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1. Introduction

Units 5 and 6 of NPP Kozloduy are of types WER 1000, designed according
former Russian seismic specifications. Peak ground accelerations had been
assumed to be 0.1 g for concrete structures and component supports, 0.2 g
for piping systems and 0.4 g for safety relevant components.

In 1992, the IAEA, Nuclear Safety Division has started a Coordinated Re-
search Project (CRP) to investigate the seismic safety of Units 5 and 6 of NPP
Kozloduy. A group of specialists from western corporations (Siemens, Westing-
house, etc.) and institutes in Eastern European countries are involved in
analysing relevant systems resulting in upgrading measures for withstanding
appropriate levels of seismicity according to western standards.

In a first step, peak ground accelerations have been investigated using recent
local seismic information and new methologies. As a result, the peak ground
acceleration has been established at a level of 0.2 g. This means that some of
the equipment and concrete structures may not be safe enough with respect to
a seismic event.

Within the frame of this CRP, and for the selected site of NPP Kozloduy, a
Swiss team together with Bulgarian specialists has been commissioned by
Natsionalna Elektrichevska Kompania AD, Sofia, to evaluate the seismic capa-
city of part of the relevant piping systems, of the containment prestressing and
of the steel ventilation chimney.

The project team consisted of

Stiissi & Partner, Zurich

Basler & Hofmann, Zurich

Resonance SA, Geneva

NPP Kozloduy

Building Research Institute, Sofia

Task 1: Project management
Task 2: Piping analysis

Task 3: Containment prestressing incl.
monitoring system

Task 4: Steel ventilation chimney

Task N1: Site coordination
Task N2: As built information
Task N3: Review of results

Task B l : Coordination
Task B2: Diesel Generator Building
Task B3: Design criteria for structures
Task B4: Piping support capacity
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Further contributions have been provided by

IAEA, Vienna General Coordination of tasks

Siemens, Offenbach Seismic input and seismic building analysis

Westinghouse, Brussels Identification of relevant piping systems

Atomenergoproject, Moscow Specific Component data (not available
at NPP)

Stevenson & Assoc, Cleveland Unified Criteria for Seismic upgrades

From the beginning, it was intended to integrate internationally recognized
experts in order to provide reasonable safety levels for minimal cost.

The main steps in this research phase have been

1. Establish analysis specifications (January 1995)
2. Analysis of structures and components, recommendation of upgrade

measures (October 1995)
3. Analysis of piping support capacity (December 1995).

All results have been reviewed and commented by NPP Kozloduy.

In the following paragraphs, the main results of the research are summarized.
In addition the project continuation for 1996/97 as recommended by NEK is
presented.
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2. Piping systems

2.1 Introduction

The Kozloduy power plant was initially designed considering a low seismic input
(O.lg peak ground acceleration). However, only buildings were designed for
O.lg whereas piping systems were designed for 0.2g and components for
0.4g. The anchorage of piping systems and components was considered part
of the building ana checked against O.lg. The reevaluation of the Kozloduy
site resulted in an increased input level or 0.2g. A reevaluation of the piping
systems and in particular of the piping supports became neccessary.

2.2 Systems Analyzed in Project Steps 1 to 3

A set of representative systems was selected for the project steps in 1995.
The following subsystems were examined:
- Main Coolant Loop Piping
- Pressurizer System Piping
- Safety Injection Systems Piping
- Emergency Feedwater Systems Piping
Additional systems should be verified in subsequent project steps.

2.3 Modelling and Analysis Principles

The criteria for the analysis and strength verification elaborated by Stevenson
& Associates for the IAEA project on upgrading of existing eastern european
nuclear power plants [ref. 1 j were used as basis of the current analysis.

The building response to the site specific seismic motion was provided by Sie-
mens KWU. The piping systems were subjected to realistic multi support input
motions and the computations were performed in the time domain, thus
escaping the use of conservative quadratic combination schemes. The numeri-
cal computations were performed with the general multiple purpose finite
element software MARC/MENTAT.

2.4 Piping Systems Seismic Capacity Assessment

Stress verification of piping components was performed following the ASME
code level D as suggested in [ref. 1 ]. The conformity of the Russian piping
elements to the ASME standards should be verified in a subsequent project
step. A detailed evaluation of specific piping components (branchings, nozzles)
is planned for a later stage.

All the larger diameter piping systems, and in particular the reactor main
coolant loops show hiqh safety margins. For several smaller diameter systems
however, the computed stresses exceed the capacity of the material. For four
of the examined systems, upgrades are necessary.
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2.5 Upgrade Recommendations for Piping Systems

The simplest and most economical upgrades have been selected. For the four
systems needing upgrades, a solution can be found using 5 high viscous dam-
ping devices and 2 mechanical snubber which results in very low costs for the
upgrading.

2.6 Seismic Capacity of the Piping System Anchorage

Verification of the support strength and anchorage capacity was performed
by the Bulgarian Building Research Institute in Sofia using the support loads
computed By Stussi&Partner. The verification is based on relevant Bulgarian,
Russian ana international norms. The applicable load combination for piping
supports includes weight, thermal expansion and seismic loads.

Sufficient safety margins are obtained for all but two anchorage locations. The
anchorage of the main coolant pumps is heavily loaded due to the thermal
expansion from 20° C to the operating temperature of approximately 300° C.
An inspection of the as-buit configuration is necessary for a final decision.

The capacity of the intermediate steel constructions and of the hangers has to
be based on as-built conditions and cannot be undertaken before the next
revision period of the reactors.

2.7 Upgrade Recommendations for Anchorages

One or two fixed supports should be replaced by snubbers. Eventually the
anchorage of the main coolant pumps should be upgraded by additional
concrete anchors if the existing anchor bars are not sufficient (to be checked
on-site).

2.8 Conclusions

A representative selection of important piping systems and corresponding
supports has been analyzed in 1995. The seismic safety of the systems
appears satisfactory if some minor upgrades are realized. The work done so
far shows that substantial improvements can be obtained with low cost for
upgrades. This suggests an extension of this project for all the remaining safety
relevant piping systems.

