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FOREWORD

The IAEA initiated in 1990 a programme to assist the countries of central and eastern Europe
and the former Soviet Union in evaluating the safety of their first generation WWER-440/230 nuclear
power plants. The main objectives of the Programme were: to identify major design and operational
safety issues; to establish international consensus on priorities for safety improvements; and to provide
assistance in the review of the completeness and adequacy of safety improvement programmes.

The scope of the Programme was extended in 1992 to include RBMK, WWER-440/213 and
WWER-1000 plants in operation and under construction. The Programme is complemented by
national and regional technical co-operation projects.

The Programme is pursued by means of plant specific safety review missions to assess the
adequacy of design and operational practices; Assessment of Safety Significant Events Team (ASSET)
reviews of operational performance; reviews of plant design, including seismic safety studies; and
topical meetings on generic safety issues. Other components are: follow-up safety missions to nuclear
plants to check the status of implementation of IAEA recommendations; assessments of safety
improvements implemented or proposed; peer reviews of safety studies, and training workshops. The
IAEA is also maintaining a database on the technical safety issues identified for each plant and the
status of implementation of safety improvements. An additional important element is the provision of
assistance by the IAEA to strengthen regulatory authorities.

The Programme implementation depends on voluntary extrabudgetary contributions from
IAEA Member States and on financial support from the IAEA Regular Budget and the Technical Co-
operation Fund.

For the extrabudgetary part, a Steering Committee provides co-ordination and guidance to the
IAEA on technical matters and serves as forum for exchange of information with the European
Commission and with other international and financial organizations. The general scope and results of
the Programme are reviewed at relevant Technical Co-operation and Advisory Group meetings.

The Programme, which takes into account the results of other relevant national, bilateral and
multilateral activities, provides a forum to establish international consensus on the technical basis for
upgrading the safety of WWER and RBMK nuclear power plants.

The IAEA further provides technical advice in the co-ordination structure established by the
Group of 24 OECD countries through the European Commission to provide technical assistance on
nuclear safety matters to the countries of central and eastern Europe and the former Soviet Union.

Results, recommendations and conclusions resulting from the IAEA Programme are intended
only to assist national decision makers who have the sole responsibilities for the regulation and safe
operation of their nuclear power plants. Moreover, they do not replace a comprehensive safety
assessment which needs to be performed in the frame of the national licensing process.



This report was drafted by the named contributors and has not been edited for publication by the
IAEA. The views expressed remain the responsibility of the named contributors and do not
necessarily reflect those of the government^) of the designating Member State (s). In particular,
neither the IAEA nor any other organization or body sponsoring the meeting can be held responsible
for any material reproduced in this document.
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1. INTRODUCTION

In the past several years national programmes for safety reassessment of WWER NPPs have
been strengthened in countries constructing and operating WWER plants and several bilateral and
multilateral assistance projects have been initiated to improve safety.

These safety assessments were mostly based on deterministic reviews and engineering
judgement. The results obtained have formed the basis for the safety improvement programmes and
priority actions established in all countries operating WWER and RBMK NPPs.

More recently, probabilistic safety assessments (PSAs) started for WWER and RBMK
NPPs. To date most WWER and some of the RBMK NPPs have PSA studies at various levels of
completion.

The IAEA has been providing assistance for the review of the safety improvement
programmes and to peer review PSA studies. Some 250 generic safety issues have been identified
by the IAEA for the WWER NPPs. These issues have been further ranked according to their safety
significance based on the impact on the effectiveness of plants' defence in depth.

The scope and the technical quality of PSAs reviewed by the IAEA vary considerable. The
treatment of common cause failure and human reliability analysis is weak in some studies. A major
shortcoming, particularly in the first studies, was the lack of best estimate accident analysis for the
definition of success criteria. Plant specific data, although generally available, lack the quality
requirements for PSA use. Plant specific data collection campaigns have been initiated in some
plants assisted by the IAEA.

PSA based risk management tools for day to day optimization of plant operation and risk
monitoring are also being developed. The successful utilization of these tools will highly depend on
the completeness and adequacy of the models developed.

The IAEA is reviewing the impact of PSA results on the existing safety improvement
programmes. It seems that most of the safety concerns have been identified by the deterministic
assessments already carried out. The most important role of PSA may be to prioritize actions based
on their quantitative impact on plant safety.

The objective of the meeting was to compare the insight from plant specific PSA studies
with the safety upgrading programme of WWER NPPs. The PSAs will be reviewed considering
the scope, level and detail of PSA models and results of IAEA peer reviews. Safety improvements
which are not normally included in PSAs will also be considered.

The review will specifically consider for each plant specific PSA:

• the dominant initiating events and accident sequences contributing to core damage and
• the importance of systems, components and human actions to be used for prioritizing

actions

As a result of this Consultants' Meeting the PSA results will be compared with the plant
specific programmes for safety upgrading (PSU), the actions implemented and or planned and their
respective priorities. In particular, this comparison should identify those upgrading measures of the
PSU supported by the PSA results, those not based on the PSA results as well as any new measures
which are not included in the existing PSU. Further, it would also be investigated which of the
safety issues identified in the IAEA Extrabudgetary Programme for WWER-440 and - 1000 reactors



(IAEA TECDOC-640, IAEA-EBP-WWER-03 and 05) and measures proposed and recommended
are reflected in plant specific PSA results.

The final result of this meeting is to review the impact of plant specific probabilistic safety
analyses on the programmes for safety upgrading.

2. PLANT SPECIFIC RESULTS

This Chapter presents a summary of the plant-specific PSA results for each plant and a
comparison of the PSA results with the plant specific programmes for safety upgrading (PSU).
This Chapter is divided into three sections for each WWER type. Section 2.1. addresses WWER-
440/230 nuclear power plants (NPPs), Section 2.2. addresses WWER-440/213 NPPs and Section
2.3. addresses WWER-1000 NPPs.

For each plant, the following information is provided:

• status of PSA activities
• status of PSU programme and
• comparison of the PSA results with the PSU measures

The comparison of the PSA results with the PSU measures is presented as a series of tables.
The purpose of these tables is to gain an understanding the priority of safety issues identified by the
plant-specific PSA studies and to compare the PSA results to the PSU programme objectives for
each plant.

The following tables were prepared for each plant:

1. Contribution of core damage frequency (CDF) grouped by initiating events.
2. Dominant accident sequences and related PSU measures.
3. Contribution to CDF of systems/safety functions.
4. Component or component class and related PSUs.
5. Human actions and related PSU measures.
6. PSU measures not assessed as important to risk by the PSA.
7. Important PSU measures not modeled in the PSA.

As the PSA scope and level of detail vary considerably among different plants, a secondary
objective of this work was to compare of PSA results between plants of the same WWER reactor
type. This work is presented in Chapter 3.

2.1. WWER-440/230 NPPs

This Section presents the comparison of PSA results with plant specific PSU
programmes for WWER-440 Model 230 NPPs. Section 2.1.1. presents the results
for the Bohunice Unit 1 (VI) and Section 2.1.2. for Novovoronezh Units 3,4.



2.1.1. Bohunice WWER-440/230, Unit 1

2.1.1.1. Status of PSA

. Sponsor: CEC (PHARE)

. Performing Organizations: ELECTROWATT U.K., RELKO, VUJE

• PSA Scope- Level 1+ , Internal events, Internal fires, Internal floods without
consideration of seismic events

• Operational Modes: F u l 1 P ° w e r

• Core Damage Frequency: 1. 8.9E-4 per reactor year

The Bohunice VI PSA (Level 1) was undertaken by ELECTROWATT U.K. and financed
by the PHARE programme. The objectives of PSA were:

• estimation of core melt frequency
• identification of most important accident sequences
• evaluation of the influence of recently implemented plant modifications ("Small

Reconstruction") on CDF.

The scope of the PSA project includes internal initiating events, including fires and floods.
Seismic events were not considered. The study was based on Unit 1. The basic PSA model was
developed for the pre-modification status of the plant. The model was subsequently modified, so
that all modifications performed during the "Small Reconstruction" were reflected. Such
modifications included:

• seismic improvements for all systems
• improvements in fire safety
• replacement of I&C for safety important systems (including RPS) with seismically

qualified equipment
• addition of a new RPS (low primary pressure, high pressurizer level, low SG level);
• installation of a new emergency control room
• installation of new pressurizer safety valves that are seismically qualified and capable of

operation under steam-water conditions
• installation of new fast-acting valves on the main steamlines
• installation of a new feed line from the super emergency feedwater system to the SG

blowdown line
• addition of a new diesel generator and rearrangement of old diesels to increase

redundancy

As a result of implementation of these modifications, the core damage frequency was
reduced from 1.7E-3 (in the pre-modification stage) to 8.9E-4 (in the post-modification stage).

The model was based on RISKSPECTRUM code. There were two IPERS missions for
Bohunice VI PSA - the first one after the selection of initiating events, and the second one after the
quantification of the model. Plant specific data were used for mechanical components (valve,
pumps) and also for transient initiating event frequencies.



2.1.1.2. Status of PSU

The first comprehensive plan for safety upgrading of Bohunice VI was issued in 1991 and
was structured into two phases:

• a short term period called "Small Reconstruction"
• a long term period called "Gradual Reconstruction"

The operation of the plant after the year 1993 was conditional upon implementation of all
short term measures.

Measures that have to be implemented in the scope of the "Gradual Reconstruction" were
determined by a regulatory decision in January 1994. This decision is based on deterministic
assumptions, but requires to take into account all important contributors to the CDF. There is also
a requirement that after finishing of Gradual Reconstruction, CDF should be less than 1E-4 and
systems' unavailability should be less than 1E-3 and less than 1E-5 for the reactor protection
system.

The current PSU programme at Bohunice Units 1,2 has the following objectives:

• achieve an internationally acceptable level of safety
• implement seismic improvements on all systems
• DBA - 2x200 mm LOCA using conservative assumptions
• BDBA - 2x500 mm LOCA using realistic assumptions
• core damage frequency < lE-4/ry
• unavailability of safety systems < 1E-3 (RPS< 1E-5)

Taking into account the above objectives, the following areas were selected for safety
upgrading:

• primary circuit integrity
• core cooling in operating and transient conditions
• core cooling under LOCA conditions
• improvement in the confinement safety function
• improvement of support systems
• instrumentation and control
• normal and emergency power supply
• fire protection
• seismic safety

Siemens has been contracted to prepare the basic design for plant reconstruction. Each of
areas to be improved was divided into several tasks and subtasks.

10



PSA was utilized for a probabilistic evaluation of Basic Design of the Gradual
Reconstruction of Bohunice VI which was prepared by Siemens. Preliminary results have
shown that the probabilistic requirement of our regulatory body is possible to fulfill (CDF
less than 10^/year and probability of failure of safety systems is less than 10"3/year). Detail
design for each system is permanently evaluated by the PSA".

2.1.1.3. Comparison of PSA Results with PSU Measures

The results of the comparison of PSA results to PSU measures for the Bohunice WWER-
440/230 Unit 1 are presented in Tables 2.1.1.-1 through 2.1.1.-8.

The Bohunice Units 1, 2 programme for plant safety upgrading is very extensive and it is
not possible to show all measures that will be implemented. PSU measures that have a relation to
PSA results are shown in Table 2.1.1.-2 through 6. PSU measures marked "Rl/94..." are based
on regulatory requirements and those marked "PSA 1 through 8" are based on PSA results. There
is no plant specific prioritization of PSU measures (i.e., all PSUs will be implemented according to
the proposed schedule).

11



Table 2.1.1.-1 Bohunice WWER-440/230 Unit 1

CONTRIBUTION TO CORE DAMAGE FREQUENCY GROUPED BY INITIATING EVENTS

INITIATING EVENT DESCRIPTION

1. 2TG - Last TG trip

2. PSL - Pressurizer steam LOCA

3. IL - Medium LOCA (32 - 100 mm)

4. VSL - Very small LOCA ( < 7 mm)

5. SGTR - Steam generator tube rupture (1 tube)

6. SGTM - Multiple steam generator tube rupture

7. SL - Small LOCA (7 mm - 32 mm)

8. LMF - Loss of main feed-water system (total)

9. PMF - Partial loss of main feed-water system ( < 3 pumps)

10. SHB - Steam header break

11. IRT - Inadvertent reactor trip

12. IFL - Interfacing LOCA

13. LEG - Loss of export to grid

14. 1TG - Single TG trip

TOTAL:

CDF/ry

3.4E-4

1.3E-4

8.6E-5

8.1E-5

4.8E-5

4.7E-5

4.2E-5

2.4E-5

1.8E-5

1.1E-5

1.1E-5

6.3E-6

6.2E-6

3.8E-6

8.6E-4

CONTRIBUTION
TO TOTAL CDF

[%]

38.2

14.8

9.7

9.1

5.4

5.3

4.7

2.7

2.0

1.3

1.2

0.7

0.7

0.4

96.2
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Table 2.1.1.-2 Bohunice WWER-440/230 Unit 1

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND
FUNCTION/SYSTEM FAILURES

DESCRIPTION FOR
ACCIDENT SEQUENCES

1. Last TG trip / Failure to shut the reactor
down after IE

CDF /ry

2.9E-4

CONTRIB.
TO TOTAL

CDF [%]

32.2

RELATED PSU MEASURE(S)

DESCRIPTION

Rl/94/5.3 - Upgrade RPS and ESFAS
PSA 3 - Increase RPS reliability
PSA 4 - Analyze the impact of last TG trip signal

failure on plant safety
PSA 8 - Perform additional analysis to decrease

the uncertainty of PSA results
PSA 2 - Increase the reliability of TG protection

to decrease spurious TG trip frequency

PRIORITY

N/A
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Table 2.1.1.-2 Bohunice WWER-440/230 Unit 1

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND
FUNCTION/SYSTEM FAILURES

DESCRIPTION FOR
ACCIDENT SEQUENCES

2. Pressurizer steam LOCA / Failure of the
HPSI system

CDF/ry

9.9E-5

CONTRIB.
TO TOTAL

CDF [%]

11.2

RELATED PSU MEASURE(S)

DESCRIPTION

Rl/94/3.1 - Upgrade ECCS to mitigate large LOCA
(2x500 mm)

R 1/94/5.1 - Install a new essential service water
system.

