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1. INTRODUCTION AND OBJECTIVES

Upon the invitation of the Government of Bulgaria through the Committee of
Peaceful Uses of Atomic Energy and within the framework of the Technical
Assistance and Co-operation Programme between Bulgaria and IAEA for the Project
BUL/9/012 related to site and seismic safety of nuclear power plants, a Seismic
Safety Review Mission to assist in the evaluation of the design of seismic upgrading
for Kozloduy NPP was performed in Sofia from 19-23 October 1992. The mission
involved one staff member, A. Godoy (NENS-ESS) and two outside experts, Messrs.
D. Ma (USA) and C. Prato (Argentina).

The objectives of the mission were to assist the Bulgarian authorities in:

(a) The evaluation of the floor response spectra (FRS) of the Main
Buildings of Units 1-4 at Kozloduy NPP, calculated for the new defined
seismic parameters at site (Review Level Earthquake - RLE). These
FRS will be used for the seismic verification and upgrading of
components important to safety located in the indicated buildings;

(b) The evaluation of the remedial and strengthening measures proposed for
the seismic upgrading of the Pump House and Diesel Generator
Buildings to the new defined RLE. This upgrading is in the scope of
item HB of WANO 6 Months Programme, Phase 1, Tasks 1-2 and 2-1.

The basic criteria and methodologies for the design of the seismic upgrading of
structures and components important to safety at Kozloduy Units 1-2 were established
by an IAEA experts' team in April 1992 (BUL/9/012-17).

This mission completed the scope of a previous IAEA mission - BUL/9/012-
18b -(see Report 3262) performed from 3-7 August 1992, with regard to tasks which
were not evaluated at that time because they had not been finished. For the objective
indicated as (a) above it was also possible to follow up the recommendations given on
the same subject by that mission.

In addition to the above mentioned objectives, the IAEA staff member
discussed with the Bulgarian authorities the existing problems for the implementation
of the technical assistance for the equipment (seismic instrumentation) supply. This
involved the reconstruction of the strong motion seismic instrumentation at Kozloduy
plant (SIAZ System) and the installation of the seismological network around that
site.
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2. CONDUCT OF THE MISSION

The review was based on presentations and discussions with Bulgarian
specialists from the Central laboratory for Seismic Mechanics and Earthquake
Engineering (CLSMEE) and Energoproekt (EGP). No reports were presented in
advance to the mission.

The Mission Programme, the List of Participants and the Reports presented
during the meeting are given in Appendices I, II and III, respectively.

In the final closing meeting with Mr. I. Sotirov, Vice President of the National
Electricity Company, and Mr. Z. Boiadjiev of the Kozloduy NPP, the conclusions and
recommendations of the mission were given.

A

3. TECHNICAL FINDINGS

3.1. FLOOR RESPONSE SPECTRA OF MAIN BUILDING

1) Significant work has been conducted to obtain the Floor Response Spectra
(FRS) to seismic loads for the Main Building (Reactor-Intermediate-Turbine
Buildings) of Units 1-4. The following tasks have been carried out:

a) Deconvolution of free-field acceleration at the surface into various
possible levels of depth at which base rock will be assumed. This task
has been performed with soil-column models with program FLUSH,
using latest soil data for the site. From these analyses the bedrock is
assumed to be at 48 m for the purpose of modelling the soil-structure
interaction with programs FLUSH and PLUSH. This selection was
based on the principle that the resulting acceleration at bedrock level be
kept within physically plausible limits in view of the adopted free field
spectrum at the surface and at the same time include the most significant
layers of soil in the soil-structure model. As it stands in the model the vs

at the lowest level of the model is 630 m.5'1 up to 450 m.s'1 at the top.

b) Two-dimensional finite element models for programs FLUSH and
PLUSH were developed and processed with variants related to:

1) Beams along transverse direction in the Intermediate building
assumed hinged at ends;

2) Beams assumed fixed at ends;
3) Soil property represented by low-strain shear modulus at best

estimate values = Gav;
4) Soil properties: G = 0.5 Gav;
5) Soil properties: G = 2 Gav.

