “seismic isolation”, widely used in the United States to retrofit
existing buildings, is recommended as an economical, technically superior, and more effective solu-
tion — where applicable — to make these nuclear power plants capable of resisting seismic forces.

Introduction

The planned construction of permanent cover for the Chernobyl Nuclear Power Plant (Civil
Engineering Feb. 1997, Paper 11133) will add another thousand million U.S. dollars to the immense
material loss and human suffering caused by the 1986 explosion. It can be reasonably expected that
improved operating procedures and better trained personnel can guard against another such “melt-
down” in the future.

There is another possibility of a disaster of monumental proportions at Eastern European
nuclear power plants which can be caused by earthquakes. What is being done and what can be done
to prevent this from happening?

Ten Eastern European countries, Armenia, Bulgaria, Czech Republics, Hungary, Poland, Roma-
nia, the Russian Federation, Slovakia, Slovenia, and Ukraine inherited Soviet-designed nuclear power
plants of poor seismic design and construction compared to acceptable standards, because the seis-
micity of the different sites were grossly under-estimated by the designers.

At the International Symposium on Seismic Safety Relating to Nuclear Power Plants held in
Kobe, Japan, between March 3 and 6, 1997, it was reported by Aybars Giirpinar and Antonio Godoy
of the International Atomic Energy Agency and T. Katona (Hungary) and K. Kostov (Bulgaria) that
some site-related external events (earthquakes) were not properly considered in the original plant
design of eleven nuclear power plants in those countries.

For example at the Paks nuclear power plant in Hungary, seismic loads on the buildings and
their contents had not been included at all in the original design. Unexpectedly on August 15, 1985,
an earthquake occurred at Berhida-Peremarton villages close to the north shore of Lake Balaton in
Hungary. The intensity on the Modified Mercalli Scale was VII, with corresponding damage to poorly
built structures. It was sheer luck that the magnitude of the earthquake registered only 4.7 on the Rich-
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ter scale and that the epicenter was about 120 km from the Paks nuclear power plant where no damage
was observed and a potential disaster was avoided.

A recent study of the seismicity of the site at Paks, carried out by British consulting engineers
Ove Arup & Partners, established that ground accelerations of 25% of gravity can be expected in a
seismic event. Experience in recent earthquakes is telling us that ground motions of such magnitude
can result in serious damage to buildings and their contents unless they are designed and constructed
to resist seismic forces. The seriousness of the problem has been recognized and certain remedial
measures are being taken by some countries, in particular at Paks, Hungary and Kosloduy, Bulgaria
where earthquakes occurred in 1977, 1986, and twice in 1990. The available conventional technology
and the piecemeal application controlled by available funds, however, has limitations in its effective-
ness. The analysis of equipment and piping for seismic loading and the necessary construction associ-
ated with it is complicated by the fact that different levels of the plant have different seismic response,
and it is generally necessary to use multiple-support response spectrum analysis. The question is this:
can newly developed technologies improve the quality and simplify the design and construction of
earthquake rehabilitation of existing nuclear power plants? The answer to this question is of utmost
importance because much of the work to make all Soviet-designed nuclear power plants in Eastern
Europe capable of resisting earthquake forces is yet to be done.

Base Isolation: a new strategy for earthquake protection

During the past twenty-five years a new design technology called “base isolation” or “seismic
isolation” for earthquake protection of buildings and other structures such as bridges and highway
overpasses received worldwide acceptance and is being used in the design and construction of new
nuclear power plants as well (Koeberg, South Africa, and Cruas-Meysse, France) (see Table). Base-
isolated buildings are mounted on rubber-steel combination shock-absorbing pedestals (like the ones
proposed for the permanent cover at Chernobyl) that prevent most of the horizontal ground movement
from being transmitted to the structures during an earthquake. The base isolation system works by
intercepting and absorbing much of the destructive earthquake energy, which is turned into harmless
heat and never reaches the building.

TABLE 1. SUMMARY OF ISOLATION APPLICATIONS AT NUCLEAR FACILITIES'

Facility/Location Seismic Design Basis Applications Isolation System
Cruas Nuclear Power 0.3g PGA 2 nuclear jslands, each | approx. 1800 laminated
Plant, France having 2 reactor units, neoprene/steel bearings
(four-900 MWe units) containment buildings per nuclear {sland

and auxiliary buildings
Koeberg Nuclear Power 0.3g PGA 1 nuclear jsland with 2 approx. 1800 laminated
Plant, South Africa reactor units, neoprene/steel bearing
(two-900 MHe units) containment and with slip surface
auxiliary buildings
Torillon Radiocactive 0.3g PGA 3-story, reinforced- §2 laminated neoprene/
Waste Facility concrete buitding steel bearings
France
ta Hague Reprocessing 0.3g PGA spent-fuel pools 1aminated neoprene/steel
Plant, France bearings
Sellafield Nuclear 0.3g PGA 20 pipe bridges approx. 10 laminated
feprocessing Facility of natural rubber/steel
Aritish Nuclear Fuels, bearings per bridge
ttd., England
Diablo Canyon Nuclear 0.759 PGA 2 exciter units, turbine | 4 high-damped 1aminated
Power Plant, USA building natural rubber/steel
bearings per exciter

1. Excluding spent-fuel storage rack applications.
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Base isolation also changes the behavior of the buildings during earthquakes (Fig. 1). The natu-
ral vibration frequency of buildings is changed to the vibration frequency of the base isolators, far
away from the dominant earthquake frequency. Unlike conventional design the buildings don’t “reso-
nate” to earthquakes; they are “de-tuned”. Rather than shaking violently with the ground, they “float”
gently on their foundation and the damage causing “whipping” action on the higher floors is elimi-
nated. Consequently, the nonstructural building components that are attached to the structure and the
loose contents of the buildings as well are safe and buildings can remain functional even after a major
earthquake. In the design of nuclear power plants the reduction of response of internal equipment and
of the unattached contents of the buildings to earthquake forces is a primary goal.

Base isolation can be used not just for protection of new buildings, but to rehabilitate existing
buildings as well. The buildings are cut away from their foundations after base isolators are placed
under load carrying walls and columns. Additional construction provides a connecting diaphragm on
the top of the base isolators. Most of the construction work is done under the building at the founda-
tion level, therefore, interference with everyday use of the building is minimal or can even be avoided
with careful planning. In the United States there are several major buildings completed or under con-
struction using this technology. Consideration should be given if base isolation technology could be
used for retrofitting Soviet-designed nuclear power plants in Eastern Europe with base isolators to
make them capable of resisting earthquake generated forces. Base isolation technology can also be
used to retrofit individual items of safety related equipment in nuclear power plants which are
attached to the building structure and require seismic qualification.

Research Programs

There are several large research programs directed toward the use of base isolation strategy for
nuclear facilities. In the United States a program funded by the Department of Energy and conducted
by Argonne National Laboratories was carried out over a period of 1988 to 1992. This program
included shake table tests and testing of a variety of elastomeric base isolators to determine their
dynamic characteristics, failure modes, and fatigue resistance. The testing program was carried out at
the Earthquake Engineering Research Center (EERC) of the University of California at Berkeley in
Richmond, California, and at the Energy Technology Engineering Center near Los Angeles, Califor-
nia.

Conventional Structure Base Isolated Structure
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Buildings having conventional structural systems bend and
deform during earthquakes. Accelerations of the ground

are amplified on the higher floors and the loose contents are
damaged. Building deformations could be permanent.

In a base-isolated structure, movement during an earthquake
takes place at the level of the isolators. The buildings do not
deform. Floor accelerations are low; the building, its occu-
pants, and its loose contents are safe.

FIG. 1.
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Recently, a series of tests were conducted at EERC on high-damping natural rubber base isola-
tors for the U.S. Advanced Liquid Metal Reactor Program (ALMR). Base isolation is now an integral
part of the structural design for this reactor.

Other seismic-resistant design technologies such as energy-dissipating devices are emerging
and while not as widely implemented as base isolation, they could play a vital role in the seismic ret-
rofit of existing nuclear power plants. To explore the use of these new technologies for seismic protec-
tion of existing Eastern European nuclear power plants should be made part of the Coordinated
Research Program conducted by the International Atomic Energy Agency, and/or the European Com-
mission’s Nuclear Safety Programme in Central and Eastern Europe (PHARE) and in the CIS coun-
tries (TACIS).

Earthquakes: how big, when, and where?

Seismologists are telling us that on global perspective an earthquake of 8.0 magnitude on the
Richter scale happens once a year, a magnitude of 7 happens every week, and a magnitude of 6 is a
daily occurrence. We also know that most earthquakes happen along well-known earthquake faults,
but damaging earthquakes also occur where there are no known faults. The long-range prediction of
the time of occurrence is based on some facts but mostly on probabilistic data and it is hardly more
than speculation. The fact is that earthquakes can strike az any time, on any day, anywhere, and we
must prepare for their occurrence, without procrastination. Time is the essence. The responsible gov-
ernments should be forcefully advised again about the existing condition of their nuclear power
plants, they should be asked to re-arrange their priorities, and they should provide adequate funds for
a vigorous and accelerated rehabilitation program.

Modern technology is fully developed and it is available to contribute to the on-going program
of how to make these Eastern European nuclear power plants capable of resisting earthquakes and
avoid a pending disaster of monumental proportions,

Base Isolation Works

In addition to theoretical considerations, sophisticated computer dynamic analysis, and hun-
dreds of laboratory shake table tests in the United States, Japan, New Zealand, France, Italy, etc., two
recent earthquakes provided valuable proof that base isolation, where applicable, provides earthquake
protection to a degree not possible to achieve with conventional methods.

The base-isolated University of Southern California hospital building equipped with seismic
sensors as part of the California Strong Motion Instrumentation Program, experienced the 1994
Northridge earthquake without any damage to the building or its contents — “not even a medicine
bottle turned over” — and remained fully functional during and after the earthquake. The contents of
an adjacent building were left in disarray, rendering that building non-functional immediately after the
earthquake. The instruments at the hospital recorded a 65% reduction of the 0.37 g ground accelera-
tion to 0.13 g across the base isolators, without any significant amplification on the higher floors.

The world’s largest base-isolated building, the six-story 500,000 sq.ft. West Japan Postal Sav-
ings and Computer Center, was hit by the 1995 6.9 magnitude earthquake at Kobe, Japan. The earth-
quake activated the base isolation system and the building moved laterally back and forth during the
earthquake; the maximum horizontal displacement was 22 cm. Seismic sensors recorded a 63%
reduction of the ground acceleration from 0.30 g to 0.11 g without any significant amplification on the
higher floors. A conventionally designed three-story building located about 2 km from the Postal
building experienced a ground acceleration of 0.37 g, which was amplified at the roof to 1.17 g. This
is about 10 times higher than what was measured at the same time at the base-isolated West Japan
Postal Savings and Computer Center
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Examples of Retrofitting Existing Buildings with Base Isolation

In the United States there are at this time 20 major existing buildings completed, under con-
struction, or under design for retrofitting with base isolators. The same technology is also used for
reinforcing existing bridges and highway overpasses for earthquake protection. About 80 such
projects have been completed so far (Figs. 2-8).
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Base Isolation:

Alexander G. Tarics (BIC)
Douglas Way (BIC)

James M. Kelly

FURON, Inc.

Structure:

Jack Howard & Associates
Architecture:
Casazza-Peetz and Hancock

Total Project Cost: $7 million

The Mackay School of Mines building was built in 1908 without any capability of resisting earthquake-generated lat-
eral forces. It had a small basement, which was enlarged and extended to the exterior walls. Base isolators were
installed under the basement floor.

FIG. 2.
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SAN FRANCISCO Crry HALL, CALIFORNIA

Base Isolation:

Forell/Elsesser Engineers

Dynamic Isolation Systems, Inc.
Structure:

Forell/Elsesser Engineers , OLMM
Architecture:

San Francisco Department of Public Works
Bureau of Architecture

Total Project Cost: $105 million

Base Isolation Portion: $40 million

The San Francisco City Hall was heavily damaged in the 8.1 magnitude 1906 earthquake. The 1989 Loma Prieta
earthquake damaged the building again, and it is now being retrofitted with base isolators to prepare for the next
earthquake. The work is in progress and will be completed in the fail of 1997

FIG. 3.
Conclusion

Base isolation reduces earthquake-generated forces and accelerations in existing buildings by a
factor of approximately 3 to 10 as compared to conventional retrofitting. The actual reduction
depends on the size, shape, height, and flexibility of the building. Base isolation is less sensitive to the
uncertainties associated with the prediction of the magnitude of the design earthquake than conven-
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tional methods. If a larger earthquake than predicted strikes, the building simply experiences larger
lateral displacements with corresponding increase in the horizontal force on the base isolators. This
force in turn is significantly reduced in the system before it reaches the building. Soil conditions
determine the vibration characteristics of the design earthquake. Careful geotechnical study must be
made on any building site for which base isolation is considered.
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SALT LAKE CITY AND COUNTY BUILDING, UTAH

Base Isolation:

Forell/Elsesser Engineers
Dynamic Isolation Systems, Inc.
Structure:

E.W. Allen & Associates
Forell/Elsesser Engineers
Architecture:

The Ehrepkrantz Group

Burch Beall, Associate Architect
Total Project Cost: $30 million
L Base Isolation Portion: $6 million

quakes forces which may occur at this location.

This building — a historical landmark— was designed and built between 1890 and 1894 without any provision to
resist lateral earthquake forces. By inserting base isolators under the building, it is now capable of resisting earth-

FIG. 4.
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ROCKWELL INTERNATIONAL HEADQUARTERS, SEAL BEACH, CALIFORNIA

55 ath
g2F©° 3ed
IpowN
[N ]
_ 2nd
1stfloor T—_ 1stfloor

Basement -‘9_+ -

13
Exsting structure 898 New structure

Base [solatton
Englekirk & Hart, Inc.
Dynamic Isolation Systems, Inc

Structure

Englekirk & Hart, Inc

Total Project Cost $14 mllion
Base Isolation Portion $10 million

Ductile concrete frame added to original structure carries two 1solators
at each column North wall 1s simuar to south, but east and west walls
have frame to sixth floor at all columns

In thus butlding at Seal Beach, Califorma, employees are monitoring all NASA space launches and flights Base 1sola-
tors were wnstalled without any wnterruption of the activities of this bulding Located only 1 km from the Newport
Inglewood fault, the building s now capable of withstanding a 7 0 magmitude earthquake

FIG. 5.

A comparison of accelerations in a fixed-base conventionally designed building versus a base-
1solated building is shown 1n Fig. 9. The maximum acceleration on the top of the buildings is 0.75 g
and 0.1 g, respectively, a reduction by a factor of 7 5 in the base-isolated building, assuming 0.25 g

ground accelerations.
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OAKLAND CITY HALL, CALIFORNIA

Base Isolation:

Forell/Elsesser Engineers

Dynamic Isolation Systems, Inc.
Structure:

Forell/Elsesser Engineers , OLMM
Architecture:

VBN/Willis/Carey Associates

Total Project Cost: $47 million
Base Isolation Portion: $14 million

N 58
5

™ )

The Oakland City Hall, originally built in 1914, is the world's tallest building retrofitted with base isolators for earth-
quake protection. The building was badly damaged in the 1989 Loma Prieta earthquake, and the repair of this dam-
age was part of the work, which was completed in 1995.

FIG. 8.