PSA 5 - Increase the reliability of HPSI system
(decrease common cause failure rate)

R1/94/5.2 - Install 2 fully independent trains of both
essential and vital power supplies
(categories I & II)

Rl/94/3 - Consider priorities for upgrading
measures based on PSA

R1 /94/1.3- Full qualification of pressurizer safety
valves to improve RCS overpressure
protection.

PRIORITY

N/A
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Table 2.1.1.-2 Bohunice WWER-440/230 Unit 1

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND
FUNCTION/SYSTEM FAILURES

DESCRIPTION FOR
ACCIDENT SEQUENCES

3. Medium LOCA / Failure to cool from
the emergency borated water tank

4. Steam generator tube rupture / Failure to
isolate leak / Failure to provide
aggressive reduction of primary pressure

CDF /ry

5.8E-5

3.8E-5

CONTRIB.
TO TOTAL

CDF [%]

6.5

4.3

RELATED PSU MEASURE(S)

DESCRIPTION

R1/94/3.1 - Upgrade ECCS to mitigate large LOCA
(2x500 mm)

Rl/94/5.1 - Install a new essential service water
system.

PSA/94/2.3 - Install LP safety injection pumps
R1/94/3 - Consider priorities for upgrading

measures based on PSA
PSA 5 - Increase the reliability of HPSI system

(decrease common cause failure rate)
PSA 6 - Develop symptom based EOPs
Rl/94/3.4 - Develop symptom based emergency

operating procedures for ILOCA,
including SGTR

R1/94/3 - Consider priorities for upgrading
measures based on PSA

PSA 1 - Perform analysis to prove that the volume
of the emergency water tank is adequate
to cope with this accident.

PRIORITY

N/A

N/A
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Table 2.1.1.-2 Bohunice WWER-440/230 Unit 1

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND
FUNCTION/SYSTEM FAILURES

DESCRIPTION FOR
ACCIDENT SEQUENCES

5. Multiple steam generator tube rupture /
Failure to isolate leak /Failure to initiate
manual reactor shutdown

This accident sequence is not an ATWS.
At the time when PSA was modelled,
there was no effective signal for reactor
shut down in case of this IE (RPS signal
"Large LOCA" was too late to prevent
CD). Therefore, operator should shut the
reactor down. Now we have RPS signal
due to low primary pressure and this
accident sequence is not a problem any
more.

CDF/ry

3.8E-5

CONTRIB.
TO TOTAL

CDF [%]

4.2

RELATED PSU MEASURE(S)

DESCRIPTION

R1/94/3.4 - Develop symptom based emergency
operating procedures for ILOCA,
including SGTR

R1/94/3 - Consider priorities for upgrading
measures based on PSA

PSA 1 - Perform analysis to prove that the
volume of the emergency water tank is
adequate to cope with this accident.

PRIORITY

N/A
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INITIATING EVENT AND
FUNCTION/SYSTEM FAILURES

DESCRIPTION FOR
6. Small LOCA (7-32 mm) / Failure to

isolate leak / Failure of HPIS

7. Loss of main feedwater system / Failure
to shut the reactor down

CDF /ry

1.4E-5

9.9E-6

CONTRIB.
TO TOTAL

1.6

1.1

RELATED PSU MEASURE(S)

R1/94/3.1 - Upgrade ECCS to mitigate large LOCA
(2x500 mm)

R 1/94/5.1 - Install a new essential service water
system.

PSA 5 - Increase the reliability of HPSI system
(decrease common cause failure rate)

Rl/94/5.2 - Install 2 fully independent trains of both
essential and vital power supplies
(categories I & II)

PSA 6 - Develop symptom based EOPs
R 1/94/2.1 - Upgrade super emergency feedwater

system (EFW), including addition of 2
new pumps

N/A

N/A
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Table 2.1.1.-2 Bohunice WWER-440/230 Unit 1

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND
FUNCTION/SYSTEM FAILURES

DESCRIPTION FOR
ACCIDENT SEQUENCES

8. Loss of export to grid / Failure to reject
load to the self consumption level /
Failure to trip TG on overspeed

TOTAL:

CDF/ry

5.5E-6

5.5E-4

CONTRIB.
TO TOTAL

CDF [%]

0.6

62%

RELATED PSU MEASURE(S)

DESCRIPTION

Rl/94/5.2 - Install 2 fully independent trains of both
essential and vital power supplies
(categories I & II)

PSA 6 - Develop symptom based EOPs
PSA 7 - Increase reliability of the electric power

supply

PRIORITY

N/A
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Table 2.1.1.-3 Bohunice WWER-440/230 Unit 1

CONTRIBUTION TO CORE DAMAGE FREQUENCY OF SYSTEMS/SAFETY FUNCTIONS

SYSTEM/SAFETY FUNCTION DESCRIPTION

1. Failure to shut down the reactor after the last TG trip

2. Failure of manual reactor shutdown

3. Failure of HPI system to deliver water to primary circuit

4. Failure to isolate leak on primary circuit

5. Failure to isolate primary loop with ruptured tube

6. Failure to reject the electrical load to the level of self consumption

7. Failure to trip TG on overspeed

8. Failure to cool the emergency borated water tank in post LOCA
recirculation mode

9. Failure to shut the reactor down after loss of main feedwater system

10. Failure to provide aggressive reduction of primary pressure

CONTRIBUTION
TO TOTAL CDF

[%]

37.5

5.2

4.8

4.1

3.6

2.4

2.4

1.4

1.2

0.5
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Table 2.1.1.-4 Bohunice WWER-440/230 Unit 1

COMPONENT OR COMPONENT CLASS AND RELATED PSU MEASURE

COMPONENT / COMPONENT CLASS

1. Failure of RPS after the last TG trip

2. Common mode failure of HPSI pumps

3. Common cause failure (CCF) of safety
injection system discharge line

4. Operator failure to initiate manual reactor
scram

CONTRIBUTION
TO TOTAL CDF

[%]

39.6

18.2

5.6

5.2

RELATED PSU MEASURE(S)

DESCRIPTION

Rl/94/5.3 - Upgrade RPS and ESFAS

PSA 4 - Analyze the impact of last TG trip signal
failure on plant safety

R1/94/3.1 - Upgrade ECCS to mitigate large LOCA
(2x500 mm)

Rl/94/5.1 - Install a new essential service water system.

PSA 7 - Increase the reliability of the electric power
supply

R1/94/3.1 - Upgrade ECCS to mitigate large LOCA
(2x500 mm)

Rl/94/5.2 - Install 2 fully independent trains of both
essential and vital power supplies (categories
I & II)

PSA 6 - Develop symptom based EOPs

PRIORITY

N/A

N/A

N/A

N/A

20



5. Failure of 6kV breaker in the line of
reserve supplying of emergency power
busbar

4.4 PSA 7 - Increase the reliability of the electric power
supply

Rl/94/5.2 - Install 2 fully independent trains of both
essential and vital power supplies (categories I
&II)

N/A
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Table 2.1.1.-4 Bohunice WWER-440/230 Unit 1

COMPONENT OR COMPONENT CLASS AND RELATED PSU MEASURE

COMPONENT / COMPONENT CLASS

6. Operator failure to isolate primary loop
after the rupture of steam generator tube

7. Failure of 6kV breaker on normal power
supply from main generator

8. CCF of diesel generators

9. Main isolation valve on hot leg fails to
close

10. Main isolation valve on cold leg fails to
close

CONTRIBUTION
TO TOTAL CDF

[%]

3.6

2.7

2.3

1.9

1.9

RELATED PSU MEASURE(S)

DESCRIPTION

PSA 6 - Develop symptom based EOPs

Rl/94/3.4 - Develop symptom-based emergency
operating procedures for ILOCA, including
SGTR

PSA 7 - Increase the reliability of the electric power
supply

R1/94/5.2 - Install 2 fully independent trains of both
essential and vital power supplies (categories I
&II)

Rl/94/5.1 - Install a new essential service water system.

Rl/94/5.2 - Install 2 fully independent trains of both
essential and vital power supplies (categories
I&II)

PSA 6 - Develop symptom based EOPs

PSA 6 - Develop symptom based EOPs

PRIORITY

N/A

N/A

N/A

N/A

N/A
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Table 2.1.1.-5 Bohunice WWER-440/230 Unit 1

HUMAN ACTIONS AND RELATED PSU MEASURES

HUMAN ACTIONS

1. Failure of manual reactor shut down

2. Operator fails to initiate loop isolation
procedure in case of SGTR

3. HE to open SW valve at the heat
exchanger of spray system

4. HE to open manual valve at spray system
heat exchanger

CONTRIBUTION
TO TOTAL CDF

[%]

5.2

3.6

3.0

2.6

RELATED PSU MEASURE(S)

DESCRIPTION

PSA 6 - Develop symptom based EOPs

PSA 6 - Develop symptom based EOPs

R1/94/3.4 - Develop symptom based emergency
operating procedures

PSA 6 - Develop symptom based EOPs

R1/94/4.2 - Upgrade confinement spray system to
mitigate Large LOCA (2x500 mm)

PSA 6 - Develop symptom based EOPs

R1/94/4.2 - Upgrade confinement spray system to
mitigate Large LOCA (2x500 mm)

PRIORITY

N/A

N/A

N/A
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Table 2.1.1.-6 Bohunice WWER-440/230 Unit 1

PSU MEASURES NOT ASSESSED AS IMPORTANT TO RISK BY THE PSA

PSU MEASURE

DESCRIPTION

R 1/94/5.1 - Installation of new essential service water system with 100 % redundancy

Rl/94/2.1 - Installation of two additional super emergency FW pumps

Replacement of old neutron flux measurement system by a new one

Rl/94/2.2 - Installation of a new steam dump station to atmosphere on each main steam
line

PRIORITY

N/A

N/A

N/A

N/A

Table 2.1.1.-7 Bohunice WWER-440/230 Unit 1

IMPORTANT PSU MEASURES NOT MODELED IN THE PSA

PSU MEASURE

DESCRIPTION

Implement a new PAMS system

Install new ventilation systems in electrical cabinets

R1/94/5.5 - Upgrade safety systems for seismic events

R1/94/4.9 - Install a system of forced ventilation and recirculation in confinement with
filtered discharge

PRIORITY

N/A

N/A

N/A

N/A
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TABLE 2.1.1.-8 BOHUNICE WWER-440/230 UNIT 1

COMPILATION OF PSU MEASURES REFERENCED IN TABLES 2.1.1.-2 TO 6

PSU MEASURE

DESCRIPTION

R 1/94/3.1 - Upgrade ECCS to manage LOCA 2x200 mm under conservative assumptions
and LOCA 2x500 mm under best estimate assumptions

R 1/94/5.1 - Install a new essential service water system

Rl/94/4.2 - Upgrade confinement spray system to manage LOCA 2x200 mm under
conservative assumptions and LOCA 2x500 mm under best estimate
assumptions

R1/94/3.4 - Develop emergency operating procedures (symptom based) for interfacing
LOCAs (including SGTR)

Rl/94/5.5.4 - Install a new bleed line from reactor coolant system to the emergency borated
water tank

PSI measure Rl/94/5.5.4 will be implemented to have possibility to cool the
primary circuit down after earthquake when secondary RHR system is not
available. It could be called as a primary RHR system. New bleed line from
the nonisolable part of a hot leg of one primary loop to emergency borated
water tank will be installed. For the "Feed" function HPI or LPI pumps
could be used.