The models were processed with FLUSH and PLUSH programs, the first
to generate FRS using time history analysis and the latter with the direct
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method.

2) As suggested by the IAEA team in August 1992, comparisons were performed
between results given by the time history method and the direct method for FRS at
selected points in the turbine, intermediate and reactor buildings. As expected, the
two approaches give results in reasonable agreement for frequencies higher than 2 Hz.
For frequencies lower than 2 Hz, the results by the direct method exhibits peaks at 0.6
Hz both at 90% and 97% confidence level. Although this was attributed to the
characteristics of the formulation of program PLUSH in conjunction with the adopted
free field ground spectrum, the results should be checked for consistency. For point
408 the 90% and 97% confidence level curves cross at approximately 4 Hz and 10 Hz.
This result is not consistent and further emphasizes the need to identify the source of
possible error.

3) The effect of torsional eccentricity of the combined system was taken into
account by means of a 3-D finite element model of the structure assumed to be
supported with fixed base, run with the program STARDYNE. The seismic input for
this model at the structure base was taken as the envelope of FRS spectra for the two
horizontal and vertical directions obtained at the same elevations from the 2-D
models described before. The maximum accelerations at various levels of the turbine
hall for the longitudinal seismic input were calculated. The ratio of those
accelerations to the corresponding values for the 2-D longitudinal model was used as
an amplification factor to account for torsional effects for the FRS determination. A
value of 1.25 was adopted as a representative value for that factor.

4) The mission was provided with a copy of a three volume report on the work
performed so far with basic data, model configuration and summary of results. For
the points selected in accordance with suggestions of the IAEA team of August 1992,
envelope FRS were developed to include all variations in soil properties and beam
end conditions at intermediate building, both with time history and direct methods.

5) No radiation damping is allowed at the base of the model used. The effect of
this assumption may lead to conservative results, particularly in evaluating the
response to the vertical component of ground motion.

6) The final FRS consist of a set of horizontal and vertical floor response spectra
for various damping values at the locations specified. They were obtained from the
SRSS (Square Root of Square Summation) combination of the results of those
indicated variants. The team reviewed the three volume report of FRS generation.
The pertinent information of the 5% damping horizontal and vertical floor spectra at
various levels of the intermediate equipment building is summarized in Table 1
(Appendix IV of this Report). The horizontal spectra mainly contain four structural
frequency peaks at 1.4 Hz, 2.5 Hz, 5.5 Hz and 11 Hz. The frequency of 1.4 Hz
belongs to the fundamental mode of the main building in the longitudinal direction.
The frequency of 2.5 Hz is the fundamental mode of the main building in the
transverse direction. The mode at frequency of 11 Hz is believed to be the mode of
the rigid reactor containment. The mode with frequency of 5.5 Hz may be a higher
mode of the building in the transverse direction. The maximum spectral acceleration
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varies from 0.75g at a level of 6.3 m above ground surface to 1.9g at a level of
28.4 m. The maximum floor acceleration is 0.42g at 28.4 m.

The vertical floor spectra have a distinct structural frequency peak at 11 Hz.
This mode is the fundamental vertical vibration mode of the floor beams of the
intermediate building. The maximum spectral acceleration is 1.9g.

7) The 5% damping horizontal floor spectrum at turbine foundation (9.6 m above
ground) has a frequency peak at about 5.5 Hz. The spectral acceleration is 3g. The
vertical floor response spectrum is insignificant (peak spectral acceleration less than
0.3g).

The 5% damping horizontal spectrum at deaerator support (6 m above ground)
has peak spectral acceleration of 2.5g at frequency of 11 Hz. The vertical spectrum is
insignificant (peak spectral acceleration less than 0.3g).

The 5% damping horizontal and vertical floor spectra at reactor block (10.5 m
above floor) have low peak spectral acceleration (less than lg). It is primarily
dominated by the mode at frequency of 11 Hz.

The 5% damping horizontal and vertical spectra of the boron injection
recirculation pump (9.0 m below ground surface) has low spectral acceleration (peak
spectral acceleration less than 0.5g).

The horizontal spectrum of the control room (10.5 m above ground surface) has
peak spectral acceleration of 0.6g at frequency of 2.4 Hz. The vertical spectrum has
also a peak spectral acceleration of 0.6g, but at frequency of 16 Hz.