Figure 10 indicates that increasing the ground acceleration by 0.1 g results in an increase of
0.3 g on the top of the fixed-based building, while only 0.04 g on the top of the base-isolated build-
ing. This example demonstrates that a base-isolated building is significantly less sensitive than a
fixed-base building to the uncertainties associated with the prediction of the design earthquake.

Base isolation strategy merits serious consideration for retrofitting the Soviet-designed nuclear
power plants in ten East European countries, thus making them capable of resisting earthquakes that
have been predicted to occur at their location.
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VETERANS ADMINISTRATION HospiTAL, LONG BEACH, CALIFORNIA
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Base Isolation:
N. Youssef & Associates

Dynamic Isolation Systems, Inc.
Structure:

N. Youssef & Associates
Architecture:

A.C. Martin Associates

Total Project Cost: $18 million
Base {solation Portion: $12 million
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POPLAR STREET APPROACH BRIDGE, ST. LOUIS, MISSOURI
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Base Isolation: Dynamic Isolation Systems, Inc. - Structure: Sverdrup Corp. and Hsiong Associates

Base isolators are installed to replace the old supports of this bridge and make it capable of resisting earthquakes.
Base isolators are used to retrofit highway overpasses as well. The north and south approach viaducts to the Golden
Gate Bridge in San Francisco are also being retrofitted with base isolators.

FiG. 8.
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Abstract

Within the framework of the IAEA coordinated "Benchmark Study for the seismic analysis and
testing of WWER-type NPP's", in-situ dynamic structural testing activities have been performed at
the Paks Nuclear Power Plant in Hungary. The specific objective of the investigation was to obtain
experimental data on the actual dynamic structural behaviour of the plant's major constructions and
equipment under normal operating conditions, for enabling a valid seismic safety review to be
made.

This paper refers on the comparison of the results obtained from the experimental activities
performed by ISMES with those coming from analytical studies performed for the Coordinated
Research Programme (CRP) by Siemens (Germany), EQE (Bulgaria), Central Laboratory
(Bulgaria), M. David Consulting (Czech Republic), IVO (Finland).

This paper gives a synthetic description of the conducted experiments and presents some results,
regarding in particular the free-field excitations produced during the earthquake-simulation
experiments and an experiment of the dynamic soil-structure interaction giobal effects at the base of
the reactor containment structure. The specific objective of the experimental investigation was to
obtain valid data on the dynamic behaviour of the plant's major constructions, under normal
operating conditions, to support the analytical assessment of their actual seismic safety. The full-
scale dynamic structural testing activities have been performed in December 1994 at the Paks (H)
Nuclear Power Plant. The Paks NPP site has been subjected to low level earthquake-like ground
shaking, through appropriately devised underground explosions, and the dynamic response of the
plant's 1st reactor unit important structures was appropriately measured and digitally recorded, with
the whole nuclear power plant under normal operating conditions. In-situ free field response was
measured concurrently and, moreover, site-specific geophysical and seismological data were
simultaneously recorded too. :

For the benchmark purposes it was decided to make reference to the instrumentation lay-out of the
three blasts experiment. This instrumentation lay-out covered the more directly safety related
structures, i.e., the reactor containment building itself, the above-located reactor hall and one of the
nearby coupled chimneys (the southern ones). In order to compare homogeneous data, all the data
were converted into acceleration data; thus the recorded velocity signals were derivated in order to
obtain acceleration signals. Starting from these acceleration data the acceleration response spectra
were calculated. In order to simply compare the experimental results with the analytical results the
same positions were reported on the same tables.

The following general considerations can be drawn: the amplitudes of the calculated response
spectra are higher than those obtained experimentally, there is a high influence of the frequency
energy content due to the nature of the explosion excitation, it has to be expected that during a
seismic event a higher excitation at the soil level will involve dissipating mechanism leading to
higher values of the damping, the experimental tests should be envisaged when dealing with the
seismic verification of an existing NPP in order to have a more refined estimation of the damping:
this estimate is valuable in order to provide a lower bound to the damping values.
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1. INTRODUCTION

This paper refers to the comparison of the results obtained from the experiments performed
by ISMES on the Paks NPP with those coming from analytical studies performed for the Co-
ordinated Research Programme (CRP) on “Benchmark study for the Seismic Analysis and Testing
of WWER Type Nuclear Power Plants” sponsored by the International Atomic Energy Agency
(JAEA) of Vienna. There are twenty five participants from fifteen countries in this CRP (Ref. 1).
The participants to the above cited benchmark study for the full scale testing comparison of Paks
NPP structures were:

e Siemens (Germany)

EQE (Bulgaria)

Central Laboratory (Bulgaria)

M. David Consulting (Czech Republic)
IVO (Finland)

The specific objective of the experimental investigation was to obtain valid data on the
dynamic behaviour of the plant’s major structures under normal operating conditions, to support the
analytical assessment of their actual seismic safety.

The full-scale dynamic structural testing activities were performed in December 1994 at
the Paks (H) Nuclear Power Plant. The Paks NPP site was subjected to low level earthquake-like
ground shaking, through appropriately devised underground explosions, and the dynamic response
of major structures of the first unit of the NPP was measured and digitally recorded. In-situ free
field response was measured concurrently in order to obtain site-specific geophysical
characteristics. The general layout of the experiment is given in Figure 1.

The experimental data were collected to obtain basic information on the geophysical
characteristics of the Paks NPP site, together with reference information on the true dynamic
characteristics of its main structures and give some indication on the actual dynamic soil-structure
interaction effects for the case of low level excitation.

The free field response (Fig. 2), was then distributed among the five participants in order to enable
them to calculate the response of the first unit reactor building and to compare the calculated
response with the experimentally measured data. More detailed information on the tests can be
found in References 2 to 4. '

2. MEASUREMENT POSITIONS AND REFERENCE DIRECTIONS

The four reactors of the Paks Nuclear Power Plant are arranged as two twins. The main
building of each twin, houses two reactor units in a symmetrical layout and is composed of a stiff 72
m long, 52 m wide and 18,9 high reinforced concrete bearing structure. The latter is supported,
together with an adjacent 42 x 24 m condensation tower, on a ~ 2 m thick continuous reinforced
concrete direct foundation slab. At level + 18,9 m above the monolithic concrete teactor
containment structure, there is a steel frame supported reactor maintenance and reloading hall, fitted
with two large overhead rolling cranes.

A large number of seismometers' and accelerometers were mounted at appropriate
locations in the nuclear power plant major buildings, for recording their structural response to the
artificially produced ground motion. Attention was focused on the first reactor unit structures, as
these were situated closer to the ground excitation sources.

! Velocity-type transducers, characterized by a higher sensitivity with respect to the accelerometers.
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GENERAL LAYOUT OF THE EARTHQUAKE SIMULATION
EXPERIMENTS AT THE PAKS NPP SITE
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Fig. 1  Explosion points position

First of all, a three orthogonal axes seismometric station FF (n. 1-3), was buried 110 cm
deep in the natural soil, at a distance of 119 m from the reactor base centre, as shown in Figure 1.

For the benchmark study purposes it was decided to make a reference to the
instrumentation lay-out of the three blast experiment. This instrumentation lay-out covered mainly
the safety related structures, i.e., the reactor containment building itself, the reactor hall and one of
the nearby coupled chimneys (the southern ones). The location and progressive numbering of the
transducers that were selected for the benchmark are indicated in Figure 3.
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Reactor building ISMES SIEMENS EQE cL MD \e)
Locations Number/Sensitivity direction
Free-field (N-S) 1L 11X 17X 1iad 1Y 1/X
Free-field (E-W) 2T Y 2Y 2/X 2/X 2
Free-field (Vertical) v 3z 3z 3z 3/1Z 3/Z
Base-mat (-6,5 m) 4L 4/X 4/X 491fY 85/Y 41X
Base-mat (-6,5 m) 5T 5y 5rY 491/X 65/X srY
Base-mat (-6,5 m) &/v 6/2 6/Z 491/2 65/Z 6/2
Base-mat (-6,5 m) 14/L 147X 14/X 1525/Y 656/Y 14/X
Base-mat (-6,5 m) 157 157Y 180 1525/X 656/X 15/Y
Base-mat (-6,5 m) 16/V 16/2 16/Z 1525/Z 656/Z 16/Z
Base-mat (-6,5 m) 21/L 21X 217X 1493/7Y 601/Y 21/X
Reactor hall (+18,9 m) 33T 33/ 33y 7531Y 33Y
Reactor hall (+18,9 m) 35/L 35/X 357X 342/Y 773Y 35/X
Reactor hall (+18,9 m) 36/T 36y 36/Y 342/X 751/X 36/Y
Reactor hall (+18,9 m) 3TNV 37/2 3712 342/Z 75142 37/12
Over head crane railway 46/T 46/Y 461Y 2387/X 46/Y
Over head crane railway 4TV 47/2 4712 2387/Z 47/12

Fig.3 Location and numbering of the response positions on the reactor building

In this table, each measuring position is identified with an arrow indicating the sensitivity
direction. The following convention will be adopted throughout this document:

- L (stands for Longitudinal) in direction North-South (the direction of the line connecting
the two twin reactor units);

- T (stands for Transversall) in direction East-West;

- V (stands for Vertical) in vertical direction;

3. SIMULATED EARTHQUAKE EXCITATION TESTS

For carrying out the experimental investigation, in December 1994, the Paks NPP site was
subjected to the effects of appropriately designed buried explosions, with the object of inducing an
earthquake-type excitation to the plant’s structures. Actually, by transmitting the vibratory energy
to the structures through their foundation soil - as in real earthquakes - the full-scale soil-structure
dynamic effects are activated and can thus be investigated for the case of low strain excitation. A
set of different successive experiments was performed at the Paks site, with the whole nuclear
power plant under normal operating conditions.

The experiments were performed by detonating explosive charges (TNT), previously

installed in deep boreholes, at an overall mean horizontal distance of 2442 m in the South/South-
East direction from the first unit reactor base centre,
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After a preliminary test, the first definitive experiment was performed by detonating three
TNT charges with two delays, at a mean horizontal distance of 2434 m from the first reactor base
centre.

4. CHARACTERISTICS OF THE EXPERIMENTAL AND ANALYTICAL DATA
4.1. Experimental data

For the synchronous recording of the free-field excitation data, together with the related
structural response signals during the low strain earthquake-type excitation experiments, use was
made of advanced multichannel data acquisition and analysis system, developed by ISMES, the
hardware of which was set up in a mobile laboratory parked beside the first reactor unit building.

This computerized data acquisition and analysis system is capable of recording
simultaneously up to 52 signals at a 200 kHz sampling frequency, with real-time analog to digital
conversion. It is a sub-module of AIACE (The Advanced ISMES Acquisition, Analysis and
Control Environment), a hardware and software environment that has been specifically developed
for the performance of static or dynamic experiments, while providing wide data analysis
capabilities.

Once the first instrumentation layout was installed, the related shielded cablings connected
and the data acquisition set up, a series of measurements were made during plant normal operating
conditions, for examining the ambient of vibration intensity levels and frequency content. As
significant noise levels were noted to be present at higher frequencies, it was decided to make use of
low-pass analog filters in the recordings to be made, for eliminating the high frequency noise prior
to digitizing. Acquisitions were hence made with 20 Hz low-pass filters inserted in all the
measurement channels. These filters also performed the anti-aliasing function.

A sampling rate of 200 Hz was chosen in order to ensure a satisfactory definition of the
blast-induced vibration time histories. An example of the original data is given in Fig. 2.

4.2, Analytical data
4.2.1. Siemens data

The original Siemens data were acceleration response spectra with the following
characteristics:

- 76 frequency values from 0,1 Hz up to 34 Hz;
- acceleration in m/s®

4.2.2. EQE data

The original EQE data were acceleration time histories with the following characteristics:

- 5000 points in the time domain with a sampling interval of 0,005 s;
- acceleration in m/s% '
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4.2.3. CL data

The original CL data were acceleration response spectra with the following characteristics:

- 100 frequency values from 0,1 Hz to 25 Hz;
- acceleration in cm/s?%;
- case 1: original free field experimental acceleration time histories,

as delivered by ISMES;

- case 2: deconvoluted free field experimental acceleration time
histories (for more information reference is made to the
paper by Mr. Kostov et al. presented during the RCM in
Bergamo, Italy).

4.2.4. MD data

The original MD data were acceleration response spectra with the following characteristics:

- 96 frequency values from 0,2 Hz up to 33 Hz;
- acceleration in m/s?;

4.2.5. IVQ data
The original IVO data were acceleration time histories with the following characteristics:

- 4000 points in the time domain with a sampling interval of 0,005 s;
- acceleration in m/s%;

5. DATA PROCESSING DESCRIPTION
5.1 Experimental Data

In order to compare homogeneous information, all data were converted into acceleration;
thus derivatives of the recorded velocity signals were generated in order to obtain acceleration
signals. Starting from these acceleration data, the acceleration response spectra were calculated on a
time window lasting 19,995 seconds with the following parameters:

- 12 frequency values per octave starting from 0,05 Hz up to 100 Hz;
- two damping ratio values (2% and 5%);

The experimentally obtained response (ISMES) are then overplotted on the analytical
spectra with a solid line in the frequency range from 0 Hz up to 35 Hz.

5.2. Analytical data

In order to simply compare the experimental results with the analytical results, the same
positions were reported on the same tables in correspondence to two different damping ratio values.
In Figure 3, a synoptic table of the positions is given to identify the original marking of each
participant to the benchmark.

Original spectra were simply plotted and original time histories were processed with the
same parameters used for the experimental data.

Figure 4 - 18 present the comparison of the experimental data with analytical results of five

participants in terms of response spectra with 2 and 5% damping.
Text cont. onpg. 219.
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6.

CONCLUDING REMARKS

Between 1993 and 1997 the IAEA co-ordinated the benchmark study for the analysis and

testing of WWER Type NPP’s, which included the dynamic testing investigation of the major
structures of the Paks Nuclear Power Plant by means of buried explosions in order to induce
earthquake-like ground motions. These tests have provided a large amount of useful field and
structural response data. Blind prediction analyses performed on mathematical models by five
different institutions have resulted in a detailed description of the structural response at a very large
number of points.

A comparison of the measured and calculated structural response at a selected number of

points was performed by ISMES on behalf of the IAEA.

(1)

)

€)

“)

The following general considerations can be drawn:

- Generally speaking the amplitudes of the calculated response spectra are higher
than those obtained experimentally, at least for the frequencies above 8 Hz,
while the shapes are more or less highlighting the experimentally determined
frequencies.

- There is a high influence of the frequency energy content due to the nature of the
explosion excitation in the frequency range around 15 Hz (as can be seen on the
response spectra of the free field point, Fig. 4.) In order to get a more
meaningful comparison of the spectra in the seismic range, the plots from 1 to 10
hz should be used for evaluation.

- It has to be expected that during a seismic event a higher excitation at the soil
level will involve dissipating mechanism, both in the soil and in the structure,
leading to higher values of the damping as well as inelastic deformation.

- With reference to the preceding remark, full scale dynamic tests provide a more
refined estimate of the damping. This estimate, even if it is associated with
lower excitation levels than seismic, is valuable in order to provide a lower
bound to the damping values.
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Abstract

Within the framework of the IAEA coordinated "Benchmark Study for the seismic
analysis and testing of WWER-type NPP's", in-situ dynamic structural testing activities have been
performed at the Paks Nuclear Power Plant in Hungary. The specific objective of the investigation
was to obtain experimental data on the actual dynamic structural behaviour of the plant's major
constructions and equipment under normal operating conditions, for enabling a valid seismic safety
review to be made.

