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SUMMARY

In the frame of the assessment of the seismic adequacy of the operating
Nuclear Power Plants in East Europe, the main problem to match with is the
difficulty to work about already existing plants. Moreover consolidated
standards and procedures for seismic design, verification and qualification
exist for new structures and equipment, then the extension to operating
plants requires a lot of engineering judgement.

The paper highlights the importance of:

- identification of seismic safety related systems and components;

- site specific seismic input definition in agreement with international
standards;

- computation of seismic loads accounting for soil-structure interaction and
appropriate structural modelling;

- overall stability verification of the plant (soil bearing capacity, soil
liquefaction, sliding, overturning);

- ductility effects in evaluation of seismic protection;

- engineering process for the qualification of components and systems and

- walkdown procedures and identification of remedial measures (easy fixes and
complex fixes).

Some examples are reported referred to the more recent Ismes activities in
the field.
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1. INTRODUCTION

The necessity of the seismic reassessment of NPP's in Eastern Europe started
from the consideration that many nuclear power plant were designed by the
former Soviet Union engineers taking into account that nuclear power plant
can not be built in localities subjected to earthquakes with an intensity
grater than category IX on the MSK-64 intensity scale.
Until 1978 the sites seismic classification was derived starting from the

seismic intensity indicated on a map based on soil of category 2: for soils
of category 1 (rock) the seismic intensity of the MSK scale was reduced of 1
grade and for soils of category 3 (soft soils) the grade was increased of one
grade. In any case for Nuclear Power Stations the grade was increased of one
grade.

Since 1978, after the 1977 earthquake of Vrancea-Romania, a backfitting was
requested for already existing or designed nuclear plants and the seismic
design was requested for new plants.
Anyway the design of the civil structures of a nuclear power plant had to

provide for the seismic activity when installation was foreseen In zone
starting already with intensity IV on the MSK-64 scale, rather than category
VI as required by the soviet building codes for conventional structures [Ref.
1]. Since 1978 the structures accomodating safety systems should have been
designed to withstand the maximum earthquake likely to occur once In 10 000
years; the seismicity of many construction sites was taken higher and higher,
more than V degree on MSK-64 scale: thus a seismic reassessment is needed for
existing plants (already designed or constructed) . On the other hand the IAEA
Safety Guide 50 SG SI Rev. 1 recommends a minimum level of peak ground
horizontal acceleration of 0,1 g.

For already constructed or operating plants, a seismic evaluation of the
vulnerability of structures and systems should be done having in mind their
specific function. In fact possible corrective actions have to be evaluated
together with the safety function of the structure or component and should be
adequately "weighted". This is more and more true for electric and mechanical
components and system.

Taking into account that the plant is operating too, the cost of the
seismic reassessment should take into account also the costs arising from the
plant outage during possible seismic upgrading.

The main items subjected to the seismic analyses are the following:
- foundations and soils;
- civil structures and
- nuclear and conventional systems and components.
As before said, the choice of the item which have to withstand a seismic

verification should be done having in mind their specific function in the
plant; a major classification could be done separating items with safety
relevant function from items with just operating functions. This will allow
to establish a priority check list on which basis managing time schedule and
costs of the seismic verification activities.

2. METHODOLOGICAL APPROACH

A possible optimized sequence of the analysis activities could be the
following, which is in line with the general spaecifications adopted by IAEA
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in the framework of the IAEA "Benchmark study for Seismic Analysis/Testing of
an Existing NPP":
- safety classification of structures and systems; this classification should
be done having in mind not only the safety "nuclear" functions, but also the
seismic "vulnerability" and the specific functions in presence of a seismic
event;
- specific seismic input definition of the site in agreement with
international standards; this activity has a dramatic consequence on the
following seismic verification activities of the plant taking into account
feasibility, time and costs deriving from the choice of the design earthquake
level; the importance of the consequences of this choice suggests to follow
consolidated standards, which should be internationally accepted;

- computation of the seismic loads should be done accounting for soil-
structure interaction and appropriate structural modelling; given the
importance of rocking movements for tall and massive structures both for the
foundation design and for the structures, the soil-structure interaction
should be adequately considered, whereas the structural modelling should be
carefully performed in order to garantee the correct computation of floor
response spectra, which should be used for the equipment qualification, and
to obtain an optimization between costs and precision of the analysis;
- the foundation design should be verified with respect to the overall
stability of the plant examining the soil bearing capacity, possible soil
liquefaction, sliding and overturning;
- the evaluation of the seismic protection should be performed taking into
account ductility effects, also considering that the aim is to verify an
already existing plant; this means that in general any design modification is
nomore possible and reinforcing actions could be very costly;
- the qualification engineering process for components and systems is
strongly dependent upon the issues of the above cited analyses; the input
motion at each floor of the plant should be adequately known in order to
assess the equipment capability to withstand seismic loads; a very important
parameter to look for is the aging too, due to radiation, temperature and
humidity, because, at least for non-metallic components, this could affect
very heavily the structural and functional behaviour of the equipment;

- eventually walkdown visits has a very big importance for already existing
plants in brder to assess the "as-built" conditions both for civil structures
and for equipment; these visits could be very helpful in order to reduce
times and costs allowing both to identify easy fixes, which could be quickly
implemented avoiding costly theoretical design, and to have more realistic
structural and geometrical data, which is useful to reduce parametrization of
the analyses.