Table 2 (Appendix IV of this Report) contains a summary of the floor response
spectra mentioned above.

3.2. UPGRADING OF PUMP HOUSE BUILDING

The layout for the seismic upgrading of the structure of the pump house was
presented. After considering other alternatives, the selected scheme is as follows:

1) Transverse steel frames spaced at 4.5 m in the longitudinal direction on
one side of the building. These frames are anchored to the massive
concrete shear walls below ground level. The strengthening and
stiffening effect of these frames on the original reinforced concrete
structure is achieved through a longitudinal steel beam and appropriate
connections.

2) Four steel trusses, two on each side of the building, supported at the
base of the lower level, are proposed to assist the existing reinforced
concrete columns in bearing the longitudinal seismic forces.
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A proposal is presented to provide lateral bracing of the roof system in
the longitudinal direction.

3.3. UPGRADING OF DIESEL GENERATOR BUILDING

The scheme adopted for seismic upgrading was presented. It consists of the
following measures:

1) Eight steel bracing trusses are introduced in the longitudinal direction;
2) For the transverse direction, preliminary analyses suggest that the line of

double columns that separate the long span from the shorter one should
be connected for the purpose of resisting seismic loads, possibly by
providing a reinforced concrete jacket to every pair of columns;

3) The prestressed, precast reinforced concrete roof panels are to be
replaced by a lighter steel roof truss system with a light enclosure.

1

3.4. RECONSTRUCTION OF STRONG MOTION SEISMIC
INSTRUMENTATION (SIAZ SYSTEM) IN UNITS 1-4

The progress of the reconstruction work on the SIAZ System at Units 1-4 was
discussed during the meeting, taking into account the findings and conclusions of last
mission (see Chapters 3.4. and 4.5. of Final Report of task BUL/9/012-18, 3-7 August
1992) and the developments since that time.

The present situation was summarized by the IAEA representative as follows:

a) The Agency has supplied the required spare parts and new equipment in
a timely manner as was agreed and planned in August 1991.

b) Cost-free assistance from Kinemetrics in order to train Bulgarian
specialists on the data collection and processing system supplied was
canceled due to several postponements of the scheduled training course.

c) The sensors (strong motion accelerometers, SSA-2) are not yet installed
in the field and important records could be missed if an earthquake
occurs. The computer software and hardware have also not been put
into place.

d) The IAEA has been informed of a substantial delay in the execution of
the works at the site (civil works and electrical erection) for the
reconstruction of the SIAZ System.

e) Neither the official confirmation of the receipt of spare parts, new
equipment and computer software and hardware, as was requested in the
last mission, nor the final adopted layout and design drawings of the
planned reconstruction have been sent to the Agency.

The Bulgarian representatives recognized that delay in the implementation of
this project is due to serious problems of organization and co-ordination among the
Bulgarian parties involved. The schedule for the construction of stations in the free-
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field, the electrical erection and the installation of equipment, was agreed last August.
The civil works have seen some progress since that time and the contract for the
electrical erection was signed during the week of this meeting. Details of this progress
were provided. It was mentioned that the computer hardware and software (PC,
Digitizing System and Seismic Work Station) are at the Department of Water and
Building Structures of Kozloduy NPP. The Technical Manager of that Department is
Mr. Milan Milanov, who pointed out that the indicated equipment had not been used
up to now and that their specialists had familiarized themselves with the user manuals.
In this regard it should be mentioned that that Department is the organizational unit
of the plant with responsibility for the data collection and data processing of the
system.

During the meeting the criteria for the arrangement of the four new SSA-2 was
agreed, which will be installed as follows:

* one in the free field;
* two in the basemat and a representative elevation of the Units 1-4;
* one in the basemat of the Reactor Building of Unit 5.

As result of the meeting it was agreed:

1) To prepare and to send to the Agency a Status Report, informing in
detail about the progress of the work at site.

2) To co-ordinate the arrangement and location of SIAZ strong motion
accelerograms with the organizations (CLSME and Energoprojekt)
involved in the determination of seismic floor response spectra and
structural behaviour for Units 1-4.