2.9 Reference

[1] Stevenson & Associates
Suggested Unified Criteria to be Used in Seismic Evaluation and Potential
Design Fixes for the WER Nuclear Power Plants
Draft edition, 1 Oth of June 1994
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3. Containment Prestressing

3.1 Specification

Objectives

The capacity of the prestressed concrete shell of the reactor building
containment of unit 5 (WER-1000) has to be assessed for the relevant loading
conditions. The analysis shall use a state-of-the-art structural model and
address mainly the global stress distribution in the containment shell and the
prestress tendons. Special attention is given to the accident loads from the
Loss of Coolant Accident LOCA and the Safe Shutdown Earthquake SSE.

All available information of the measurements of tendon forces and containment
shell stresses shall be considered for the assessment.

Load Combinations

Based on the recommendations of IAEA Safety Guide 50-SG-D15 the following
load combinations with accident conditions are defined:

Seismic: Dead Load + Prestressing + SSE
LOCA: Dead Load + Prestressing + LOCA
Seimic and LOCA Dead Load + Prestressing + LOCA + 1 /2 SSE

The assumed prestressing forces are reduced from the design force of 10 MN
to 8.5 MN in each tendon, considering the expected prestress losses.

Design Philosophy

Under the design loads - except for the temperature in the LOCA loadcase -
the containment shell shall not show any sign of cracks, which means that
there are no significant tension stresses in the concrete. A liner inside of the
containment prevents it from leaking. Minor local cracks may be accepted
under the condition that they are not through cracks.

Allowable stresses

The allowable material stresses in the concrete, the reinforcing steel bars and
the tendons are defined according to international common practice of safety
factors and Bulgarian material standards. The assessment is mainly based on
the requirement of tension stresses less than 1.2 MPa and compression
stresses below 19 MPa in the concrete shell.
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3.2 Analysis and Results for Containment Capacity

Analysis model

A state-of-the-art three-dimensional shell model for the shell structure consisting
of the containment wall and the dome was developed and used for the
analysis of the stresses due to dead load, prestressing and LOCA. The linear
static analysis is carried out with a standard computer code applying the
widely used Finite-Element-Method.

The forces from seismic events are taken from the recent dynamic seismic
analysis by Siemens-KWU. They are combined according to the specified load
combinations.

Concrete Compression

For all the load combinations the concrete stresses in the shells are found to
remain within the allowable limits, they do not exceed 19 MPa. Peak values in
the analysis are 16 MPa, which is 15% below the allowable stress. This means
that the applied prestressing forces are well balanced, they do not overstress
the wall ana the dome.

Concrete Tension

Tension stresses in the concrete shell for the most challenging load com-
binations with LOCA will be higher than the concrete's tension strength.
Therefore local cracking of the concrete at its outer surface is expected.
Such cracking will not cause substantial structural failure. The local cracks may
be tolerated, because

- the cracks are not passing the entire wall
- the tightness of the containment is provided not only by the uncracked part

of the concrete wall, but mainly by the steel liner at the inner face, acting
as a leakage barrier

- tension forces are hold by the reinforcing steel bars
- cracking reduces the wall stiffness, which causes a favourable stress

release.

Judgment of Analysis Results

The analysis results are partially verified with comparisons to the measured shell
stresses. It is concluded that the prestressing forces are adequately designed
to cover the governing loads in case of a LOCA. Seismic forces are less
challenging for the containment capacity.

Local structural details and discontinuities are not investigated in this general
assessment.
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Special Construction Features of Tendons:
Irregular Wire Stress Distribution

The stress distribution within the tendon to the numerous wires is in critical parts
of the tendon inhomogeneous. This is due to the small curvature radius in the
anchoring parts and due to the friction between the wires and between the
wires ana the channel tubes. Further potential weakpoints are the connections
between the wires at their ends.

As a consequence single wires can be overstressed and fail even if the tendon
as a whole is stressed within the acceptable design limits. The wire ruptures
experienced within periodic tendon retensioning programs are explained with
these effects.

3.3 Conclusions, Upgrade Recommendations

It is concluded that the prestressing system is adequately designed for the
specified load combinations, as far as the overall prestressing forces in the
tendons are concerned. Nevertheless the reliability of the tendons in case of
an accident is judged to be endangered by unfavourable construction
features.

It is therefore strongly recommended to replace the tendons in steps. As a first
step a modern tendon construction with straight wires in the anchoring part
shall be designed, without giving up the positive features of the existing tendon
system, such as inspectabifity and retensionabilify. A pilot series of the most
questionable tendons - with applicable tension forces far below 10 MN - shall
be replaced and experience shall be gained to initiate further steps.

It is recommended to upgrade the existing monitoring system. It shall become a
powerful tool, able to detect potential tendon failures and to assess the stress
distribution in the containment shells.
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4. Steel Ventilation Chimney

Objective

Beside the containments of units 5 and 6, there are identical ventilation
chimneys, consisting of two concentric steel pipes, with an elevation of 103 m
above the main building roof. The chimneys themselves are not safety relevant
in itself. However, if they fail, they might fall onto the containment, the main
building or the diesel generator building.

The seismic behaviour of the chimneys has been analysed. Since they turned
out not to sustain the new SSE design earthquake, potential safety relevant
damages due to the collapsing chimney were further investigated. Limited up-
grading measures will be necessary.

Basic Data and Analysis Specifications

The chimneys are laterally supported by a spatial steel truss structure.
Drawings and material parameters were available for all steel constructions. As
far as could be verified by a visual check in spring 1995, the as-built situation
corresponded to the available drawings. No satisfactory drawings of the
anchorage within the concrete could be found, but this lack of information
turned out to be of minor importance.

Whereas full information about the reinforcement of the containment walls
were available, reinforcement plans of the roof of both the main building and
the diesel generator building were somewhat ambiguous. However, by means
of limit considerations and reasonable conservative assumptions, it was possible
to get unambiguous results.

Seismic Analysis

The main calculations were done for the structure's gravity load, thermal
stresses and the new design seismic load on SSE-level. The seismic behaviour
of the chimney was investigated by means of a spectral analysis that used
peaks broadened floor response spectra calculated by SIEMENS.

It turned out that the chimney would not sustain the SSE due to elastic buckling
of the upper most truss bars.

The chimney principally sustains an OBE, although the usual global margins for
on OBE of about 1.3 for steel constructions is not respected.