This paper gives a synthetic description of the conducted experiments and presents some results,
regarding in particular the free-field excitations produced during the earthquake-simulation
experiments and an experiment of the dynamic soil-structure interaction global effects at the base of
the reactor containment structure. Moreover, a method which can be used for infering dynamic
structural characteristics from the recorded time-histories is briefly described and a simple illustrative
example given.

1. INTRODUCTION

An IAEA Coordinated Research Programme was initiated in the early nineties to assist the
countries of Central and Eastern Europe in evaluating the actual safety conditions of their first
generation nuclear power plants. This Programme fundamentally aims at providing technical bases to
the safety related decisions to be taken by the countries operating the plants, with the consulting
assistance of other countries providing technical and financial support.

Within the above-outlined context, a full-scale experimental investigation into the dynamic
structural characteristics of a typical WWER-type Nuclear Power Plant has recently been performed
at Paks in Hungary. Experimental data on the actual dynamic behaviour of the plant's major
structures is obviously essential for validating computer models and allowing valid seismic safety
analysis to be made. The Paks NPP site has thus been subjected to earthquake-like ground shaking
through appropriately devised buried explosions - at a safe distance from the plant - and the dynamic
response of the plant's major structures digitally recorded, together with the concurrent free-field
excitation. The large amount of experimental data acquired during three successive earthquake
simulation experiments is being analyzed for to extracting useful reference information.

2. PLANT AND SITE SHORT DESCRIPTION

There are presently four WWER-440 type V-213 reactor units in operation at the
Paks NPP. The latter was originally designed in the former Soviet Union, but some
adaptations were made by Hungarian design offices. The two first reactor units started
commercial operation in 1983 and 1984.

In the design stage the seismic hazard of the Paks site was considered to be very low
and thus. no special regard was given to possible earthquake actions. Lately however,
the seismic hazard of south-eastern Hungary is being revised and it was hence
considered important that the seismic safety of the Paks NPP be rationally reviewed.
The four reactors of the Paks NPP are arranged as two twins (Figure 1). The main
building of each twin houses two reactor units in a symmetrical layout and is made up
of a stiff reinforced concrete containment building, that is supported - together with an
adjacent condensation tower - on a 2m thick continuous direct foundation slab. The

221



foundation soil is a rather soft one, being composed of alluvial silts, sands and gravels
becoming dense at around 16m depth.

Figure 1. General view of the Paks Nuclear Power Plant.

3. SIMULATED EARTHQUAKE EXCITATION TESTS

The Paks NPP site was thus subjected to the effects of appropriately designed buried
explosions, with the object of inducing an earthquake-type excitation of the plant's
structures. By transmitting the vibratory energy to the structures through their own
foundation soil - as actually occurs during real earthquakes - the full-scale dynamic
soil-structure interaction effects are activated and can hence be realistically
investigated.

Three different successive earthquake simulation experiments were performed at the
Paks site, with the whole nuclear power plant under normal operating conditions. The
experiments were performed by igniting TNT charges, installed in 50m deep boreholes
at an overall horizontal distance of about 2,5km from the 1st unit reactor base centre.

» The first of the three experiments was a single blast one, which allowed to evaluate
the blast-induced vibrations intensity and to conveniently calibrate the dynamic
range of the measurement instrumentation.

» Subsequently, two time-delayed multiple blasts were produced, with the object of
somewhat lengthening the ground excitation duration.

In fact, the duration of real earthquakes is obviously longer than that produced by a
single underground explosion; but, even more important in the present context, a
higher frequency resolution can be used in extracting structural behaviour information
from the experimental records, if the latters are of longer duration. Each one of the
earthquake excitation tests comprised a different layout of the measurement
instrumentation, for the scope of acquiring a comprehensive experimental data set on
the structural response of all the power plant's major constructions.
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A large number of dynamic transducers were installed at appropriate locations in the
nuclear power plant's structures. A series of sensitive velocity transducers
(seismometers) were fixed against the reactor building foundation mat; in particular,
three vertical and two horizontal sensors were set up around the base of the reactor
shaft massive containment structure, as shown in Figure 2, and a number of identical
sensors were installed at the upper reactor hall floor level.

! {

Figure 2. Measurement stations around the reactor shaft base.

For measuring the actual free-field excitation produced by the earthquake simulation
experiments, three further seismometers were buried 1m deep into the natural soil at a
120m lateral distance aside the reactor base centre. Moreover, a series of piezoelectric
accelerometers were used for measuring the vibrations at the upper levels of the reactor
hall steel superstructures and close to the top of the nearby reinforced concrete twin
chimneys. For the synchronous recording of all the structural response data, together
with the concurrent free-field excitation, use was mad of an advanced multichannel
data acuisition and analysis system, developed by ISMES and the hardware of which
was set up in a mobile laboratory, parked beside the reactor containment building. This
system is capable of simultaneously recording up to 52 signals at a 200Hz sampling
frequency, with real-time analog to digital conversion; it is a submodule of "AIACE"
(the Advanced ISMES Acquisition, Analysis and Control Environment), which was
specifically developed for performing static or dynamic experiments, while providing
also ample data analysis capabilities. In the case of time-history data to be collected,
the acquisition process can be automaticallly triggered according to a specified
criterion; data from all the connected transducers are fed to signal conditioners which,
after on-line A/D conversion drive directly into the computer memory. At the end of
the data acuisition process, the collected data are ready for graphical examinations by
means of various plotting functions, as well as for applying time or frequency domain
signal analysis procedures.

4. EXPERIMENTS PERFORMED AND RESULTS OBTAINED

As already outlined above, three different blast-induced ground excitation tests were
performed at the Paks NPP site, with the plant in normal operating conditions. During
each single experiment 52 digitized response signals were simultaneously recorded at a
200Hz sampling rate. Analogic low-pass filters were used for eliminating the high
frequency noise prior to digitizing.

A preliminar test was carried out by simultaneously detonating two 50kg charges in
50m deep boreholes at a 2442m distance in the SSE direction from the NS oriented
first reactor building. Subsequently, two time delayed multiple blasts experiments
were performed with the scope of lengthening the overall excitation duration. The first
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multiple blasts experiment was carried out by detonating three 100kg charges, with
two 1,64sec delays, at practically the same mean horizontal distance from the reactor
building than before. A second multiple blasts test was later performed with two 150kg
blows and a 1,58sec delay. Figure 3 shows the three-orthogonal velocity time-histories
that were recorded in the free-field during the triple delayed blasts experiment.
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Figure 3. Free-field response records. Figure 4. Reactor base response records.

The Paks NPP site appears to have been significantly excited by the buried
explosions; about 20 sec long useful response signals were obtained. The free-field
records show two consecutive rather distinct high and low frequency excitation phases,
separated by an intermediate interference period. The following maximum peak
velocities were recorded in the free-field during the respectively higher and lower
frequency excitation phases:

o 0,081 and 0,071cm/s in the horizontal directions,

« 0,287 and 0,058cm/s in the vertical one.

These values are well below the 0,5 and 0,3cm/s conservative foundation velocity
limiting values that are recommended in the DIN4150/3(1983) Standard for preventing
any damage to occur in the case of blast induced vibrations in a "particularly sensitive
building environment”". The corresponding maximum peak horizontal accelerations are
close to that of a M.M. grade III intensity earthquake, characterized by maximum
horizontal accelerations up to 0,002g.

5. REACTOR SHAFT RESPONSE

Figure 4 shows the time-histories that were recorded during the triple blasts
experiment at the reactor shaft base (see Figure 2) in the longitudinal, transverse and
vertical directions. The reactor shaft base responses (recorded at the reactor building
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foundation slab level) appear to be significantly lower than the corresponding free-
field excitations; with the exception of the lower frequencies vertical vibrations, which
show to maintain almost the same amplitudes - however with a slower decay - at the
reactor base than in the free-field. Just a slight amplification of the vertical response
was measured around the metallical top of the reactor shaft, suggesting that a
prevailingly "rigid" vertical response of the latter occured.

More detailed observations can be made by comparing the response spectra of the
reactor shaft base induced motions to those of the free-field excitation. For that
purpose, the 2% damping pseudovelocity response spectra were computed in the 1-
100Hz frequency range for the excitations that were simultaneously recorded in the
free-field and at the reactor base. These pseudovelocity spectra can be considered to
reflect the amount of energy content that is present in the recorded motions at the
various frequencies. The free-field and the reactor base response spectra of the triple
blasts ground excitation records are shown in Figures 5 and 6.
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Free-field (above) and reactor base (below) pseudovelocity response spectra.

While in the first diagram the spectra of the corresponding horizontal motions can
easily be compared, the second diagram shows the difference in the vertical free-field
and reactor base motions response spectra. It clearly appears that:

- The spectra computed from the horizontal motions at the reactor shaft basement are
both well below that of the corresponding free-field excitations.

- The same observation holds for the vertical excitation in the higher frequency range.
Around 2Hz however the reactor base vertical motion spectrum exceeds the free-field
one; two small peaks are noticed at 1,75 and 2,34Hz.

These important observations indicate the activation of favourable dynamic soil-
structure interaction effects: the thick reinforced concrete continuous foundation slab
of the reactor containment building succeeds in remarkably attenuating the earthquake-
like excitation levels: The horizontal excitation energies at the reactor shaft base show
to be drastically attenuated over the whole frequency range in comparison to the free-
field excitation and a considerable vertical vibration energy cut off is achieved above

3,12 Hz; below the latter frequency, however, the excitation energy of the reactor base
is somewhat amplified with respect to the free-field one.

6. CONCLUSIVE CONSIDERATIONS

The IAEA promoted dynamic testing investigation of the Paks NPP site by means of
buried explosions-induced ground motions has provided a large amount of interesting
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data on the structural response of the plant's major constructions. The technique used
by the Hungarian mining specialists for carrying out the underground explosions
actually succeeded in producing an earthquake-like excitation of rather low but quite
well measurable intensity. High quality digital data acquisitions were made by means
of the ISMES dynamic measurement instrumentation and data acquisition system.

A first series of analyses of the experimental data has recently been performed for
examining the free-field excitations that were actually produced during the blast-
induced ground shaking experiments and interesting information on the actual
dynamic soil-structure interaction effects could be infered for low level seismic-like
excitation. A further detailed analyses task has still to be conducted for extracting
information on the structural characteristics and behaviour of the Paks NPP major
constructions.

For determining the actual modal characteristics (f,, ¢, and &), energy spectral
density analyses [/1/] can be made of the collected data. As a simple illustrative
example, the energy auto- and the cross-spectral density diagrams of the twin
chimneys' top responses to the ground excitation are reproduced in Figures 7 and 8.

The auto-spectral density function, describes the vibration intensity (the variance of
the measured quantity) distribution in the frequency domain and thus allows to identify
the structural resonance frequencies at its peak values, moreover, the associated
structural damping ratios can be estimated from the peak widths. On the other hand,
the cross-spectral density function describes the frequency domain distribution of the
covariance of the measured quantities in two different stations. The real (coincident)
part of this function clearly shows the in- or out of phase relationships of the motions.
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From the above-reported diagrams, it can be concluded that:

- The first two longitudinal bending resonance frequencies of the twin chimneys are at
1,97Hz and 3,2Hz, with a further minor resonance frequency located around 4,6Hz;

- The first two synchronous lateral resonance frequencies of the chimney stacks are at
2,07Hz and 4,73Hz, while the first alternate lateral motion resonance occurs at 3,37Hz.
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SUMMARY OF STRUCTURAL ANALYSIS AND COMPARISONS WITH
EXPERRIMENTAL RESULTS FOR WWER 440/213 NPP PAKS
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Siemens AG, XA0100513
Unternehmensbereich KWU,

Offenbach, Germany

Abstract

Final full scale experimental tests were performed for the VVER 440/213 Paks by ISMES
Bergamo (under order from IAEA) in December 1994. Similar tests however were also
carried out earlier (in 1990/91) within the framework of preliminary investigations of the
seismic capacity of the VVER 440/213 PAKS initiated by the plant operator (PARt). In order
to predict in advance the measured results by analytical procedures on the one hand and
demonstrate the appropriateness of studying the earthquake-induced dynamic response of
such complex structures on the other hand, blind preanalyses were performed in both cases
before beginning the tests using various types of mathematical models and input data
(discretization ratio of the structures, representation of soil capabilities, damping capacity of

the complex vibrating system).

This paper presents the analytical and experimental results obtained by the blind
preanalyses performed on the basis of the latest tests (12/94) and, for comparison, the
results derived by the earlier tests (1990/91) are demonstrated.

INTRODUCTION

The results of the blind preanalysis related to the latest (12/94) tests were documented in
References /6/ and /8/. In Reference /8/, however, preliminary comparisons were performed
on the basis of experimental results provided by ISMES after the final analytical results of all
participants on the benchmark studies had been submitted with the coordinators of the
benchmark studies (IAEA/ISMES).

The results of preanalyses related to the earlier investigations (1980/91) were documented
in References /1/ to /3/. It should be pointed out that the basis of the earlier preanalyses and
comparisons were preliminary input data related to soil capabilities and the mathematical
models based on the information given in the drawings. In contrast, the latest blind
preanalysis are based on revised and updated soil data /4/ as well as on an updated
mathematical model considering the as-built conditions.
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MATHEMATICAL MODELS

The description of the coupled vibrating structures (Figure 1) as well as the complex
mathematical mode! used for the investigations was given in several References /1/ to /3/
and /6/ to /8/.
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The 3-dimensional model (Figure 2) consists of 36000 DOF, the total weight is about 280
000 kN. The mathematical representation of the layered soil was based on the shear moduli
and damping given /4/ for G, (Which are close to shear moduli for smallest strain, Figure
3). Impedance functions were calculated on the basis of the given soil layering for Gnax and
the assumptions of rigid capabilities of the individual foundations. Based on the impedance
functions, global frequency independent stiffnesses and damping were derived matching
the fundamental frequencies of the coupled soil structure system and finally distributed over

all nodal points of the foundations.
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Mathematical Model (3) of the main Building
Complex Paks

Fig. 2
(test of 12/94, location FF) and 240 m (tests performed 1990/91, location 2A) were defined

as the input excitation for the blind preanalysis. In the earlier test series (1990/91) a number
of explosive tests were performed using charges of 20 to 500 kg TNT located at a distance

The free-field motion induced in the explosive tests measured at a distance of about 120 m
of 2.5 to 4.5 km (Figure 4).
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In the latest (12/94) tests, charges of 100 kg TNT located at a distance of about 2442 m
from the center of the main building complex were used. The measured free-field time
histories as well as the corresponding acceleration response spectra are shown in Figures 5

to 8).

