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ABSTRACT

A seismic IPEEE (Individual Plant Examination for External Events) was performed for the

Krsko plant. The methodology adopted is the seismic PSA (Probabilistic Safety Assessment).

The Krsko NPP is located on a medium to high seismicity site. The PSA study described here

includes all the steps in the PSA sequence, i.e. reassessment of the site hazard, calculation of

plant structures response including soil-structure interaction, seismic plant walkdowns.

probabilistic seismic fragility analysis of plant structures and components, and quantification

of seismic core damage frequency (CDF). Also, relay chatter analysis and soil stability studies

were performed. The seismic PSA described here is limited to the analysis of CDF (level 1

PSA). The subsequent determination and quantification of plant damage states, containment

behaviour and radioactive releases to the outside (level 2 PSA) have been performed for the

Krsko NPP but are not further described in this paper. The results of the seismic PSA study
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indicate that, with some upgrads suggested by the PSA team, the seismic induced CDF is

comparable to that of most US and Western Europe NPPs.

1. INTRODUCTION

This paper describes the seismic Probabilistic Safety Assessment (PSA) performed for the

Krsko plant. Krsko is a Westinghouse 2 loop PWR. The safe shutdown earthquake level

specified for design is 0.3g PGA, with Reg.guide 1.60 design response spectra.

The seismic PSA is one of the options for performing a seismic Individual Plant Examination

for External Events (IPEEE), i.e. examining NPPs for beyond design basis loadings. A seismic

margins assessment is another alternative. However, for Peak Ground Accelerations (PGAs)

above 0.5g, a PSA is the only acceptable method. The PSA study was conducted in strict

accordance with the criteria specified by the USNRC for the evaluation of NPPs for beyond

design basis events and was reviewed by the IAEA.

The seismic PSA described here is limited to the analysis of core damage frequency

(CDF)(level 1 PSA). The subsequent determination and quantification of plant damage states,

containment behaviour and radioactive releases to the outside (level 2 PSA) have been

performed for the Krsko NPP but are not further described in this paper ([4]).

The different sections of this paper describe the successive building blocks of the seismic PSA

study. Obviously, no detailed methodology descriptions can be provided for each of the

sections. This paper intends to illustrate the application of the seismic PSA methodology to the

Krsko plant, using the Krsko specific assumptions, inputs and results.
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2. SEISMIC HAZARD

A site-specific seismic hazard analysis was prepared for the Krsko NPP site by the University

of Ljubljana Institute of Structural and Earthquake Engineering. The process of the Krsko NPP

site seismic hazard analysis is not further described in this paper; only results from the process,

to be used in the Krsko seismic PSA, are included here.

The hazard analysis has resulted in the determination of probabilistic hazard curves and

uniform hazard response spectra. The probabilistic hazard curves expressing frequency of

exceedance as a function of PGA are shown in Figure 2.1. PGA is the motion input parameter

in terms of which seismic fragilities (see sections 3 and 4) are most commonly expressed.

Figure 2.2 shows the probabilistic response spectral accelerations corresponding to a uniform

hazard of 10000 years. These spectral shapes, referred to as Uniform Hazard Spectra (UHS)

were used in the calculation of soil structure interaction and building response analysis (section

3).

Local earthquakes.

Accelerographs installed in the buildings of the Krsko NPP and surroundings have recorded

several small magnitude local earthquakes in the past. All records demonstrate very short

duration of strong ground motion (less than 1 second). The input energy of such ground motion

is very small. High frequencies are clearly predominant in the response spectra for the local

earthquakes (sharp peaks occurring in the frequency range 11-12Hz). Accelerograms, obtained

at the foundations of buildings simultaneously with the free field motion, are systematically

much smaller than at those on tne surface. Studies following a 1989 local earthquake at Krsko

NPP have aimed at numerically simulating this reduction in acceleration. According to
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experience, such ground motions do not damage buildings and equipment located in the

buildings. Rather, the concern is restricted to functional failures of devices such as relays

which are sensitive to high frequency albeit small displacement motion.