Rl/94/5.3 - Upgrade RPS and install 2x100% redundancy in ESFAS system, qualification
of IE frequency, verify reliability to be less than 1E-5

PRIORITY

N/A

N/A

N/A

N/A

N/A

N/A
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PSU MEASURE

DESCRIPTION

Rl/94/2.1 - Upgrade old super emergency feedwater system (EFW) including addition of
new two EFW pumps

R1/94/1.3 - Full qualification of pressurizer safety valves to improve RCS overpressure
protection

R 1/94/2.2 - Install a new steam dump station to atmosphere at each main steam line

R1/94/2.3 - Install LP safety injection pumps

PRIORITY

N/A

N/A

N/A

N/A

26



Table 2.1.1.-8 Bohunice WWER-440/230 Unit 1

COMPILATION OF PSU MEASURES REFERENCED IN TABLES 2.1.1.-2 TO 7

PSU MEASURE

DESCRIPTION

Rl/94/5.2 - Upgrade electric power supply by establishing two fully independent,
seismically resistant trains of both essential and vital power supplies of
categories I and II

R1/94/3 - Consider priorities for upgrading measures based on the potential reduction in core
melt frequency

PSA 1 - Perform thermal hydraulic (T/H) analysis for interfacing LOCA in order to prove
that the volume of the emergency water tank is adequate to cope with this accident

PSA 2 - Increase the reliability of TG protection in order to decrease the frequency of
initiating events related to spurious TG trips

PSA 3 - Increase the reliability of reactor protection system (RPS) with respect to
overpressure transients

PSA 4 - Analyze the impact of last TG trip signal failure on plant safety

PSA 5 - Increase the reliability of HPSI system (decrease common cause failure rate)

PSA 6 - Develop symptom based emergency operating procedures

PSA 7 - Increase the reliability of the electric power supply

PSA 8 - Perform additional analysis to decrease the uncertainty of PSA results

PRIORITY

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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2.1.2. Novovoronezh WWER-440/179 (in the family of 440/230 reactors) Units 3, 4

2.1.2.1. Status of PSA

• Sponsor: Rosenergoatom

• Performing Organizations: A E P Moscow, OKB Gidropress, RRC Kurchatov Institute

• PSA Scope- Level 1, Internal events

• Operational Modes: Fu l1 P ° w e r

• Core Damage Frequency: 1 -8 E '3 P e r r e a c t o r

The first PSA project for Novovoronezh Units 3,4 (presented here) was initiated based on a
request by Rosenergoatom to support the NPP modernization programme. The PSA project was
managed by AEP Moscow. This PSA was discontinued due to lack of funding, however, results
were obtained for several initiating event groups, including LOCAs, primary to secondary leaks,
reactivity transients, secondary side ruptures, loss of off-site power and loss of normal heat removal
through the secondary side. These results are presented in this report. Therefore, the Russian-
sponsored PSA results presented in this report are not complete and should be considered to be
preliminary.

The PSA methodology was based on small event trees, success path diagrams and small
fault trees. For estimation of initiating event frequencies, generic data were used for LOCAs, and
WWER-specific data for all other initiators. Plant-specific reliability data were used for main
components and WWER generic data used for all other equipment. Common cause failures of
active components such as pumps, valves and diesels were modeled using the Multiple Greek Letter
approach. An analysis of operator actions was performed as part of the PSA using the
THERP/Handbook HRA method. The study was mainly oriented on analysis of post-accident
human actions. Some 20 operator actions were modeled, including: isolation of primary loops,
manual initiation of secondary cooling through the technological condensers or turbine condensers,
connection of intact SGs to the secondary side following automatic isolation, etc. The PSA was
performed using the APRA/AEP computer code.

A follow-on PSA study is currently underway for Novovoronezh NPP. This PSA project is
sponsored as part of the EC TACIS programme. A consortium of European companies led by
Empresarios Agruppados with NNC, Belgatom and AEA Technologies is involved on a consulting
basis in this effort. The scope of the follow-on PSA will include internal and external events
(including fires, floods, missiles, etc). Work is expected to be completed in 1996. At that time, the
results of this report would be obsolete and should be updated.

2.1.2.2. Status of PSU

In 1990, a decision was made and approved by SU Regulatory Body concerning the
"Special Operation" Mode of Novovoronezh-3,4 NPP. According to this decision, prior
reconstruction measures referred to as "Complex Programme of Extension of Special Operation
Mode of Novovoronezh-3,4 & Kola-1,2 NPPs" were developed by SU Ministry of Nuclear Energy
in 1992. Included in this programme is a list of 67 PSU measures, which were developed based on
deterministic approach. PSA results were not used for development of the list of PSU measures.
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The formal list of PSU measures is approved by Rosenergoatom for implementation as part of the
plant modification.

The PSA scope has been compared to the list of plant safety issues identified in the IAEA
extrabudgetary programme for WWER-440 reactors. For those safety issues identified by the
IAEA which are amenable to analysis using the existing PSA models for Novovoronezh, a PSA-
based ranking has been performed. In some cases, discrepancies have been identified between the
IAEA ranking and the ranking suggested by the Novovoronezh PSA results.

2.1.2.3 Comparison of PSA results with PSU measures

The results of the comparison of PSA results with PSU measures for the Novovoronezh
WWER-440/230 Units 3,4 are presented in Tables 2.1.2.-1 through 2.1.2.-8. No plant-specific
prioritization of PSUs was performed by Novovoronezh NPP.
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Table 2.1.2.-1 Novovoronezh WWER-440/230 Units 3,4

CONTRIBUTION TO CORE DAMAGE FREQUENCY GROUPED BY INITIATING EVENTS

INITIATING EVENT DESCRIPTION

1. Loss of normal heat removal through secondary side

2. Loss of off-site power

3. Primary to secondary leak (medium)

4. Medium LOCA (32 mm < d < 100 mm)

5. Inadvertent opening of pressurizer safety valve

6. Primary to secondary leak (small)

7. Large LOCA

8. Small LOCA

9. Loss of primary coolant flow & reactivity transients

10. Inadvertent opening of SG safety valve or BRU-A valve

11. Main steam header rupture

12. Non-isolable steam line rupture

13. Non-isolable feed water line rupture

14. Compensable LOCA (d<7 mm)

15. Isolable feed water line rupture

TOTAL:

CDF/ry

4.5E-4

4.5E-4

3.6E-4

1.6E-4

1.2E-4

9.0E-5

7.3E-5

1.9E-5

1.9E-5

1.8E-5

1.3E-5

2.1E-6

2.2E-6

1.0E-6

2.0E-7

1.8E-3

CONTRIBUTION
TO TOTAL CDF

[%]

25

25

20

9

7

5

4

1

1

1

0.7

0.1

0.1

0.06

0.01

100%
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Table 2.1.2.-2 Novovoronezh WWER-440/230 Units 3,4

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

1. Long-term (> 10 h) loss of normal heat removal
through secondary side / Failure of cooldown
system through technological condenser

2. Primary to secondary medium leak / Failure to
isolate using primary loop isolation valves

3. Long-term ( > 10 h) loss of off-site power of unit
and cooling down of adjacent unit / Cooldown
system through technological condenser is not
available

4. Inadvertent opening of pressurizer safety valve /
Failure of spray system leads to high temperature
of safety injection tank with consequential failure
of safety injection pumps

CDF /ry

4.2 E-4

3.3 E-4

3.0 E-4

1.1 E-4

CONTRIB.
TO TOTAL

CDF [%]

23.7

18.6

16.9

6.2

RELATED PSU MEASURE(S)

DESCRIPTION

7.7 - SG water supply from auxiliary
systems

11.3 - Back-up of cooldown system by
auxiliary systems

2.5 - Defence of primary loop isolation
valves against humidity caused by
LOCA

3.1 - Replace of SG collector cover pins
3.2/3 - Inspection of inside parts of SGs
3.4 - Stress analysis of SG collector
7.7 - SG water supply from auxiliary

systems
11.3 - Backup of cooldown system by

auxiliary systems

PRIORITY

N/A

N/A

N/A

N/A
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Table 2.1.2.-2 Novovoronezh WWER-440/230 Units 3,4

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

5. Long-term ( > 10 h) loss of off-site power of unit
/ Failure of cooldown system through
technological condenser

6. Loss of off-site power of twins units / Loss of
cooldown system through technological
condenser

7. Primary to secondary small leak / Loss of
cooldown system through technological
condenser

CDF/ry

7.6 E-5

4.2 E-5

4.0 E-5

CONTRIB.
TO TOTAL

CDF [%]

4.3

2.4

2.3

RELATED PSU MEASURE(S)

DESCRIPTION

7.6 - Implementation of additional cable
system for essential consumers

7.7 - SG water supply from auxiliary systems
7.9 - Back-up of cooldown system by

auxiliary systems
11.3 - DG load sequencing capacity analysis
7.6 - Implementation of additional cable

system for essential consumers
7.7 - SG water supply from auxiliary systems
7.9 - Back-up of cooldown system by

auxiliary systems
11.3 - DG load sequencing capacity analysis
3.1 - Replace of SG collector cover pins
3.2/3- Inspection of inside parts of SGs
3.4 - Stress analysis of SG collector
7.7 - SG water supply from auxiliary systems
11.3 - Back-up of cooldown system by

auxiliary systems

PRIORITY

N/A

N/A

N/A
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Table 2.1.2.-2 Novovoronezh WWER-440/230 Units 3,4

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

8. Primary to secondary small leak/Failure of both
normal and emergency primary makeup systems
as well as main isolation valves

9. Medium LOCA in isolable part/Failure to isolate
using primary loop isolation valves

10. Primary to secondary medium leak/Failure of
emergency primary makeup system

TOTAL:

CDF /ry

3.4 E-5

3.2 E-5

2.7 E-5

1.4E-3

CONTRIB.
TO TOTAL

CDF [%]

1.9

1.8

1.5

80%

RELATED PSU MEASURE(S)

DESCRIPTION

3.1 - Replace of SG collector cover pins
3.2/3 - Inspection of inside parts of SGs
3.4 - Stress analysis of SG collector
2.5 - Defence of primary loop isolation

valves against humidity caused by
LOCA

2.1 - LBB concept implementation
2.2-2.4- Additional measures of NDT applied

to connections to primary circuit
2.5 - Defence of primary loop isolation

valves against humidity caused by
LOCA

3.1 - Replace of SG collector cover pins
3.2/3 - Inspection of inside parts of SGs
3.4 - Stress analysis of SG collector

PRIORITY

N/A

N/A

N/A
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Table 2.1.2.-3 Novovoronezh WWER-440/230 Units 3,4

CONTRIBUTION TO CORE DAMAGE FREQUENCY OF SYSTEMS/SAFETY FUNCTIONS

SYSTEM/SAFETY FUNCTION DESCRIPTION

1. Residual heat removal through technological condenser

2. Closing of primary isolation valve (primary coolant inventory saving)

3. Emergency core cooling (including spray system operation to cool
borated water in safety injection storage tank)

CONTRIBUTION
TO TOTAL CDF

[%]

30.5

21.5

9.0

Table 2.1.2.-4 Novovoronezh WWER-440/230 Units 3,4

COMPONENT OR COMPONENT CLASS AND RELATED PSU MEASURE

Modularization procedure incorporated in APRA code which was used for PSA quantification makes it impossible to present the results on the
level of basic event contribution.
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Table 2.1.2.-5 Novovoronezh WWER-440/230 Units 3,4

HUMAN ACTIONS AND RELATED PSU MEASURES

HUMAN ACTIONS

1. Operator fails to initiate loop isolation in
the case of a primary to secondary
medium leak

2. Operator fails to initiate cooling through
technological condenser in the case of
loss of normal heat removal through the
secondary side

3. Operator fails to initiate loop isolation in
the case of a primary to secondary small
leak given failure of primary makeup
systems

4. Operator fails to initiate loop isolation in
case of a medium LOCA in isolable part

CONTRIBUTION
TO TOTAL CDF

[%]

17

2.2

1.2

1.1

RELATED PSU MEASURE(S)

DESCRIPTION

Beyond design basis accident procedures

New symptom based emergency operating procedures

New scenarios for simulator training

Beyond design basis accident procedures

New symptom based emergency operating procedures

New scenarios for simulator training

Beyond design basis accident procedures

New symptom based emergency operating procedures

New scenarios for simulator training

Beyond design basis accident procedures

New symptom based emergency operating procedures

New scenarios for simulator training

PRIORITY

N/A

N/A

N/A

N/A
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Table 2.1.2.- 6 Novovoronezh WWER-440/230 Units 3,4

PSU MEASURES NOT ASSESSED AS IMPORTANT TO RISK BY THE PSA

7. 3 - Replacement of emergency

PSU

DESCRIPTION

feedwater pumps

MEASURE

PRIORITY

N/A
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Table 2.1.2.-7 Novovoronezh WWER-440/230 Units 3,4

IMPORTANT PSU MEASURES NOT MODELED IN THE PSA

PSU MEASURE

DESCRIPTION

1.1 - 1.15: PSU measures related to reactor pressure vessel
4.1-4.2: PSU measures related to main steam line
5.1-5.3: PSU measures related to feed water
6.1-6.2: PSU measures related to deaerators
7.1: Analysis of equipment protection
7.4: Measures preventing confinement sump clogging
7.5: Flooding analysis
7.8: Implementation of separation of safety injection & spray pumps
7.10: Inspection of DC power system
8.1-8.7: PSU measures related to in-core I&C
9.1-9.2: PSU measures related to I&C
10.1-10.4: PSU measures related to radiation monitoring
11.1-11.3: PSU measures related to auxiliary systems
12.1-12.6: PSU measures related to human factor

PRIORITY

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
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Table 2.1.2.-8 Novovoronezh WWER-440/230 Units 3,4

COMPILATION OF PSU MEASURES REFERENCED IN TABLES 2.1.2.-2 TO 6

PSU MEASURE

DESCRIPTION

2.1 - LBB concept implementation
2.2-2.4 - Additional measures of NDT applied to connections to primary circuit
2.5 - Defence of primary loop isolation valves against humidity caused by LOCA
3 . 1 - Replace of SG collector cover pins
3.2/3 - Inspection of inside parts of SGs
3.4 - Stress analysis of SG collector
7.3 - Replacement of emergency feedwater pumps
7.6 - Implementation of additional cable system for essential consumers
7.7 - SG water supply from auxiliary systems
7.9 - Back up of cooldown system by auxiliary systems
11.3 - DG load sequencing capacity analysis
Beyond design basis accident procedures
New symptom based emergency operating procedures
New scenarios for simulator training^

PRIORITY

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
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2.1.3. Insights from PSAs into PSUs for WWER-440/230 NPPs

A review of the PSUs for both plants indicates that there are measures related to all
dominant accident sequences. No priorities have been given to the PSU measures. Therefore, the
PSA results can be further used to establish such priorities.