Contrary to the earlier explosive tests (1990/91) using big charges (up to 500 kg TNT)
detonated at the same point in time, the smaller charges (100 kg TNT) of the later (12/94)
explosive tests (three 100 kg charges) were ignited sequentially (at intervals of 1.58 sec.). It
can be observed that the shear waves generated by the bigger charge (of the 90/91 tests)
contains free-field motions (Figures 7 and 8) which are able to excite the building structures
in the frequency range of their fundamental frequencies. The later tests (12/94) contain a

mixture of shear waves dominated by frequencies of about 12 - 16 Hz (Figure 6).
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EVALUATION OF DYNAMIC CHARACTERISTICS OF THE COMPLEX SYSTEM

It is well known that a structural system excited by transient loading functions can
(independently from the frequency content of a transient loading function) provide dynamic
response results only in the frequency range of their eigen-frequencies and modes which
are able to contribute to the vibration process, i.e. the eigenmodes of which modal

parameters (modal masses, participation functions) are practically of importance.
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When evaluating the eigenfrequencies and modes obtained for the shear modulus related to
small strains (Gmax) it can be observed that in the frequency range up to about 5 Hz the total
modal masses have reached more than 94 %.
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The outstanding modal masses are related to local vibration models of individual structural
members as steel profiles and braces. The influence of these modes on the dynamic
response of the’ concrete block (on the foundation level, on the upper level of the concrete
block 18.9 m or on the level of the crane support) is negligible. Due to this fact (and bearing
in mind the most relevant frequency content of the measured excitation of the later tests,
Figure 6 is about 15 Hz) there is no possibility that the dynamic response of the structures of
the main building (fundamental frequencies below 2.1 Hz for the horizontal and 4.8 Hz for
the vertical direction respectively) can be changed significantly when considering further
modes.

In the case of the later (12/94) tests, only the dynamic response calculated and measured
by tests in the significant frequency range of the building structures (0 about 5 Hz) should
therefore be compared and evaluated. The measured dynamic response (characterized
practically by the highest amplification in the frequency range of 15 Hz) represents rather
the effect of transfer of the shock waves introduced at the foundation level (soil) to the
corresponding regions in the building (but not the capabilities of the structural model of the

building) regarding their appropriateness for analysis of low frequency (seismic) loadings.

The same should be stated regarding the calculated results using the high frequency
excitation. The analytically obtained response spectra are the results of filtering of the
transferred shock waves by the mathematical model not designed for analysis of seismic

excitation effects.

Much more effective for the excitation of the VVER 440/213 building structures were the
shear waves generated during the earlier tests (1990/91). It can be observed (Figure 7) that
after the high frequency content of the shear waves passed the building the following shear
waves of much lower frequency content were able to excite the structures in the frequency

range of their fundamental frequencies.

On the basis of the measured dynamic response result obtained during the earlier tests it
was possible to identify the fundamental eigenfrequencies (peak frequencies), the damping
effects (logarithmic decrement) as well as the scattering of the results due to variation of the
soil data (Tables 1 and 2). The excitation produced during the later explosive tests (12/94)
were in fact useful to qualify the appropriateness of the mathematical model for investigation

of high frequency loading cases (aircraft crash, explosion).

The dynamic responses obtained using the excitation obtained by the earlier tests (1990/91)
were therefore in surprisingly good agreement with the measured results.
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Tab. 1 Comparison of Measured (1990/91) and Calculated
Eigenfrequencies of the Reactor Building [2] with

New Results (1997)
Mode No. Eigenfrequencies [Hz]
Measured Calculated

[2] 1997 [2] 1997
1 1.6-2.1 not 1.84 1.65-1.90
2 1.9-2.1 Published 2.12 2.22-2.33

3 2.3 till 2.38 2.33

4 2.5 now 2.82 3.77

5 4.36
20 3.9-4.1 4.16 2.07-4.07

vertical

Tab. 2  Damping [%] Values Obtained from Measured Results {1990/91)

Structure Region Expiosion East Explosion South
X Y Z X Y Z
Reactor Building 4G 6.9 - 9.1 10.1
4H 7.5 6.8 8.7 (5.5)
5P 10.0 7.7 11.8 10.4 6.4
Turbine Hall 4K 6.4 9.8 9.4 8.1
Galleries 50 6.1 9.4 8.4 9.2 14.8
Average Value 7.38 7.97 10.0 9.36 9.85
Damping Values used in the X Y y4
Calculation 8 8 10

COMPARISON OF DYNAMIC RESPONSE RESULTS

When evaluating the response spectra of the free-field motion measured close to the
reactor building (Figures 6 and 9) it can be recognized that the level of excitation in the
frequency range of the fundamental eigenmodes of the concrete block (about 2.1 Hz) as
well as the reactor hall (1.1 Hz) is only very low. it is therefore no surprise that only
moderate response could be identified by measurements in the selected regions of the
concrete block and the reactor hall (Figures 10 to 17).
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This applies especially to the horizontal directions of the foundation Positions A (Figures 10
and 11).

However, it can be observed that the analytically obtained spectra result in higher spectral

acceleration than the measured results.

This may be explained by the rather low modal damping used in the calculation (8 % for
horizontai and 10 % for the vertical direction). The real damping capacity seems to be

somewhat higher.

The other explanation could be that (due to the capabilities of the mathematical model) and
the strong excitation in the frequency range of about 12 - 15 Hz the analytical results
obtained for the frequency range of the concrete structure (about 2.1 Hz) are higher

(aniplification Q/w) than measured in practice.

However, the selected damping (of 8 and 10 %, respectively) seems to be too high
regarding the steel structures and therefore for the spectra calculated for the steel structure
of the reactor hall (Positions 46 and 47) Figures 16 and 17 are smaller than the measured

results.

When evaluating the analytical and experimental results obtained by the earlier tests
1990/91, a much better comparison of results may be observed (Figures 18 and 19).

CONCLUSIONS

- The mathematical models of the VVER 440/213 for investigation of seismic
loadings could be verified by experimental tests performed on the site Paks by
two series of tests (1990/91 and 1994).

- The free-field excitation generated during the earlier (1990/91) tests were more
adequate and resulted in excitation effects of the coupled structure in the
frequency range of earthquake loading

- The free-field excitation derived during the later tests (12/1994) resulted in free-

field excitation characterized by higher frequency content useful to qualify the
models for short duration loads (i.e. pressure waves or impact loading)
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- It can be stated that the VVER 440/213 units of Paks are one of only few operating NPPs

in the world of which the dynamic characteristics and real soil-structure effects were

verified by natural scale models in similar extend.

(1]

(2]

(3]

(4]

(5]

{71
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RESPONSE OF THE MAIN BUILDING, PAKS NPP (HUNGARY)
TO EXPLOSION INPUT MOTION

M. KOSTOV, H. BONCHEVA, G. VARBANOV, A. KANEVA,

D. STEFANOV, N. KOLEVA

Central Laboratory of Seismic Mechanics and Earthquake Engineering,
Bulgarian Academy of Sciences,

Sofia, Bulgaria

ABSTRACT

The purpose is to do dynamic analysis of the main building and to assess the response of the
structure to the explosion ground motion and finally to compare the analytical results with the
recorded motion at preliminary selected points in the structure. In this report are shortly discussed
soil and structure modelling, analytical results and the comparisons with the measured response in
terms of acceleration response spectra at two locations of the reactor structure, i.e. at the base

foundation and at the main service floor at elevation 18.15m.

INTRODUCTION

The main building of Paks NPP is one of the two selected prototypes for benchmark study. In
general the benchmark study program involves seismic analysis and testing of VVER type Nuclear
Power Plants. The full scale dynamic testing of the Paks NPP is one of the most significant parts of
the study. The test was performed in December 1994 and consisted in two main blasts with time
delay so that a motion of about 20s to be recorded at different locations. One set of free field records

was given up to the participant institutions for the benchmarking.

DYNAMIC EXCITATION

The input ground motion is presented by.three accelcration time histories (three
components) recorded at free field of the NPP site during the second explosion of the
blast test. They are shown in Fig.1. The- vertical component is very strong. The
corresponding acceleration response speétra are given in Fig. 2. The analysis of the
response of the main building is carried out in two variants: case 1 - the free field
acceleration time histories are used as input motion acting at the foundation level;
case 2 - the free field motion is transferred by deconvolution procedure to the

foundation level taking into consideration the local ground conditions.
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GEOLOGICAL CONDITIONS AT THE SITE

Four soil profiles are given in ,Preliminary Input Data. Site Seismicity and Soil
Mechanics at Paks NPP Site“ (December 1993) with different characteristics of the
soil layers. In this investigation the second profile is accepted. The respective soil
layer characteristics are shown in Table 1. The velocity profiles of S-wave and P-wave
are given in Fig.3 . Taking into consideration those characteristics the free field
acceleration time histories are transferred to the foundation level. In Fig.4 are shown

the acceleration response spectra of the free field motion, deconvoluted motion and

Table 1

Soil Profile

Layer From level... Density S-wave P-wave
thickness to level... velocity velocity
m m-=nm 3 g/cm m/s m/s
1.2 0.0 - 1.2 1.95 174 301
1.6 1.2 - 2.8 1.95 215 380
0.8 2.8 = 3.6 1.95 124 215
1.4 3.6 - 5.0 1.95 222 384
4.6 5.0 - 9.6 1.95 288 500
9.8 9.6 -19.4 1.95 260 450
1.8 19.4 =-21.2 1.95 306 525
8.8 21.2 -30.0 1.95 344 596
> 30.0 2.10 600 1040
Ve=100 350 800 m/s VP=100 500 1000 m/s
0.0 YOS VO VN WU TG TSN TS W S (Y V| O.olixlxxttllllllnnlllxl
_100.:. -100-_:
H . B
m ] m 3
_20_0.:. -2005
_30'05 —-300-‘:
_40'05 —-400 ]

Fig.3. Velocity profiles of local geology
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the respective response spectra at the foundation plate. One can see the amplification

effect of the surface soil layers.

MODEL OF THE STRUCTURE

One of the twin units of Paks NPP is modeled and analyzed. 3-D model by finite
elements is elaborated. The main building is founded on & monolith foundation slab
with 2 m thickness at elevation of -8.5 m. On this basement block is located the
condensing tower which rises to an elevation of 50 m. The turbine hall and the gallery
buildings are not included in the present model. The material damping used is 4% of

the critical one. Fig.5 presents general views of the 3-D model. The computation
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Fig.5. General view 3D FE model
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model consists of 2195 nodal points, 920 beam elements, 3069 plate elements (2721
trapezoidal and 348 triangular elements) and 8080 dynamic degrees of freedom.

ACCELERATION RESPONSE SPECTRA

The in-structure acceleration response spectra are generated for two cases depending
on the input motion. The nodal points for which the spectra are compared are located
at foundation level and at elevation 18.15 m. The components 14 and 15 (horizontal)
and 16 (vertical) are located at the base mat, the components 34 and 35 (horizontal),
and 36 (vertical) are located at elevation 18.15m. The analysis is performed by the
computed code SASSI. The comparisons are presented in Figures 6 and 7. The
spectra presented are computed for 5% critical damping. A detail of the spectra for

the frequencies up to 10 Hz is presented in Fig.8.

DISCUSSION AND CONCLUSIONS

On the base of the analysis carried out the following conclusion can be done:

- The surface soil layers have considerable influence on the response of the soil-
structure system. The amplifying effect is very high. The difference of the soil
characteristics in the upper 10 m is not very big but the effect is remarkable due to the
peculiarities of the input motion.

- The response of the structure is very slight. The soil-structure interaction is clearly
demonstrated - the fundamental modes of vibr;ations are dominated by the response
of the soil. This is a typical example of a dynamic response of rigid structure founded
in deformable soil.

- The input motion used in the analysis is high frequency motion due to the blast
excitation. Such motion with small amplitudes can not provoke a real response to
seismic excitation. The damping in the soil and in the structure is very small. On the
opposite, during a real earthquake the damping increases and reduces the response of
the soil-structure system. The behavior of the system could be completely different.

- The blast test gives the possibility to assess the fundamental period of vibrations of

the soil-structure system.
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- The explosion input motion provokes a considerable vertical component at all nodal
points and elevations - it is commensurable with the horizontal components, even

grater in some points.
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The comparison between the analytical results and the measured response leads to
the following conclusions:

- There is relatively good prediction of the major features of the seismic response, i.e.
the first natural frequency of the soil-structure system is about 2 Hz, the predominant
frequency of the response is about 15Hz.

- The response prediction in case 1 (not deconvoluted input motion) matches
relatively well the measured vertical response but the predicted horizontal response 1s
greater than the measured one.

- The response prediction of case 2 (deconvoluted input motion) matches relatively
good the horizontal response but the vertical response is smaller than the measured
one.

- Generally in most of the cases the analytically predicted response in the frequency

range above 18-20Hz is underestimated.
Possible explanation of the differences between measured and predicted response:

1. It 1s well known that the analytical procedure of deconvolution is limited to
relatively simple wave environment - vertically propagating waves in horizontally
stratified medium. In the benchmark case the vertical motion is determined
predominantly by P wave. For the deconvolution of the P waves different material
damping should be used than in the case of S wave deconvolution. The underground
water level also plays an important role. The investigated structure is founded
probably bellow or very near to the water table so that the P waves induced by the

blast excite directly the foundation.

2. The underestimated response in the high frequency range (above 18Hz) could be
caused by:

- overestimated material damping;

- overestimated radiation damping;

- selection of the seismic enviromnent*(Wav&ﬁéM) ;

- definition of the transmitting boundaries.

or the measured acceleration response (obtained by differentiation of the velocity

response) is erroneous.

261



REFERENCES

1. Preliminary Input Data. Site Seismicity and Soil Mechanics at Paks NPP Site,
(December 1993 - material distributed by IAEA).

2. John Lysmer, et all.,, SASSI, A System for Analyses of Soil-Structure Interaction,

University of California, 1988.

262



SUMMARY OF STRUCTURAL ANALYSIS AND COMPARISON WITH
EXPERIMENTAL RESULTS FOR PAKS NPP

NN
B. HAUPTENBUCHNER

Technical University of Dresden, XA0100515
Germany

M. DAVID

Engineering and Design Office,
Prague, Czech Republic

Abstract

This contribution deals with the analysis and comparison of the dynamic response,
calculated and measured by the explosion test in Nuclear Power Plant Paks, Hungary. Some details
of the calculation model are also presented. The calculated and measured data of dynamic response
are compared in selected points of the NPP Paks reactor building. Conclusions and
recommendations are derived from this comparison.

I. INTRODUCTION

This contribution describes the calculation of dynamic response of the NPP Paks reactor
building to the full scale blast testing and the comparison of calculated and measured data. This
work has been carried out within the scope of IAEA co-ordinated research - Benchmark study for
seismic analysis/testing of NPPs type WWER {4].

The dynamic input for the dynamic analysis was presented by ISMES according to the
measurements during the blast test, but the results of dynamic response measurements were not
available for the calculation. The comparison of calculated and measured floor response has been
carried out by ISMES, Bergamo [4] and then handed over to all those who participated in for further
analysis.

2. DYNAMIC INPUT

Dynamic input was presented by ISMES in the form of time histories of velocities and relevant
accelerations, recorded during the blast test in the position FF (free field) on the soil [2]. Time
history of accelerations was used in the calculations taking into account that the accelerations were
obtained through simple derivation of recorded velocities.

3. DYNAMIC ANALYSIS
Calculation Model

The FEM calculation model corresponds to the data of papers {3] and includes all structures of
the main building even though the dynamic response is required in the reactor building only (ref.
Fig. 1). All structural parts of the main building are connected together and they behave as a unit.
The calculation model of the coupled vibrating building structures was created by means of beam
elements (476), trusses(411), plate elements (1087), spring and mass elements (252). The total
number of DOF is 6450.
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Figure 1. FEM model! of reactor building and turbine building.