Theoretically, these frequently occurring small local earthquakes could affect the shape of the

UHS and the seismic hazard curves, leading to a higher seismic risk. However, acceleration

spectra, traditionally used for design of structures and used for the fragility analyses of this

Krkso seismic PSA study, do not provide any information on the duration of ground motion

and do not take into account this parameter, which is of great importance as a measure of input

energy. It was therefore believed not correct to combine the influence of strong earthquakes

with 'standard" characteristics (larger magnitude earthquakes from distant sources), and of

weak local earthquakes with short duration and predominant high frequencies. The

characteristics of the first type are defined by spectra obtained by the probabilistic seismic

hazard analysis as described above (results shown in Figures 2.1, 2.2). The second type

corresponds to small local'earthquakes. An idealized spectrum (see Figure 2.3) is used to

represent the latter. It was concluded from the seismic hazard analysis that peak ground

accelerations greater than 0.5g were not expected from local earthquakes. However, data were

insufficient to develop a probabilistic description of the hazard due to local earthquakes. The

approach taken in the Krsko PSA study is to assume that a local earthquake PGA of 0.6g will

not be exceeded in less than 10000 years, making the local earthquake PGA hazard comparable

to the PGA hazard for distant earthquakes.

Structural response studies performed on an equivalent basis for the local and the distant

earthquakes show that response spectra for the distant earthquakes generally exceed the

corresponding spectra for local earthquakes. Exceptions where the local earthquake spectra

exceed the distant earthquake spectra are limited to some higher building elevations, and to a
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narrow frequency band around I l-12Hz. Given the non-damaging character of local

earthquakes, only the impact of the local earthquake spectra on the relay seismic capacity

evaluations is considered to be of any significance.

3. SOIL STRUCTURE INTERACTION AND BUILDING RESPONSE ANALYSIS

For seismic PSA purposes, it is of fundamental importance to obtain realistic estimates of

structural responses to the postulated seismic events. In general, floor response spectra and

structure member forces developed for the Final Safety Analysis Report (FSAR) are considered

to be conservatively biased. Hence it was decided to generate new seismic structural responses

using current state-of-the-art techniques, and to avoid any intentional bias in the analysis with

respect to soil-structure modeling. In order to generate seismic results in a form convenient for

the development of structural and equipment fragilities (section 4), a probabilistic approach

was adopted.

The structures included in the study were the Main Complex (MC), the Diesel Generator

Building (DGB) and the Essential Service Water Intake Structure (ESWIS). The MC is formed

by the reactor building, intermediate building, control building, fuel handling building.auxiliary

building and component cooling building. Since all the buildings at the MC are on a common

foundation, the analyses were performed considering all of them.

The objectives of this part of the study were twofold:

• To estimate median structure forces and the variability about the median for all major

structures of interest, for input to the seismic fragility analysis of these plant structures

(section 4).
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• To develop probabilistic floor response spectra in all major structures for use in the seismic

fragility analysis of equipment located within the plant structures.

The approach to probabilistic response analysis was to perform multiple deterministic SSI

analyses using the methodology described herebelow. Input motion and SSI parameters

(structural frequency and damping, and soil shear modulus and damping) were sampled

following the Latin Hypercube Sampling method. As a result of multiple deterministic analyses

using the sampled input values, distributions were obtained of the analysis results - i.e. loads in

structural elements and in-structure response spectra. These distributions are then described by

the median (50th percentile) values and the variability (represented e.g. in the 84th percentile

curve).

As both the seismic hazard and the structure/component fragility curves (consistently) use the

PGA as the reference seismic input parameter, SSI and probabilistic structural response

analysis were performed for a reference PGA value. However, direct scaling of results from

one earthquake level to another is not strictly correct due to nonlinearity in soil behaviour.