3) To speed up the reconstruction work at the site and to review the
progress during the next mission (BUL/9/012-19, 16-20 November 1992).

4) To discuss the criteria for the automatic shutdown of the plant with
Prof. H. Shibata during next mission in order to consider the existing
background and the new defined Review Level Earthquake for the
Kozloduy site.

3.5. LOCAL SEISMOLOGICAL NETWORK

As was done for the SIAZ System above, the situation concerning the
deployment of a local seismological network around the site was reviewed during the
meeting (see Chapters 3.5. and 4.6. of Final Report of task BUL/9/012-18, 3-7 August
1992).

A summary was given by the IAEA representative, as follows:

a) The complete technical Report, as was indicated in (4), Chapter 3.5. of
the above mentioned Final Report, was not sent to the Agency by 5
September 1992 as promised.

Ï
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b) The signed agreement between the involved Bulgarian organizations to
carry out the project was also not sent to the Agency.

c) The present delay and the lack of a clear technical proposal and of a
contractual agreement to implement it can jeopardize the supply of
equipment by the Agency for that purpose.

d) With regard to the technical proposal, it is not known if the
recommendations of the previous mission to simplify the proposed
network have been taken into account.

Bulgarian representatives mentioned the following developments:

The Geophysical Institute (GI) prepared a complete Report, which was
presented to the National Electricity Company (NEC).
The contractual arrangements have been discussed between GI and
Kozloduy NPP, but no final decision was made.
The total cost of the network would be about 15 million Leva (or
approximately US$ 700.000) for the design, construction, supply of
import and national equipment, installation, calibration, tests and
training, for a total duration of 18 months.
It was mentioned that Kozloduy NPP considers that the indicated cost is
higher than expected and does not reflect the recommendation to build a
less sophisticated network.

As result of the meeting it was agreed that the deadline to define the final
technical solution and the contractual arrangements between the Bulgarian
organizations will be 20 November 1992. If there is an additional delay in this matter,
the start of procurement of equipment by the Agency cannot be performed before the
end of the current year, with all the implications that this would have.
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4. CONCLUSIONS AND RECOMMENDATIONS

4.1. GENERAL

This mission completed the scope of a previous IAEA mission (BUL/9/012-18,
3-7 August 1992) in order to assist the Bulgarian Authorities in the evaluation of the
design of the seismic upgrading works at Kozloduy NPP (Units 1-2) presently under
way. The determination of the floor response spectra to the new defined seismic
actions for the Main Building and the remedial and strengthening measures proposed
for the seismic upgrading of the Pump House and Diesel Generator Building were
evaluated by the experts. Substantial work has been performed in this regard by the
involved Bulgarian organizations and specialists with a high degree of professionalism.

The existing problems for the implementation of the IAEA technical assistance
for the equipment (seismic instrumentation) supply, were also discussed during the
meetings. Significant corrective actions by the Bulgarian Authorities were
recommended in this regard in order to overcome these problems.

Specific conclusions and recommendations are given below.

4.2. FLOOR RESPONSE SPECTRA

It is concluded that:

1) The procedures used to determine FRS and implementation for the
selected points are considered acceptable. The envelope spectra
presented, which include variations in soil and structure parameters and
methodology (direct and time history analyses), should provide
reasonably conservative FRS. The relatively large spectral ordinates fci
frequencies less than 1 Hz can be attributed to the particular free field
response spectrum adopted for the site.

2) The direct method for determination of FRS as presented to the mission
is a valid alternative to the time history approach for deriving FRS at
other points of the structure.

It is recommended that:

1) Frequency peaks at 11 Hz in nodes 201, 203 and 205 located in
structures should be checked.

2) The data used for derivation of FRS of point 408 by direct method
should be checked for consistency (basemat of reactor confinement -
Main Reactor Building, page 177 of Volume II)..

3) The valleys that some of the broadened FRS exhibit at some frequency
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ranges should be eliminated by further smoothing for seismic upgrading
of the installations.

4) The frequency of the individual floor beams in the intermediate building
should be examined in detail based on the actual equipment weight and
beams sizes and compared with that obtained from PLUSH model.