Soil - Structure interaction

The soil characteristic data have been assumed according to the NPP Paks Cross-Hole tests in
the soil-structure analysis. In order to take into account the embedment level of the building, the
time histories of accelerations were deconvoluted to the foundation level at - 7,00 m with the help
of the software SHAKE [8].

The simplified soil-structure interaction has been carried out, using a system of springs to
represent the soil. The spring constants have been determined for different frequencies, however the
spring constants corresponding to the most important modes of vibrations on the soil have been
used in the calculation as frequency independent.
The assumed soil properties are presented in Table 1.

Tab. 1: Soil profile

i . { Thickaess of .
Noas.] level layer Material Density v G A
- {m] {m] ~ [0n’] [MPa] fus)
1 -20. 20 fine sand 1,96 0,28-0,48 122,50 250
2 27 7 medium sand 1,96 0,48 313,60 400
3 -110° 33 large grain sand 2,16 0,48 653,40 550
4 -S510 400 gravely sand 2,16 0,48 1058,00 700
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The spring constants as well as damping for the vibration modes on the soil can be found in Table 2.

Tab. 2: Stiffness and damping of the so1l

Direction Stiffness Damping
(ME/m] %]
X 3,6 15
y 3,6 5
z 10,0 30

Dynamic response

Dynamic response to the blast loading has been calculated in the form of floor response spectra
in selected nodes of the calculation model (ref. Figs. 2-6). These points correspond to the measured
points of the explosion test of NPP Paks The notation of nodes in the model and number of
positions indicated in ISMES report [1] are different. The relationship between model and ISMES
report notation can be found in Table 3.

The method of modal analysis executed in time steps has been used for the calculation of
dynamic response. The response of time histories of acceleration in selected nodes were evaluated
and from these time histories the floor acceleration response spectra have been determined Modal
damping for the global modes of vibration on the soil were introduced 1n the calculation as indicated
in the Table 2, for all structural modes of vibrations the damping was assumed by a factor of 5% of
critical damping The Softwaresystems NISA 1 [5], [6] and STARDYNE (7] have been used for all
calculations

4. COMPARISON OF MEASURED AND CALCULATED DATA

The analysts of calculations and measurement 1s based on the comparison of calculated and
measured floor response spectra of acceleration, determined of sclected points of the structure The

EMRC-NISR/DISPLAY
SEP/94/97 15:31:18

2 ROTX

t Y _4s.8

G A~ ROTY
E‘ lﬂl HODE MO. = 1 FREQUENCY = 1.21946E+81 Hz Q Y
"5\‘3' MUCLEAR POMER PLANT PAKS HUNGARY - MAIN BUILDING X _fg%

Figure 2. Deformed shape - example of mode nl.
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calculated and measured floor response spectra have been plotted together by ISMES in
corresponding points. The points for the comparison of floor response spectra have been selected on
the level - 6,50 m (foundation slab), + 18,90 (reactor hall) and on the crane supporting beam in the
reactor house. The notation of the selected points according to the ISMES notation and according to
the authors calculation model can be found in Tab. 3. Very brief characteristic about the comparison
of measured and calculated data is also presented in this table.

Table 3 Comparison

ISMES MDY fevel | Fig Brief characteristic of comparison of
Ditece Diree~ '} . - : measored# MD Data
Nouws tion Na.: fion {m] No.:
1 L 1 Y - 6,50
2 T 2 X
3 \4 3 Z
good in frequencies, calculated data higher
4 L 65 Y - 6,50 7 than measured
good in frequencies, calculated data higher
5 T 65 X - 6,50 8§ than measured
good in frequencies, calculated data higher
6 \ 65 Z - 6,50 9 than measured
calculated peaks found at 3 -5 Hz higher
14 L 656 Y - 6,50 10 frequencies than measured,

calculated data higher than measured

calculated peaks found at 3 -5 Hz higher
15 T 656 X - 6,50 11 frequencies than measured,
calculated data higher than measured

calculated peaks found at 3 -5 Hz higher
16 \Y 656 V4 - 6,50 12 frequencies than measured,
calculated data higher than measured

calculated peaks found at 3 -5 Hz higher
21 L 601 Y - 6,50 frequencies than measured,
calculated data higher than measured

relative good, discrepancies

33 T 753 X +18,90 13 around 25 Hz

relative good, discrepancies
35 L 773 Y +18,90 14 around 25 Hz

relative good, discrepancies
36 T 751 X +18,90 15 around 25 Hz

good, main calculated peak is higher than
37 Y 751 zZ +18,90 16 measured, measured data higher than
calculated around 20 Hz
crane
46 T 2387 X support. 17 measured data higher than calculated,
crane sup measured data higher than calculated,

47 V 2387 Z ort beam 18 | second peak was not found in the calcul.

The pure comparison of floor response spectra, calculated and measured, would lead to very
different conclusions. Some of floor response spectra calculated and measured are in very good
agreement, some discrepancies can be found in others. However, it is very difficult to define what is
very good agreement. Full agreement cannot be expected between calculated and measured data,
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because there are a lot of uncertainties in the structure, in the soil - structure behaviour and in
simplifications which have to be done for the evaluation of the calculation model. The authors of
this contribution have concentrated their attention on the analysis of calculated and measured data
particularly on the following items:

¢ the agreement of the common characteristic of the compared floor response spectra, (the number

of peaks, the ratio of peaks calculated and measured etc.)

» the check of frequency of peaks

« the check of accelerations calculated and measured

The most important aspect is to find out the origin of discrepancies. The authors use the method
of dynamic identification for this task. By this method some parameters of the calculation, for
example damping, spring constants, Youngs modulus of concrete etc. will be changed and the
calculation will be repeated. The right parameters are identified, when good agreement of calculated
and measured data is obtained.

The above mentioned procedure has not yet been completed for the analysis of NPP Paks
explosion test. The analysis of the measured and calculated results will be now presented on the
basis of some preliminary investigations. All points will be denoted according to the ISMES
notation. For the comparison of floor response spectra calculated and measured the reprints from
ISMES report have been used. The thick line in the figures always refers to the measurement and
the comparison is presented for the damping of 2% and 5 % of critical damping.

Foundation slab - 6,50 m

Pos. 4,5, 6, (directions L, T, V) are located on the foundation slab in the corner (rows V, 6).
Very good agreement in peaks frequencies can be found. On the other hand, the calculated response
of acceleration is higher than the measured one (ref. Figs.7, 8, 9). The presented comparison has
indicated relative good soil representation in the calculation but the real damping of the soil seems
to be higher than the one assumed in the analysis, or the decovolution of the time history from the
level +0,00 to the foundation level, calculated by SHAKE, was not effective enough in the reduction
of acceleration.

Pos. 14, 15, 16, (directions L, T, V), are located in the opposite comer (rows V, 12), close to
the thermal expansion gap, in between two units of NPP Paks. The agreement of peaks frequencies
is not as good as before, the calculated frequencies are about 2 - 5 Hz higher than the measured
ones. The cited discrepancies have most probably been caused by the neglecting of the second unit
in the calculation (ref. Figs. 10, 11, 12).

Reactor hall - Level +1890m

Pos. 33. (direction T) is located in the row 10. A relative good agreement has been found in the
characteristic of calculated and measured spectra. Some discrepancies have been found in the region
of 20 Hz. The local peak at cca 6 Hz has not been indicated in the calculation (ref. Fig. 13).

Pos. 35, 36, 37 (directions L, T, V) are located on the concrete reactor shaft. This part of the
reactor building is very important, because the main technological equipment is located there.
Relative good agreement can be found in main peaks frequencies with the exception of the region of
20-30 Hz, where the calculated peaks can be met on higher frequencies. Very good agreement can
be demonstrated in the part 0 - cca 12 Hz, particularly for the pos. 37, but the local small peaks
around 7 Hz have not been found in the calculation (ref. Figs. 14, 15, 16).

Pos. 46, 47 (direction T, V), are located on the crane beam. The calculated response in V
direction is lower than the measured one. The calculation has not indicated one important peak,
measured at cca 21 Hz. These discrepancies have most probably been caused by the calculation
model, because the representation of the crane beam and its connection to other structures were not
elaborated in sufficient detail (ref. Figs. 17, 18).
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5. CONCLUSION

The authors try to explain the agreement and disagreement of calculated and measured data with
more precision and in greater detail by comparative calculations with different parameters. At the
moment the following conclusions can drawn be out from this contribution.
¢ The real structural behaviour under shock loading can be described with more or less accuracy by

the calculation, despite very complicated complexity of structures.

» The analysis of soil structure interaction is very important for the reliability of the calculation. It
can be recommended to take into account in the soil-structure analysis the influence of all
substantial structures located near to the investigated building.

¢ It seems that the damping ratio of the soil is higher than assumed in the calculation. In the
calculation was assumed to be 30 and 15 % of critical damping for vertical and horizontal
vibration modes. The damping of the structure was assumed to be 5% of critical damping. This
value was most probably too high with respect to the very low level of stresses involved in the
structure during the test.

» The global simplification of the structure which was used in the calculation model has not
substantially affected the results, on the other hand the vicinity of measured points (the crane
beams and its connection to the global structure) should be represented by a finer calculation
model.

o It would be very useful to compare the results of all teams with respect to their different
assumptions, different calculation models, different methods of calculation etc. in order to
explain the agreement or disagreement of calculated and measured data.
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SUMMARY OF IVO PARTICIPATION IN PAKS BLAST TEST ANALYSIS

P. VARPASUO LR

IVO Power Engineering, XA0100516
Ivo, Finland

ABSTRACT

The paper deals with the numerical simulation of the triple blast test performed at Paks NPP.
A detailed background analysis was carried out to complete the geological and geotechnical
properties and, consequently, special frequency dependent soil stiffnesses have been
evaluated. The structural model (3D) allowed a very refined result presentation in terms of
profiles of displacements and forces at different elevations, for direct comparison with the
experimental output.

1. INTRODUCTION

The IVO participation in IAEA benchmark was initiated in the research coordination
meeting in St. Petersburg June 1995. The research contract with IAEA was signed in the beginning
of 1996 and the funding for IVO participation was arranged by IVO R&D unit in March 1996. The
volume of work for the years 1996 and 1997 has been 3 man months. In these years IVO has
participated in blast test analyses for Paks and Kozloduy nuclear power plants. The Paks blast test
analysis was performed in 1996 and the Kozloduy analysis is still going on. The measured
responses of the Paks blast test were provided for IVO by ISMES in May 1997. The responses were
mostly in form of velocities. For free field both velocities and acceleration was available. For points
46 and 47 only accelerations were available. For the rest of the points only velocities were
available. The layout drawings of the Paks plant were provided for IVO by Paks plant and Dr.
Giirpinar provided the soil investigation reports. This paper reports the results of the plant structural
response based on the listed input data and analysis carried out by IVO.

2. BACKGROUND AND HISTORY FOR PAKS SEISMIC STUDIES
2.1 GEOLOGICAL ASSESSMENT OF THE PAKS NPP SITE

According to geological studies [1],[2], three main formation groups contribute to the
construction of the geological structure of the area: Pleistocene-Holocene surface sediments,
neogenic basin sediments and the Paleozoic- Mesozoic basin bottom. There are no direct data about
the basin bottom in the Paks area. Its depth amounts to about 1600 - 1700 meters from the surface
as obtained from geophysical investigations. Boreholes deepened around the site show the bottom
to be formed of Mesozoic formations to south and west, and of crystalline masses to east. The
longer part of the basin sediment on the basin bottom is formed of deposited volcanogenic layers of
Karpat - Ottnang age and of a thickness of more than 500 m. The Upper-Miocene is formed of
Badenian riolite tuff, suffit, sandstone conglomerate, clayey mari, "lajta" Limestone, Sarmatian
conglomerate, sandstone, aleurite, clay marle, Lower-Pannonian calcareous mari and clay mari.
The depth of Miocene sequence exceeds even 1100 meters in the Paks area. Deep boreholes at Paks
give an unambiguous evidence of presence of drift planes often intersecting Lower-Pannonian
layers. Depth of Pliocene (Upper-Pannonian) sediments amounts near to 600 m and they are
representing the closing section of basin sediment with their clayey, stone powder sequence
becoming more and more sandy upwards. Most of Paks environment is covered of Pleistocene-
Holocene surface sediments in a large variety of structures. Most frequent formations on the west
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side of the Danube are red clay mud and loess with a thickness often exceeding 60 meters On the
south and west of Paks, similarly as in between the Danube and Tisza, sandy stone powder and drift
sand of aeolic origin are frequent formations and can be hardly distinguished from similar
Holocene analogues At the west edge of Danube valley surface is formed of Pleistocene alluvial
pebble and sand layers, covered in the Danube valley with younger Pleistocene-Holocene alluvial
sand, argilous sand and clay Depth of Pleistocene layers is about 30 meters in the surroundings of
the plant site

3. ASSESSMENT OF THE PLANT SITE SEISMICITY

In 1978 Geophysical Research Institute of the Soviet Academy of Sciences assessed the
intensity of design basis earthquake to be 8 grade However, the Hungarian officials adopted the
value of 5 grade and it served as a design basis In 1985 the same Soviet researchers set the
characteristic intensity to 7 grade, but their model supposed the plant site to be a unique block
despite the fact that they identified hints to existing fault fines in the seismic profiles In the period
1987 through 1989 Geophysical Institute of the Soviet Academy of Sciences insisted on pointing
out with comprehensive studies that no fault fines cross the plant site This position was opposed by
the opinion of Hungarian experts stating that one of the main fault fines of the basin bottom, the
"Zagreb-Kapos-Szolnok lineament" goes practically beneath the plant site Since that time the
evaluation of the seismic hazard to the plant site depends essentially on the assessment of the
influence of that structure Seismological Department of the Geological and Geophysical Institute
of the Hungarian Academy of Sciences in 1990 set to 0 19 g the horizontal Peak acceleration value
caused by the SSE Reviewing the existing data an English Company OVE ARUP declared in early
1992 the most probable intensity value of the SSE to be 8 grade with peak acceleration of 034 g
Relying on the Paks-Kecskemet correlation, the Scientific Coordinating committee, when
determining different levels of seismic hazard took into account the possibility of Kecskemet-type
earthquakes in the Paks area This is the prevailing opinion also currently The relative position of
the Paks plant and the Kecskemet fault line are given in Figure 1

Figure 1 The relative position of Paks plant and the Kecskemet fault

As can be judged from the previous paragraph the seismicity of Paks site has been
controversial The controversy seems to continue even today

4, GEOTECHNICAL CARACTERISTICS OF THE PLANT SITE

The naturel surface level of the site changes between 93 and 97.6 metres above tbe Baltic
Sea lever (BSL) Before the construction the site area was levelled to 97 metres (BLS) which is the
level of grade at plant Beneath the surface between 0 and -4 metres there is fine sand (loose
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structure, mean density). Highest water table level is at -4 m. Between 4 and 24 m there is sand
changing from fine to moderately saturated with a few pebbles (of mean density and dense), from
24 to 30 metres from moderately saturated sand to saturated sand containing pebbles (of mean
density and dense). Beneath 30 metres there are Pannonian sediments. For the essentially loose
sediment of 30 m thickness covering the area, characteristic shear wave velocity is about 250 m/s.
Shear modulus for the strong deformations is about 120 MPa. The summary of the soil
investigations at Paks site can be given in the following Table 1: '

Table 1 Summary table of the soil geotechnical characteristics at Paks site.

