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1. Introduction

The subject of this expert evaluation is the technical documentation "ANALYSIS OF THE

STRUCTURES OF BLOCKS 1-6 OF THE KOZLODUY NPP FOR THE SEISMIC EFFECT OF

LOCAL EARTHQUAKES". The technical documentation has been elaborated by RISK

ENGINEERING OOD, from Sofia. The expert evaluation was ordered by NEK AD-Branch

"Kozloduy" NPP, Kozloduy, Bulgaria, upon Contract No. 08-3295/1 (No. 2505005) dated

November 13, 1995.



2. Review of Chapter 1: Parameters of local seismic effects

Presented in this chapter are the seismotectonic characteristics of the close surrounding of the

Kozloduy NPP site. These characteristics are based on results obtained by the recent investigations

performed in the period 1991-1992 and published by the Geophysical Institute (GFI) of the

Bulgarian Academy of Sciences (BAN) in report Geomorphology, Neotectonics, Seismicity and

Seismotectonics of Kozloduy NPP, Final Report, 1992. The regional investigations were performed

in the period 1970-1980, i.e., in the period of the designing and construction of the NPP. The

following conclusions and recommendations affecting considerably the seismic hazard site evaluation

have been quoted:

• the absence of records on historic seismicity and instrumental records of seismic events of M>3.6

of the stable part of the Moesian platform, show that it is the most stable area of the considered

region (320 km). The Kozloduy NPP is situated in the central part of the platform.

• the investigation of the seismicity of the stable part of the Moesian platform following 1980 do

not oppose the results of the seismic zonation of Bulgaria (Boncev et al., 1982) particularly

regarding the maximum expected magnitude (Mmax=4.0) in the local zone of the Kozloduy NPP.

• earthquakes with a magnitude M=Mmax can be generated at the maximum distance of 7km from

the Kozloduy NPP site.

• the seismicity of the local zone of the Kozloduy NPP is part of the seismic activity of the

stabilized Moesian platform and the magnitude-frequency relationship is determined from the

relationship for the stable part of the platform having in mind the size of the local zone.

• all the geomorphologic, geological, geophysical and neotectonic data exclude the existence of

capable faults and seismogene structures (according to the definition given in Safety Guides,

IAEA) within the local zone of the Kozloduy NPP.

• considering the extraordinary economic and social importance of the Kozloduy NPP, the

maximum expected magnitude for the 30km site area of the Kozloduy NPP should be increased

by 0.5 magnitude units, and during the seismic hazard analysis a conservative evaluation of

Mmax=4.0 (+0.5) should be adopted.

The theoretical assumptions and the methods for seismic hazard evaluation are contained in the

applied computer program EQRISK, developed by McGuire (1976). This program includes

consideration of random events involved in the earthquake generation and in the seismic energy

propagation at the level of the present knowledge on these natural phenomena.



As for the uncertainties related to the selection of input data, i.e., so called modeling

uncertainties, they are considered by a logic tree, i.e., by using several alternatives. For the seismic

hazard evaluation of the Kozloduy NPP site two attenuation laws on the maximum acceleration

depending on magnitude and distance have been considered. Also, two graphs of the magnitude-

frequency relations have been applied. Three alternatives for the maximum expected magnitude and

two alternatives for the minimum magnitude important for engineering purpose are considered. The

spatial distribution of seismicity is analyzed applying two alternatives.

The maximum acceleration attenuation depending on the magnitude and the distance is taken

according to the equation applied for the evaluation of the total seismic hazard of the site (Report

IZIIS 92-01, 1992) and according to the investigations by Ambraseys, N. N. and Bommer, J. (1991).

The spatial distribution of seismicity within the 30km site zone is modeled by two alternatives. The

first alternative is by diffuse seisnicity for the whole magnitude range, while the second one is by

diffuse seismicity for magnitudes up to M=4.0, while the earthquakes with a magnitude M>4.0 are

generated along a hypothetical fault at the distance of 5km from the Kozloduy NPP site. The

maximum expected magnitude is considered by three alternatives, i.e., M=4.0, 4.5 and 5.0. The

minimum magnitude of importance for engineering is considered by two alternatives, M=3.5 and

3.75.

The seismic activity of the closer surrounding and the earthquake magnitude distribution is

taken by two magnitude-frequency relationships, according to the investigation Geomorphology,

Neotectonics, Seismicity and Seismotectonics of Kozloduy NPP, Final Report, 1992. The first

relationship is derived from the seismicity of the stable part of the Moesian platform, while the

second one is derived by the seismicity of the whole region (320km) by normalizing towards the

number of earthquakes with magnitudes higher than 3.0 that occur in the stable part of the Moesian

platform.