3. EXAMPLES

3.1 Evaluation of design basis ground motions SL1 and SL2 for NPP sites

Ismes has been involved in many projects in order to define and to
characterize, in terms of site specific response spectra and time-history,
the two design basis ground motions SL1 and SL2 relative to the NPPs. In line
with the developing of the state of the art the applied methodology was
developed, improved and experimented in many nuclear sites in Italy, Belgium,
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Pakistan and former USSR (Crimea Kerch Peninsula). The methodology has been
verified by the IAEA experts on the Pakistan and Crimea sites and was
considered in line with the last IAEA regulations comprised in the "NUSS
S.G., Rev.l Earthquakes and associated topics in relation to N.P.P. siting".
In the USA, also, in relation to the studies begun by EPRI for the set-up of
the most effective technics to evaluate the potential of seismic areas where
the existence of active faults on the surface cannot be ascertained, the
experimentation of a similar methodological approach is foreseen.
The different steps are:

a) definition of geological-structural and kinematic three-dimensional
framework of an area wide enough to include all the potentially active
geological structures capable of generating earthquakes relevant to the site
of the N.P.P. under investigation. This involved a very accurate
reconstruction of the geological setting, which has been performed at an
adequate scale such as to permit a definition of a framework more and more
detailed near to the N.P.P. site. This reconstruction was obtained by means
of the data got from the surface geology (stratigraphy, structural analysis,
neo tec tonics) , by the deep wells data, by the geophysical interpretations
(seismic reflection profiles, magnetic, gravity and heat flow maps) and by
the analyses of satellite imageries; it concerned an area wide enough to
allow also a correct geological structural regional and kinematic framework.
Then the kinematic model, or the most reasonably conservative one, was
defined. It had to be able to explain, for instance, the present geological-
structural framework and to provide information on the geometry, position and
type of motion of the potentially active geological structures present in the
area around the Black Sea. Moreover a trial was made to characterize these
potentially active structures on the basis of the rehology of the rocks
involved in such motions and, above all, on the basis of the type and qua-
litative value of the stress acting on them;

b) definition, for the above described area, of a seismological framework
based on the deep reanalyses of all the macroseismic and instrumental
available events. The study of the historical seismicity was particularly
accurate; such survey, which has been performed by means of the gathering and
the examination of the data found in all the historiographical sources,
concerned two main periods: one up to 1800 and one from the 1800 onwards. For
some particular situations, as far as ancient times are concerned, the
historical researches on literary sources were integrated by the
archaeological survey as those carried out in some sites of the Kerch
Peninsula. The attenuations laws were computed from the macroseismic
catalogue and from the macroseismic fields.

c) definition, on the basis of the geological-structural and kinematic model
and of the seismological framework, of the seismogenetic active zones which
can cause vibratory significant motions in the N.P.P. site. Every zone was
characterized by name and reference to the kinematic model; geometry, type of
kinematism, and, when possible, qualitative velocity of the active motions,
nature or rheology of the involved rocks and type of stress acting on them;
maximum historical intensity and/or maximum magnitudo described in the
seismic catalogue; maximum potential seismicity fitting with the structural
and kinematic model; mean and minimum distance from the NPP site; maximum
historical intensity felt at the site; maximum macroseismic intensity
computed at the site applying the attenuation laws to the maximum epicentral
intensity related to each seismogenetic zone; potential intensity computed at
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the site using the attenuation laws and the maximum potential seismicity
conservatively ascribed to each seismogenetic zone;

d) computation, on the basis of the seismogenetic zonation, and applying the
available correlations in literature among magnitude, distance and
acceleration and those between intensity and acceleration, for each condition
above listed, of the peak accelerations of the free-field surface;

e) reconstruction, by means of a detailed local geological survey and of a
geotechnical study, of the geotechnical design profile necessary for the
study of the seismic response at the site. This profile took into account the
soil characteristics and the geomorphological conditions on the soil surface
or near the soil surface. Cross hole and laboratory tests permitted to obtain
the variability of the shear modulus and of the damping in relation to the
shear strain;

f) definition, on the basis of the seismogenetic zonation and of, the
geotechnical design profile, of the site specific response spectra,
considering the historical effects and the maximum potentials used to define
the SL1 and SL2 at free-field condition. The vibratory motions SL1 and SL2
have been defined at the foundation level by means of a soil amplification
analysis;

g) selection of the accelerograms representative of strong earthquakes
recorded all over the world in the most similar conditions to those
considered to define the SL1 and SL2 earthquakes (in our experience this step
really improves the evaluation of the vibratory motion at the site, if
compared to the use of the correlations between seismological and engineering
parameters of the available vibratory motions in literature).