Also, due to the complexity of the structural model and the probabilistic (multiple time history)

analysis method used, a single level of earthquake was desired rather than multiple

earthquakes. Past studies have shown that the greatest risk comes from earthquakes 2 to 3

times the SSE. For the Krsko PSA, 2 times the SSE level was chosen as the level that would

challenge the weaker elements of the plant which would govern risk. For those components

with much higher capacity, scaling the response for an input of 2 times the SSE would tend to

be conservative since higher input levels that would challenge these components would result in

more attenuation in soil-structural amplification.
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In probabilistic response analysis, the characteristics of the free-field ground motion is defined

by the shape of the median uniform hazard spectrum (UHS) corresponding to a return period of

interest. For the Krsko PSA, the UHS shape corresponding to the 10000 year return period was

used (see Figure 2.2).

The elements of the SSI and probabilistic response analysis are outlined below. The approach

is based on work performed under the SSMRP (Seismic Safety Margins Research Program,

[2|). Analysis results are also provided below.

• Specifying the free-field ground motion.

Since the SSE level for Krsko is 0.3g PGA, the median UHS shape for the probabilistic

analyses was anchored to a PGA of 0.6g. To perform the probabilistic analysis, an

ensemble of 30 earthquakes was developed to capture the randomness of the seismic input.

The median (50% non exceedance probability - NEP) matches the median UHS, and the

84th percentile (84% NEP) of the spectra matches the 84th percentile of the UHS, as is

shown on Figure 3.1 (UHS spectra anchored to 0.6g PGA). To account for the effects of

deconvolution in the SSI analysis of the Main Complex, the motion at the embedment depth

of this structure was determined by deconvolving the surface ensemble of the time

histories, using soil properties compatible with the other analysis steps. For comparison

with Figure 3.1. Figure 3.2 shows the comparison between the 50% and 84% NEP of the

deconvolved spectra with the 50% and 84% NEP UHS.

• Development of the soil models, i.e. defining the soil profile and performing the site

response analysis.

For the low strain soil properties and the dynamic soil properties, best estimate values were

obtained from previous studies. A site response analysis was performed for the 0.6g PGA

level to establish median strain compatible soil properties. For the probabilistic SSI and
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response analysis, the distribution of soil parameters was required. A lognormal

distribution was taken for each parameter (soil shear modulus and soil damping), with a

coefficient of variation based on previous work and expert judgement.

• Calculating the foundation impedance functions and wave scattering effects.

The high strain soil properties obtained above were used to develop impedance functions

for the three structures (MC, DGB, ESWIS).

• Determining the fixed-base dynamic characteristics of the structure.

Structural models developed for the original Krsko design analyses (and reported in the

FSAR) are representative of current procedures, and may be considered as best estimate

models for the purpose of this study. SSI effects were incorporated using foundation

impedance functions to replace the soil springs representing the supporting soils flexibility

in the original design analysis. As for the soil properties, the structural frequencies and

structural damping are probabilistic parameters which were assigned lognormal

distributions and typical coefficients of variation representing all modelling and random

uncertainty in the estimation of the median values. The largest variabilities for the Krsko

analyses are in the soil parameters.

• Performing the SSI analysis, i.e. combining the previous steps to calculate the response of

the coupled soil-structure system.

The SSI and structural response analysis results of interest include peak accelerations,

maximum member forces, and floor acceleration time histories. These quantities are needed for

downstream fragility development.

Floor acceleration time histories computed for each of the 30 simulations performed were post-

processed into 5% damped floor response spectra. For each location, the spectral accelerations

were fitted to a lognormal distribution and the median and 84th percentile values were
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extracted. An example comparison between the calculated median in-structure response spectra

and the Krsko FSAR design spectra is given in Figure 3.3 (the example applies to the Main

Complex). The most notable difference between the FSAR and the median centered spectra is

the frequency at which the spectral peak occurs. This shift can be explained through a shift in

the dominant frequency of the SSI and structural response, which is caused by the lower

median soil stiffness properties corresponding to the 0.6g PGA earthquake level which is higher

than the 0.3g PGA SSE level used in the FSAR.

Local earthquakes.

