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ABSTRACT

The effect of the seismic excitation from local earthquakes (in the near 30 km zone) on the
structures and equipment of NPP Kozloduy is analysed in this study. A seismic hazard analysis
on the site is carried out and hazard curves are determined. The seismic excitation on the
structures is presented by three-component acceleration time histories modified by the local
soil conditions. The in-structure acceleration response spectra generated for local earthquakes
are compared with those generated for the review level earthquakes.

SEISMIC HAZARD ANALYSIS

The NPP Kozloduy is located in a region influenced by different seismic sources - long-distant
sources of intermediate depth, shallow long-distant and shallow near-field ones. In 1992 the
seismic characteristics at the NPP site were re-evaluated. On the basis of the regional
seismicity studies in a zone with radius of 320 km around the site the characteristics of the
review level earthquake (RLE) were established. They are: maximum acceleration equal to
0.2g and to 0.1g respectively for the horizontal and vertical components for seismic level SL2
with annual probability of exceedance 10 envelope acceleration response spectrum at 5%
damping; a three-component acceleration time history generated on the basis of the RLE
spectrum. The maximum spectral accelerations are in a period range from T=0.1s to T=1.7s.
The spectrum is one and the same for the horizontal and the vertical components of the free
field ground motion, i.e. there is not difference in the frequency content. The RLE spectrum is
shown in Fig.1 and Fig. 2.

It was of great interest the effect of the seismic excitation from local earthquakes on the
structure behaviour. A zone with a radius of 30 km around the NPP site is the subject of the
investigations [1]. A seismic hazard analysis is carried out using different alternatives for
variation parameters such as attenuation law, maximum and minimum expected magnitudes,
magnitude-frequency relation, spatial distribution of the seismicity in the local zone. As a result
96 hazard curves for the maximum acceleration are obtained. The mean, median, standard
deviation, 15% and 85% hazard curves assuming lognormal acceleration distribution are
determined. They are computed for different probability of exceedance. Thus the mean
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maximum acceleration due to the local seismicity is assessed to be 0.128g and the respective
85% value is 0.162g for seismic level with annual probability of exceedance 10 . Those values
refer to the horizontal components of the free field ground motion.

The acceleration response spectra on the free field of NPP site for local earthquakes are
established on the basis of acceleration time histories recorded at small epicentral distance.
Because of the lack of such records at the site 43 three-component time histories from other
countries are selected. The parameters for selection:are: focal depth from 0 to 15 km, expected
magnitude M=4.5 with variation of 0.5 (i.e. in magnitude range of 4 to 5), epicentral distance
from 0 to 30 km, and soil type “soft” to “average”. The acceleration response spectra of all
accelerograms are computed and then they are statistically processed. The ratio between the
maximum accelerations of horizontal to vertical components is- established to be 1.23. The
mean normalised response-spectra are scaled to Amax=0.16g for horizontal and Amax=0.13g
for vertical components. Those spectra are called “review” spectra and are shown in Fig. 1 and
Fig. 2. The vertical response spectrum due to the local earthquakes is larger than the RLE
spectrum and the higher frequency character of the near-field ground motion is clearly
expressed.

The review spectra are used as target spectra for generation of a three-component
acceleration time history [2]. The envelope of the time history is assumed to have a trapezium
shape with sides represented by square and exponential functions. A total duration of 20s and
2s duration of the intensive part of the accelerograms are accepted and three statistically
independent components are generated. Their acceleration response spectra for 5% damping
are shown in Fig. 1 (SINTH1, SINTH2) and Fig. 2 (SINTV).

The acceleration time histories generated on the free field surface are transferred to the
structure foundation level taking -into- consideration the modifying effect of the local soil
conditions. The soil characteristics as well as the strain compatible soil properties are
established experimentally. Applying the equivalent linear method a deconvolution procedure is
performed. The acceleration response spectra of the transferred acceleration time histories are
shown in Fig. 3 (SINTHI1 and SINTH2) and Fig. 4 (SINTV). They are compared with the
response spectra (design) of the RLE acceleration time histories also transferred to the
foundation level.

IN-STRUCTURE ACCELERATION RESPONSE SPECTRA

The structures of the main building of WWER-440 rcactor (units 1 to 4) are completely
different from those of the WWER-1000 reactor (units 5 and 6). 3D finite element models are
compiled for the two structure types. They are shown in Fig 5 (main building of units 1-4) [3]
and Fig. 6 (main building of units 5 and 6) [4]. A part of the equipment is included in the
models. The influence of the other part is taken into consideration by masses lumped at
different points of the main structure. The soil is represented by springs and dashpots. The
spring constants (soil stiffness characteristics) and the respective damping characteristics
(dashpots) are estimated using different methods.

The in-structure acceleration response spectra at many places important for the equipment
as well as for the structure itself are computed. The response spectra of the WWER-440
reactor structure at a nodal point of the respective model are shown in Fig. 7 and those of the
WWER-1000 reactor structure - in Fig. 8, In the same figures are given the response spectra
for RLE seismic characteristics called “design”. The analysis of the spectra shows that at many
places in units 1 to 4 (WWER-440) the maximum spectral acceleration of vertical component
due to local excitation exceeds the maximum of the spectra from RLE excitation (Fig.7). The
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Fig. 1. Free field acceleration response spectra from RLE (design) and local earthquakes,
damping 0.05, horizomtal components
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Fig. 2. Free field acceleration response spectra from RLE (design) and local earthquakes,
damping 0.05, vertical components
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Fig. 3. Acceleration response spectra at foundation level from RLE (design) and local
earthquakes, damping 0.05, horizomtal components
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Fig. 4. Acceleration response spectra at foundation level from RLE (design) and local
earthquakes, damping 0.05, vertical components

618



Fig. 6. 3D, FE model of VVER-1000 reactor main building, cross section
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horizontal components of the RLE spectra envelope the respective spectra from local
earthquakes at all places. The same is valid for all components at all places in the WWER-1000
reactor structure.

CONCLUSION

The response of the WWER-1000 and WWER-440 structures to seismic excitation is different.
The response of the WWER-1000 structure is influenced very strongly by the soil-structure
interaction. The local seismic excitation does not produce high accelerations in the structure
because of the radiation damping in the soil. The response of the WWER-440 structure is
determined mainly by the structure. modes-and the local earthquakes cause considerable floor
accelerations. The higher vertlcal components .of the local in-structure response spectra are
very important and they have to be considered for the seismic qualification of the equipment.

Acknowledgement: The research was supported in part by the National Foundation “Scientific
Investigations”, Ministry of Education, Science and Technology.

REFERENCES

1. Kostov, M. et al. 1995. C,bmputat’ion of the-structures of units 1-6, NPP Kozloduy for
seismic excitation from local earthquakes, Report RE/D-46, Risk Engineering LTD.

2. U.S. Nuclear Regulatory Commission 1989. Standard review plan, 3.7.1 - Seismic design
parameters.

3.-Kostov, M. et al. 1994. Seismic upgradmg of unit 1/2 of Kozloduy NPP. Proc.10ECEE:
2865-2870. Rotterdam: Balkema.

4. Kostov, M. et al. 1994. Probabilistic response and capacity evaluation of WWER-1000
reactor building, Kozloduy NPP. Proc. I0ECEE: 2871-2878. Rotterdam: Balkema.

622