5) It should be investigated whether there is a torsionai effect in the turbine
platform foundation.

6) The numerical values of peak frequency range in the floor response
spectra based on 15% broadening scheme should be checked.

7) An explanation should be included in the report on the high
amplification in the low-frequency region of the floor spectra.

8) It should be demonstrated that stress levels in the structure are such that
the damping values used compV with the recommendation of the
previous IAEA mission (BUL/9/012-18) in this regard.

t

4.3. UPGRADING OF PUMP HOUSE BUILDING

It is concluded that:

The proposed scheme for upgrading is regarded as an adequate
alternative. Preliminary calculations seen support its viability. The
connection of the proposed steel frames to the existing structure leads to
acceptable solutions.

It is recommended that:

Documentation supporting the proposed upgrading scheme should
conform with standard practice of quality control for safety related
structures.

The share of the seismic load to be attributed to the steel frames and
trusses in parallel with the existing structure used for strengthening
should be carefully evaluated, accounting for the level of deformation of
the combined system.

4.4. UPGRADING OF DIESEL GENERATOR BUILDING

It is concluded that :

The proposed scheme for upgrading is regarded as a possibly viable
solution to be studied and developed in further detail.
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It is recommended that special attention should be given to:

The evaluation of the seismic load sharing between the existing and new
structural components.

The existing cracks in the building, which should be considered in the
final analysis.

The existing masonry walls with the potential to produce interaction
effects.

V-

4.5. RECONSTRUCTION OF SIAZ SYSTEM (UNITS 1-4)

1) In spite of the prompt supply by the Agency of the required spare parts
and equipment, there has been a considerable delay in the execution of
the works at site. A detailed description of the problems is given in
Chapter 3.4. of this report.

2) As result of the meeting it was agreed:

To prepare and to send to the Agency a Stfus Report, informing
in detail about the progress of the work at site, as was reported
during the meeting.
To co-ordinate the arrangement and location of SIAZ strong
motion accelerograms with the organizations (CLSME and
Energoprojekt) involved in the determination of seismic floor
response spectra and structural behaviour for Units 1-4.
To speed up the reconstruction work at site and to review the
progress during the next mission (BUL/9/012-19, 16-20 November
1992).
To discuss the criteria for the automatic shutdown of the plant
with Prof. H. Shibata during the next mission in order to consider
the existing background and the new defined Review Level
Earthquake for the Kozloduy site.

3) The conclusions and recommendations provided in the Final Report of
the previous IAEA mission (Chapter 4.5. - Report 3262) should also be
taken into account, mainly the following:

official confirmation is required of the receipt of the equipment
supplied by the Agency;
information is required on the final adopted layout and design
drawings;
technical qualification and training of the personnel staff with
responsibility for the data collection and processing at the plant
are necessary.
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4.6. LOCAL SEISMOLOGICAL NETWORK

1) No substantial progress since the previous mission was reported.

2) There is no evidence of compliance with the recommendations of the
Agency's experts with regard to the simplification of the technical
proposal as was pointed out in previous mission.

3) If the technical proposal and the contractual agreement between the
Bulgarian organizations are not defined and agreed with the Agency's
experts by late November, the procurement of equipment by the Agency
cannot be commenced during the current year.
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PROJECT: BUL/9/012-18b
APPENDIX I

PROGRAMME OF THE MISSION

Saturday. Sundav/17.18 October 1992: Arrival of experts

Monday. 19 October 1992:

09:30 - 17:00 Technical discussions on the FRS determination for Main
Building

Tuesday. 20 October 1992:

09:00 - 12:00

14:00 - 17:00

Technical discussions on the structural analysis of the existing
and proposed upgrading for Pump House

Review Pump House Upgrading Report

Wednesday. 21 October 1992:

09:00 - 13:00 Technical discussions on the structural analysis of the existing
and proposed upgrading for the Diesel Generator Building

16:00 - 18:00 Continuation of discussions on the FRS determination for the
Main Building

Thursday. 22 October 1992:

09:30 - 14:00 Meeting in Geophysical Institute to discuss the situation of the
IAEA technical assistance for the equipment (seismic
instrumentation) supply
Preparation of the final report by experts