As indicated in section 2, a distinction was made between low energy local earthquakes and

large magnitude distant earthquakes.

Deterministic SSI and structure response analyses were performed for a representative local

earthquake which was determined to be an approximate 84th percentile amplification from

recorded close-in earthquakes. Response was compared, on an equivalent basis (a median

response analysis of a 84% NEP close-in free field input response spectrum), to results from

the response analyses (84% NEP response to 50% NEP free field input) for distant

earthquakes.

Analysis showed that the local earthquake frecfield motion is attentuated considerably. Indeed,

the system (soils + structure) frequency is not in the amplified portion of the input spectra of

the local earthquake. In contrast, the distant sources with low frequency cause significantly-

higher response. Therefore, it is generally seen that the floor response spectra from the distant

earthquakes envelop the corresponding floor response spectra calculated for the local

earthquake. However, for a limited number of locations at higher elevations in the buildings.
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the local earthquake did induce higher response than the distant sources, in the limited 11-12Hz

frequency range. However, based on the fact that local earthquakes, with the very short

duration and small energy input are deemed not to cause damage to structures and not to

structurally fail equipment, the exceedances of the local over the global response spectra are

only taken into account in the seismic capacity assessment of relays (section 6).

4. FRAGILITY ANALYSIS

Background on the probabilistic seismic fragility curve representation and development is

provided in [1].

4.1 Seismic Walkdowns

Past experience in conducting seismic PSA and seismic margin assessments has shown that the

walkdown is generally a very beneficial task in a seismic IPEEE. A walkdown conducted by

experienced engineers is valuable in order to identify any potential seismic vulnerabilities and,

using knowledge regarding the performance of structures and equipment in strong motion

seismic events, screen out the inherently very rugged components and assemble data on the

components for which plant specific fragility curves will be developed (to a required level of

detail as described in section 4.2).

The Krsko PSA seismic walkdown scope of survey included:

• structures (MC, DGB, ESWIS)

• safe shutdown equipment including support systems: pumps, tanks, heat exchangers, diesel

generator system, batteries, HVAC, electrical cabinet
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• piping and piping components (per P&IDs): support configurations. 11/1 issues, valve

operator proximity, ...

• cable trays: sample

• instrumentation and tubing (per P&IDs)

The general observation from the walkdown was that the design was conservative and that the

plant was quite rugged. Potential vulnerabilities of a few items of equipment were observed.

These included:

• poor anchorage welding on few electrical cabinets

• low bending capacity of support legs of one tank (the corresponding low seismic capacity

was confirmed from the fragility calculations of the tank)

• control room ceiling support required reinforcement

Fixes were recommended for the above issues, as they were easy fixes which would increase

the seismic capacity of the components to a generaiiy adopted screening level (as per section

4.2).

Seismic-fire and seismic-flooding interaction waikdowns were also performed, in order to

identify potential seismic sources of fire and flooding respectively.

4.2 Screening Level for Seismic Fragility Analysis

From the safe shutdown equipment lists and following the seismic waikdowns of the plant, 37

equipment items (i.e. individual components or groups of components) were retained for

fragility analysis, in addition to the essential structures (MC, DGB, ESWIS).
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However, from a verification of the impact on CDF. it was determined that structures and

components could be 'screened out' if their High Confidence of Low Probability of Failure

(HCLPF) was about 0.74g PGA or greater or their median capacity was about 2.0g PGA or

greater. If it could be determined through a conservative analysis that the screening level was

exceeded for a structure or component, no further detailed fragility analysis would be

performed, and the conservatively low screening capacity level wouid be assigned to that

structure or component. The impact of this conservatism on the resulting CDF is marginal.

4.3 Seismic Fragilities of Plant Structures and Equipment

Seismic fragility curves were calculated for plant structures and components. The seismic

fragility of a component is defined by a curve that gives the conditional probability of failure as

a function of the reference seismic input motion parameter (PGA in the case of the Krsko

study). Randomness and uncertainty are tracked throughout the fragility analysis and

incorporated into a family" of probabilistic curves ([ 1]).