Some PSU measures have shown to have a negligible contribution to the total frequency of
core damage. At Bohunice these include: installation of a new fully redundant essential service
water system, installation of two additional super emergency feedwater pumps, replacement of the
old neutron flux measurement system and installation of a new steam dump station to the
atmosphere on each main steam line. For Novovoronezh these include the replacement of auxiliary
feedwater pumps.

It was also noted that a large number of PSU measures are not modelled in the PSA. Some
measures are not modelled because of the limitations in the scope of the PSAs while others are not
possible to include directly in PSA modelling. The first group includes: new ventilation system in
electrical cabinets, upgrades for seismic hazards, internal floods and fires (Novovoronezh) and
instrumentation and control (I&C) improvements. The latter group includes measures related to
reactor pressure vessel integrity (embrittlement), quality assurance and enhancing safety culture.

Finally it should be noted that due to the preliminary character of the Novovoronezh PSA it
was not possible to identify safety improvement measures common to both plants based on the PSA
insights.

2.2. WWER-440/213 NPPs

This Section presents the comparison of PSA results with plant specific PSU programmes
for WWER-440 Model 213 NPPs. Section 2.2.1. presents the results for the Bohunice V2 plant,
Section 2.2.2. for Dukovany NPP and Section 2.2.3. for Paks NPP.

2.2.1. Bohunice WWER-440/213, Unit 3

2.2.1.1. Status of PSA

• Sponsor: Slovenske Elektrarne (SE a.s.)

• Performing Organizations- RELKO Engineering Ltd., Nuclear Research Institute Trnava
(VUJE)

• PSA Scope: Level 1, Internal events , Including internal fires, internal floods

• Operational Modes: Full power

• Core Damage Frequency: 6 4 E " 4 P " r e a c t o r y e a r

The objective of the study is the quantification of the CDF and determination of the
dominant contributors to risk. The scope of the study includes LOCAs, transients, internal floods
and fires. Only 100% power operation was considered. The RISK SPECTRUM PSA code was
used.
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The study was undertaken in two phases. The first PSA model was developed for the status
of the unit to September 30, 1993. This model identified the emergency power supply system
(category 2) as the dominant contributor to the CDF. Following certain technological signals (i.e.,
Large and Medium LOCA, Steam Header Break) the normal off-site power supply to the 6 kV
emergency busses automatically disconnected followed by the start of diesel generator emergency
load sequencing. The PSA results were also affected by the assumption that no recovery of the grid
was considered within 24 hours following a loss of off-site power. The PSA demonstrated that the
emergency power system design decreases the reliability of the self consumption, and therefore,
modifications of this system were suggested subsequently implemented by the plant. This PSA
model was subject of an IAEA IPERS review mission in January 1995 and serves as the basis for
the information presented in this report.

A second "revised" PSA model was developed by RELKO Ltd. for the status of the unit
May 31, 1995. It includes the modification of the emergency power supply. In addition, recovery
actions and common cause failure of equipment in the Turbine Hall (following secondary steam
line break, steam header break and feedwater header break) were modeled.

The definition of initiating events was based on the IAEA generic list of initiating events for
WWER-440/213 reactors. Bohunice plant-specific data was used to develop failure rates and
maintenance unavailabilities for all safety system pumps, diesel generators, valves and certain I&C
equipment. Initiating event data was based on Bohunice-specific data (where applicable) and
WWER generic data. The Beta factor method was used for the quantification of common cause
failures.

An analysis of human actions was performed as part of the revised PSA study. There were
several human actions considered in the scope of this study that have no operating procedures and
limited operator training. These human actions include: feed-and-bleed, draining of the bubbler
tower into the confinement sump, and aggressive primary depressurization using relief valves in the
secondary circuit. For all non-proceduralized events, operator interviews formed the basis of the
assessment of human failure rates. In most cases very conservative human failure probabilities
were used to reflect the limited familiarity of the operator with such actions. Consideration of non-
proceduralized actions in this way allows for the evaluation of the impact of propose procedural
upgrades.

A major assumption which had a significant effect on the PSA results was that loss of
reactor coolant pump (RCP) seal cooling for 24 hours will not result in seal failure and a non-
recoverable loss of primary inventory to the RCP motor room. Using such an assumption, the
impact of loss of seal cooling on the PSA results is negligible. The PSA results are also affected by
the assumption that in case of loss of off-site power no recovery of the grid is considered within 24
hours.

As part of a related project, SAIC was responsible for the development of a Level 1 PSA
for Bohunice. This project was sponsored by the US Department of Energy (USDOE) and IAEA.
As part of this effort, SAIC provided specialized technical assistance and peer review to RELKO
Ltd. and VUJE Inc. throughout the Bohunice PSA project. SAIC is currently working together with
RELKO Ltd. under contract with SE a. s. to develop a common PSA model to serve as the basis for
development of the real-time risk monitoring system for Bohunice.

2.2.1.2. Status of PSU

At the present time, the Bohunice V2 plants have no formal PSU programme. The
development of a PSU programme is expected in the near future. The programme will be based
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on operational experience, results of deterministic analysis, PSA results and recommendations of
expert missions.

2.2.1.3. Comparison of PSA Results with PSU Measures

The results of the comparison of PSA results to PSU measures for the Bohunice WWER-
440/213 Unit 3 are presented in Tables 2.2.1.-1 through 2.2.1.-8. Seven PSU measures were
identified by the PSA. These measures were numerically ranked based on PSA importance.
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Table 2.2.1.-1 Bohunice WWER-440/213 Unit 3

CONTRIBUTION TO CORE DAMAGE FREQUENCY GROUPED BY INITIATING EVENTS

INITIATING EVENT DESCRIPTION

1. LOP - Loss of Off-site Power (LOSP)

2. SLBO - Steam Line Break Outside Boxes

3. SHB - Main Steam Collector (MSC) Break

4. FIRE-490 - Fire in TG Hall

5. LMF(FWHB) - Feedwater Collector Rupture

6. IFSL - Interfacing LOCA

7. VSL - Very Small LOCA (< 7mm)

8. ML(20-40) - Medium LOCA (20-40mm)

9. PSL - Pressurizer Steam LOCA

10. SGTR - Steam Generator Tube Rupture

TOTAL:

CDF/ry

1.9E-4

1.2E-4

9.3E-5

6.9E-5

4.9E-5

3.2E-5

3.1E-5

2.2E-5

8.3E-6

5.1E-6

6.3E-4

CONTRIBUTION
TO TOTAL CDF

[%]

30.5

19.0

14.5

10.8

7.7

5.1

4.9

3.4

1.3

0.8

98
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Table 2.2.1.-2 Bohunice WWER-440/213 Unit 3

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

1. LOSP / Failure of all secondary heat removal
systems / Operator fails to initiate feed and bleed

2. Steam line break outside confinement with
consequential failure of MFW/AFW/EFW due to
IE / Operator fails to initiate feed and bleed

3. MSC rupture with consequential failure of
MFW/AFW/EFW due to IE / Operator fails to
initiate feed-and-bleed

4. Fire in TG Hall with consequential loss of
MFW/AFW / EFW failure / Operator fails to
initiate feed and bleed

CDF /ry

1.4E-4

1.1E-4

6.7E-5

6.3E-5

CONTRIB.
TO TOTAL

CDF [%]

21.8

17

10.4

9.8

RELATED PSU MEASURE(S)

DESCRIPTION

Develop symptom based procedures for feed
and bleed
Change the electrical power supply for EFW
system valves. Change normal operating status
to "normally-open" for separating valves of
EFW header.
Change electrical power supply for valves in
Demineralized Water 1-MPa system. Change
signals for automatic opening of valves in case
of LOSP.
Develop symptom based procedures for feed
and bleed

Develop symptom based procedures for feed
and bleed

Develop symptom based procedures for feed
and bleed
Improvement of fire protection of the TG Hall.

PRIORITY

1

Not
determined

Not
determined

1

1

1
Not

determined
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Table 2.2.1.-2 Bohunice WWER-440/213 Unit 3

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

5. LOSP / Failure of secondary heat removal / HP-
ECCS causes failure of feed and bleed

6. FW collector rupture with consequential failure
of MFW/AFW/EFW due to IE / Operator fails to
initiate feed and bleed

7. Unisolated very small LOCA / HP-ECCS
success / Operator fails to realign LP-ECCS to
prevent overflow of tank in recirculation mode

8. Unisolated ILOCA / Operator failure to drain the
bubbler tower inventory into the confinement
sump

TOTAL:

CDF/ry

4.8E-5

4.5E-5

2.6E-5

2.4E-5

5.2E-04

CONTRIB.
TO TOTAL

CDF [%]

7.5

7.0

4.1

3.7

82%

RELATED PSU MEASURE(S)

DESCRIPTION

Develop symptom based procedures for feed
and bleed

Change the electrical power supply for EFW
system valves. Change normal operating status
to "normally-open" for separating valves of
EFW header.

Change electrical power supply for valves in
Demineralized Water 1-MPa system. Change
signals for automatic opening of valves in case
of LOSP.
Develop symptom based procedures for feed
and bleed

Install interlock to prevent LP-ECCS tank
overfilling during small and medium LOCAs
(ie . , <. 40 mm equivalent diameter)

Develop symptom based procedure for draining
water from the bubbler tower into the
confinement sump during ILOCA and SGTR

PRIORITY

1

Not
determined

Not
determined

1

Not
determined

1
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Table 2.2.1.-3 Bohunice WWER-440/213 Unit 3

CONTRIBUTION TO CORE DAMAGE FREQUENCY OF SYSTEMS/SAFETY FUNCTIONS

SYSTEM/SAFETY FUNCTION DESCRIPTION

1. Primary circuit (includes pressurizer, primary loop, isolation valves, and
reactor coolant pumps)

2. Super emergency Feed water (EFW) system

3. Demineralized water system 1 MPa

4. HP-ECCS system

CONTRIBUTION
TO TOTAL CDF

[%]

9.5

4.3

1.1

0.1

Table 2.2.1.-4 Bohunice WWER-440/213 Unit 3

COMPONENT OR COMPONENT CLASS AND RELATED PSU MEASURE

COMPONENT / COMPONENT CLASS

Human error
Individual component failures
CCF
Maintenance

CONTRIBUTION
TO TOTAL CDF

[%]

82.7
18.4
2.8
2.0

RELATED PSU MEASURE(S)

DESCRIPTION

Develop symptom based procedures

PRIORITY

N/A
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Table 2.2.1.-5 Bohunice WWER-440/213 Unit 3

HUMAN ACTIONS AND RELATED PSU MEASURES

HUMAN ACTIONS

1. Operator fails to initiate feed and bleed.

2. Operator fails to prevent overfilling of
the LP tanks

3. Operator fails to drain bubbler
condenser.

4. Operator fails to open EFW injection
valves to SGs.

5. Operator fails to initiate aggressive
pressure reduction of primary side by
secondary side.

CONTRIBUTION
TO TOTAL CDF

[%]

68.3

6.4

4.5

4.1

1.8

RELATED PSU MEASURE(S)

DESCRIPTION

Develop symptom based procedures for feed and bleed

Install interlock to prevent LP-ECCS tank overfilling during
small and medium LOCAs (i.e., <_ 40 mm equivalent
diameter)
Develop symptom based procedure for draining water from
the bubbler tower into the confinement sump during ILOCA
and SGTR
None

Develop symptom based procedure to initiate aggressive
pressure reduction of primary system using the relief valves
of turbine bypass system (BRU-K).

PRIORITY

1

N/A

1

N/A
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Table 2.2.1.-6 Bohunice WWER-440/213 Unit 3

PSU MEASURES NOT ASSESSED AS IMPORTANT TO RISK BY THE PSA *

PSU

DESCRIPTION

None

MEASURE

PRIORITY

* As the Bohunice V2 PSU programme is not yet established, there are no PSUs to list here.

Table 2.2.1.-7 Bohunice WWER-440/213 Unit 3

IMPORTANT PSU MEASURES NOT MODELED IN THE PSA *

PSU MEASURE

DESCRIPTION

• None

PRIORITY

* As the Bohunice V2 PSU programme is not yet established, there are no PSUs to list here.
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Table 2.2.1.-8 Bohunice WWER-440/213 Unit 3

COMPILATION OF PSU MEASURES REFERENCED IN TABLES 2.2.1-2 TO 6

PSU MEASURE

DESCRIPTION

Develop symptom based procedures for feed and bleed
Develop symptom based procedure for draining water from the bubbler tower into the
confinement sump during ILOCA and SGTR
Change the electrical power supply for EFW system valves. Change normal operating status
to "normally-open" for separating valves of EFW header.
Change electrical power supply for valves in Demineralized Water 1-MPa system. Change
signals for automatic opening of valves in case of LOSP.
Install interlock to prevent LP-ECCS tank overfilling during small and medium LOCAs (i.e.,
< 40 mm equivalent diameter)
Develop symptom based procedure to initiate aggressive pressure reduction of primary
system using the relief valves of turbine bypass system (BRU-K).
Improvement of fire protection of the TG Hall.