Impact Analysis of the Falling Chimney

The potential impact of the collapsing chimney on safety relevant buildings was
analysed for two very pessimistic "worst case scenarios". The consequences
of these impacts were studied based on fundamental physical principles and
methods of dynamic plasticity. Two potential failure modes of the roofs were
studied: Punching, a rather brittle process, and plastic bending, a more ductile
failure provided that the concrete is reasonably reinforced.
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A nominal safety factor of 1.3 was found for the containment dome; its role as
a tight leakage barrier would never be impaired. In contrast, it was found that
the 0.60 m slab of the main building roof could be bent to total collapse as
well as punched so that safety relevant items on the upper most levels of the
main building could be destroyed.

The roof of the diesel generator building is safe. The distance from the main
building excludes any impact in the chimney's axial direction, and when striking
at an oblique angle, the chimney itself is an easily derormable structure.
However, it cannot be excluded that small concrete particles might scab from
the roof's lower face.

Recommendations for Upgrading

A conventional reinforcement of the chimney would need very extensive work,
because many elements are too weak in the case of a SSE. It seems more
reasonalbe to heavily reinforce the main building roof above all safety relevant
items or safety relevant passages that must remain open. However, unrealisti-
cally heavy reinforcements would be necessary for the worst case scenarios
as studied so far. It is therefore recommended to re-evaluate a more realistic
worst case for the design of the reinforcement of the main building roof.
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5. Proposal for Project Extension

In order to reach the envisaged safety level, the recommended upgrade
measures have to be realized and the remaining piping systems have to be
analysed. It is proposed that this further work is performed by the Swiss team,
together with local Bulgarian support, through extension of the actual project
in 1996 and 1997 (phase 2 of the project). The IAEA recommends this project
extension strongly. The general project scope is described as follows:

Task 1: Project Management

Task 2: Piping support structures:
Redesign and upgrade piping support structures

Task 3: Containment prestressing:
Design and delivery of 4 prototype tendons
Improvement of existing monitoring system

Task 4: Piping Systems:
Seismic capacity evaluation and upgrading of remaining piping
systems

Task 5: Consolidation of IAEA Results:
Consolidation of all IAEA results for piping systems incl.
components and tanks

The total cost is estimated at CHF 950'000.--.



NEK, Seismic Safety NPP Kozloduy Management Summary 31.1.96 page 13

6. Summary

Units 5 and 6 of NPP Kozloduy have been designed initially for seismic levels
which are considered too low today.

In the frame of an IAEA Coordinated Research Programme, a Swiss team has
been commissioned by Natsionalna Eiektricheska Kompania, Sofia, to analyse
the relevant piping system, the containment prestressing and the steel
ventilation chimney and to recommend upgrade measures for adequate seismic
capacity where applicable. Seismic input had been specified by and agreed
upon earlier by IAEA experts.

The necessary investigations have been performed in 1995 and discussed with
internationally recognized experts.

The main results may be summarized as follows:

Upgrades are necessary at different piping supports (additional snubbers or
viscous dampers). These fixes can be done easily at low cost.

The containment prestressing tendons are adequately designed for the
specified load combinations. However, unfavourable construction features
endanger the reliability. It is therefore strongly recommended to replace the
tendons stepwise and to upgrade the existing monitoring system.

Finally, the steel ventilation chimney may not withstand a seismic event,
however the containment and diesel generator building will not be destroyed
at possible impact by the chimney. On the other hana, the roof of the main
building has to be reinforced partially.

It is recommended to continue the project for 1996 and 1997 to implement the
upgrade measures mentioned above, to analyse the remaining piping systems
ana to consolidate all results obtained by different research groups of the
IAEA programme with respect to piping systems incl. components and tanks.
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1. Project Organization and Schedule

Contract between NEK and S&P, B&H, RSA
Study in 3 Stages, CHF 550'000 (CHF 80'000 for Bulgarian Team)

Stage 1: 1.1.-30.10.94
Stage 2: 1.11.94-30.6.95
Stage 3: 1.7.-31.12.95

Main Contributors
Swiss Team:

Stiissi & Partner, Zurich
Basler & Hofmann, Zurich
Resonance SA, Geneva

(Mechanical Engineers)
(Civil Engineers)
(Civil Engineers)

Bulgarian Team:

Further Contributors
IAEA
Siemens
Westing house
Atomenergoproject
Academy of Science

NPP Kozloduy
Building Research Institute

General coordination of tasks
Seismic building analysis
Identification orrelevant piping systems
Specific component data (not available at NPP)
Floor response spectra for comparison purposes
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Main Tasks and Contributors

! i

PLRKTOPHOE OTQEHEHME

: '• r--A

0.1 g =|>0.2g

Seismic Upgrading of NPP Kozloduy
Units 5 a n a o

• \l ii. -••-.(• ; '.fey-lK: "

Swiss Team:

Task 1 Coordination Swiss team
Task 2 Piping systems
Task 3 Containment prestressing
Task 4 Chimney failure

Bulgarian Team:

Task NT Site coordination
Task N2 As built information
Task N3 Review of results

Task B1 Coordination Bulg. Team
Task B2 DG building
Task B3 Design criteria structures
Task B4 Piping support capacity

S&P
S&P
B&H
RSA

NPP
NPP
NPP

BRI
BRI
BRI
BRI
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2. Swiss Team Contributions

Task 1 Coordination

Stage 1 Project definition

Stage 2 Project management of Swiss team contributions
Quality assurance
Discussion with AEP (input piping systems, analysis specifications)
Presentation at NEK, NPP, HSK, BAWI
Participation at CRM IAEA

Stage 3 Project management of Swiss team contributions
Quality assurance
Presentation at NEK, NPP, HSK, BAWI
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Task 2: Definition Design Levels AEP
. existing: . Components

. Piping

. Supports

a
a
a

0.4 g
0.2 g
0.1 g

. new: . Components, Piping, Supports a = 0.2 g

System Analysis
. Stress verification in piping according to "Unified

Criteria"
. Evaluation of support loads

Piping Systems to be analized
. According to recommendations of Westinghouse

in agreement with NPP Kozloduy

. Stage 2: . Main coolant loop
. Hydroaccumulator lines
. Pressurizer lines
. TQ22 and TQ23 lines

. Stage 3: . TQ12, TQ24, TQ40 lines
.TX10,TX20 lines
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Task 2: Analysis of Piping Systems

- Data from . NPP Kozloduy
.AEP

- Soil-building model from Siemens (3 Soil
characteristics)

