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1. INTRODUCTION

The earlier WER-type Nuclear Power Plants (NPPs) operating in both Czech
and Slovak Republics do not have the rigorous seismic and similar external
loading design basis that is applied to the current NPPs. As a result,
there exists an evolution of various activities to reevaluate these NPPs
for seismic and also other similar severe external loadings. The main aim
is to verify safety margins, or the lack of them, of these NPPs to shutdown
their WER-type reactors, to maintain them in safe shutdown conditions, and
to prevent any radiactive releases.

This paper is mainly devoted to seismic issues of the WER-type NPPs which
operate in Czech and Slovak Republics. Seismic loads were not considered
explicitly in the original design of all of these NPPs. There are operating
NPPs with poorly anchored or unanchored safety-related equipment. The
biggest problem of all of these NPPs is the functionality of their safety-
related equipment during and after an earthquake and also so called seismic
interactions which are those collisions of structures, piping, or equipment
with nearby items of safety-related mechanical and electrical equipment
components which are necessary for safe shutdown and to prevent radioactive
releases.

There are also several principal and still open issues related to other
severe external loadings as airplain crash, blast load impacts etc. which
may occur with these NPPs and should be also openly discussed.

As known, only the WER type NPPs have been built in both Czech and Slovak
Republics during the last time. All of these NPPs were originally designed
on the basis of the Russian state-of-art and Russian codes and standards
prescribed at that time. It does not mean that this design basis was wrong
in principle. The main problem with these NPPs is now how to achieve the
current international safety requirements at a low or moderate cost.
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2. CZECH AND SLOVAK WER TYPE NPPs WITH NO ORIGINAL SEISMIC DESIGN BASIS
AND APPLICABLE METHODOLOGIES FOR THEIR SEISMIC UPGRADING

There are three operating WER-type NPPs in Czech and Slovak Republics with
no original seismic design: NPP VI with two WER 440/230 units, NPP V2 with
two WER 440/213, both located in Jaslovske Bohunice, Slovakia, the Peak
Ground Aceleration under Safe Shutdown Earthquake (PGAgog) is estimated now
for this area about 0.25 g, and NPP Dukovany in Czech Republic with four
WER 440/213 units. This NPP is located in an area with a very low seismic
activity. It means that in accordance with the current practice of NPP's
seismic design, its PGAggg is equal at least to 0.1 g.

At the present time, the first phase of the seismic upgrading of the NPP VI
incl. a very difficult reinforcement of the main building structures and
also incl. an installation of the GERB viscous dampers to protect the most
significant safety-related hot pipelines and other heavy components within
the primary circuit systems of both units has been finished. No seismic
upgrading works have been started yet on the NPP V2. However, its seismic
requalification has been initiated this year by Stevenson and Associates in
co-operation with several other Slovak and Czech institutions using the
methodologies described below. The similar procedure is currently applied
on the Hungarian NPP Paks and proposed also to the NPP Dukovany.

The goal is not to re-design these NPPs as new plants, but to determine the
realistic seismic resistance of their already-designed and already-operated
structures and equipment components and also to show the weakest structural
and equipment items which must be upgraded. The corresponding methodologies
are called as General Implementation Procedure (GIP) 111 and Seismic Margin
Assessment (SMA) 12,3/.

The GIP has been developed by the Seismic Qualification Utility Group
(SQUG) under the EPRI support to verify the seismic adequacy of the most
important safety-related mechanical and electrical equipment (motor control
centers, low and medium voltage switchgears, transformers, pumps, valves,
fans, air handlers, chillers, compressors, generators, distribution panels,
batteries on> racks, sensors, control panels and cabinets, relays,
switchers, transmitters, electrical penetration assemblies, calble trays
and conduits, tanks and heat exchangers incl. their anchorage to the civil
structures) in operating NPPs using seismic experience methods. This
procedure is primarily based upon the performance of istalled mechanical
and electrical equipment which have been subjected to actual strong motion
earthquakes /4/, as well as upon the behaviour of equipment components
during seismic tests /5/. The purpose of this procedure is to provide the
technical approach, walkdown and generic procedures, format and description
of documentation criteria which can be used to evaluate seismic adequacy of
active mechanical and electrical equipment needed to bring the plant to
safe shutdown conditions. However, in accordance with the common U.S.
practice, the major pieces of equipment in the Nuclear Steam Supply System
(NSSS) are excluded from the scope of the GIP review.

A general definition of seismic margin is expressed in terms of the peak
ground acceleration that compromises plant safety. A SMA review studies the
question of whether the capacity of the plant exceeds or not the target
earthquake input called as Seismic Margin Earthquake (SME) selected for
this review. It is assumed that the Regulatory Authority together with the
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plant owner select the SME. The objectives are then to show that the plant
can or cannot withstand the effects of this SME with high confidence and to
identify all seismic vulnerabilities.

Only those structures and equipment components which are required to bring
the plant to, and maintain the plant, depending on the final decision of
the responsible Czech or Slovak Regulatory Authority in hot and/or cold
safe shutdown conditions for a minimum three days after a seismic event,
and also those structures and equipment components which are required to
prevent radioactive releases or to maintain releases below the limits
established for accidental conditions need to be qualified in SMA reviews.
It means that High-Confidence-Low-Probability-Failure (HCLPF) values of
seismic capacity must be estimated for these structures and equipment
components /6/.