PRIORITY *

1
1

Not determined

Not determined

Not determined

Not determined

Not determined

* At the present time, Bohunice NPP has no formal PSU programme. Several improvements were identified by the PSA. The development of symptom based
procedures has priority 1, however, the importance of other actions has not been determined yet.
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2.2.2. Dukovany WWER-440/213, Unit 1

2.2.2.1. Status of PSA

• Sponsor: N P P

• Performing Organizations: ^

• PSA Scope: Level 1, Internal events, Including LOSP, Internal floods and
influence of high pressure pipelines ruptures

• Operational Modes: Full power

• Core Damage Frequency: l ^E" 4 P e r r e a c t o r y e a r

The Level 1 PSA of NPP Dukovany is periodically updated as part of a Living PSA
programme. The scope of the PSA includes internal events, including total loss of off-site power
(from both internal and external initiators) and internal floods. The influence of high pressure
pipeline breaks was also analyzed. A level 2 PSA is ongoing and is expected to be completed in
early 1997. Analysis of internal fires is expected to be completed at the end of the 1995 calendar
year. Contribution of shutdown states will be analyzed during 1996-97. The RISK SPECTRUM
computer code was used.

The definition of initiating events was based on the IAEA generic list of initiating events for
WWER-440/213 reactors. Dukovany plant-specific data was used to develop failure rates and
maintenance unavailabilities for all safety system pumps and diesel generators. Initiating event data
was based on Dukovany-specific data (where applicable) and WWER generic data. The Beta factor
method was used for the quantification of common cause failures.

A detailed analysis of human actions was performed as part of the PSA study. Based on
insights derived from earlier application of PSA to Dukovany in 1993, new operating procedures
were developed for several important operator actions that were previously not proceduralized.
These actions include: feed and bleed, draining of the bubbler tower into the confinement sump,
aggressive primary depressurization using relief valves in the secondary circuit, actions related to
SGTR, and the use of water makeup pumps for recovery of RCP seal cooling. These procedures
are still relatively new to the operators and this information is reflected in the analysis of human
failure probabilities. In addition, there are several non-standard (i.e., non proceduralized) actions
modeled in this study. Recovery actions were modeled for choice of initiators (especially for loss
of electric power initiators).

A major assumption which had a significant effect on the PSA results was that loss of
reactor coolant pump (RCP) seal cooling for 2 hours will result in seal failure and a non-
recoverable loss of primary inventory to the RCP motor room. Another significant assumption was
that vessel failure would occur (with probability 6.7%) during overcooling sequences which
involved an unisolated main steam collector break.

As part of a related project completed in December 1994, SAIC was responsible for the
development of a Level 1 PSA for Dukovany. This project was sponsored by the Czech Republic
State Office for Nuclear Safety (SUJB), the US Department of Energy (USDOE) and IAEA. As
part of this effort, SAIC provided specialized technical assistance and peer review to UJV Rez
throughout the Dukovany PSA project. The SAIC PSA study was used in separate applications
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sponsored by SUJB as the basis for implementation of a series of changes to Dukovany technical
specifications and for development and implementation of a real-time risk monitoring system.

2.2.2.2. Status of PSU

As part of the PSU programme at Dukovany, a list of upgrading measures has already been
prepared. PSU measures were identified from the following sources:

• Internal technical audit of NPP Dukovany
• Level 1 PSA Study
• New Final Safety Analysis Report
• IAEA List of measures in IAEA-EBP-WWER-03

The final version of this list will be finished after an anticipated IAEA mission at NPP
Dukovany. All PSU measures grouped into one of four categories based on safety importance
using an approach which considers deterministic and probabilistic methods. Table 2.2.2-0 provides
a summary of the PSU prioritization categories defined by NPP Dukovany.

2.2.2.3 Comparison of PSA Results with PSU Measures

The results of the comparison of PSA results with PSU measures for the Dukovany
WWER-440/213 Unit 1 are presented in Tables 2.2.2.-1 through 2.2.2.-8. It should be noted that
the prioroties given in Tables 2.2.2.-2,-4,-5,-6 and -8 are derived from PSA insights only and do
not reflect the final prioritization according to Table 2.2.2.-0.
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Table 2.2.2.-0: SUMMARY OF PSU SAFETY IMPORTANCE CATEGORIES DEFINED BY
NPP DUKOVANY

PSU SAFETY IMPORTANCE

1st. group (the highest priority)

2nd. group (high priority)

3rd. group (low priority or time
consuming requirements)

4th. group (measures not assessed
as important to risk by the PSA)

DEFINITION:

Includes measures which remove safety-related deficiencies,
with highest negative impact:
• Core damage probability is higher than lE-4/reactor-year

(i.e., it exceeds the safety target in INSAG-3).
Implementation of this group of modifications will lead to
the reduction of core damage frequency to a value lower
than lE-4/reactor-year.

• Unacceptable degradation of the defence in depth
(deterministic evaluation according to the IAEA
procedure, the IAEA categories III and IV (IAEA-EBP-
WWER-03) belong to this group).

• Measure is required by SUJB (Czech regulatory body).
• Measure is neither possible to be evaluated by PSA level 1

study nor it is mentioned in the list of IAEA
recommendations, but according to expert judgement
belongs to this group.

Includes the following categories of deficiencies:
• Core damage probability is higher than 1E-5 (i.e., exceeds

the safety target in INSAG-3 for new plants)
• Defence in depth degradation (deterministic evaluation

according to the IAEA procedure, the IAEA category II
belongs to this group).

• It is neither possible to be evaluated by PSA level-1 study,
nor it is located in IAEA list of recommendations, but
according to expert judgement belongs to this group.

Included in this group are the following:
• Measures which according to the PSA evaluation do not

have a significant influence on the CDF reduction, but
they are important for individual initiating events or they
significantly decrease the unavailability of individual
systems.

• Other measures according to the deterministic assessment
with lower priority (category I of the IAEA procedure
belongs to this group).

• Time consuming measures which could be implemented
only in the course of a major reconstruction.

Included in this group are the following:
• Measures which according to the PSA evaluation do not

have a influence on the CDF reduction, which are not
important for individual initiating events or they do not
decrease the unavailability of individual systems.
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Table 2.2.2.-1 Dukovany WWER-440/213 Unit 1

CONTRIBUTION TO CORE DAMAGE FREQUENCY GROUPED BY INITIATING EVENTS

INITIATING EVENT DESCRIPTION

1. Tl - MSC break or steam line break in machine hall (+ 14.7m)

2. LI(DO TF10) - ILOCA into intermediate cooling circuit of RCPs

3. T4 - Main FW collector break and discharge collector break

4. LI(DO TF30) - ILOCA into intermediate cooling circuit of protection
system of the core (control rods)

5. FS "OVERPRESSURE" - Spurious signal "Overpressure in
Confinement"

6. L1/L0 - Small and Compensate LOCA (0-20mm)

7. T5 - LOSP and loss of 400 kV line

8. T12 - Large Leak of Circulating Cooling Water into TG Hall

TOTAL:

CDF /ry

8.0E-5

2.0E-5

1.4E-5

1.2E-5

1.2E-5

1.0E-5

7.9E-6

3.9E-6

1.6E-4

CONTRIBUTION
TO TOTAL CDF

[%]

45.0%

11.0%

7.7%

6.9%

6.7%

5.6%

4.5%

2.2%

90%
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Table 2.2.2.-2 Dukovany WWER-440/213 Unit 1

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

1. T1.11 -3: main steam collector break (MSCB) or
steam line break in machine hall (on + 14.7m
level) with consequential failure of MFW/AFW
systems / Signal "MSCB" is created / Successful
isolation of the leakage / Failure of secondary
side heat removal / Failure of feed and bleed

2. T i l 1-9: MSCB or steam line break in the
machine hall (on + 14.7m level) with
consequential failure of MFW/AFW / Signal
"MSCB" is not created / Operator successfully
isolates the leakage / Failure of secondary side
heat removal / Failure of feed and bleed

3. LI (do TF10)/LI(P)-3/7: Interfacing LOCA to
TF10/ECCS injection phase succeeds/Operator
fails to drain bubbler tower into sump before the
end of ECCS injection resulting in cavitation of
all ECCS pumps

CDF /ry

1.9E-5

1.8E-5

1.1E-5

CONTRIB.
TO TOTAL

CDF [%]

10.5%

10.3%

6.1%

RELATED PSU MEASURE(S)

DESCRIPTION

A.l.D - Reduce flooding potential in PPR-II/III
A.I.A - Relocate EFW piping
A.l.C - Install qualified equipment in TG hall
A. 1 .B -Install lash governors on pipe bearings
B . I - Install pressurizer relief valve
E. 1 - New symptom based EOPs
A.l.E - Mechanical protection for quick-closing

valves and SRVs
F.2 - New Emergency Operating Instructions
A.l.D - Reduce flooding potential in PPR-II/III
A.I.A - Relocate EFW piping
A.l.C - Install qualified equipment in TG hall
A.l.B -Install lash governors and pipe bearings
B.I - Install pressurizer relief valve
E . I - New symptom based EOPs
C.2.A - Improve ESFAS signals
A.l.E - Mechanical protection for quick-closing

valves and SRVs
F.2 - New Emergency Operating Instructions

B. 11 - Qualification of RCP seals
B.9 - Install drain line from RCP motor room to

sump
B.8 - Modify ESFAS signal "Large Accident"

to prevent TF10 trip
E . I - New symptom-based EOPs
F.2 - New Emergency Operating Instructions

PRIORITY

1
1
1
1
1
2

1

1
1
1
1
1
1
2

1

1

1
1

1
1
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Table 2.2.2.-2 Dukovany WWER-440/213 Unit 1

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

4. Tl.2-4: MSCB or steam line break in the
machine hall (on + 14.7m level) / Only parts of
secondary systems are unavailable / Signal
"MSCB" is created / Successful isolation of the
leakage / Failure of secondary side heat removal
/ Failure of feed and bleed

5. Tl .2-11: MSCB or steam line break in the
machine hall (on + 14.7m level) / Only parts of
secondary systems are unavailable / Signal
"MSCB" is not created / Operator successfully
isolates the leakage / Failure of secondary side
heat removal / Failure of feed and bleed

6. LI(do TF30)/LI(P)-l/7: Interfacing LOCA to
TF30 / Injection phase of operation of the ECCS
pumps is successful / Operator fails to drain
bubbler tower into sump before the end of ECCS
injection resulting in cavitation of all ECCS
pumps

CDF/ry

8.1E-6

7.9E-6

6.74E-6

CONTRIB.
TO TOTAL

CDF [%]

4.6%

4.5%

3.8%

RELATED PSU MEASURE(S)

DESCRIPTION

A.l.A - Relocate EFW piping
A. 1 .C - Install qualified equipment in TG hall
A.l.B -Install lash governors and pipe bearings
B.I - Install pressurizer relief valves
E.I- New symptom based EOPs
A.l.E- Mechanical protection for quick-closing

valves and SRVs
F.2 - New Emergency Operating Instructions

A. 1 .A - Relocate EFW piping
A.l.C - Install qualified equipment in TG hall
A.l.B -Install lash governors and pipe bearings
B . I - Install pressurizer relief valves
E.I- New symptom based EOPs
C.2.A - Improve ESFAS signals
A.l.E- Mechanical protection for quick-closing

valves and SRVs
F.2 - New Emergency Operating Instructions

B. 11 - Qualification of RCP seals
B.9 - Install drain line from RCP motor room to

sump
B.8 - Modify ESFAS signal "Large Accident"

to prevent TF10 trip
E. 1 - New symptom-based EOPs
F.2 - New Emergency Operating Instructions

PRIORITY

1
1
1
1
2

1

1
1
1
1
1
2

1

1

1
1

1
1
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Table 2.2.2.-2 Dukovany WWER-440/213 Unit 1

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

7. FS"OVERPRESSURE"/LI(P)-2/7: Spurious
signal "Overpressure in confinement" / Failure
to recover cooling to RCP seals within 2 hours /
Operator fails to drain bubbler tower into sump
before the end of ECCS injection resulting in
cavitation of all ECCS pumps

8. T4-9: main feedwater collector (MFWC) break
(1st. half collector) / Failure of secondary side
heat removal / Failure of feed and bleed

9. T4-17: MFWC break (2nd. half collector) /
Failure of secondary side heat removal / Failure
of feed and bleed

CDF /ry

6.6E-6

6.5E-6

6.5E-6

CONTRIB.
TO TOTAL

CDF [%]

3.7%

3.7%

3.7%

RELATED PSU MEASURE(S)

DESCRIPTION

B. 11 - Qualification of RCP seals
B.9 - Install drain line from RCP motor room to
sump
B.8 - Modify ESFAS signal "Large Accident"
to prevent TF10 trip
E . I - New symptom-based EOPs
F.2 - New Emergency Operating Instructions
A.l.D - Reduce flooding potential in PPR-H/III
A.I.A - Relocate EFW piping
A.l.C - Install qualified equipment in TG hall
A.l.B -Install lash governors and pipe bearings
B . I - Install pressurizer relief valves
E. 1 - New symptom based EOPs
A.l.E - Mechanical protection for quick-closing

valves and SRVs
F.2 - New Emergency Operating Instructions

A.l.D - Reduce flooding potential in PPR-II/III
A. l .A- Relocate EFW piping
A. l.C - Install qualified equipment in TG hall
A.l.B -Install lash governors and pipe bearings
B.I - Install pressurizer relief valves
E. 1 - New symptom-based EOPs
A.l.E - Mechanical protection for quick-closing

valves and SRVs
F.2 - New Emergency Operating Instructions

PRIORITY

1

1
1

1
1
I
1
1
1
1
2

1

1
1
1
1
1
2

1
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Table 2.2.2.-2 Dukovany WWER-440/213 Unit 1