- Input motion from Siemens (6 Components)
• Analysis with FE-System MARC

. Seismic response . Integrated model
. Time domain

. Static response . Dead load
. Thermal load
. Pressure load

- Results
. Piping system frequencies
. Reaction forces on supports as input for stress
verifications of support anchors

. Component displacements and accelerations for
comparison purpose with other analysis

. Stress verification in pipings using ASME code
level D

. support capacity verification done by BRI

. recommendations for upgrade measures
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Task 2: Results Stage 2
Piping System Frequencies

Piping systems

Main coolant
loop

Hydroaccumu-
lator lines

Pressurizer line
to loop 1

Pressurizer line
to loop 4

TQ22 lines

TQ23 lines

Relevant eigenfrequencies

1 st eigenmode

9.28 Hz

1.80 Hz

3.75 Hz

5.55 Hz

1.90 Hz

1.93 Hz

2nd eigenmode

9.62 Hz

1.86 Hz

4.06 Hz

9.27 Hz

2.38 Hz

2.41 Hz
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Task 2: Results Stage 3
Piping System Frequencies

Piping systems

TQ 12 lines

TQ 24 lines

TQ 40-43 lines

TX 11 line

TX 12 line

TX 13 line

TX 14 line

TX 20-22 lines

Relevant eigenfrequencies

1 st eigenmode

2.06 Hz

2.03 Hz

0.79 Hz

0.87 Hz

0.70 Hz

1.01 Hz

0.92 Hz

0.64 Hz

2nd eigenmode

2.84 Hz

2.39 Hz

1.57 Hz

1.24 Hz

1.31 Hz

2.09 Hz

1.85 Hz

0.81 Hz
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Task 2: Results Stage 2
Accelerations on Components

Piping systems

Main coolant
loop

Hydroaccumu-
lator lines

Pressurizer line
to loop 1

Pressurizer line
to loop 4

TQ22 lines

TQ23 lines

component

reactor
m. c. pump
steam gen.

valves

valves

Max. accelerations
on components

horizontal

9.7 m/sA2
3.2 m/sA2
3.6 m/sA2

31.0m/sA2

8.8 m/sA2

vertikal

1.1 m/sA2
1.4 m/sA2
1.3 m/sA2

10.8m/sA2

5.0 m/sA2

no components

valves

valves

11.8 m/sA2

15.8m/sA2

9.6 m/sA2

8.8 m/sA2
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Task 2: Results Stage 3
Acceleration on Components

i—
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Piping systems

TQ 12 lines

TQ 24 lines

TQ40-43 lines

TX11 lines

TX12 lines

TX13 lines

TX14 lines

TX20-22 line

component

valves

valves

valves

valves

valves

valves

valves

valves

Max. accelerations
on components

horizontal

21.9 m/sA2

14.0m/sA2

12.8m/sA2

18.4m/sA2
21.7 m/sA2
7.9 m/sA2
10.2m/sA2

13.2m/sA2

vertikal

7.9 m/sA2

8.2 m/sA2

6.7 m/sA2

7.6 m/sA2
6.9 m/sA2
8.7 m/sA2
6.5 m/sA2

3.1 m/sA2
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Task 2: Results Stage 2
Stress Verifications in Pipings

Load combinations following
Stevenson&Associates

1.0*DL + 1.0*11 + 1.0*P + SSEi

Stress verification following ASME-Code
stress index method

P*D0
= Bl * + B 2 *

R3 31.1.96

Do

Piping systems

Main coolant
loop

Hydroaccumu-
lator lines

Pressurizer line
to loop 1

Pressurizer line
to loop 4

TQ22 lines

TQ23 lines

ASME total stress intensities

maximal

130 N/mmA2

340 N/mmA2

170 N/mmA2

160N/mmA2

200 N/mmA2

290 N/mmA2

typical

70 N/mmA2

160N/mmA2

100N/mmA2

] 00 N/mmA2

110N/mmA2

140 N/mmA2

max. allowable stress intensity: 490 N/mmA2
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Task 2: Results Stage 3
Stress Verifications in Pipings

Tamnnzurniihjm

Load combinations following
Stevenson&Associates

l.O*DL+1.O*LL+l.O*P

Stress verification following ASME-Code
stress index method

P*Do
s = Bl * +B2

2 * t

R3 31.1.96

Do
*Mi

TQ12 lines

TQ24 lines

TQ40-43 lines

TX11 line

TX12line

TX13line

TX14 line

TX20-22 line

t L. c L allowable stress intensity
safety factor = e f f ec f i ye s t ress j n t e n s i [ y

minimal

1.93

0.91 « «

0.89 « «

0.79 « «

0.66 « «

1.59

1.48

0.92 « «

typical

4.9

4.9

2.1

1.8

2.7

2.7

1.8

allowable : 735 N/mm2 for steel 10GN2MFA
531 N/mm2 for steel 08X18N10T
531 N/mm2 for steel 20

SKJssi & Partner, Basler & Hofmann, Resonance SA Page 12
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Task 2: Results of Stage 2 and 3
Snubber Forces / Support Loads

Snubber Forces

Main coolant pump
loop steam gen.

Pressurizer line

TQ22 line

TQ23 line

max. seismic force

310 kN
460 kN

16.2kN

207 kN
no kN

50.2 kN

load capacity

1700kN
4500 kN

50 kN

500 kN
200 kN

lOOkN

Support Loads

All relevant support loads are given in appendices of
previous reports as input for support capacity verification by BRI

R3 31.1.96 StOssi & Partner, Basler & Hofmann, Resonance SA Page 13
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Task 2: Comparison of Response Spectra

- calculated response spectra similar to reference response spectra (M. Kostov)

- similar seismic stresses to be expected if reference spectra used
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Task 2: Comparison of Results from different Computer Programs

The modelling of a typical system (TQ12) has been verified by comparing the
eigenfrequencies of the standard program (MARC) to an alternative FE software
(COSMOS/M)

eigenmode

1st

2nd

3rd

4th

eigenfrequencies

MARC
(standard FE program)

2.06 Hz

2.84 Hz

4.14 Hz

4.52 Hz

calculated with

COSMOS/M
(alternative FE program)

2.05 Hz

2.82 Hz

4.02 Hz

4.46 Hz
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Task 2: Upgrades for Emergency Feedwater Systems TXl 1 and TXl 2

Initial stress level 801 N/mm2
(allowable 531 N/mm2)