Layer id | Material Thickness | Density | Shear Shear  wave | Poisson
modulus velocity ratio
m kN/m’ | MPa m/s
1 fine sand 9.5 19.6 121 250 0.25
2 medium sand | 10.5 19.6 121 250 0.45
3 medium sand | 7 19.6 310 400 0.45
4 gravelly sand | 8.3 21.6 608 550 0.45
5 gravelly sand | 400 21.6 608 550 0.45

The graph of the cross-hole investigations at Paks site is given in Figure 2:
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Figure 2 The profiles of shear and longitudinal wave velocities and Poisson ratio

S. DESCRIPTION OF THE BLAST TEST

The blast test was carried out in December 1994. The site was subjected to the effects of
buried explosions. The aim of the tests was to induce an earthquake like excitation to plant
structures and components. During the blast tests the plant operated normally.

The experiments were performed by igniting TNT charges in deep boreholes. The distance
of the charges from the plant was 2442 meters from center of the base slab of unit one. The
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explosion consisted of three 100kg TNT charges detonated with the delay of 1.58 seconds. Each
single charge consisted of two 50kg charges detonated simultaneosly in two boreholes situated 7.5
meters apart from each other.

5.1 MEASUREMENTS OF THE RESPONSES

For the synchronous recording of the above-said free-field excitation data, together with the
related structural response signals during the earthquake-type excitation experiments, use was made
of an advanced multichannel data acquisition and analysis system, developed by ISMES and the
hardware of which was set up in a mobile laboratory parked beside the 1 st reactor unit building.
This computerized data acquisition and analysis system is capable of recording simultaneously up
to 52 signals at a 200 kHz sampling frequency, with real-time analog to digital conversion; it is a
sub-module of AIACE (The Advanced ISMES Acquisition, Analysis and Control Environment), a
hardware and software environment, that has been specifically developed for the performance of
static or dynamic experiments, while providing wide data analysis capabilities. In the case of time-
history data to be recorded, after the onset of the data acquisition process - which can be
automatically triggered according to a specified criterion - data from all the connected transducers
are fed to signal conditioners which, after on-line A/D conversion, drive directly into the computer
memory. At the end of the data acquisition process, the experimental data are thus ready for
graphical examinations through appropriate plotting functions, as well as for applying time or
frequency domain signal analysis procedures. Once the first instrumentation layout was installed,
the related shielded cablings connected and the data acquisition set up, a series of measurements
were made during plant normal operating conditions, for examining the ambient vibrations'
intensity levers and frequency contents. As significant noise levels were noted to be present at the
higher frequencies, it was decided to make use of analogie low-pass filters in the recordings to be
made, for eliminating the high frequency noise prior the digitization. Acquisitions were made with
20 Hz low-pass filters inserted in all measurements channels. These filters performed also the anti-
aliasing funtions. The sampling rate of 200 Hz was chosen for ensuring the satisfactory definition
of the blast.induced time histories. The full description of the blast tests is in the reference [3]. The
positions of the measured responses at the base slab level are given in the Figure 3.

6. DESCRIPTION OF STRUCTURE AND THE USED FEM MODEL

Paks NPP is four unit VVER-440/213 type plant. The reactor bulding complex consists of
four main parts: the reactor building, the condenser tower, the electrical gallery building and the
turbine building. The height of the building from the grade is 50 meters and the embedment of the
buildings is six and half meters. The plane dimensions the building are 72 meters in length and 52
meters in width. The thickness of the base slab is 1.7 meters. The condenser tower is based on the
same base slab as the reactor and its plane dimensions are 42x24 meters. The condenser tower is a
monolithic reinforced concrete structure. The reactor building consists of two separate parts. The
lower part below the main operational level (+18.9) is monolithic reinforced concrete structure and
the upper part so called reactor hall is the steel framed structure having the stiffness characteristics
significantly less than the reinforced concrete part. The electrical gallery and the turbine building
are also steel frame buildings. In modeling the steel frame was modeled with 3D beam elements
and the reinforced concrete with shell elements. The general view of the finite element model is
given in Figure 4.

7. SOIL STRUCTURE INTERACTION

For soil structure interaction the techniques developed by Lysmer and his coworkers in
University of California, Berkeley were used [4]. The assumption of massless infinitely rigid base
slab embedded to the foundation soil was adopted. Four foundation stiffness impedances and
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Figure 3 Instrumentation at base slab level

damping impedances were developed. The soil properties needed for input for SASSI program are
given in Table 2:

Table 2 Input soil properties for soil structure interaction analysis program SASSI

Shear Wave

Velocity Density Poisson’s Damping Thickness
{(m/s) (kN/m3) Ratio Ratio (m)

250 1.96 0.45 0.02 95

250 1.96 0.45 0.02 10.5

400 1.96 0.45 0.02 7.0

530 2.16 0.45 0.02 83.0

The resulting impedances can be plotted in X-Y plot as functions of frequency. Alltogether,

three impedances were developed. Two translational impedances for horizontal and wvertical
directions, respectively. One rotational impedance around the longitudinal horizontal axis of the
base slab was developed and this impedance was used for rotations about both longitudinal and
transversal horizontal axes as well as for torsion. Also same horizontal impedance was used for
both longitudinal and transversal directions. Examples impedance stiffnesses and dampings are
givenin the following figures.
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Figure 4 Finite element model of the reactor complex

8. THE ANALYSIS METHODOLOGY

The 3D structural model was analyzed in frequency domain The number of modes
extracted was 530 and cut-off frequency was 25 Hz In the response history run the responses of 13
selected points were evaluated. The input values for response history run were the three
components of the blast excitation which were transformed from time domain to the frequency
domain with the aid of Fourier transform The analysis was carried out in frequency domain and
responses were transferred back to time domain with inverse Fourier transform First the modal
extraction run for the finite element model was carried out with the aid of Nastran program The
three lowest frequencies calculated assuming fixed base and using the mean values developed from
the frequency dependent stiffnesses are given in Table 3.

Table 3 Lowest eigenmodes of the structural model

Mode id Fixed based frequency Hz Frequency when mean values
of impedances are used Hz

Imode 206 1.52

2mode 256 1.96

3mode 276 2.38
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9. RESULTS

One of the main aims of the analysis was to clarify the effect of soil-structure interaction
and that’s why the excitation and responses are shown in the results in the same plots in order to
facilitate the comparisons.
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In the following three figures the responses at main operational level at the top of reactor shaft are
depicted in longitudinal, transversal and vertical directions with the corresponding components of
excitation. These results were plotted first before the measured responses were delivere by ISMES.
The black line denoted as free field presents the blast excitation in North-South, East-West and
Vertical directions, respectively, and the overlaid gray line presents the response of the level
+18.90 of the rector building in the corresponding directions. The North-South direction
corresponds to global coordinate x in Figure 4. The location of points p35, p36 and p37 is on top of
the reactor shaft. In longitudinal (x) direction the motion is deamplified by a factor of 4 at
maximum (base slab level) and by a factor of 3 at minimum (main operational level). In transversal
(y) direction the motion is deamplified by a factor of 4 at maximum (base slab level) and by a
factor of 2.5 at minimum (main operational level). However, in the crane level the motion is
amplified and the peak acceleration in transversal direction is about 0.1 m/s2 compared to 0.0555
m/s2 of the free-field excitation. In vertical direction the deamplification of the motion is strongest.
The peak vertical acceleration response is at crane level and is about 0.05 m/s2 and the minimum
acceleration response in vertical direction at base slab level is about 0.02 m/s2. The peak
acceleration of the free-field excitatation in vertical direction is 0.1729 m/s2.
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Figure 6 The longitudinal calculated response at main operational level

The measured responses were obtained by IVO in May 1997 and after that date some
comparisons to the measured values have been already performed for the acceleration time
histories. The comparisons have been made in acceleration for base slab, main operational level and
crane level for longitudinal, transversal and vertical directions. In the following acceleration time
histories the measured and calculated responses have been plotted for points P4 and P35 in
longitudinal direction; for points P5, P36 and P46 in vertical directions and for points P6, P37 and
P47 in vertical direction. In general, below the main operational level the maximums of measured
responses are less than the calculated. This is true especially for transversal response and in lesser
extent for longitudinal response. For vertical response the measured is greater than the calculated
for all elevations of the reactor building. As for the amplification of the base excitation it is
significant only in transversal direction and crane elevation. For vertical motion the response is less
than the free field base exitation for all elevations of the reactor building. For calculated vertical
response the maximum deamplification factor is 0.15 and for measured response 0.23, respectively.
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For longitudinal motion the response values are calculated and measured only in for elevations up
main operational level. For longitudinal motion the deamplification factor is always less than 0.5.
For transversal direction the deamplification is at its maximum 0.23 and the amplification is 2.16.
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Figure 7 The transversal reponse at main operational level
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10. CONCLUSION

The conclusions form Figures 8-16 can be summarized as set of curves where the calculated
and measured maximum acceleration responses are plotted in vertical section of the reactor
building. These curves represent the amplification and deamplification of the base acceleration in
various elevations of the reactor building. Because of soft soil foundation the deamplification is
strong at elevations in the stiff lower part of the building. In vertical direction there is no
amplification even in the steel framed upper part of the building. The amplification of the motion is
at its maximum twofold and the deamplification of the motion is at its maximum from four to
fivefold.
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Abstract

In order to study the soil structure interaction of reactor building that could be constructed on a
Quaternary soil, a comparison study of the soil structure interaction springs was performed between
a full scale vibration test results of Atucha II NPP and vibration test results of large scale concrete
block models constructed on Quaternary soil. This comparison study provide a case data of soil
structure interaction springs on Quaternary soil with the different foundation size and stiffness.

1. VIBRATION TESTS OF ATUCHA II NPP

A full-scale vibration test results of Atucha II NPP was carried out in November of 1993 by the
Commission National de Energia Atomica, Empresa Nuclear Argentina de Centrales Electricas
S.A., Universidad National de Cordoba and Kajima Corporation. The main purpose of the tests
was to provide experimental data on the dynamic characteristics of the main reactor building and
adjacent structures of a full-scale nuclear power plant built on deep Quaternary soil deposits. Test
results were intended to provide a benchmark case for control and calibration of state-of-the-art
numerical techniques used for engineering design of new plants and assessment of existing
facilities.

Atucha II NPP is located on the alluvial plains of Argentina on the Parana River, 100 km north
of Buenos Aires. This is a low seismicity site, as results from scarce seismogenic features in the
area and considerable distance to the seismically active western provinces of Argentina. Fig.l
shows general view of Atucha NPP site. The building has double spherical containment vessels,
which are typical for this type of reactor, with steel inner wall (PCV) and reinforced concrete outer
wall (R/B). The inner concrete structure (I/C) is encased by these vessels. The building is 60m high
and the diameter of its base-mat is 60m. The supporting layer is mainly composed of Quaternary
deposits of sandy clay soil, with a shear wave velocity of approximately 350m/sec and depth down
to bed rock of approximately 500m. The depth of embedment is about 20m.

A total of 90 displacement components were recorded, twelve of them at foundation level of the
neighboring turbine hall and at the soil surface at a distance of up to 200 m from the reactor
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building. Fig.2 shows measuring points on vibration test of Atucha II reactor building. Forced
vibration tests were executed in November 1993 within a short period after construction was
completed and before machinery installation had started. The test program included two types of
dynamic excitation. The basic testing routine was a frequency sweep from 1 to 20 Hz by means of a

Fig.1 General view of Atucha NPP site

v p.u. (Vertical)
-@- p.u. (Horizontal)

Top -0 Exciter (+18.8m, +0.5m) 90°

+27.0m
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+0.5m
N
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i D
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v. X x v _x ¥ 270° I"—'»X

X Direction Operating Floor (+0.5m)

-18.6m

Fig.2 Measuring points in vibration test of Atucha II reactor building
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mechanical exciter, with the exciter located successively in three different locations. These were
provided to excite the building separately along the two main axes of the structure, and to add some
degree of redundancy in the measurements. Taking the building's symmetrical shape into
consideration, forces were applied along the X axis (0-180 degrees) and the Y axis (90-270
degrees), which cross at right angles on the same plane. In the X direction, an exciter was installed
at two levels, GL+18.8m (at the top of the inner concrete structure) and GL+0.50m (on the
operating floor), for the same measuring points. This was to observe the coupling characteristics
between sway and rocking vibration. In the Y direction, the exciter was installed only at level
GL+18.8m. Thus, three series of tests were executed.

Resonance and phase lag curves at the tops of the R/B, PCV and I/C for GL+18.8m excitation
in the X direction are shown in Fig.3. Resonance amplitudes were normalized for an exciting force
of 9.8kN. There is a small dominating peak in the range of 2.9Hz~4.5Hz, which is considered to
indicate a fundamental resonance peak of the soil~structure interaction, as the phase lag curve -
crossing the 90 degree line. Such a wide-range low-level peak is considered to be caused by the
soft soil compared to the rock and the deep embedment, which increased the radiation damping.
This phenomenon is a feature of the Quaternary deposit siting. Although small peaks are observed,
significant resonance peaks are observed only at 5.9Hz and 7.3Hz that are the resonance
frequencies of the PCV and the R/B, respectively.

Fig.4 shows resonance and phase lag curves of ‘Atucha II reactor building at the top of the R/B
by excitation at the X+18.8m and at the Y+18.8m. Within the low frequency range, the building
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Fig.3 Resonance and phase lag curves of Atucha Il reactor building
by forcing at X+18.8m
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Fig.4 Resonance and phase lag curves of Atucha II reactor building
by forcing at X+18.8m and at Y+18.8m

can be regarded as a rigid body, and the results show almost the same values for both amplitude
and phase lag. The peak of 7.3Hz for the excitation in the X direction corresponds to the peak of
6.2Hz for the excitation in the Y direction. This difference in frequency is because the influence of
the large opening at the 180 degree position. The influence of the opening is smaller for the X
excitation, as it is out of the plane when the force is applied for the X excitation, while for the Y
excitation, the large opening is in the plane of excitation, thus weakening the stiffness of the R/B.
Fig.5 shows vibration mode shapes at 3.5Hz. Since the phase lags at measurement points of the
structure at 3.5Hz are almost the same and equal to around 90 degrees, it is assumed to be the

fundamental vibration mode shape of soil~structure interaction.

2. VIBRATION TESTS OF LARGE SCALE CONCRETE MODELS

The large scale field tests were performed on the grounds of Tadotsu Engineering Laboratory,
Nuclear Power Engineering Center (NUPEC), Kagawa Prefecture, Japan in 1988, in order to
verify the seismic stability of soil appertained to the siting technology on Quaternary deposits. For
the field tests, two concrete blocks, block A and block B, were built on Quaternary gravelly soil
deposits. The block A is weighing 30MN with earth contact pressure equivalent of actual reactor
building, and the block B is weighing SOMN. The verification of soil-structure interaction were
executed by dynamic loading tests. For the test site ground, a diluvium sand and gravel layer was
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chosen, which has high possibility of being the bearing soil when building a nuclear power plant on
the Quaternary deposit. There was a surface layer of about 10m thick reclamation soil on top of the
selected test gravel layer, therefore, the ground was excavated to 11m below the ground surface for
constructing the concrete blocks. The ground water level was lowered by using wells and
controlled to hold the level of 1.5m beneath the excavated ground surface.
Fig.6 shows general view of the field test models in Tadotsu site. Fig.7 shows the relations of the
test ground and the concrete blocks A and B.