Sources of plant documentation to support the fragility analyses included original design

analysis, seismic qualification reports, plant drawings as well as data and notes on expected

limiting failure modes collected during the walkdowns.

The determination of the seismic capacity of plant structures normally requires the evaluation

of a number of parameters such as strength, inelastic energy dissipation, response

characteristics, ... including the determination of median factors and associated variabilities.

For all the Krsko structures, the single strength parameter could be demonstrated to be

sufficiently high for the screening seismic capacity level to be met, without further detailed
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evaluation of inelastic energy dissipation nor evaluation of the variabilities associated with the

various parameters contributing to the seismic capacity.

Similarly, the seismic capacity of the majority of plant safe shutdown components was found

to exceed the screening level. Provided the fixes of seismic vulnerabilities identified during the

walkdown are implemented, the following is the small list of components for which capacities

were calculated to be below the screening level.

Component

Condensate storage tank

DG control cabinets

Refueling water storage tank

Battery chargers

DG fuel oil tank

Median capacity (g)

0.78

1.25

1.11

1.59

1.64

HCLPF (g)

0.31

0.46

0.48

0.58

0.67

It should be noted that the calculated seismic capacities of the DG control cabinets and the

Battery chargers are based on the design qualification level. It is expected that higher seismic

capacities could be demonstrated if qualification test reports to such levels were available.

4.4 Screening of Soils Stability Issues

The evaluation of the potential for soil liquefaction is a requirement of the IPEEE. The soil

stability evaluations were therefore performed and concluded that the HCLPF was in excess of

0.7g, which is consistent with the screening level adopted for the structures and components.
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The following list summarizes the credible soil related issues for which an evaluation or

verification was performed:

• liquefaction potential for yard area soils supporting ESW piping and electrical duct bank

• settlement of soils underlying the safety related plant structures

• lateral earth pressure on partially buried safety related buildings as well as stability of the

essential service water (ESW) pumphouse and intake structure against sliding

• stability of the river bank slope at the ESW building and the potential impact of its failure

on the intake structure

5. RISK QUANTIFICATION

The frequencies of core damage are calculated by combining the component and structures

fragilities described in earlier sections, with the plant logic. Event and fault trees are

constructed to identify the accident sequences which may lead to core damage.

The risk quantification process described here is limited to the calculation of core melt

frequency (level 1 PSA). The subsequent determination and quantification of plant damage

states, containment behaviour and radioactive releases to the outside (level 2 PSA) were

performed for the Krsko NPP but are not further described in this paper ([4]).

The Krsko NPP SPSA was performed in such a way as to employ much of the work done in

the internal events analysis of the Krsko Individual Plant Evaluation (IPE). That is, the event

trees and fault trees developed for the internal events analysis would at most need to be

modified to address the specific aspects of the plant or systems response to a particular seismic

event.
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Scismicallv Induced Initiating Event Determination and Frequency Calculation

Seismically induced initiating events considered in the CDF quantification are outlined below.

The list of initiating events is constructed based on the following process:

1. A choice is made of buildings, structures and equipment used to determine the plant status

following the seismic event.

2. Given the failure of each of the items listed in step 1, the plant disposition is defined.

Failures with similar results are grouped together into failure groups.

3. A hierarchy among initiating events is developed. The order of the hierarchy is such that, if

one initiating event occurs, the occurrence of other initiating events further down the

hierarchy are of no significance in terms of plant response.

4. The conditional probability of failure for each failure group is determined from the fragility

curves of the components in the failure group.

The failure groups defined for the Krsko seismic initiating events are described below.

• Break beyond ECCS capacity.

This failure is assumed to lead to direct core damage, and is a function of building or

SG/RJPV support failure.

• Large primary pipe break.

This failure is a function of the RCS equipment supports.

• Medium primary pipe break.

This category includes all pipes of sufficient size to produce a medium LOCA event. The

probabilities are estimates based on calculations for appropriately sized piping calculated

in the SSMRP Zion analysis [3].
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• Small primary pipe break.