Upgrade measures

one simple high viscous damper for each system

Expected reduction of seismic stresses

> 40 % on critical elements
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Task 2: Upgrades for TQ24 System

Initial stress level 811 N/mm2
(allowable 735 N/mm2)

Upgrade measures
• fixed support replaced by spring
• snubber added

Expected reduction of seismic stresses

> 53 % on critical elements
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Task 2: Upgrades for TQ40-43 System

Initial stress level 597 N/mm2
(allowable 531 N/mm2)

Upgrade measures
• snubber added

Expected reduction of seismic stresses

• simulation of upgraded system not yet
available
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Task 2: Upgrades for TX20, TX22 Lines System

Initial stress level 578 N/mm2
(allowable 531 N/mm2)

Upgrade measures

• three high viscous dampers added

Expected reduction of seismic stresses

• simulation of upqraded system not yet
• i l l ' ^ ' '

available
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Task B4: Verification of Piping Supports
(Investigation by Building Research Institute)

Assumptions

• Concrete strength B40 (conservative assumption)

• No inelastic behaviour allowed

• Nominal allowable strength (no increase for exceptional loads)

Methodology

• Load combination following the recommendations of Stevenson & Associates
(W: weight, T: thermal loads, CSL: seismic loads)

Ltot = 1.0W+1.0T+1.0CSL

• Material strength following Russian and Bulgarian norms

• Strength verification following Bulgarian norms
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Task B4: Verification of Piping Supports
Results for Piping Systems analyzed in Stage 2

minimum safety factor required
s = adm. stress/eff. stress > 1 Main coolant pump supports

Steam generator supports

Steam generator snubbers

Main coolant pump snubbers

TQ22 system

Pressurizer lines

Hydroaccumulator lines

TQ23 system

Safety
Factor

2*

>4.36

5.20

2.80

2.83

>10

3.12

2.84

* on-site inspection required for confirmation

Conclusion for piping systems analyzed in stage 2

No upgrades are necessary (confirmation required for the tension supports of the main
coolant pumps)
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Task B4: Verification of Piping Supports
Results for Piping Systems analyzed in Stage 3

minimum safety factor required
s = adm. stress/eff. stress > 1

concrete anchorage has been verified

verification of steel constructions, in-
cluding hangers, must be based on
as-buit configurations and will be
undertaken at the next operational
pause

TQl 2 system supports

TQ24 system supports

TQ40 system supports

TX11/22/13/14 supports

TX20, TX22 system supports

minimum
safety
factor

<1

>10

~1 *

>10

>10

location

fixed support

fixed support

* on-site inspection required

Conclusion for piping systems analyzed in stage 2

Upgrades are necessary for the fixed support of the TQl 2 system and eventually of the
TQ40 system. The replacement of the fixed supports by adequate snubbers is suggested,
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Task 3: Prestressing of Reactor Building

PERKT0PK3E; OTQErEHt'.E
PB3PE3 &6

Objectives

• Capacity assessment containment:

- cylindrical wall
- dome

• Upgrade recommendations

• Monitoring concept for an improved
assessment of the state of the prestressing
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IAEA Benchmark NPP Kozloduy

Task 3: Analysis and Results for Containment Capacity
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Load Combinations

LCI Seismic:
LC2 LOCA:
LC3 Seismic and LOCA:

Results of FE-Analysis

Dead Load DL + Prestress P + SSE
DL + P + LOCA (pressure + temp.)
DL + P + LOCA + OBE (= 1 / 2 SSE)

LCI: local concrete tension stresses, in wall section 1 only
(calculated: max. 2,8 MPa, allowable: 1,2 MPa)

LC2 and LC3:

• mainly concrete pressure stresses
(calculated: max -16 MPa in wall, -13 MPa in dome,
allowable: -19 MPa)

• small concrete tension stresses in circumferential direction
of the wall
(calculated: max 1,4 MPa, with cracked concrete stiffness
allowable: 1,2 MPa)

• LOCA-temperatures induce concrete cracks at the outside
surface of the wall and the dome
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Task 3: Discussion

Capacity for Design Loads

• Sufficient capacity of the prestressed wall and
dome for the design loads

• Minor cracking at the outside surface tolerable:
steel liner provides leakage barrier

Problem: Tendon Anchoring

• Structurally weakest point of the tendons is wire
curvature in anchoring parts:

small radius of 150 mm causes stress increase
of about 20 % of design tension stresses in wires

Anchoring of the Tendons
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IAEA Benchmark NPP Kozloduy

Task 3: Upgrades Recommendations

Tendons

• Redesign of the anchor heads with straight wires
• Replacements of the tendons
• Evaluate the installation of a on-line tendon force

monitoring system

Improved Monitoring Concept

• With the existing stress measurements:
Detection of changes in the prestressing condition
of the containment, based on Green's function
analysis

Support by Swiss Expert Team in 1996

• Recommended by proposal of September 1, 1995
and welcomed by NPP-Kozloduy
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Task 4: Seismic Behaviour of Steel Chimney

Problem characterisation

- Double pipe with truss structure,
103 m above main building roof,
supports on different buildings

- chimney itself not safety relevant,
but collapsing chimney may damage
safety relevant items

Method of Analysis

- Spectral analysis with floor re-
sponse spectra: maximum acceler-
ations > 1.7 g (damping: 5 %)

- CQC modal superposition
- 'Fundamental' modes within the

range of maximum amplification:
fundamental bending: 1.0 Hz
first higher bending mode: 2.9 Hz
fundamental torsion: 3.2 Hz
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IAEA Benchmark NPP Kozloduy

Task 4: Seismic Behaviour of Steel Chimney

16

OBE: main results

- chimney reasonably designed for
0.1 g nominal ground acceleration,
but with no margin

SSE: main results

- main failure mechanisms:
column and shell buckling

- several joints yield or buckle
- consequences: no plastic margins,

complete collapse of chimney
- observational evidence: brittle

fracture cannot be excluded
=> risk of falling down
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IAEA Benchmark NPP Kozloduy

Task 4: Impact of Collapsing Chimney on Safety Relevant Items

dynamic
buckling

punching

Studied worst case scenarios

- 'brittle' fracture: chimney's upper half
falls vertically onto the containment
dome and the main building roof

- chimney tilts around its foot, with its
top hitting the roof of the diesel
generator building