16:00 - 18:00 Continuation of discussions on FRS, Pump House and Diesel
Generator Building Upgrading

Friday. 23 October 1992

10:00 - 12:00 Closing meeting with authorities from National Electricity
Company and Kozloduy NPP
Conclusions and recommendations of the mission
Departure of experts
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LIST OF PARTICIPANTS

IAEA Experts

1. Mr. David H.

2. Mr. Carlos Prato

3. Mr. Antonio Godoy (from 21-23 October 1992)

Bulgarian Experts

4. Prof. Ivan Sotirov., Vice President NEC A.S. (closing meeting)

5. Dr. Zahari Boiadjiev, Manager Kozloduy NPP (closing meeting)

6. Mr. Marin Rostov, CLSMEE-BAS

7. Ms. Haritina Boncheva, CLSMEE-BAS

8. Mr. Dimitar Stefanov, CLSMEE-BAS

9. Ms. Vessela Mihailova, EGP

10. Mr. Gentcho Markov, EGP

11. Mr. Tsocho Petkov, EGP

12. Mr. Dimitar Dinkov, NEC

13. Mr. Artin Mamian, EGP

14. Mr. Bogdan Dobrev, CPUAE

15. Mr. M. Milanov, Manager Kozloduy NPP

16. Mr. T. Ralchovsky, Geophysical Institute

17. Mr. S. Satchansky, BRI
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1.3 - VOLUME III - CONCLUSION - October 1992

1 )

I I - SEISMIC UPGRADING OF PUMP HOUSE NO. 1

INTERIM REPORT - August 1992
Tasks 1-2, 2-1, Item HB, Kozloduy NPP - Units 1 and 2
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Table 1. Horizontal and Vertical Floor Spectra (5% damping) of Interroediite Equipment Building

Level Above
| Ground fmeter)

. 2S.4 meters
(node 276)'

21.8 meters
(node 278)

14.5 mttcrs
: (node 280)

30.5 meters
j (node 282)

6.30 meters
1 (node 284)

Horizontal Spectra

ZPA of Floor
Spectra (g)

0.42 g

0.375 g

0.35 g

0.35 g •

0.34 g

Major Peak Frequencies
and Spectral Acceleration

1.9 g at 1.4 Hz
1.6 g at 5.5 Hz
1.4g at 1 5 Hz

1.3 g at 11 Hz
Ll g at L4 Hz
1.1 g at 15 Hz

1.1 g at 11 Hz
1.0 g at 2S Hz

1 g at 11 Hz
1 g at 2.5 Hz

0.75 g at 11 Hz

Vertical Spectra

ZPA of Floor
Spectra (g)

0.3 g

0-25 g

0.25 g

0.35 g

0.25 g

Major Peak Frequencies
and Spectral Acceleration

1.9 g at 11 Hz

13 g at 11 Hz

1.25 g al 11 Rz

1.5 g at 11 Hz

1.25 g at 11 Hz

m

l
•o PI
O M

II

flO
M ^
M

O

I

2

"Node number of FLUSH/PLUSH modeL
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Table 2. Summary of Horizontal and Vertical Floor Response Spectra
(5% equipment damping) at Various Locations

Location

turbine foundation
9.6 above ground

deaerator support
6 m above ground

reactor block
10.5 m above ground

boron injection recirculation
pump 9 m below ground

control room
10.5 m obove ground

Horizontal Spectra

Frequency Peak and
Spectral Acceleration

3 g at 5.5 H2

2.5 g at 11 Hz

1 g at 11 Hz

insignificant, peak spectral
acceleration less than 0.5 g

0.6 g at 2.4 Hz

Vertical Spectra

Frequency Peak and
Spectral Acceleration

insignificant, peak spectral
acceleration less than 0.3 g

insignificant, peak spectral
acceleration less than 0.3 g

Insignificant, peak spectral
acceleration less than 0.5 g

insignificant, peak spectral
acceleration less than 0.5 g

0.6 g at 16 H2

i 1

O K>

It
in 93
PJ cnn cA r

PIz
.pi
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