This category includes all pipes of sufficient size to produce a small LOCA event. The

probabilities are estimates based on calculations for appropriately sized piping calculated

in the SSMRP Zion analysis [3J. In addition, the failure mode of the reactor coolant pumps

which leads to damage of the seals causes a leakage equivalent to the small LOCA.

• Emergency service water pumphouse failure.

This failure leads to loss of the ESW systems, leading eventually to the loss of component

cooling water system heat removal ability.

• Secondary side pipe break.

• ATWS due to control rod insertion failure.

• Loss of off-site power.

Note that since the switchyard ceramic conductors have a high probability of failure during

a seismic event, loss of off-site power was also considered to be combined with all other

initiating events.

A generic seismic fragility based on US electrical grids was used for the Slovenian

electrical grid.

Seismic Event Trees and Fault Trees

For each initiating event, an event tree models the plant system performance, and hence the

accident sequences leading to different plant states. The event trees developed for the Krsko

NPP internal events IPE were used as the basis for the seismic event trees. In general,

modifications to internal events analysis event trees are simplifications as branches where

failure is assumed to occur with certainty following the occurrence of an earthquake, can be

eliminated. The assumed failure is caused by seismic failure of a system which is not

422



seismically qualified (such as the instrument air system causing valves to go to a fail-safe

position).

The seismic fault trees are defined by the seismic event tree nodes and those components and

support systems which are required for successful] system operation represented by the event

tree node. The seismic fault trees are put in parallel with the internal events analysis fault trees,

i.e. random and seismic fault trees are combined in the CDF quantification process. Several

assumptions affecting the construction of seismic fault trees are:

• Similar redundant components, generally located in close proximity, simultaneously fail

with a probability equal to that of one component. This (conservatively) removes train

redundancy while simplifying the seismic fault trees.

• Off-site power is assumed not to be recoverable within 24 hours. Events which take credit

for system recoveries are generally not possible within the first 24 hours after an

earthquake. '

• Operator actions required within 10 minutes after the occurrence of the earthquake are

assumed to fail.

• Systems which are not classified as seismic category I are conservatively assumed to fail

at any seismic activity level (e.g. instrument air)

Seismic Hazard Intervals

For the CDF quantification, the range of PGA of interest was split into a number of intervals:

seismic interval: 1: 0.15-0.25g

2: 0.25-0.35g
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3: 0.35 - 0.50g

4: 0.50-0.70g

5: 0.70-0.90g

6: 0.90-1.10g

For each interval, the median PGA was selected to represent the interval. The corresponding

frequency of occurrence was set equal to the frequency of occurrence of PGA values within the

interval, as obtained from the seismic hazard curves (see Figure 2.1).

Core Damage Frequency Quantification Results

Compilation and quantification of the fault trees and event trees leads to insight in the most

important core damage sequences, and the most important core damage cutsets i.e. the

components whose failures contribute the most to core damage. Figure 5-1 illustrates the

distribution of core melt frequency contributions from the different seismic intervals.

A review of CDF quantification results leads to the following observations.

• The significant contributors to core melt from the first two seismic intervals (PGA <

0.35g) are DG random failures combined with the loss of off-site power.

• For higher PGA levels, seismic failures of components begin to appear in parallel with the

random failures and loss of off-site power. The significant seismic failures of components

involve the diesel generator control panel, the battery chargers, the condensate storage

tank, and the refueling water storage tank. As indicated in section 4, the failure

probabilities of battery chargers and DG control panels assumed in the analysis are
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considered to be conservatively low as they were based on limited seismic qualification

documentation.

• The station blackout initiating event represents more than half of the total seismic core

damage frequency. Therefore, if plant modifications are made as a result of the seismic

PSA, they should focus on improvements that lower the contribution to core damage by

station blackout. Also, from the level 2 analysis, the plant damage states which represent

the station black-out sequences contribute by far the largest frequency to containment

failure and containment bypass ([4]).