As a result of the applied methodology for seismic hazard evaluation and the applied

alternatives, 96 variants of seisnrc hazard curves for the Kozloduy NPP site have been determined.

By statistical analysis of all the variants and by an assumption on the log normal acceleration

distribution, the mean, median, 15% and 85% fractile hazard curves have been determined. The

obtained results for the characteristic probabilities of exceedence are presented on tables, as well.

The mean maximum acceleration from local seismic sources, with a probability of exceedence

of 10"4 is 0.128g. For the same probability of exceedence, but at an fractile of 85%, the acceleration

is 0.162g. The mean maximum acceleration using only one of the acceleration attenuation alternative

(Report IZIIS 92-01, 1992) is 0.113g. Due to the conservative character of more of the assumptions,

these values of the maximum acceleration are considered as upper limits.

The seismic effect upon the structures at the Kozloduy NPP site was investigated applying

selected accelerograms of occurred earthquakes at other sites and countries. There are no

earthquake acceleration records taken at the site. Forty three three-component acceleration records

taken in Italy, California, Turkey and Japan, as well as several records taken in Bulgaria, in the area

of Provadia have been selected. The selected records are taken of occurred earthquakes with

magnitudes in the range M=4.0-5.0, with focal depth of 0-15km and epicentral distance of 0-30km.



During the selection, consideration was paid to the site soil conditions, i.e., only records taken

on "medium" and "soft" soils were used. Also, the selected records are obtained in so called "free

field", i.e., without the effect of buildings and other structures.

The selected accelerograms, i.e., their maximum accelerations and response spectra are

statistically analysed and the results are presented in Table 1.4 and in Figs 1.19 through 1.23. The

horizontal and vertical components are processed separately.

The basic type of the seismic input for determination of the floor response spectra of the

structures are generalized response spectra for a damping of 5% and for free field conditions. For all

three structures generalized spectra, obtained as mean from the normalized spectra (in respect to the

maximum acceleration) of all the selected records, are applied (Fig. 1.21). These spectra are scaled

to the maximum acceleration of 0.16g, for horizontal components (corresponding to 10'4 annual

probability of exceedence at an fractile of 85%) and 0.13 g, for vertical components (corresponding

to the ratio between horizontal and vertical acceleration, as on table 1.4 for level "mean value + la

"). Such defined spectra, are shown in Figs 1.22 and 1.23. Then on the basis of compatibility with

these spectra acceleration time histories are generated for both horizontal components and the

vertical component. The three components are shown in Figs 1.25, 1.26 and 1.27.

The second type of seismic input are the generalized response spectra for a 5% damping and

for free field conditions, obtained by statistical analysis without normalization, the results of which

are shown in Figs 1.19 and 1.20. Out of the presented spectra, the spectrum shape based on "mean

value + 2a" is applied, whereat, the maximum acceleration for both horizontal and vertical

component is 0.16 g. On the basis of the compatibility with these spectra, acceleration time history

generation is carried out for both horizontal and the vertical components. The three components are

graphically presented in Figs 1.30, 1.31 and 1.32.

The third type of seismic input is direct application of recorded accelerograms. Three free field

records are selected.

The influence of the local soil upon the seismic effect is taken into consideration by

transformation of the accelerograms acting on the free field surface in the accelerograms acting at

foundation level. This transformation is carried out applying the so called deconvolution and

convolution of acceleration time histories through the mathematical model of the local geological

profile. During this transformation, for the seismic input based on the spectrum of "mean value + 2a"

and for the actual accelerograms, the geological profile is taken by three variants, with respect to its

characteristics, called conditionally "medium soil", "firm soil" and "soft soil".

Finally, in summary of this chapter, it can be stated that on the basis of the performed analysis

of the seismic hazard from local seismic activity and statistical analysis of the selected accelerograms

of occurred earthquakes, accelerograms acting on free field surface of the site have been generated.

Also, actual accelerograms are selected. Then taking into consideration the influence of the local soil

conditions, these accelerograms are transformed into accelerograms acting at the foundation level

and they serve as seismic input for definition of the floor response spectra for the considered

structures



3. Review of Chapters 2, 3 and 4: Investigation of block 5/6, block 3/4 and HOG

In this investigation, only a short description of the structures is given. For details reference to

"Floor Response Spectra of Block 5/6 of the Kozloduy NPP", Rostov et al., 1994; "Floor Response

Spectra of Blocks 3 and 4 of the Kozloduy NPP", Kostov et al., 1993 and "Determination of Floor

Accelerograms and Floor Response Spectra of HOG of the Kozloduy NPP", Kostov et al., 1993, is

made. Also, from these investigations the table presentations for the places, for which the floor

spectra are determined from the reevaluated seismic input, are transferred. The floor spectra, which

in fact, represent results from the above mentioned investigations are also taken from these

references. These floor spectra will be compared to the floor spectra obtained in the present

investigation as a result from the local seismicity. Correction is carried out of the damping of the

structures, i.e., it is taken by 4% of critical damping. In the previous investigations, 5% damping was

taken. This correction is carried out considering the short ground motion duration due to local

seismicity.