3.2 Seismic input, soil and foundations studies for the NPP of Paks

(Hungary)

The existing N.P.P. of Paks (Hungary) was designed in the '60 without seismic
forces taken into account; presently, the new data available claim for a
reassessment of the actual seismic risk at the site.
Within the framework of the IAEA "Benchmark study for Seismic

Analysis/Testing of an Existing NPP", all the available geological,
geotechnical, seismic data and studies will be collected and reviewed; their
completeness and suitability will be thoroughly considered, highlighting any
need for their updating through new surveys and investigations. The
methodology of previous studies and investigations will be carefully
considered and their results will be weighted on the base of the knowledge at
the state of the art and of the international standards, as discussed in
section 2.
On this basis, the geotechnical soil profiles for static and seismic design

will be reassessed and completed, when necessary, with the estimate of the
values for soil parameters not defined before (e.g., shear wave velocities).

The reassessment of the geotechnical soil profiles will be the basis for a
new soil-structure interaction analysis of the Paks main buildings and
facilities, and therefore for the following evaluations:

static and dynamic soil bearing capacity of the foundations;
settlements for dynamic loadings;
liquefaction potential for the real seismic conditions at the site.
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As a first approach, a simplified analysis of the free-field liquefaction
potential of the site will be performed for some typical ground acceleration
values in a range selected on the basis of all the available data.

These activities will be aimed to the updating of the design loading
conditions, as a basis for a better understanding of the possible structural
behaviour of the existing structures and facilities during earthquakes. It is
envisaged that the new available data will indicate more severe loading
conditions for the existing structures, when compared to the original design
values.

The need for a seismic backfitting of the plant or its parts, and the
priority for the activities to be envisaged, will then be assessed following
the methodological approach described in section 2.

3.3 Seismic input evaluation for the NPP of Novovoronezh

I SUES, in a Joint Venture with Ansaldo, is undertaking the review of seismic
input for the Novovoronezh NPP, Russia, in the frame of the CEC TACIS
programme. This study will be subdivided in 5 main tasks:

Definition of regulatory requirements;
Definition of seismological data;
Estimate of SSE;

Investigation of site ground condition;
Development of future programme of work.

All the activities will be largerly performed in Russia in order to get
local personnel acquainted with the use of Western standards and
methodologies, and provide the know-how transfer TACIS program is based on.

The definition of regulatory requirements will compare the state of art of
Western standards with the state of the art of CIS requirements, and
providing a common ground approach.

The definition of the seismotectonic framework will start from an
independent review of available data base. Then an Instrumental catalogue
will be compiled, considering also the data provided by a single 3D, Very
Broad Band, digital seismic station. An historical earthquake catalogue will
be also compiled, reviewed and integrated if necessary. A geological and
geophysical data collection will be then carried out. In a series of meeting
the seismotectonic framework will be outlined.

The investigation of site ground condition will comprise all the
geotechnical data relevant to seismic input, including in the long run a
survey using the cross-hole technique.
On the basis of all the data described above, the Safe Shutdown Earthquake

will be estimated, in both terms of site dependent response spectra and
synthetic acceleration time histories.

3.4 Seismic backfitting of civil structures of nuclear laboratories

Already existing buildings were selected by a European Joint Research Center
to locate new nuclear laboratories.

Such buildings were constructed In the sixties, and were designed without
taking Into account seismic loads; consequently, according to the Italian Law
for nuclear plants, the seismic reassessment of the structures had to be
carried out.

The buildings were in concrete, "slab and piers" type, containing a very
massive structure supported by piers.
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For the seismic reassessment the following activities were carried out by
ISMES:

In situ tests (boreholes, CPT, SPT, cross-hole, etc.), laboratory tests
on soil samples and piezometric monitoring, for the geotechnical
characterization of the area and definition of the "reference geotechnical
profile";

Evaluation of design seismic motion: site dependent response spectra for
"operating" and "design" conditions were determined;

Calculation of the seismic loads on civil structures and floor response
spectra;

Evaluation of the capability of the structures to withstand the seismic
loads;

Design and execution of structural improvements to obtain the needed
seismic strength and to avoid hammering phenomena between adjacent buildings.
For the evaluation of the seismic safety of the civil structures, a

detailed finite element model was set up (about 2000 elements) to reproduce
properly all the significant structural members (piers, beamsr slabs, walls).