6. RELAY EVALUATION

A relay chatter evaluation was also performed as part of the Krsko IPEEE. The purpose of the

evaluation was to verify the capacity of relays against chattering, and/or the acceptability of

relay chatter in a seismic event. A progressive screening of relays based on at least one of the

following criteria was performed:

1. The best estimate seismic capacity of the relay is higher than the screening level of 2.0g

PGA. which is consistent with the screening level adopted for plant equipment.

2. Relay chatter which occurs does not affect the ability to achieve and maintain safe

shutdown.

Progressive screening was applied to extensive lists of relays, switches, contactors and breakers

available from plant equipment databases. Screening was performed in any sequence which

would permit rapid elimination of groups of relays from the lists. Summarized, the screening

was based on the following:
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• solid state relays and some contacting devices, such as mechanically actuated contacts, are

considered seismically rugged.

• seismic capacity against chattering is determined for relay types for which test data,

generic industry data, ... are available. Relay demand was calculated from floor spectra

and cabinet amplification. As explained in section 2, the local earthquake floor response

spectra were taken into consideration as well as the distant earthquake response spectra. Of

the probabilistic relay capacity description, only the median (best estimate) capacity value

was calculated for the relay types and compared to the 2.0g PGA median capacity

criterion. A significant number of relays could be screened out as the criterion was met.

• relays whose change of state can be tolerated as having no adverse impact on "safe

shutdown (no spurious seal-in or latch occurs which would prevent the system from

performing its safe shutdown function, or prevents control resets and operational control

such as pump restart from the control room or other normal point of control), and/or which

can be reset by operator action (within a reasonable time, assumed for the purpose of this

evaluation as 30 minutes to 1 hour, and according to existing procedures and based on

accessibility of required indications) are screened out.

7. CONCLUSIONS

The study was performed in accordance with the criteria specified by the USNRC and was

reviewed by the IAEA.

During the seismic PSA, a thorough walkdown was conducted. The plant appeared to be

rugged and generally designed with ample seismic margin. Some miiior design errors were
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noted and some walkdown observations indicated potential vulnerabilities of a few items of

equipment, for which easy seismic improvements were proposed.

With the few upgrades suggested above, the seismic induced core damage frequency is

comparable to that of most US and Western Europe NPPs.

Valuable insights are obtained from the process of modelling the plant and quantifying the core

damage frequency. If plant modifications are considered, they should be benchmarked against

the insights.
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Figure 2.1

Krsko NPP Site Fractile Hazard Curves

428



2
§*

I
ft

a
s

x

s.
•O
n
r>

C/3

TO

N»

p

7
o'a.

1.6 -i
1.5 -
1 4 -
1 3 •
1 2 -
1.1 -

bfiO.9 -

•—'0.8 -

3 0 .7 -
(^ 0.6 •

0.5 -I
0.4 •

0.3 -
0.2 •
0.1 -

0 •
0

NEK PSHA 94 / ALL TEAMS /
UNIFORM PSA FOR 10 000 YEARS

/

/
/

/

/ /

l\I J

w
J

0.1 0.

s

***

N

s
N \

V
\

S, • S i

«-,
1 .

• —

—

— —

•—J 1 —

2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

T ( s )

— 15% —50% —85%



o

V-, rn

o
Z Z O.
1 < O
ui UJ o;
x x a.

o

o

D
O
—

a

rt(si

C
rt
u
O
CL.

*-•

2-
^̂

c
K
o.
o
o.
c »̂

S«

:o
je

8.5.
1 S

G. o

5-S

ik
a:

g
OJ
C L
CO

c
OO

<S1
<u

• o

V5

o
o-o
ol

ec
ir

a.

s
e
c:

s
E

•o
o
Jc
CO

3
on

S

voa/¥s

Figure 2.3

Statistics of Six Recorded Local Earthquakes and Proposed Local Earthquake Response

Spectrum
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Response Spectra of the Ensemble of Deconvolved Time-histories vs. 10000 Years Return
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