Results and Upgrade Recommendations

- containment dome is safe (nominal
safety factor > 1.3), no leakage

- diesel generator building: limited
concrete scabbing from the ceiling
can't be excluded, safe otherwise

- main building roof: punching probable
for worst case, reinforcement by
steel beams recommended
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3. Bulgarian Team Contributions

Results already provided

NPP N l Site coordination
N2 As built information
N3 Comments for analysis specitivation, review of results

BRI Bl Coordination of Bulgarian team (partially)
B2 Model diesel generator building
B3 Design criteria for civil structures
B4 Verification of piping support anchors

to be provided by 1 June 1996

BRI B4 Verification of piping support hangers
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4. Reporting
Technical Reports by Swiss Team
R 1109-1 Swiss Contribution in Stage 1

Report
IR Swiss Contribution in Stage 2

Intermediate Report
R2 Swiss Contribution in Stage 2

Report incl. Appendices

IR3
Analysis of Chimney
Swiss Contribution in Stage 3
Report

TM 1109.02-7 Task 2 Analysis of Piping Systems
Final Report (Draft 1 ana 2)R3

R3 Final Report

Technical Reports by BRI, Sofia
Summary Report Stage 1
Intermediate Report Stage 2

Report Stage 2
Report Stage 3

28.11.94 Objectives and task descriptions

21.2.95 Analysis Specifications

26.6.95 Analysis results
. piping system
. cylindrical containment incl. monitoring
. cnimney (premilary)

22.8.95 Final Results (part of R2)
29.9.95 Analysis results

. piping systems

. spherical containment incl. monitoring
27.10.95 Appendices for piping systems
20.11.95 Summary of investigations

Recommendations for further project work
Appendix: Piping systems, 25.11.95

31.1.96 . technical summary including explanations
. management summary

Nov. 94 load specifications
March 95 . Diesel generator stations

. Design criteria for steel and concrete

Nov. 95 analysis of piping supports stage 2
31.12.95 analysis of piping supports stage 3

In addition several drafts with intermediate results have been submitted.
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5. Comments by NPP Kozloduy and NEK on 27.11.95

General

Piping Systems

Prestressing of
Containment

Chimney

further proce-
dure stage 3

Stage 4

- results presented so far have been accepted
- 3 types of comments: additonal information, critics, recommendations for future work

- detailed explanations and basic data to be supplied on modelling (AEP, Siemens), method
of load combination and analysis

- detailed investigations on nozzles and branchings have to be performed in a later
stage as agreed upon initially

- formal QA has to be documented

- detailed stress verifications on critical elements to be performed in stage 4, especially in
ring structure

- detailed explanations on loading assumptions and analysis methods have to be given

- information on impact load onto main building to be specified

next days payment of open invoices
31.12.95 final report on support verification by BRI
31.1.96 final report by Swiss team including management summary

15.1.96 application for project extension stage 4 by NEK
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6. Experiences on Cooperation with Project Teams

IAEA

NPP Kozloduy

Bulgarian

• Cooperation established with IAEA (Nuclear Safety Department),
Siemens, Westinghouse, Atomenergoproject, Academy of Science

• Coordination by IAEA effective, taking into account or complex
project structure (western and eastern culture)

• Contributions by other team members efficient and good quality
• Eastern Europe partners in progress of acquainting know-how to

contribute investigations at western standard levels

• Requirements for design details have been provided in a
professional way

• specific data on components not available at NPP has been
prepared by original designer of NPP Kozloduy (Atomenergo-
project, Moscow]

• detailed comments on results received at a late stage; mainly lack
of information on state of the art or basic data

• Decisions on administrative matters are only taken when
personally present

• planning of actions and fulfilling of committments may not be
performed through technical communication

• increased effort necessary for maintaining decent communication
process
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7. Recommended Project Continuation for Stage 4 in 1996/97

In accordance with IAEA recommendations and NPP Kozloduy requirements, project continuation
for 1996 is recommended as follows: Estimated cost

Task 1 Project Management 1. Coordination of all tasks performed by Swiss Team CHF 80'000
2. Presentation at BAWI, COE, NEK, NPP, HSK
3. Quality Assurance

Task 2 Piping Support Phase I 1. Redesign support structure for supports where upgrade CHF 50'000
measures are necessary (main coolant pump, pipings TX11,
TX12, TQ24, etc.) by Swiss team

2. Supply of anchor material by Swiss supplier
3. Implementation of new support structures during shut down

period of NPP Kozloduy by local staff and specialists
4. QA by Swiss team

Task 3 Containment Prestressing 1. Evaluate adequate tendon technology by Swiss team CHF 420'000
2. Design new tendons using Swiss products by Swiss team
3. Delivery of 4 prototype tendons for cylindrical wall by Swiss

contractor, installation on site by local staff and specialists,
assisted by Swiss team

4. Evaluation of monitoring system in connection with new
tendons; improvement of trie existing monitoring system by
Swiss team

5. QA by Swiss team

p i 01 1 Q/L
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7. Recommended Project Continuation for Stage 4 in 1996/97 (Continued)

Task 4 Seismic Capacity Evaluation and Upgrading of Remaining Piping System CHF 250'000

1. Seismic capacity verification of the remaining piping systems relevant for safe shut
down during earthquake, recommendations of upgrade measures, by Swiss team
under assistance of local specialists:
- emergency feedwater lines TX10,TX30 outside of containment
- main steam lines (TX 50,1X60,1X70, TX80)
- feedwater lines (TX40)
- emergency gaz evacuation (YR)
- charging/letdown lines inside containment (TK)
- spray system (TQ 11, 1Q 2 1 , 1Q 31)
- essential service water lines (VF)
- high pressure sampling system (TV30, TV40, TV50)
- piping to diese! generator between buildings.

2. Supply of anchor material by Swiss supplier
3. Implementation of new support structures during shut down period of NPP

Kozloduy by local staff and specialists
4. QA by Swiss team

Task 5 Consolidation of Results for Piping Systems CHF 150'000
1. Gather all IAEA results on piping systems, incl. components and tanks, by

Swiss team
2. Consolidate results, recommend main upgrade measures to Bulgarian Nuclear

Safety Board

Total estimated cost CHF 950'000

Time Schedule: Results to be established and upgrade measures to be implemented within 2 years.