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

10. Tl.2-13: MSCB or steam line break in the
machine hall (on + 14.7m level) / Only parts of
secondary systems are unavailable / Signal
"MSCB" is not created / Failure of isolation of
the leakage / Overcooling of primary circuit and
RPV rupture

11. Tl . 11-11: MSCB or steam line break in the
machine hall (on + 14.7m level) with
consequential failure of the MFW/AFW systems
/ Signal "MSCB" is not created / Failure of
isolation of the leakage / Overcooling of primary
circuit and RPV rupture

12. LO/LO.L1-3/4: Compensable LOCA / Loss of
primary inventory during recirculation due to
operator failure to realign LP system to prevent
overflow of LP ECCS tanks

CDF /ry

6.0E-6

5.3E-6

5.0E-6

CONTRIB.
TO TOTAL

CDF [%]

3.4%

3.0%

2.8%

RELATED PSU MEASURE(S)

DESCRIPTION

A. 1 .A - Relocate EFW piping
A. 1 .C - Install qualified equipment in TG hall
A. 1 .B -Install lash governors and pipe bearings
E . I - New symptom based EOPs
C.2.A - Improve ESFAS signals
A.l.E - Mechanical protection for quick-closing

valves and SRVs
A. 1 .A - Relocate EFW piping
A.l.C - Install qualified equipment in TG hall
A.l.B -Install lash governors and pipe bearings
E.I - New symptom based EOPs
C.2.A - Improve ESFAS signals
A.l.E - Mechanical protection for quick-closing

valves and SRVs
B.S - Install automatics to change suction path

of LP-ECCS pumps during small LOCA
E . I - New symptom based EOPs
F.2 - New Emergency Operating Instructions

PRIORITY

1
1
1
1
1
2

1
1
1
1
1
2

1

1
1
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Table 2.2.2.-2 Dukovany WWER-440/213 Unit 1

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

13. LI(do TF10)/LI(P)-3/5: Interfacing LOCA to
TFIO / Injection phase of ECCS pumps operation
is successful / Operator successfully drains the
bubbler tower / Loss of primary inventory during
recirculation due to operator failure to realign LP
system to prevent overflow of LP ECCS tanks

14. T12-2: CW pipeline break in TG Hall / operator
fails to switch off the CW pumps

15. Tl.12-3: MSCB or steam line break in the
machine hall (on + 14.7m level) with
consequential failure of EFW / Signal MSCB is
created / Successful isolation of the leakage /
Failure of secondary side heat removal / Failure
of feed and bleed

CDF/ry

4.1E-6

3.9E-6

3.3E-6

CONTRIB.
TO TOTAL

CDF [%]

2.3%

2.2%

1.9%

RELATED PSU MEASURE(S)

DESCRIPTION

B. 11 - Qualification of RCP seals
B.9 - Install drain line from RCP motor room to

sump
B.8 - Modify ESFAS signal "Large Accident"

to prevent TFIO trip
B.5 - Install automatics to change suction path

of LP-ECCS pumps during small LOCA
E. 1 - New symptom based EOPs
F.2 - New Emergency Operating Instructions
E. 1 - New symptom based EOPs
A.3 - New EOP for flooding in TG Hall

A. 1 .A - Relocate EFW piping
A. 1 .C - Install qualified equipment in TG hall
A.l.B -Install lash governors and pipe bearings
B . I - Install pressurizer relief valves
E.I - New symptom based EOPs
A.l.E - Mechanical protection for quick-closing

valves and SRVs
F.2 - New Emergency Operating Instructions

PRIORITY

1
1

1

1

1
1
1
2

1
1
1
1
2

1
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Table 2.2.2-2 Dukovany WWER-440/213 Unit 1

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR
ACCIDENT SEQUENCES

16. Tl.12-9: MSCB or steam line break in the
machine hall (on + 14.7m level) with
consequential failure of EFW / Signal MSCB is
not created / Operator successfully isolated
leakage / Failure of secondary side heat removal
/ Failure of feed and bleed

17. Tll-8: Loss of MFW system / Failure of
secondary side heat removal / Failure of feed and
bleed

18. LI (do TF30)/LI(P)-l/5: Interfacing LOCA to
TF30 / Injection phase of ECCS pumps operation
is successful / Operator successfully drains the
bubbler tower / Loss of primary inventory during
recirculation due to operator failure to realign LP
system to prevent overflow of LP ECCS tanks

CDF /ry

3.2E-6

2.8E-6

2.6E-6

CONTRIB.
TO TOTAL
CDF [%]

1.8%

1.6%

1.5%

RELATED PSU MEASURE(S)

DESCRIPTION

A.I.A - Relocate EFW piping
A.l.C - Install qualified equipment in TG hall
A.l.B -Install lash governors and pipe bearings
B. 1 - Install pressurizer relief valves
E. 1 - New symptom based EOPs
C.2.A - Improve ESFAS signals
A.l.E - Mechanical protection for quick-closing

valves and SRVs
F.2 - New Emergency Operating Instructions
B.I - Install pressurizer relief valves
E. 1 - New symptom based EOPs
F.2 - New Emergency Operating Instructions

B. 11 - Qualification of RCP seals
B.9 - Install drain line from RCP motor room to

sump
B.8 - Modify ESFAS signal "Large Accident"

to prevent TF10 trip
B.5 - Install automatics to change suction path

of LP-ECCS pumps during small LOCA
E . I - New symptom based EOPs
F.2 - New Emergency Operating Instructions

PRIORITY

1
1
1
1
1
2

1

1
1

1
1

1

1

1
1
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Table 2.2.2.-2 Dukovany WWER-440/213 Unit 1

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

19. FS"OVERPRESSURE'7LI(P)-2/5: Spurious
signal "Overpressure in confinement" / Failure
to recover RCP seal cooling within 2 hours /
Operator successfully drains the bubbler tower /
Loss of primary inventory during recirculation
due to operator failure to realign LP system to
prevent overflow of LP ECCS tanks

TOTAL:

CDF/ry

2.5E-6

1.2E-04

CONTRIB.
TO TOTAL

CDF [%]

1.4%

72%

RELATED PSU MEASURE(S)

DESCRIPTION

B. 11 - Qualification of RCP seals
B.9 - Install drain line from RCP motor room to

sump
B.8 - Modify ESFAS signal "Large Accident"

to prevent TF10 trip
B.5 - Install automatics to change suction path

of LP-ECCS pumps during small LOCA
E . I - New symptom based EOPs
F.2 - New Emergency Operating Instructions

PRIORITY

1
1

1

1

1
1
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Table 2.2.2.-3 Dukovany WWER-440/213 Unit 1

CONTRIBUTION TO CORE DAMAGE FREQUENCY OF SYSTEMS/SAFETY FUNCTIONS

SYSTEM/SAFETY FUNCTION DESCRIPTION

1. Emergency feedwater system

2. Auxiliary feedwater system

3. Intermediate cooling circuit of the ECCS pumps

4. Electric power supply

5. ECCS-high pressure system

6. Main isolation valves

7. Decay heat removal system

8. Intermediate cooling circuit of the main cooling pumps

9. Pressurizer

10. Important service water

11. Special drainage

12. Main feedwater system

13. Reactor protection system

CONTRIBUTION
TO TOTAL CDF

[%]

33.4

17.4

8.5

5.9

5.6

5.4

5.2

3.7

2.2

2.1

1.9

1.5

0.7
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Table 2.2.2.-4 Dukovany WWER-440/213 Unit 1

COMPONENT OR COMPONENT CLASS AND RELATED PSU MEASURE

COMPONENT / COMPONENT CLASS

1. Failure of emergency feeding heads of
SGs 2,4,6 opening in case of flooding in
machine hall (on + 14.7m level) -valves
RR72.74.76S02

2. One out of four quick operating valves
on the intermediate cooling circuit of
RCPs fails to open

3. Signal "MSCB" design failure

4. Failure of feeding heads of SGs 1,3,5
opening in case of flooding in machine
hall (on + 14.7m level) - valves
RL31,33,35S04

5. Failure of emergency feeding heads of
SGs opening in case of flooding in
machine hall (on + 14.7m level) - CCF
of 6 valves RRXXS02

6. Failure of emergency feeding heads of
SGs 1,3,5 opening in case of flooding in
machine hall (on + 14.7m level) - valves
RR31.33.35S02

CONTRIBUTION
TO TOTAL CDF

[%]

9 *
(for each valve)

8

7

6 *
(for each valve)

6 *

5 *
(for each valve)

RELATED PSU MEASURE(S)

DESCRIPTION

A.I.A - Relocate EFW piping
A.6 - Modify automatic signals for EFW output trains

B.8 - Modify ESFAS signal "Large Accident" to prevent
TF10 trip

C.2.A - Improve ESFAS signal "MSC Break"

A.l.C - Install qualified equipment in TG hall

A.l.A - Relocate EFW piping

A. 1 .A - Relocate EFW piping
A.6 - Modify automatic signals for EFW output trains

PRIORITY

1

1

1

1

1

1
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Table 2.2.2.-4 Dukovany WWER-440/213 Unit 1

COMPONENT OR COMPONENT CLASS AND RELATED PSU MEASURE

COMPONENT/COMPONENT CLASS

7. Failure of feeding heads of SGs 2,4,6
opening in case of flooding in machine
hall (on + 14.7m level) - valves
RL72,74,76S04

8. Emergency feed water pump 04.14.01.1
fails to run

9. Main isolation valves YA11S01, S02
fails to close

10. Failure of feeding heads of SGs opening
in case of flooding in machine hall (on
+ 14.7 m level) - CCF of six valves
RLXXS04

11. CCF of valves from special drainage
system closing - valves TZX1S01

12. CCF of valves 04.5.301.1,2 from decay
heat removal system opening

13. CCF of running of the HP ECCS pumps
in recirculation phase

CONTRIBUTION
TO TOTAL CDF

[%]

4 *
(for each valve)

3

3
(for each valve)

3

2

2

1

RELATED PSU MEASURE(S)

DESCRIPTION

A. 1 .C - Install qualified equipment in TG hall

B.4 - Innovation of primary loop isolation valves

A. 1 .C - Install qualified equipment in TG hall

A.5 - Reduce the test interval for decay heat removal valves

PRIORITY

1

3

1

3

*The failure of injection to the steam generators in these cases is caused by phenomenological effects resulting from the initiating event and not mechanical failure of the specified

valves.
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Table 2.2.2.-5 Dukovany WWER-440/213 Unit 1

HUMAN ACTIONS AND RELATED PSU MEASURES

HUMAN ACTIONS

1. Failure to initiate feed and bleed (in case
of leak from secondary circuit)

2. Failure to drain the bubbler tower into
the boxes

3. Failure to recover seal cooling using the
Normal Makeup (TK) system

4. Failure to isolate primary loops

5. Failure to realign LP system to prevent
overflow of LP ECCS tanks during
Small LOCA (<40mm)

6. Failure to prevent overcooling of the
primary circuit after MSCB
(unsuccessful isolation of steam line or
loop of damaged SG)

7. Failure to initiate EFW following failure
of MFW/AFW systems

CONTRIBUTION
TO TOTAL CDF

[%]

37

17

10

8

8

7

5

RELATED PSU MEASURE(S)

DESCRIPTION

E . I - New symptom based EOPs
F.2 - New Emergency Operating Instructions

E . I - New symptom based EOPs
F.2 - New Emergency Operating Instructions

E . I - New symptom based EOPs
F.2 - New Emergency Operating Instructions

E . I - New symptom based EOPs

B.5 - Install automatics to change suction path of LP-ECCS
pumps during small LOCA
E . I - New symptom based EOPs

C.2.A - Improve ESFAS signals

A.6 - Modify automatic signals for EFW output trains
E. 1 - New symptom based EOPs

PRIORITY

1
1

1
1

1
1

1

1

1

1

1
1
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Table 2.2.2.-5 Dukovany WWER-440/213 Unit 1

HUMAN ACTIONS AND RELATED PSU MEASURES

HUMAN ACTIONS

8. Failure of primary circuit leakage
isolation - interruption of the circulation
through loop (damaged SG on the
secondary side)

9. Failure to initiate feed and bleed (if leak
from secondary circuit does not occur)

10. Staff make no decision to realize
recovery action - power supply from
TG of another unit or from DG of
another unit

11. Circulating cooling water pumps are not
switch - off in time in case of great
leakage of CW in turbine hall

12. Failure to recover off-site power using
power plant DALESICE

13. Failure to recover service water

14. Failure to recover off-site power using
power substation OSLAVANY

CONTRIBUTION
TO TOTAL CDF

[%]

4

3

3

2

2

2

2

RELATED PSU MEASURE(S)

DESCRIPTION

E. 1 - New symptom based EOPs

E. 1 - New symptom based EOPs
F.2 - New Emergency Operating Instructions

F. 1 - New EOPs for electric power supply accidents

E. 1 - New symptom based EOPs

F. 1 - New EOPs for electric power supply accidents

~

D.I - Modify 110 kV substation reserve power supply

PRIORITY

1

1
1

1

1

1

—

2
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Table 2.2.2.-6 Dukovany WWER-440/213 Unit 1

PSU MEASURES NOT ASSESSED AS IMPORTANT TO RISK BY THE PSA

PSU MEASURE

DESCRIPTION

A.4 - Power supply for output trains of feedwater to high pressure heaters from II. category
of emergency power