The soil effects were modelled by concentrated stiffness and damping
parameters, derived from the reference geotechnical profile through an
iterative process to guarantee their compatibility with the deformation
levels induced in the soil during seismic events.
The seismic response of the structures was determined taking into account

the strength capabilities beyond the elastic range, using the methodology
based on the use of "ductile spectra".

The analyses pointed out that the existing structures were not able to
withstand the seismic loads; too high stress levels and displacements were in
fact calculated.
Consequently, the insertion of additional structural elements was designed,

together with interventions on the joints between adjacent buildings.
The adequacy of the designed improvements was verified repeating the

structural analysis for the improved structural configurations.
The main structural intervention was the construction of shear walls

connecting piers, to increase the strength to horizontal forces.
The joints between adjacent buildings were enlarged, from 2.0 to 4.0 cm.

Where this was not possible, damping devices to prevent hammering were
designed, constructed and installed.
The seismic qualification of the new structures was formally approved by

ENEA-DISP, the Italian Safety Authority for nuclear plants.

3.5 Qualification of components and systems for Kozloduy 1000 W E R

The seismic analysis, in the framework of the IAEA "Benchmark study for
Seismic Analysis/Testing of an Existing NPP", concerns the evaluation of the
capability of the Nuclear Power Plant (NPP) to safely withstand the
postulated condition of the Safe Shutdown Earthquake while the plant is at
normal 100 percent full power operating condition.

Specifically all the activities are suggested to be divided into four
phases strongly connected; the foreseen activities are following:
Phase 1:

issuing "Criteria Document" to define system, applicable criteria and
time schedule for all the activities for NPP seismic evaluation;

identification of systems, components and structures which are needed to
bring the plant to cold shutdown, following the postulated SSE;
Phase 2:
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general review of the qualification status and design documentation of
these systems, components and relevant supporting structures;

seismic evaluation of these systems, components and structures on the
basis of the "as built" situation assessed via a walkdown visit;
Phase 3:

verification of the capabilities of the bulgarian facilities which could
perform a seismic qualification programme;
Phase 4:

identification of the measures recommended to be taken in cases where
the Phase 2 seismic evaluation performed indicates that additional analysis
and/or modifications are needed;

feasibility study associated with the activities above;
development of an overall programme for the activities to be performed.

Eventually qualification activities, after the overall qualification
programme, will consist of the following:

detailed analysis and constructive drawings for Plant modifications
relevant to electrical components and instrumentation;

seismic qualification of instrumentation and equipment;
follow up in field for plant seismic updating;
as built documentation and qualification documentation.

Anyhow both for aging and for qualification purposes besides the normal
operating conditions also upset, emergency and faulted conditions will be
considered.

In the development and implementation of the Nuclear Power Plant seismic
evaluation program, considerations will be given to the methodology and
criteria internationally adopted for the seismic qualification of nuclear
plants with special reference to IEEE 344 for the seismic qualification of
Class IE equipment, according to the guidelines which have been issued by
international safety authority.

Class IE is the safety classification of the electric equipment and systems
that are essential to emergency reactor shutdown, containment isolation,
reactor core cooling, and containment and reactor heat removal or otherwise
are essential in preventing significant release of radioactive material to
the environment.

The systems or parts thereof necessary to secure functions as before
identified) are going to be qualified according to:

Stress Criteria for ASME Code (latest Edition with latest Addenda)
revised consistently with original W E R reference design for piping and
mechanical components, electrical equipment and instrumentation

Methodology recommended in IEEE Nuclear Standards for electrical
equipment and instrumentation.
In particular:

load combinations will take into account together normal, upset,
emergency and faulted operating loads;

dynamic analysis for piping and mechanical components will be performed
on the basis of enveloped or multi response spectra analysis with consistent
structural damping values, time histories of acceleration/displacement
analysis for critical components;

besides experimental and numerical methods the qualification will be
performed following SQUG (Seismic Qualification Utility Group) methods,
defined for EPRI requirements, for electrical components and instrumentation
just provided in the common SQUG data base [Ref. 2].

For each system which is going to be qualified, safety functions that the
system shall ensure during a Safe Shutdown Earthquake will be pointed out in
order to define systems boundaries to be seismic qualified.
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Boundaries between systems components which need to be qualified and other
ones which don't need to be seismically qualified will be located as follows:

at a "normally closed" valve location;
at "a check valve location" which closes the pressure boundary;
at a "normally open" valve having (or which could have) an automatic

actuation;
on a pipe location having no valves, but on which an isolation valve

will be installed.
Seismic evaluation activities for a reference Nuclear Power Plant can be

subdivided into three main chapters as follows:
A. Mechanical Components and Systems
B. Electrical Systems and Components
C. Civil Structures
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