Application for project continuation through NEK by mid of January 1996.
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Appendix 1

Introduction

This appendix to report R3 contains the technical explanations to comments made by
NPP Kozloduy on November 27, 1995, These explanations are integral part of the
final reporting by the Swiss team.

The numbers given are referring to the statements made by NPP Kozloduy. These
statements are not repeated here.
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1. Piping Systems

Criteria, load combinations

Comment
number:

1.1 The analysis procedure for the current analysis was based on the 1994 version
of the document by Stevenson & Associates [ref. 1]. In accordance with the
ASME code level D no secondary stresses (thermal expansion, anchor motions)
were included for the piping systems. Whether thermal expansion and seismic
anchor motive should be included or not was at that time an open question.
Meanwhile, the following formula has been adopted by the IAEA [see ref. 2]:

1.0 DL + 1.0 LL + 1.0 P + RLEj < 3 sm

1.0 To + RLEm < 3 sm

1.0 DL + 1.0 LL + 1.0 P + 1.0 To + (RLEj2+RLEm2) 1/2 < 6 sm

(limit 3 Sm for primary, 6 Sm for primary and secondary loads).

This allows a margin of 3 sm for the secondary loads which corresponds to an
allowable additional strain of approximately 0.25 % which is a very conserva-
tive value given the high ductility of the materials.

In the actual calculations, the seismic anchor motion stress is automatically
included but as a direct sum (RLEj + RLEm). This solution has been adopted
because it was recognized that the seismic anchor motion contribution is very
small for the systems considered in this analysis (less than 5 % in general,
exceptionally up to 10 %).

Thermal stresses in the piping systems have not been considered in the current
analysis. We do not consider this a necessity at least not with such a low
allowance for strains (0.25 % only). With trie mentioned formula (ref. 2),
difficulties are expected manily for the main coolant loops where important

1.4 thermal reaction forces have been obtained. The real behaviour of the sup-
1.8 ports should be taken into consideration for such an analysis because, Sue to

the high stiffness of the system, even small movements might result in an
important reduction of the stresses. Actually the boundary conditions for
thermal load cases are chosen such as to allow free horizontal movement of
main coolant pumps and steam generators, but no tilting movement or vertical
uplifting is allowed (the boundary conditions are explained in the respective
model descriptions in the appendices to reports R2 ana R3).

Modelling considerations

The decision of attaching the piping system models to a partial beam model of
the building done by Siemens allows a realistic introduction of the building
response with a reasonable amount of input data. Verifications done by
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Siemens show that the building is sufficiently stiff to behave close to the
predictions of a beam model. Differential motion of the anchor points laying at

1.6 different floor levels or building parts are represented by this model.

Input Motion

1.5 The input motion provided by Siemens KWU is the same that was used for
establishing the IAEA reference spectra documented in ref. 3 and 4.

Data from AEP

1.2 The data obtained from AEP Moscow are the design values used for NPP Koz-
1.3 loduy as stated by Dr. Ambriashvili (Fax, ref. 5).

They appeared to us to be plausible values. It has to be noted, that the
flexibility of the reactor anchoring and the simplified model of the control rod
structure were introduced to investigate an eventual coupling of the four loops
of the main coolant system over the reactor. However, no significant coupling
could be observed.

Quality Assurance

2.1 Data obtained from AEP Moscow are the design values used for NPP Kozloduy
(ref. 5).

The model from Siemens is the one documented in ref. 6. The input motion is
the same that was used for establishing the IAEA reference spectra (ref. 4).

2.2 A control of a sample model was perfomed with the finite element software
COSMOS/M in stage 3 (see ref. 7).

2.3 Hand estimations of eigenfrequencies were performed for each system. They
showed that the finite element results were plausible. In addition, overall loads
were checked for some cases using the applicable floor response spectra.

Correction of the material specifications

As feedback to the stage 3 results, we received an updated version of the
materials list. There are some systems which now need upgrades with the new
specifications. This change has been incorporated into the final report, version
31.1.96. However, the corresponding appendices could not be updated and
the simulaifon of the upgraded systems have not yet been performed. This
work will be completed in stage 4.

Verification of piping system supports

1.1 The concrete anchors for the piping systems analyzed in stages 2 and 3 have
been completed by the Building Research Institute, Sofia (BRI) (see the main
report). For two support locations, on-site inspections are required for a final
decision on upgrades. The verification of the support structures, including
hanger constructions, depends also on as-built informations which cannot be
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obtained before the next revision period of the reactors. The final on-site
inspections and the verifications of the steel support structures and hangers
will be completed in stage 4.
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2. Containment Prestressing

Preliminary remark

As a preliminary remark we point out, that we submitted the design speci-
fications containing the model, the loads, the analysis method ana the
acceptance criteria for discussion in February 1995 (Intermediate Report IR 2
February 2 1 , 1995). We received a positive answer to these specifications
with the fax from NPP-K, dated March 20, 1995 [3].

Our analysis was then based on these approved specifications. Further
changes or supplements due to the new arising questions are not possible
without substantial additional analysis effort. However some of the questions
are answered here immediately, the other comments and suggestions will be
considered in the next step of upgrading.

On the analysis model

1.1 The suggested model refinements will be discussed and considered in the
design analysis for the new tendons, as part of the upgrading project.

1.2 The seismic analysis model is defined in detail in the reference [4].

The model layout and some typical model data are plotted in the figures 5 and
6 of report IR3.

1.3 a. Comparison of dome and ring stresses to beam model analysis:
Such a comparison is not possible, because these stresses can not
accurately be calculated with a simple beam model, a shell model is
absolutely needed.

b. Comparison of ring stresses to monitoring measurements:
Such a comparison is not possible, because there are no sensors placed
in the ring beam.

c . Comparison of dome stresses to monitoring measurements:
This comparison is indeed a valuable complementation of our analysis
validation. We state a reasonable agreement of computed and measured
stresses for the loadcase "dead load + prestress forces". Our model
validation is supported by this additional comparison.
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On the loading

2.1 The loads from the ventilation tube support structure are locally important for
the ring girder and the shell parts near the support. In our model analysis they
are not included, because the analysis investigates the gloabal behaviour of
the entire building. Local effects are not specially considered, as defined in the
approved specification (see also section 0.).

As response to the comment 2.1 we asked for the support loads which were
computed by Resonance SA. They are significant only for seismic loads and
range for each of both supports up to 2000 kN (horizontal) and 9400 kN
(vertical). These values are in the same order of magnitude as the anchor
force of one prestress tendon at the ring girder.