B.6 - Modification of power supply of the bubbler troughs outlet valves XL10S20-S31

D.5 - Completing of breaker 15.75 kV to intake of branch transformers

C.2.C - Exchange of ESFAS equipment

C.4.B - Exchange of load sequence system equipment

C.5 - Exchange of technological protections of SGs equipment

C.6 - Exchange of local protections of SGs equipment

D.4 - General innovation of the 1st. category of emergency power

PRIORITY

4

4

4

4

4

4

4

4
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Table 2.2.2.-7 Dukovany WWER-440/213 Unit 1

IMPORTANT PSU MEASURES NOT MODELED IN THE PSA

PSU MEASURE

DESCRIPTION

NM.l - Recommendations resulting from fire safety area

NM.2 - More resistant control rooms

NM.3 - Bypasses of valves RA. .S03 on the steam lines of SGs

NM.4 - Level measurement in SG rooms

NM.5 - Pressure measurement in confinement with higher range

NM.6 - Possibility of the unlocking of the ESFAS signals (especially to HP pumps)

NM.7 - Modification of the reactor temperature measuring thermocouple range

NM.8 - Installation of the hydrogen removal system

NM.9 - Reevaluation of the control sample of the RPV embrittlement programme

NM. 10 - Seismic qualification of the decay heat removal system and other secondary circuit
equipment (0.1 g)

NM. 11 - Completing of the activity measurement to steam lines

NM.12 - Completing of the diagnostic equipment of the RPV and primary circuit

PRIORITY

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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Table 2.2.2.-8 Dukovany WWER-440/213 Unit 1

COMPILATION OF PSU MEASURES REFERENCED IN TABLES 2.2.2.-2 TO 6

PSU MEASURE

DESCRIPTION PRIORITY

A. Secondary Circuit Systems:

A.I.A - Location of emergency feedwater collector and emergency feeding heads to another
place

A.l.B - Installation of lash governors in pipe bearings

A. l.C - Installation of equipment which better resists expected phenomenological conditions
in the machine hall

A.l.D - Measures to reduce potential for flooding into rooms PPR-II and PPR-III (located
underneath machine hall)

A.l.E - Protection of quick-closing valves and SRVs against mechanical effects

A.2 - Substitution of one AFW pump (or both AFW pumps) with more powerful pump (or
pumps)

A.3 - New EOP for flooding in TG Hall from circulating cooling water system

A.4 - Power supply for output trains of FW to HP heaters from II. category of emergency
power

A.5 - Reduce the test interval for decay heat removal system valves

A.6 - Modification of automatic signals fort EFW output trains

A.7 - Install independent control for turbine bypass valves from turbine controller (TVER)

1

1

1

1

2

3

2

4

3

1

3
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Table 2.2.2.-8 Dukovany WWER-440/213 Unit 1

COMPILATION OF PSU MEASURES REFERENCED IN TABLES 2.2.2-2 TO 6

PSU MEASURE

DESCRIPTION PRIORITY

B. Primary Circuit Systems:

B. 1 - Install pressurizer relief valve to performing procedure feed and bleed and to prevent
cold overpressurization of primary circuit in cold state

B.2 - Modification of operation status of the special drainage in ECCS pump rooms

B.3 - Install measures to reduce the potential for clogging of containment sumps

B.4 - Innovation of primary loop isolation valves

B.5 - Install automatics to change the suction path of ECCS pumps during small LOCAs to
prevent the possibility of LP ECCS tank overfilling

B.6 - Modification of power supply to the bubbler tower trough outlet valves XL10S20 - S31

B.7 - Address leak before break status

B.8 - Modify ESFAS signal "Great Accident" to prevent automatic closing of quick-closing
valves in the intermediate cooling circuit of RCP (TF10)

B.9 - Install a new drainage line from the RCP motor rooms A,B301 to the sump in order to
prevent the possibility for an interfacing LOCA as a consequence of RCP seal failure

B. 10 - Change the opening pressure for the hydroaccumulators

B. 11 - Qualification of the RCP seals

2

3

1

3

1

4

2

1

1

2

1
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Table 2.2.2.-8 Dukovany WWER-440/213 Unit 1

COMPILATION OF PSU MEASURES REFERENCED IN TABLES 2.2.2.-2 TO 6

PSU MEASURE

DESCRIPTION PRIORITY

C. I&C Systems:

C.I.A - Modifications to RPS - Reform the signal "Main Steam Collector Break"

C.l.B - Modifications to RPS - Install duplicate terminal relays for HO-1 signal

C.2.A - Exchanges, modifications and completing of signals for ESFAS - Reform the signal
"Main Steam Collector Break"

C.2.B - Exchanges, modifications and completing of signals for ESFAS - Following the
signal "Medium Leakage", disconnect automatic start of LP-ECCS pumps and connect
automatic start of HP-ECCS pumps

C.2.C - Exchanges, modifications and completing of signals for ESFAS - Exchange of
ESFAS equipment

C.3 - Remove the SG level gauges in I&C rooms A204, A252, and A205 (two in each room)

C.4.A - Exchanges, modifications and completing of signals for load sequencing system -
Include Normal Makeup (TK) pumps as part of "Nominal" programme of load
sequencing

C.4.B - Exchanges, modifications and completing of signals for load sequencing system -
Exchange of load sequencing system equipment

C.5 - Exchange of technological protections of SGs

C.6 - Exchange of local protections of SGs

3

3

1

3

4

3

3

4

4

4
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Table 2.2.2.-8 Dukovany WWER-440/213 Unit 1

COMPILATION OF PSU MEASURES REFERENCED IN TABLES 2.2.2.-2 TO 6

PSU MEASURE

DESCRIPTION PRIORITY

D. Electric Power Supply Systems:

D . I - Modify 110 kV substation reserve power supply

D.2 - Duplicate 4th system of 1st category of emergency power

D.3 - General innovation of DG electrical equipment

D.4 - General innovation of 1st category of emergency power

D.5 - Complete 15.75 kV breaker to intake of branch transformers

2

3

3

3

4

E. Other Measures:

E. 1 - Develop and Implement new symptom-based EOPs 1

F. Examples of performed measures:

F. 1 - New EOP P4B - EOPs for electric power supply accidents

F.2 - New emergency operating instructions (for some non standard actions - feed and bleed,
draining of bubbler tower and so on)

1

1
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2.2.3. Paks WWER-440/213, Unit 3

2.2.3.1. Status of PSA

• Sponsor: 1. Paks NPP

• Performing Organizations: 2. VEKI, NPP Paks

• PSA Scope: 3. Level 1, Internal events

• Operational Modes: 4. Full power

• Core Damage Frequency: 5. 5.OE-4 per reactor year

The objectives of the PSA study discussed below were determined by the general objectives of
the Advanced General and New Evaluation of Safety (AGNES) project. Correspondingly, the
objectives of the current PSA were as follows:

A. Quantification of the core damage frequency (CDF);
B. Identification of most significant event sequences leading to core damage, quantification of

their frequency;
C. Sensitivity analysis to identify and quantify the most important contributors to CDF,

including human reliability, the independent and common cause failures, and especially
the WWER specific problems; and

D. Uncertainty analysis to estimate error factors involved within the results.

Based on Task A, the safety level of Unit 3 of Paks NPP could be qualified. Using the results
of Tasks B and C the weak points of the unit, and the priorities to initiate actions to improve its safety
level, could be identified. Task D results in numerical information with which the credibility of the
results could be estimated.

The scope of the PSA covers analysis of event sequences leading to core damage, i.e. the
AGNES project, includes the Level 1 PSA. Its extension to Level 2 (quantification of source term
frequencies) and Level 3 (estimation of environmental and health effect frequencies) can be carried out
based on the results of the current project. The scope of initiating events evaluated within the project
comprises those that can be induced inside the technology itself (inside the mechanical, I&C, and
electrical subsystems), i.e. only internal initiating events were treated. External hazards such as fires
and flooding were not evaluated in a probabilistic way in the current project.

Several assumptions had an important impact on results:

An important assumption is related to the use of the feed and bleed procedure. For the
purposes of sensitivity studies each event sequence was carefully studied for possible
application of the feed and bleed procedure. If feed and bleed was found applicable, the
F/B event was built into the event tree. However, during the calculation phase no credit
was given to its success initially (p = 1 of its failure was assumed) due to the fact, that
currently neither procedure exists nor the qualification of the related safety valves has been
completed. This resulted in a very high contribution for certain sequences when compared
to the PSA results for other WWER-440/213 plants where feed and bleed was considered.
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• Another important assumption was concerning the reactor coolant pump (RCP) seal
integrity for sequences involving the loss of seal cooling.

The failure of the RCP seal due to the loss of its coolant was modelled within the following
cases (event trees):

Kl - Loss of Off-site Power
K2 - Loss of EV Bus-bar
LI - Loss of Intermediate Cooling to Reactor Coolant Pumps
L3 - Loss of Make-up Water Pump

P = 0.5 probability was considered for RCP seal failure.

In the case if RCP seal failure occurs with MOVs TX81-86S201 (MOVs of system of
organized leakages) closed then loss of coolant would take place through the route of
unorganized leakages that cannot be transferred back. The operator action in such a case
should be reopening of MOVs TX81-86S201 redirecting the route of the coolant loss by
that towards the hermetic box through the pressure limiting valves, finally to the sump.
This operator interaction is modelled in the Paks PSA with the failure probability of 0.01.

In the cases when a real pressure increase of the containment occurs (LOCA, steam line or
feedwater line break inside the containment) the RCP seal failure was not modelled. Some
calculations were made recently in order to determine contribution of those sequences to
the CDF. Our assumption was that in LOCA cases the RCP seal failure would be an
additional route for the coolant loss with very high hydraulic resistance until the break is
isolated (of if it is unisolable), so loss of coolant would be directed actually through the
break. After the break has been isolated RCP seal LOCA can occur on the unisolated
loops. In order to avoid that operator should stop ECCS and start make up water system
with normal electric supply within 30 minutes. This interaction is included in EOPs and
trained on the Simulator, so probability of its failure is assessed to be 1.0E-3. In the cases
of steam and feedwater line breaks inside the containment the event tree success sequences
were continued with small LOCA sequences. Calculations have shown that taking into
account the seal LOCA for the cases mentioned above would increase CDF by the value of
3.4E-6/yr which is about 0.68% of the present CDF.

• The possibility for the LP-ECCS pumps to divert primary inventory to an unrecoverable
location during the recirculation phase for small LOCAs (<40mm) was not considered in
the scope of the PSA.

The Paks PSA consists of 55 initiating events (IEs). These IEs came from generic and plant-
specific sources. Plant-specific IEs were defined based on consultation with PSA experts,
thermohydraulics analysts, systems analysts, and experts from operations and from the simulation
department. Both generic and plant-specific data were combined using Bayesian analysis.

A detailed analysis of human actions was performed as part of the PSA study. This analysis
involved pre- and post-trip human actions. Only proceduralized actions were considered.
Modeling of operator actions was based on detailed observations in the full scope simulator.
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2.2.3.2. Status of PSU

Originally Paks NPP had a PSU with high number of measures. The list of the measures
was modified on the basis of a deterministic approach. The PSU measures were divided into three
groups:

measures with extremely high priority
measures with high priority and
measures with less importance

Following the completion of the AGNES project for the Paks NPP, PSA recommendations were
taken into account for the definition of PSU measures. The PSU ranking presented in Section
2.2.3.3. includes consideration of PSA results.

2.2.3.3. Comparison of PSA Results with PSU Measures

The results of the comparison of PSA results with PSU measures for the Paks WWER-
440/213 Unit 3 are presented in Tables I/1-I/8.
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Table 2.2.3.-1 Paks WWER-440/213 Unit 3

CONTRIBUTION TO CORE DAMAGE FREQUENCY GROUPED BY INITIATING EVENTS

INITIATING EVENT DESCRIPTION

1. G - Loss or reduction in feedwater flow

2. I - Loss of steam flow

3. K - Failures in electrical power supply and I and C systems

4. D-Small LOCA

5. M - Unplanned reactor trip

TOTAL:

CDF/ry

3.2E-4

1.4E4

1.1E-5

9.9E-6

6.9E-6

4.9E-4

CONTRIBUTION
TO TOTAL CDF

[%]

64.0

26.8

2.3

2.0

1.4

96.4
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Table 2.2.3.-2 Paks WWER-440/213 Unit 3

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

1. FW collector rupture (G3) with consequential
failure of MFW/AFW/EFW due to IE

2. MSC rupture (15) with consequential failure of
MFW/AFW/EFW due to IE

3. FW line rupture outside containment (G4) with
consequential failure of MFW/AFW/EFW due to
IE

4. Steam line break outside confinement (14) with
consequential failure of MFW/AFW/EFW due to
IE

5. FW line rupture inside containment (G7) /
Operator failure to isolate SG on FW side

6. Loss of EV Bus (K3) Operator fails to recover
within 3 hours / Operator manually trips the
reactor and fails to trip the turbine

7. Steam line break inside confinement (13) with
consequential failure of MFW/AFW/EFW
due to IE

TOTAL.