The floor response spectra of block 5/6 are determined from the seismic input defined on the

basis of the average normalized spectra modified in compliance with the local soil conditions, i.e.,

with the so called "medium soil". The results are shown in Figs 2.3 through 2.34. Presented in each

figure are three components of the spectra for two values of damping. Presented in the same figures

are also the corresponding spectra of the revised seismic input, obtained by the referent

investigations. By comparison it has been concluded that the exceedence of the referent spectra is

observed only at three nodal points and only for the spectra in vertical direction. The floor spectra

for block 5/6 are also determined from the seismic input based on the spectrum whose shape is

determined as "mean value + 2a" and from three selected actual accelerograms of occurred

earthquakes. In the report, this seismic input is called "extreme state". During the modification of the

accelerograms, in compliance with the local soil conditions, three variants are also applied, i.e., so

called "medium soil", "firm soil" and "soft soil". The envelope spectra are determined from all the

variants and they are compared to the referent spectra in Figs 2.35 through 2.66. On the basis of

comparison, it has been concluded that exceedence of the referent spectra in vertical direction is

observed at eight nodal points. In horizontal direction, spectra exceedence is observed at five nodal

points, for 5% damping at one of the components.

The structures of block 3/4 and HOG are analyzed for seismic input defined on the basis of the

mean normalized spectra, modified in compliance with the local soil conditions, i.e., by the so called

"medium soil". For block 3/4, the results, i.e., the comparison of the spectra are given in Figs 3.5

through 3.46. Based on the comparison, it has been concluded that exceedence of the referent

spectra in vertical direction is observed at all nodal points. In horizontal direction, exceedence of the

referent spectra is observed at six nodal points. The results for the HOG structure are presented in

Figs 4.2 through 4.16. Based on comparison, it has been concluded that in vertical direction

exceedence of the referent spectra is observed at three nodal points, while for horizontal direction

only at one nodal point.



4. Expert evaluation

The parameters of the seismic input due to local seismicity have been analyzed applying a

methodology similar to that one applied for reevaluation of the design seismic input. Namely, for the

definition of the maximum acceleration, a method of probabilistic seismic hazard analysis has been

applied, while for definition of the spectral shape, selected accelerograms of occurred earthquakes

have been used.

The application of this methodology is justified because it is currently being applied on world

wide scale and for the purpose of continuity and comparison to the previous investigations.

As for the implementation of the seismic hazard analyses, it is considered that the seismic

hazard elements, such as the spatial distribution of seismicity, seismic activity and maximum

acceleration attenuation are included in terms of alternatives which provide a realistic consideration

of the uncertainties.

However, the maximum expected magnitude in the local zone being taken by three alternatives

Mmax= 4.0, 4.5 and 5.0 involves certain conservatism. The report commences with the statement

that the investigations of the seismicity of the stable part of the Moesian platform following 1980 do

not oppose the results of the seismic zonation of Bulgaria (Boncev et al, 1982), particularly

regarding the maximum expected magnitude (Mmax=4.0) in the local zone of the Kozloduy NPP.

Then, it is mentioned that due to the extraordinary economic and social importance of the Kozloduy

NPP, the maximum expected magnitude for a 30km site area of the Kozloduy NPP should be

increased for 0.5 magnitude units, and during the seismic hazard analysis a conservative evaluation of

Mmax=4.0(+0.5) should be adopted. However, in the analyses themselves, three alternatives, i.e.,

Mmax= 4.0, 4.5 and 5.0 have been taken.

Regarding the determination of the maximum acceleration based on the hazard curves with a

probability of exceedence of 10"4 at an fractile of 85% is also considered to be on the conservative

side. The reevaluation of the design seismic input is performed from the hazard curves with a central

tendency. Thus, during the comparison of the reference spectra with the spectra due to local

seismicity, the equality ceases to exist.

In connection to the conclusions presented in the reviewed report, they are considered to be in

accord to the results obtained from the investigations. There is no doubt that in case of accepting the

suggestions related to the conservatism mentioned above, the local seismicity effect will decrease,

thus decreasing considerably the cases of exceedence of referent spectra.
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