2.2 The dominating accident loads SSE and LOCA have a very low probability of
occurence. It is not reasonable and not common practice to combine these
accident loads with substantial loads (such as extreme wind, snow or
infrequent crane loads) which are independent low probability events.

2.3 It is obvious that the maximum pressure does not occur at the same time as the
maximum temperature. It would be too conservative to assume them
simultaneously. On the other hand it is known that the temperature at the
concrete surface is lower than the atmospheric temperature in the containment
(instationary heat transfer and effect of tne steel liner).

The defined values for p and T are derived from the design specifications for
WER-1000 containments. We asked NPP-K and Atomenergoproject for these
specifications but finally received the requested information from Milan David
(Consulting Engineers and design Office, Praha) at the IAEA coordination
meeting in St.Petersburg, 1995 [5].

The overpressure of 0.4 MPa corresponds to an absolute pressure of 0.5
MPa.

2.4 The thermal conductivity of the reinforced concrete is used in this heat transfer
analysis.

2.5 Loss of Prestress Forces
In order to take into account the influence of the shrinkage of the concrete
and the relaxation of the steel, the original design forces in the tendons are
reduced by 10% to a value of 9'000 kN. This value is in agreement with the
measured forces in the tendons after retensioning [61. In the case of a LOCA
accident there will be additional temperature induced losses in the tendon for-
ces [7]. For the LOCA-analysis the prestressing design forces are reduced by
another 5% to a value of 8'500 kN in the capacity assessment of the
containment.
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Prestress losses due to tendon friction are not explicitly considered. They
cause a slightly decreasing shell compression from top to bottom in the
cylindrical wall. We judge the influence of this analysis simplification on the
results and conclusions to be of minor importance.

2.6 We agree to this comment. The influence on the radial prestress force is about
2% and does not change the conclusions of the analysis.

However within the upgrading measures it shall be tried to reactivate the
plugged channel tubes.

2.7 We applied concentrated joint loads at the model loads which represent the
locations of the tendon anchors.

The deviation forces from the tendon curvature is represented by distributed
element loads, acting like an external pressure load.

2.8 This comment is correct: the horizontal prestressing pressure is applied to the
cylindrical wall only. The dome pressure caused by tendon curvature is mainly
in vertical direction. It is calculated to be 273 kN/m^, from the prestress force
and the curvature radius.

On the investigation

3.1 A detailed analysis will be part of the design analysis for the new tendons.
3.2
3.3
3.4
3.5

Co-operation with NPP-K is important, because local drawings and construction
details are needed for these details.

3.6 The concrete shells are substantially prestressed and in most load conditions
under compression. As long as concrete is compressed, the reinforcement is

i t ^*^ i i l i i i

not important and the material can be considered as homogeneous. The
theoretical tension stresses in the concrete shell of 10-12 N/mm2 are in the
real structure not possible. They will be reduced by local cracking. A more
detailed consideration of these effects would require a nonlinear analysis
which is considered to be too complex for this practical application.

3.7 The seismic displacements are computed in the analysis by Siemens. They are in
the order of 9 mm (horizontal) at the dome.
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On the comments, conclusions and recommendations

4.1 We agree with this comment. Inspection of the concrete quality is recom-
mended by taking core samples ana mainly by investigating concrete fragments
from construction works in the containment shell.

4.2 This interpretation has to be considered in the design of the new tendons.

4.3 Improving the existing monitoring system is part of our proposal for the further
steps to upgrading.

General remarks

5.1 We agree that our comments to the specific results are brief. Our short
discussion in the chapters 4.4 and 5 of IR3 can be better understood when
the computed cocrete stresses are compared to the defined allowable
stresses in table 2.

5.2 The formula for the horizontal external pressure was derived from the tendon
geometry and the applied prestress force.
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3. Steel Ventilation Chimney

Reinforcement of the Main Building Roof:

The impact force that corresponds to the worst case of the vertically falling
upper part of the chimney is estimated on page 9 of task 40 of the report on
stage 2: 30 MN acting during 0.052 s. A slight error with regard to the roof's
elevation on page E.l-1 (the given value or 41.4 m shoula be corrected to
45.6 m) is practically without consequence: the time of contact would simply
reduce from 0.052 s to 0.051 s.

The necessary reinforcement of the main building roof strongly depends on the
effective span. As long as this span remains smaller than about 5 m, a
reinforcement by steel beams heavily bolted to the concrete seems feasible.
However, for longer spans - up to 9 m seems to exist according to the plans
we have - the necessary steel cross section becomes prohibitively big. The
main problem is that one would have to add so much steel (like a continuous
steel plate of 40 to 50 mm thickness) that a brittle behaviour would result since
the concrete would then fracture before the steel starts yielding. As a
consequence, it seems to be necessary to reduce the spans by an
intermediate wall.

The so far assumed worst cases were convenient in so far as they obviously
were worst cases so that no discussion was risen up about this point. It was
possible to show that both the containment dome as well as the roof of the
diesel generator building were safe for these cases. However, in view of the
above mentioned difficulties in reinforcing the main building roof, it seems
worthwile to study whether a less stringent, perhaps more realistic worst case
could be adopted. In fact, the assumption of a brittle fracture at the chimney's
mid-height might be overly conservative.

In any case, the detailed design of the reinforcement of the main building roof
would be a project of its own an goes far beyond the present contract.
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4. Formal Quality Assurance

All documents and reports provided in the frame of this project have been
reviewed and released according to the quality assurance procedure of the
Swiss team.
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Mr. U. Stussi. "Stussi & Partner"

Zurich
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Y. Ambriashviii

Dear Mr. Stussi,

M E S S A G E

Sorry for the delay with the answer to your fax - I was on vacations.
Unfortunately I cannot give you the detailed answers to your questions because
the data we provided you with last year are the original project data. I believe you
understand very well that creation of the calculating schemes is the result of the
analysis of many variants and engineering evaluation of the final results. The
ideas and initial data belong to the experts, engineers who worked on the
problems and left in their rough notebooks. You have the final designing input
data which we accepted for NPP "Kozlodui".

Sincerely Yours,

Youri Ambriashvili
Head of the Department

If you experience problems wilh this transmission, call us back as soon as possible.