The concept of HCLPF capacity is used in the SMA reviews to quantify the
seismic margins od NPPs. This is a conservative capacity, and in simple
terms it correspond to the earthquake level at which, with high confidence,
it is extremely unlikely that failure of the structure or equipment
component will occur. HCLPF capacity is equal to approximately 95%
confidence of not exceeding approximately 5% probability of failure. Such a
descriptor is conservative because there is a very little chance of failure
below the HCLPF capacity. The concept of HCLPF capacities of structures and
equipment components is used in SMA reviews in (a) screening out certain
structures and equipment components as having the capacities generically
higher than the review earthquake level, and (b) to evaluate the capacities
of certain structures and equipment components in order to assess seismic
capacity of the plant. Estimating the HCLPF seismic capacity requires to
estimate the structural or equipment response, conditional on the occurance
of the seismic margin earthquake, and also estimating the capacity of the
structure or equipment component. Two methods to determine the HCLPF
seismic capacities for NPP's structures and equipment components have been
recommended: the Fragility Analysis (FA) and the Conservative Deterministic
Failure Margin (CDFM) method

3. CZECH AND .SLOVAK NPPs WITH RUSSIAN ORIGINAL SEISMIC DESIGN BASIS
AND METHODS OF THEIR SEISMIC UPGRADING

The NPP Mochovce with four WER 440/213 units is the first NPP in Czech and
Slovak Republics which was originally designed to earthquake in accordance
with the Russian codes VSN 15-78 111, SNiP II-7-81 181, OAG 130.003 /9/ and
also several other linked up standards and guides. This plant is located
near Levice, Slovakia. The SSE was determined for this NPP more than ten
years ago at only 6° MSK-64. Such a low seismic intensity was probably an
underestimation at that time. Today it is perhaps better estimated at 7°
MSK-64 with PGASSE at least 0.1 g. Therefore, the safety-related structures
and equipment components of this NPP should be now seismically requalified
during the final construction phase before its licensing and in accordance
with the international safety requirements presented generally in the IAEA
Safety Guides /10,11/. It is assumed by the Mochovce Project Working Group
2 (SEISM) that either a suitable dynamic analysis method or a simplified
equivalent static method, if justified, shall be used in seismic analysis
of all safety-related civil engineering structures and structural elements
of this NPP. If a sufficient degree of safety is provided for the design or
demonstrated by testing, an analysis may be omitted.
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The following procedures are also assumed to demonstrate sufficient seismic
resistance of mechanical and electrical components of the NPP Mochovce:
seismic analysis, seismic testing, verification of existing documentation,
walkdowns incl. engineering judgement verification, comparative approaches,
GIP, and plausibility methods.

The NPP Temelin with two WER 1000 units was also originally designed to
earthquake using improved Russian and Interatoenergo codes and standards
/12,13/. This NPP is located near the center of Bohemia in an area with
relatively very low seismic hazard. Only a minimum recommended value of the
PGAggg equal to 0.1 g must be taken into account with this NPP. Presently,
all its safety-related structures and equipment components are seismically
requalified using the guidelines /14/ prepared by Stevenson and Associates
in accordance with international requirements and practice based on the
IAEA safety guides and also on the U.S. NRC Standard Review Plan 1151. It
should also be noted that the use of alternative approaches to verify
seismic resistance of small bore pipes and cable trays has been justified
with the Czech Regulatory Authority for this NPP. They are based on the
well-known American procedures /16,17/.

4. ORIGINAL OTHER THAN SEISMIC SEVERE EXTERNAL LOADING DESIGN BASIS
FOR CZECH AND SLOVAK WER TYPE NPPs

The following two groups of severe external loads allways have been and are
still considered in designs of all Czech and Slovak WER type NPPs: extreme
meteorological loads and man-induces extreme loads. The original design
basis was constituted by several Russian instructions which are replaced
now by the IAEA codes and guides /18,19,20,21,22/. Russian practice of
dynamic analysis of nuclear power plant structures subjected to severe
external loads is comprehensively described in the recent book /23/.

As an example, the main results of the study of airplain crash and external
explosion hazards peformed by Stevenson and Associates for the NPP Temelin
strongly in accordance with the corresponding IAEA safety guide /19/ are
summarized herein. It was demonstrated /24/ that the NPP Temelin is
properly located in the area with a very low present and also anticipated
for future aircraft traffic intensity. Therefore, only a small airplain
crash (7 Mg, 100 m/s) can be considered for reactor buildings and also for
several other safety-related buildings and structures of this NPP instead
the originally assumed heavy military plain, the impact of which appeared
to be unacceptable for the most of already mounted equipment inside the
reactor buildings. It was also shown how to correctly consider such
important phenomena as loss of energy due to local impact failures of both
the plain and the structure. It was also recommended on the basis of the
appurtenant analysis to consider the external explosion effect by the
improved blast load time history as given in the IAEA safety guide 722/.
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5. CONCLUSION

The WER type NPPs located in Czech and Slovak Republics, and especially
those which are equiped with the WER 440/230 and WER 440/213 reactors has
many seismic vulnerabilities similar to those that were recognized in many
of the U.S. NPPs prior to the late 70's years. These vulnerabilities are
mostly caused by underestimation of these problems in the design phase,
sometimes also due to inadequate performance and poor quality of works
(f.e. in anchorage of equipment), and also due to certain imcompatibility
between the original Russian and the current international design bases and
safety requirements. Nevertheless, it is believed that the structures and
equipment of these NPPs can be seismically upgraded at a moderate cost.

Assurance that a plant is protected from certain other than seismic severe
external load effects is traditionally reached by excluding the possibility
of their ooccurance when plant site is selected, or through the control of
activities likely to cause these events in the surrounding area. Otherwise,
the evaluation of such effects on the plant and adequate design provisions
should be made such that the general safety requirements are met. However,
such an ideal state is still not reached for all Czech and Slovak operating
and constructed NPPs. However, there are several new activities, effective
methodologies and qualified engineering and research personel.

It is also believed that the IAEA Benchmark study for seismic analysis and
testing of WER type NPPs will develop recommendations to effective seismic
upgrading the existing WER type NPPs.
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