The block A of 10m height was designed to have the plan dimensions of 8m X 8m at the lower
part and 12m X 12m at the upper part, and to have the height 2m and 8m respectively, so that the

Reclamation

material
E
o -
GL-12.5mZ— L < GL-11.0m
Ground water Bml l 16.5m l
level Sandy gravel

Fig.7 Concrete blocks A and B constructed on the test ground
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contact pressure of approximately 470kPa could be attained. Regarding the soil-structure
interaction, in order to assume the correlation with an actual building, because the non-dimensional
frequency ao of the block A is small at 0.53, the block B was made to have the plan dimensions of
16.5m X 16.5m and 8m height, so that the non-dimensional frequency 2.09 would be the same as
the actual building at approximately 2.0.

The dynamic loading test was performed by installing two sets of exciters on the top of the
concrete blocks. The exciters were installed parallel to the excitations in the X direction and Y
direction. Each of the selected exciter possessed the capacity; maximum eccentric moment of 6.2kN -
m, maximum exciting force of 98kN, excitation frequency of 0.2Hz to 20Hz, and with plan
dimensions of 2.2m X 3.7m. The excitation force was determined after confirming of its being
sufficiently within the elastic limitation of the ground. Applied forces were P=19.6kN for the block
A, and P=196kN for the block B. The excitations were conducted taking the procedure of
increasing frequency, and were carried out by steady state tests.

Fig.8 and Fig.9 show the resonance and phase lag curves obtained at the top of the blocks A
and B respectively. Each of the curve is an average of three points indicated in the figures. The

o THIL.Z.3 (VD)

200 D
— concrete block A =}
Z -——— - . — ——
v,
x
O\ e | e o
= »
E o
? o | —
o o
—~ 100 O - o ~_ b l___ -
\5 °
o °
E .
<
. oo
= .3
g I
< Vst \\
0.0 ™o gpnpdanananoa 000001
C.0 10.0 20.0

Frequency (Hz)

180.0 “_—Tmhmmmu ﬂm‘;?\
~ °
on
o 90.0 2
;) o
- J
[P or

0.0 ~j-sm

3
£
[a®

-90.0

-100.0 -

0.0 10.0 20.0

Frequency (Hz)

Fig.8 Resonance and phase lag curves of concrete block A

(X direction excitation)

295



o M1.2.3 AVE)

6.0
—~ concrete block B
Z.
v
o2
Al
E 40- ¥l
© & o
2 Jf’ oq'
> ° o
~— o SN—
O & °
< o of o
a 2.0 LJ Q..
:_: o
o, °
ooooooo°°°°°°°
0.0
0.0 (0.0 20.0
Frequency (Hz)
100.0 °°°°°°°°oo°ooooooo
°o°°°° @
~ s
% 90.0 i'
Q of
f—
© roprt
0.0 ~|~uif®
8
=
oW
-90.0 -
-180.0 ~
0.0 10.0 20.0

Frequency (Hz)

Fig.9 Resonance and phase lag curves of concrete block B
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amplitudes of the resonance curves are normalized to those corresponding to 9.8kN excitation, and
the phase lag curves are indicated in term of phase lag from exciting force Regarding the resonance
curves for both blocks A and B, only the fundamental resonance frequency is shown to be
predomunant in the range of 1.0Hz~20Hz, and the difference between X and Y directions is quite
small The fundamental damping ratios obtained by power method are 5% for block A and 28% for
block B in the both directions.

3. COMPARISON OF THE TESTS RESULTS

The comparison of the test results were performed in the following procedures. First, the
calculation of soil springs by back fitting analyses of the test results were carried out for both of
Atucha II reactor building and concrete block models. Fig.10 and Fig.11 shows soil springs
concentrated at the basemat bottom of Atucha II reactor building derived by back fitting analysis in
X direction and Y direction respectively. Fig.12 and Fig.13 shows soil springs of concrete block A
and block B derived by back fitting analysis in Y direction forcing.
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The soil springs of the Atucha II reactor building are included the embedment effects but the
concrete blocks were not embedded. Hence, the soil springs with embedment of the Atucha II
reactor building were translated to the soil springs without embedment using the coefficient ratio of
soil springs with embedment and without embedment that were derived by the axisymmetric FEM
analysis. Fig.14 shows the analysis result of the soil springs represented at basemat bottom of
Atucha II reactor building in comparison of the with and without embedment. Fig.15 shows the
coefficient ratio of the soil springs with and without embedment. The soil springs of Atucha II
reactor building derived by back fitting analysis were converted to without embedment using the
coefficient ratio shown in Fig.15.

Fig.16 and Fig.17 shows soil springs of Atucha Il reactor building converted to without
embedment, forcing at X +18.8m and forcing at Y +18.8m respectively.

Then, the damping constants were calculated using the complex soil springs obtained in order
to make easy the comparison of the test results that were reflected the different structure and soil
conditions. The damping constants were evaluated by the complex springs as considering that the
real number portion represent the stiffness and the imaginary number portion represent the
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damping. The damping constants were compared with the theoretical values for the three kinds of
soil contact pressure distributions of Rigid plate, Uniform and Parabolic distributions derived by
the vibration admittance theory. Fig.18 shows damping constants of concrete block A, block B and
Atucha II reactor building, comparing test results and the theoretical value by vibration admittance.
The damping constants of the horizontal components of the soil springs showed that the concrete
block A (a0=0.53) and concrete block B (a0=2.09) showed the value like the Rigid plate
distribution. The damping constants of the rotational components of the soil springs showed that
the concrete block A (a0=0.53) and concrete block B (a0=1.74) showed larger value than the Rigid
plate distribution and the Atucha II plant showed the value like Parabolic distribution.
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4. Conclusion

From the comparison of the soil springs derived by the vibration test results for the large scale
concrete blocks and the actual nuclear power plant, although, these test structures have different

dimensionless frequencies as a0=0.53, 1.74 and 2.09 the soil springs characteristics observed were
well correspond with the theoretical value and followings were identified.

1) To evaluate the horizontal springs of actual plants, the stiffness of the foundation can be
considered as rigid plate and the distribution of the bearing soil pressure can be estimated by
Boussinesq's formula.

2) To evaluate the rotational springs of actual plants, the stiffness of the foundation is mainly
considered as elastic plate and the distribution of the bearing soil pressure would be varied
between Uniform and Parabolic distributions.
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ANALYSIS OF THE DYNAMIC BEHAVIOUR OF THE LOW PRESSURE
EMERGENCY CORE COOLING SYSTEM TANK AT PAKS NPP

K. TAMAS

e actear Power Plant, \\\\\\\\\\\\\\\)\\(\}ﬂ\(\)\ﬁ\\(\}\\(}\{\s\\)\i\l\\\\\\\\\\\\\

The low pressure emergency core cooling system tanks (LP ECCS) at VVER-
440/V213 units have umque worm-shaped geometry Analytical and experimental investigations
were performed to make an adequate basis for seismic assessment of the worm-shaped tank The full
scale dynamic tests results are presented in comparnison with shaking table model expenments and
analytical studies

1 INTRODUCTION

In the late 1980s 1t was recognised that the Paks site seismic hazard may be much higher than that
assumed 1n the design The Paks NPP launched a comprehensive programme for seismic assessment
and upgrading of the plant which 1s due to be implemented on all of the units by the year 2002

The basic safety requirements to be maintamed are to ensure safe shutdown, to cool down and
remove any decay heat, and to imit 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 hmutations of the present operating plant Reactor shut down and the stable
subcniticality 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 decay heat removal by the low pressure emergency core cooling system (LP
ECCS) heat exchanger afier some modification Consequently, the low pressure emergency core
cooling system has to be re-qualified for the new DBE level The seismic margin of systems and
structures classified should be evaluated If necessary the systems should be re-qualified for the actual
seismic level

In the LP ECCS there are large worm-shaped boron tanks (see Fig 1) The overall dimensions of
the tanks are 6 37 m * 1597 m * 3 86 m These are flat bottom tank without anchorage The tanks
were constructed in situ from stainless steel plates having the shape of segments of a cylindrical tank
The top and bottom plates are stiffened by bracing The long side walls are stiffened by three
columns on each side which are by pairs connected mnside the tank by tie rods The tank 1s filled at
about 80 % of height

.

\;* L._____/

Figure 1 Location of the acceleration sensors on the worm-tank
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The seismic assessment of the LP ECCS tanks having unique shape s not a trivial exercise There
are two phenomena defining the seismic behaviour of the worm-shaped tanks the fluid-structure
interaction and the sloshing phenomena The cylindrical as well as the rectangular tanks are well
studied from these two aspects The worm-shaped tanks showing certain similarity with both
rectangular and cylindnical flat bottom tanks have not been studied previously The need of
expenimental and analytical investigations was recognised

In frame of the IAEA Co-ordinated Research Programme on Benchmark Study for Seismic
Analysis and Testing of VVER type Nuclear Power Plants the VVER-440/V213 building response
has been studied by means of full-scale blast tests at Paks NPP Three series of large (up to 500 kg of
TNT) explostons were carried out and the acceleration responses at charactenistic points of the
building structures and also the response of some large components, e g the LP ECCS tank were
recorded and analysed

In 1993 the sloshing phenomenon was mvestigated on the shaking table 1n an 1 14 and 1 5 scale
models of the worm-shaped tanks at the National Research Institute for Earth Sciences and Disaster
Prevention (NIED), Science and Technology Agency of Japan Theoretical investigation of the
modelled cases was carried out at Argonne National Laboratory Finally in1996, a very detailed
experimental ivestigation of an 1 3 scale model of the worm-shaped tank was performed on the
shaking table at NIED The full scale as well as the model experiments have been already reported at
IAEA Co-ordinated Research Programme Meetings

Here, the full scale dynamuc test and its result are briefly presented The full scale test results are
discussed and compared with the results and finding of the shaking table experiment The
comparnison of the results of these two tests as well as dynamic calculation of the tank led to the
better understanding of the dynamic behaviour and the seismic capacity of the LP ECCS tanks

2 SEISMIC ASSESSMENT OBJECTIVES

The objectives of the seismic assessment of the worm shaped large tanks, named by the experts
stmply as worm-tanks, are rather complex The phenomena determining the worm-tank behaviour
are the fluid-structure interaction and the sloshing In the paper [1-3] all aspects of the fluid-structure

interaction and sloshing phenomena were considered

The questions of the worm-tank setsmic evaluation important directly from practical point of view
are as follows

1  Whether the bottom plate and the side walls have sufficient strength especially at the corner of
the bottom and side, whether buckling of the side wall could occur?

2 Whether or not an anchorage has to be added to avoid sliding or uplift of the tank?

3 Whether the strength of the connecting pipe nozzles (especially if the tank will slide or Lift up) 1s
sufficient?

4 Whether the sloshing may cause a damaging impact on the top plate and a consequent overflow?

The tasks to be investigated and the method of investigation in relation with the above mentioned
questions are as summarised in the Table 1

It 1s obvious that the full scale dynamic test 1s only limited use because the low energy of the blast
excitation The most powerful methods of investigation are the shaking table tests in combination
with FEM analysis Nevertheless the full scale test gives the scale effect and the influence of the as-
built conditions on the dynamic characteristics of the tank
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Table 1

TASK DATA METHOD
FEM full scale | shaking
analysis | test table test
Seismic response eigenfrequencies, Y Y Y
modes
Strength of the side wall and | dynamic pressure, Y N Y
bottom plate overturning moment
Shding base shear force Y N Y
rocking friction between bottom
up hift plate and floor
overturning moment
pipe nozzles reaction forces of piping Y N Y
sloshing.  dynamic  impact, | natural frequencies Y N Y
overflow wave height

Y - used and appropriate method
N - not an appropriate method

3. THE FULL SCALE TEST
3.1 Description of the tests

The acceleration response of the worm-tank to the blast excitation has been measured at six
different locations as follows (see Figure 1):

e points No 1 and 4 at the joint of the top plate and side wall,
e poimnt No 2 at the side wall of the tank on a U shape plate,

¢ point No 3 on the base frame of the tank,

e pomts No 5 and 6 on the side wall column

Data were recorded as follows

Sampling frequency. 100 Hz
Length of a record 374 s
Range 14 bit

More details on the blast experiments at Paks NPP one can find in [4]

3.2. Data evaluation

For the data evaluation a software for dynamic modal analysis (STAR - Structural Measurement
Systems Inc )) was applied The eigenfrequencies and the corresponding mode shapes were obtained
using experimental modal analysis method for the No 1 test data The eigenfrequencies and modes
obtatned in a such manner were checked comparing the results obtained from No 3 test, and looking
the phase behaviour of the cross-spectra calculated for different points (1n-phase and out-of phase
motion at different point corresponding to the mode shape)

The complex spectra have been calculated from the time signal and the transfer function between
point No 3 and other point have been obtained. The results have been checked comparing the
transfer functions with those obtained between point No 6 and other points. The signals measured at
points No 3 and 6 characterise the excitation itself. The eigenfrequencies were obtained using
polynom-fit or peak-fit technique The polynom-fit technique provides the damping value too As a
cross-check. the same procedure was applied for the test No 3
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Response spectra of the measured acceleration time-histories
Damping= 5 %, test No 1, X-direction
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Figure 2 Examples of the test evaluation results plots of the response spectra for the different points
on the worm-tank

Figure 2 shows the response spectra (5% damping) of x component of the acceleration signal
measured at pomnts No 1-6 mn tests No 1 Figure 3 shows the magnitudes of the complex spectra
obtained from x (crosswise) component of the acceleration signal measured at pomnts No 1 1n the test
No 1 The cross-spectra between x component of signal measured at point No 3 and x components
of the signals measured at pomnt No 1 are plotted also in Figure 3 All expenimental data were
published 1n [4] The natural frequencies and damping values are shown 1n the Table 2

Table 2
Eigen Damping No of'test | Point of the Method
frequency [%] excitation

[Hz]
5,14 1,58 1 3 polynom fit
5,17 1,8 1 6 polynom fit
8,39 0,79 1 3 polynom fit
8,56 0,55 1 3 polynom fit
5,18 - 3 6 peak fit
8,22 1,28 3 3 polynom fit
8,63 0,41 3 3 polynom fit
9,89 0,85 3 3 polynom fit

Other possible eigenfrequencies may be at 6 86 Hz and 7 52 Hz The eigenfrequencies and the
corresponding mode shapes are investigated only in the x (crosswise) direction

Figures 4-5 show the worm-tank mode shapes at different natural frequencies
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Magnitude of complex spectrum
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Figure 3 Examples of the test evaluation results plots of the magnitude of the complex spectra and
the cross spectra
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3.3 Interpretation of the results

The n-situ full-scale blast test is not the most effective method for the evaluation of the dynamic
properties of the worm tank because of the frequency content and low level of the excitation The
number of measurement points 1s low for the correct determination of the mode shape As it s to see
in Figures 4 and S, for the modal analysis a coarse model of the tank could be built only, which
corresponds to the number of measurement points Therefore 1t 1s difficult to obtain the dynamic
characteristics of the tank and to interpret the expertmental results The sloshing of the iquid 1n the
tank could not be investigated The water affects on the dynamic behaviour as added mass only

In the full scale tests the side wall motion could be identified only This type of motion s
dominating 1n the response of the tank to the blast excitation The 1dentified mode shapes are very
stmular to the mode shapes of the fixed edge plate The behaviour of the side wall segments could be
approximately described as a motion of a fixed edge plate

The eigenfrequencies f,,, of a fixed edge flat plate are

1T, (m? n
I "= J‘("’ff‘:‘)
pi\a’ b

where 7, - bending stiffness
£ 1 - specific mass
a, b - width and height of the side plate
mn=1.2,

Here the following simplifications are accepted

o the boundary conditions on the plate edges are idealised as fixed edges
o the plate 1s not flat but curved
o the additional mass of water is not considered

The value of 7//p; 1s calculated backwards from the condition f; ;=5 17 Hz which includes the
ngidity of the plate, the effect of real conditions at edges and the added mass as well

The calculated eigenfrequencies are shown in the Table 3

Table 3

‘ fg,, m=1 m=2 m=3
n=1 517 8 55 12 26
n=2 7 80 10 34 13 60
n=3 10 80 1280 | 1551

The frequencies shown in the Table 3 might be compared to the experimentally obtained frequencies,
e g as follows

from test

[ 514 1517 | 518 Jes6*[752*] 822 | 839 [ 856 | 863 | 989 |

from simplified calculation

| 517 | 7 80, 8 55 1034 |
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The range of the calculated frequencies corresponds to the range of the observed resonance
frequencies

The uncertainties of the expernimentally obtained values are large The differences between
measured and calculated frequencies may be explained by the non nigid boundaries and curved
geometry of the real side plate compared with the flat plate fixed at the boundary

As 1t 1s to see 1n the Figures 4-5 the worm-tank mode shapes at different natural frequencies have
also large uncertainties and the resolution of the mode shape geometry 1s poor

4 COMPARISON OF THE FULL SCALE TEST RESULTS WITH THE RESULTS OF
ANALITICAL AND SHAKING TABLE INVESTIOGATIONS

The results of the investigations on sloshing phenomena in the worm-shaped tank geometry were
reported in [1] and [2] The shaking table tests results and the analytical investigation of the fluid-
structure dynamic system are summarised in [3]

The results obtained 1n shaking table test of the 1 3 scale worm-tank model show that the plate
motion of the side wall segments 1s dommating in the worm-tank response According to the finite
element calculation performed for the model the range of the eigenfrequencies is about 10-35 Hz and
the mode shapes are related to the plate motion of the side wall segments The results of the full scale
test and the shaking table and analytical investigations are comparable concerning the natural
frequencies and mode shapes of the worm-tank For the comparison the results of the shaking table
test and of the FEM calculations were taken from the reference [3] The overall dynamic behaviour
of the full scale tank and the 1 3 scale model as well as the FEM modelling results are qualitatively in
good correspondence Taking into account the scaling factor of the model, the range of the
eigenfrequencies 15 the same as observed 1n the full-scale test Although the results are qualitatively
correlated, 1t rather difficult to find a pont by point correlation between the natural frequency values
and mode shapes obtained by different methods The natural frequencies are given in the Table 4

Table 4

full scale test measured 1 3 | calc for | calc for
scale model 1 3scale | 11 scale

117 10 818 2115

514,517,518 14 01 15273 4 813

167 15 555 4 949

6 86* 211 20 752 7437

6 86* 206 20019 5 945

19 065 6130

7 52% 228 21 669 6 894

230 21 656 6981

822, 839, 256 23 699 8 369

863, 8 56 270 28 126 8 728

264 26 6 9377

9,89 10 215

The calculated and experimentally obtained mode shapes are plotted in Figures 6-8 The mode
shapes at different natural frequencies are in certain qualitative agreement The uncertainties in the
definition of the mode shape 1n case of the full scale tests are caused mainly by small number of
sensors and short duration, 1 ¢ bad statistics of the records
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5 CONCLUSIONS

The low energy excitation full scale tests could be a method mainly for the defimtion of the
natural frequencies, mode shapes of the large flat bottom tanks For the good resolution of the
natural frequencies and for the definition of the mode shapes a large number of acceleration sensors
shall be used

The results obtained in shaking table test of the 1 3 scale worm-tank model and the results of the
full scale tests show that the plate motion of the side wall segments 1s dominating 1n the worm-tank
response The results of the FEM calculation as well as the simplified calculation are in good
qualitative agreement with the expenimental results

The investigation reported give a reliable basis for the seismic assessment of the LP ECCS tanks in
VVER-440/V213 units having unique geometry
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ABSTRACT

The paper describes one of the outcomes of the Engineering Safety Review Services (ESRS)
that the JAEA provides as an element of the Agency’s national, regional and interregional
technical assistance and co-operation programmes and other extrabudgetary programmes to
assess the safety of nuclear facilities. This refers to the establishment of detailed guidelines
for conducting the seismic safety re-evaluation of existing nuclear power plants in Eastern
European countries in line with updated criteria and current international practice.

1 - INTRODUCTION

The main purpose of the ESRS is to provide assistance to Member States with respect to
implementation of requirements and recommendations of IAEA Codes and Safety Guides and
of good international practice to ensure consistent and uniform assessments of safety.
Because very few nuclear power plants are currently under development, most recent ESRS
review missions have addressed issues related to re-evaluation of operating nuclear facilities,
particularly concerning their vulnerability to earthquakes. In this regard, evaluations of
seismic safety of WWER-type nuclear power plants have been the primary focus of ESRS
review missions undertaken during the past seven years, as described in [1] and [2].

Worldwide experience shows that the re-assessment of the seismic capacity of an existing
operating facility is prompted for the following reasons: (a) evidence of a higher seismic hazard
at the site than expected before, due to more data, new methods and new experience from real
earthquakes; and (b) regulatory requirements to ensure that the plant has margins for seismic
loads greater than the original design basis earthquake. These reasons lead to the definition of a
post-construction safety evaluation earthquake, called "review level earthquake" (RLE). This
earthquake is usually larger than the one for which the facility was originally designed, as was
shown by the results of the seismic hazard re-evaluation at those NPP sites in Eastern European
countries [1]. Therefore, the main objective of a post-construction re-evaluation programme is
to evaluate the plant’s current capability (i.e. the plant “as-is”) to withstand such an earthquake
and identify any necessary upgrades or changes in operating procedures.

Special considerations arise when the nuclear power plant has already been constructed and
is in operation. Seismic qualification is distinguished from seismic re-evaluation primarily in
that seismic qualification is intended to be performed at the plant design stage, whereas seismic
re-evaluation is intended to be conducted after the plant has been constructed.

For those purposes the following considerations are relevant:

(1) It is a known technical finding that industrial facilities, especially NPPs, which have been
sited, designed and constructed using good engineering practice and intemnationally accepted
regulations have an inherent capability to resist earthquakes larger than the earthquake used in
their original design. This inherent capability is a direct consequence of the conservatism that
exists in the seismic design and is usually described in terms of “seismic design margin”.
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(2) At the design stage it may be easy to add certain seismic design margins in traditional ways
because the associated costs are relatively low. Typically, seismic design criteria applicable to
NPPs are specified in such a way that, although it is known that they introduce very large
seismic design margins, their size is not usually quantified. Because of the ways that seismic
design margin is introduced by design criteria, seismic margin typically varies greatly from one
location in the plant to another, from one structure, system and component to another, and from
one location to another in the same structure.

(3) After the plant is constructed, however, it may be very costly to add the same seismic design
margin if it is done in the traditional ways used during the design stage. At the post-
construction stage, an adequate margin can be ensured through the use of special safety
evaluation procedures. These procedures are aimed in raising more efficiently only the lower
and most safety significant margins than do traditional seismic design criteria and methods.
Nevertheless, although there may be special difficulties in performing hardware modifications
during the operation period of an existing plant, the significance of these difficulties cannot be
judged until the plant's capability to withstand earthquakes is systematically determined.

(4) Neither the IAEA, nor any regulatory authority, has established definitive and
comprehensive guidelines for the seismic re-evaluation of existing operating nuclear power
plants. Although some guidelines do exist for the seismic re-evaluation of existing nuclear
power plants built to earlier standards, these are not established at the level of a regulatory guide
or its equivalent. Nevertheless, a number of existing nuclear power plants throughout the world
have been and are being subjected to review of their seismic safety. Rational criteria for
resolving the main issues were developed, particularly in the USA, which have been adapted for
the specific conditions in Western and Eastern European countries.

(5) It is also recognized that re-evaluation programmes at existing operating plants are unique
and, therefore, plant-specific or regulatory-specific. This means that specific requirements and
guidelines have to be developed for each case. The fact that the plant is already constructed and
the specific construction details and its ‘as-is’ conditions can be inspected are also important
factors in deciding on the level of effort and methods that can be used in its seismic re-
evaluation. In deciding this, it is important to determine whether the plant has (or has not)
been originally designed for seismic loads. For instance, in the specific case of the Armenian
NPP seismic re-evaluation, this plant presents a good ‘reference basis’ since it was explicitly
designed against earthquakes according to the rules valid at that time in the former USSR.

2 - TECHNICAL GUIDELINES

For defining and implementing those seismic re-evaluation programmes, the IAEA has
assisted Member States to develop case-specific guidelines to fill the gap mentioned in (4)
above. In 1992, technical Terms of Reference were prepared for the seismic upgrading design
of Units 1 and 2 of Kozloduy NPP (Bulgaria) within the framework of WANO (World
Association of Nuclear Operators) assistance for the safety enhancement of that plant. That
experience was followed by the preparation of the Unified Criteria Document used in the
seismic and fixes design for Paks NPP (Hungary), in 1994, and which contributed
substantially to rationalize the programme started by the plant operator. Later, it followed the
Technical Guidelines for the Seismic Re-evaluation Programme of Mochovce NPP-Units 1-4
(Slovak Republic), issued in 1995. During 1996, similar guidelines were prepared for
Bohunice NPP (Slovak Republic) and the Armenian NPP-Unit 2 (Armenia). For the latter the
final document was issued in March 1997 and it is the latest development in the subject and
upon which this paper is mainly based.
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2.1 - Objectives of the Technical Guidelines

The purpose of the technical guidelines (TG) is to provide the general framework within which

a seismic re-evaluation programme shall be carried out in a manner consistent with current

criteria and internationally recognized practice. It is a key tool for regulatory authorities and

responsible organizations for the execution of the programme, giving a clear definition to

different parties, organizations and specialists involved in its implementation on:

@A) objectives of the seismic re-evaluation programme;

(i)  phases, tasks and priorities in accordance with specific plant conditions;

(i) a common and integrated technical framework for acceptance criteria, capacity
evaluation and upgrade design methods.

Thus, considering that several organizations or specialists may perform different tasks of the
programme, the TG provide a unified framework for an integrated input/output of each
participant according to the final objective of the programme and, as shown by the results in
Kozloduy and Paks NPPs, this was one of the most significant achievements of these TG.

2.2 - Structure of the TG document

The TG has been divided into 3 sections as follows:

(1) - Introduction and plant specific characteristics: This section introduces the plant itself, its
original seismic design bases, the purposes and scope of the TG, and the reasons and objectives
of the seismic re-evaluation programme, answering the question why the programme is required.
(2) - Work plan - phases, tasks and priorities: This section sets out a detailed description of the
phases and tasks required for the execution of the programme. This section answers the
question what to do for fulfilling programme’s necessities.

(3) - Technical criteria and requirements: This section provides guidelines on requirements,
methods for capacity evaluation and design of upgrades, acceptance criteria for determining and
evaluating the seismic response and behaviour of systems, structures and components. Thus,
this section answers the question on how to perform the activities required by the programme.

2.3 - Work plan - Objectives, phases, tasks and priorities

A detailed work plan shall be drawn up for the implementation of the seismic re-evaluation and
upgrading programme of the plant, keeping in mind its long term characteristics. Due to
funding constraints, the programme may be broken into smaller basic tasks, maintaining the
logical technical sequence. The timing is not included in the TG because that matter should be
defined by the responsible organization according to the project necessities, available resources
and general milestone schedule. An important point for the successful completion of the
programme is the existence of an organization with clear responsibility for its development and
with the required technical capabilities to carry it out. This organization, with the role of project
manager, should be constituted from the beginning of the programme formulation including the
establishment of a design engineering group at the plant, in case such a group does not already
exist. If additional non-seismic safety upgrades must be performed, verification of
compatibility with the seismic upgrades is recommended. In particular, if a leak-before-break
assessment were to be done, the seismic upgrades and analyses performed should be properly
co-ordinated.
Two phases are usually defined as follows:

Phase I: Walkdowns, evaluations and conceptual design of upgrades,

with the objectives to document (as much as practicable) the original design bases (design
criteria, methods of analysis, load combinations and so forth) of the plant; to define the RLE for
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the specific seismic hazard at the plant site; to identify all candidate plant upgrades (if any)
needed to reach the safety level defined according to the criteria established in the TG; to
prioritize candidate plant upgrades according to safety added versus cost, economic, and
schedule considerations; and to elaborate the conceptual design of upgrades. Upgrades can be
classified into two categories (higher and lower priority) using the criterion of obtaining a
higher degree of seismic safety with optimal investments.
Phase II: Final design and execution of upgrades,
with the objectives to elaborate the final design of upgrades and to execute them in accordance
with the priorities established.
The TG include a detailed description of the following tasks:

- Task 1: Determination of the Review Level Earthquake (RLE)
- Task 2: Compilation of available seismic related information
- Task 3: Geotechnical data
- Task 4: Classification and identification of functions, systems, structures and components
- Task 5: Evaluation of seismic response of buildings and structures
- Task 6: Adequacy of foundation material
- Task 7: Evaluation of seismic capacity of buildings and structures
- Task 8: Evaluation of seismic capacity of distribution systems
- Task 9: Evaluation of seismic capacity of equipment (components)
- Task 10: Modifications: prioritization, design and implementation
- Task 11: Quality assurance and configuration control
- Task 12: Seismic instrumentation

The sequence, relationship and interdependence recommended between the different tasks
are indicated in the flow chart of Figure 1. This flow chart has proved to be very useful in the
division of responsibilities and coordination of assistance between different organizations
performing the seismic re-evaluation programme for the Armenian NPP.

2.4 - Methods to be used for seismic re-evaluation

Several methods can be used to carry out the seismic re-evaluation programme. Three of them

are described below:

)] Current criteria and comprehensive seismic design procedures:

Current design criteria and comprehensive seismic design procedures, as applied for design of

new facilities but using the re-evaluated seismic input, may be applied. It is noted that this

would be a conservative and usually relatively expensive approach for re-evaluation of an

existing operating facility.

2) A seismic margin assessment (SMA):

The seismic margin assessment method, spelled out in [3], has been used by the international
community for the seismic re-evaluation of existing operating facilities for beyond design basis
earthquake events. The methodology is deterministic and follows the same pattern as design
procedures, but is more liberal than criteria for new designs and permits a determination of
whether the capacity of the as-built plant exceeds the target earthquake input which was selected
for review. Still, it has a probabilistic basis which assures a high reliability of the plant to shut
down safely in the event of an RLE. The objectives are to identify seismic vulnerabilities, if
any, which, if remedied, will result in the plant being able to shut down safely in case of such
event.

3) Probabilistic Safety Assessment :

This method models the plant respons