CDF /ry

2.4E-04

8.1

4.8E-05

4.3E-05

2.7E-05

9.6E-06

3.5E-06

4.6E-4

CONTRIB.
TO TOTAL

CDF [%]

47.8%

16.3%

9.5%

8.5%

5.4%

1.9%

0.7%

90.1%

RELATED PSU MEASURE(S)

DESCRIPTION

203 - Replacement of the AEFW system
118 - Develop feed and bleed procedure

203 - Replacement of the AEFW system
118 - Develop feed and bleed procedure

203 - Replacement of the AEFW system
118 - Develop feed and bleed procedure

203 - Replacement of the AEFW system
118 - Develop feed and bleed procedure

118 - Develop feed and bleed procedure

203 - Replacement of the AEFW system
118 - Develop feed and bleed procedure

PRIORITY

1
6

1
6

1
6

1
6

6

1
6
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Table 2.2.3.-3 Paks WWER-440/213 Unit 3

CONTRIBUTION TO CORE DAMAGE FREQUENCY OF SYSTEMS/SAFETY FUNCTIONS •

SYSTEM/SAFETY FUNCTION DESCRIPTION

1. Not available

CONTRIBUTION
TO TOTAL CDF

[%]

Systematic calculation of the contribution to CDF of all systems/safety functions was not performed, because it
was not the objective of the AGNES Project (and of the included PSA). Considering the strong dependencies
among systems included simultaneously in different headers of the event trees, a complete quantification process
for each case, i.e. for each system/function of interest would be necessary.
(However, for selected systems their contribution were calculated as seen in Table 2.2.3-4.)
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Table 2.2.3.-4 Paks WWER-440/213 Unit 3

COMPONENT OR COMPONENT CLASS AND RELATED PSU MEASURE

COMPONENT / COMPONENT CLASS

Water Makeup System
Diesel
AEFW pump
EFW pump
Water level control system make up water
tank
Service water valves
HP ECCS pump

CONTRIBUTION
TO TOTAL CDF

[%]

10.7
3.1
1.2
0.8
0.7

0.6
0.5

RELATED PSU MEASURE(S)

DESCRIPTION

203 - Replacement of the AEFW system

205 - Increase the reliability of the HP-ECCS system

PRIORITY

1

9
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Table 2.2.3.-5 Paks WWER-440/213 Unit 3

HUMAN ACTIONS AND RELATED PSU MEASURES

HUMAN ACTIONS

1. No recovery of the secondary side heat
removal following the steam line and
feedwater line and collector break

2. No localization and isolation of primary
and secondary pipe breaks

3. No manual interactions for the cases
when no automatics are available for the
given function

4. No manual interaction as backup action
in case of failure of automatics

5. No recovery action in case of
malfunctions of electrical power supply
system

6. Pre-accident human errors

CONTRIBUTION
TO TOTAL CDF

[%]

84

8

3

3

2.5

2

RELATED PSU MEASURE(S)

DESCRIPTION

Relocation of AFW

Procedure development

Procedure for development

Procedure for development

Procedure for development

Training (IAEA Model Project)

PRIORITY
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Table 2.2.3.-6 Paks WWER-440/213 Unit 3

PSU MEASURES NOT ASSESSED AS IMPORTANT TO RISK BY THE PSA

PSU MEASURE

DESCRIPTION

102 - Handling the primary to secondary circuit leakage at the SGs.
604 - Protection of the containment sumps from clogging
205 - Increasing the reliability of HP ECCS
224 - Reactor protection system replacement

PRIORITY

2
4
9
12

Table 2.2.3.-7 Paks WWER-440/213 Unit 3

IMPORTANT PSU MEASURES NOT MODELED IN THE PSA

PSU MEASURE

DESCRIPTION

Hydrogen treatment on the containment (out of scope, level 2 PSA)

Address LP tanks overflow problem during the recirculation phase of small LOCAs

Overpressure protection of primary circuit in cold condition (out of scope, shutdown PSA)

Heavy Load dropping onto the roof of containment (out of scope, external event PSA)

Heating up water in ECCS tanks (out of scope, shutdown PSA - if at all)

Installation of a venting system on the reactor vessel head and other high elevation points in
the primary circuit

PRIORITY

3

5

7

8

10

11
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Table 2.2.3.-8 Paks WWER-440/213 Unit 3

COMPILATION OF PSU MEASURES REFERENCED IN TABLES 2.2.3-2 TO 6

PSU MEASURE

DESCRIPTION

203 - Relocation of the AEFW system
604 - Protection of the containment sumps from clogging
118 - Develop feed and bleed procedure
205 - Increasing the reliability of the HP ECCS

- Procedure development
- Training (Model IAEA Project)

PRIORITY

1
4
6
9
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2.2.4. Insights from PSAs into PSUs for WWER-440/213 NPPs

The scope, level of detail and calculated core damage frequency are similar between each
of the three plants. A summary of the risk-significant PSU measures identified by each PSA is
summarized in Table 2.2.4.-1.

Although there appears to be a wide difference in the number of PSU measures identified
by each PSA, for those PSU measures with the largest impact on core damage frequency there was
general agreement between plants. All three plants identified the need to improve procedures, most
notably for feed and bleed. Both Dukovany and Paks identified major design changes to reduce the
potential for flooding in the TG hall. The lack of identified PSU measures in this area is a notable
omission from the Bohunice PSA. There was also agreement between all three plants on the need
to install an interlock to prevent flooding of the LP-ECCS tank rooms during small LOCAs.

There were PSU measures identified by Dukovany to significantly reduce the potential for
accident sequences involving seal LOCAs. These measures were not identified by the other two
plants due to a different assumption (i.e. RCP seal integrity will be maintained for 24 hours
following a loss of seal cooling).

Both Dukovany and Paks identified sump clogging to be an important PSU measure.
Although sump clogging did not have a significant quantitative contribution in any of the PSAs, the
potential importance of this event (when considering its potential impact using a risk achievement
worth measure) can not be discarded. The fact that all three studies used a generic frequency for
this event makes it more of a concern.

There are significant differences in many of the remaining PSU measures identified in
Table 2.2.4-1. Many of them are due to plant specific issues or differences in PSA scope.

81



Table 2.2.4.-1 COMPARISON OF RISK SIGNIFICANT PSU MEASURES FOR WWER-440/213 NPPs

PSU MEASURE

Measures to reduce the impact of flooding in TG hall
- relocate EFW piping
- install LASH governors and pipe hearings
- install equipment which better resists phenomenological conditions
- reduce flooding potential to electrical rooms PPR - II/IH
- mechanical protection for quick-closing valves and SRVs

Develop and implement symptom based EOPs

Develop feed and bleed procedure
Install pressurizer relief valve to perform feed and bleed and prevent primary circuit cold
overpressurization
Install interlocks to prevent flooding of LP-ECCs tanks during small LOCA

New EOP for flooding in TG hall from circulating water system
Modification of automatic signals for EFW output trains
Change electric power supply and normal operating status for EFW valves
Change electric power supply for demineralized water system (1 MPa) valves. Change
signal for automatic opening of valves during LOSP
Improve fire protection in TG hall
Qualification of RCP seals
Install new drain line from RCP motor room to sump
Modify ESFAS signal "Large Accident" to prevent automatic closing of quick closing valves
in the intermediate cooling circuit of RCP
Install measures to reduce the potential for sump clogging
Increase reliability of HP-ECCs

PLANT

BOHUNICE -3

Not identified

Identified

Identified
Not identified

Identified

Not identified
Not identified

Identified
Identified

Identified
Not identified
Not identified
Not identified

Not identified
Not identified

DUKOVANY-1

Identified
Identified
Identified
Identified
Identified
Identified

Identified

Completed
Identified

Identified

Identified
Identified

Not identified
Not identified

Out of scope
Identified
Identified
Identified

Identified
Not identified

PAKS-3

Identified
9

?
?
?
?

Not identified

Identified
?

Identified

Not identified
Not identified
Not identified
Not identified

Out of Scope
Not identified
Not identified
Not identified

Identified
Identified
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2.3. WWER-1000 NPPs

This Section presents the comparison of PSA results with plant specific PSU programmes
for WWER-1000 NPPs. Section 2.3.1. presents the results for the Balakovo NPP Unit 4, Section
2.3.2 for Kozloduy Units 5,6 and Section 2.3.3. for the Temelin NPP.

2.3.1. Balakovo WWER-1000/320 Unit 4

2.3.1.1. Status of PSA

• Sponsor: 1. Ministry for Atomic Energy

• Performing Organizations: 2. AEP Moscow, OKB "Gidropress", Kurchatov Institute

• PSA Scope: 3. Level 1, Internal events

• Operational Modes: 4. Full power

• Core Damage Frequency: 5. 1.9E-5 per reactor year (estimate from presented results)

The first PSA project for Balakovo Unit 4 (presented here) was initiated based on a request
by the Russian Ministry for Atomic Energy. The PSA project was managed by AEP Moscow.
This limited scope PSA has been completed and the results are presented in this report.

The PSA methodology was based on small event trees, success path diagrams and small
fault trees. The scope of the PSA was internal initiators occurring during full power operation.
The PSA was performed using the APRA/AEP computer code. Only 11 groups of internal
initiating events were considered. Plant control systems were not modeled due to their low
probability of failure. The definition of success criteria, core damage sequences, timing were
assessed by qualitative expert opinion with conservatism and only a restricted number of thermal
hydraulics calculations were performed. For estimation of initiating event frequencies and
component failure rates, generic data were used. In some cases (e.g., diesel generators) failures
rates were estimated using expert opinion. Common cause failures were analyzed using the Greek
letter method.

A limited number of operator actions were analyzed as part of the PSA, these include:

• establishing core cooling using the normal or emergency heat removal system, or plant
cooling system

• starting of auxiliary feedwater pumps
• primary circuit depressurization
• start of HP-ECCS or makeup system
• manual stop of HP-ECCS
• establishing service water supply to the demineralized tanks
• feed and bleed

A follow-on PSA study is currently underway for Balakovo NPP. This PSA project is
sponsored as part of the EC TACIS programme. A consortium of European including EA,
Belgatom and NNC are involved in this effort. The scope of the follow-on PSA will include a full
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Level 3 PSA. Work is expected to be completed in the first half of 1996. At that time, the results
of this report would be obsolete and should be updated.

2.3.1.2. Status of PSU

The PSU measures of the operating NPPs with WWER-1000 (V-320 type) are in
"Conception of safety upgrading of the operating Units of NPPs with WWER-1000" which was
developed in 1993 - 1994 and is current in the approval stage. This report contains 94 PSU
measures for WWER-1000/320 reactors. From this list, 56 PSU measures are related to technical
improvements with the remainder related to additional analysis or operational upgrading. The
ranking of safety issues according to IAEA TECDOC-640 was used.

2.3.1.3. Comparison of PSA Results with PSU Measures

The results of the comparison of PSA results with PSU measures for the Balakovo WWER-
1000/320 Unit 4 are presented in Tables 2.3.1.-1 through 2.3.1.-8. The prioritization of PSU
measures in the tables is based on the IAEA issue ranking scheme in TECDOC-640.
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Table 2.3.1.-1 Balakovo WWER-1000/320 Unit 4

CONTRIBUTION TO CORE DAMAGE FREQUENCY GROUPED BY INITIATING EVENTS

INITIATING EVENT DESCRIPTION

1. LOOP - Loss of off-site power

2. LPS - Leak from primary to secondary side

3. LNHR - Loss of normal heat removal through secondary side

4. SLL (isolable section) - Steam line leak in isolable section

TOTAL:

CDF/ry

1.4E-5

1.1E-6

9.0E-7

4.6E-7

1.6E-5

CONTRIBUTION
TO TOTAL CDF

[%]

68%

6%

5%

2%

81%
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Table 2.3.1.-2 Balakovo WWER-1000/320 Unit 4

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

1. LOOP / Diesel generator failures

2. LOOP / Depressurization system failure /
Additional water supply failure to emergency
feed water tanks

3. Loss of normal heat removal (LNHR) /
Depressurization system failure / Failure to
supply additional water to emergency feed water
tanks

4. Primary-to-secondary leak (LPS) / Normal heat
removal system (NHR) failure / LP ECCS failure

5. Steam line leak in isolable section (SLL) /
Depressurization system failure / Failure to
supply additional water to emergency feed water
tanks

CDF/ry

1.1E-5

3.3E-6

6.0E-7

4.0E-7

3.4E-7

CONTRIB.
TO TOTAL

CDF [%]

58

17.4

3

2

1.8

RELATED PSU MEASURE(S)

DESCRIPTION

• Increase discharge time of batteries

• Implement additional diesel generator

• Implement additional systems to supply SGs
with water from reliable sources

• Implement additional diesel generator

• Implement additional systems to supply SGs
with water from reliable sources

• Implement accident management measures
for primary-to-secondary leak (d= 100mm)

• Implement additional systems to supply SGs
with water from reliable sources

PRIORITY

III
III

III

III

III

HI

III
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Table 2.3.1.-2 Balakovo WWER-1000/320 Unit 4

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

6. Primary-to-secondary leak (LPS) / Normal heat
removal system (NHR) failure / Depressurization
system failure

7. Primary-to-secondary leak (LPS) / Normal heat
removal system (NHR) failure / Emergency heat
removal failure

8. LNHR / Secondary relief valves to main
condensers (BRU-K) on two or more SGs fail /
Feed and bleed failure

9. LOOP / Secondary relief valves to main
condensers (BRU-K) on two or more SGs fail /
Feed and bleed failure

10. LOOP 4- LP ECCS failure / Feed and bleed
failure

CDF/ry

3.4E-7

1.6E-7

1.3E-7

9.8E-8

3.3E-8

CONTRIB.
TO TOTAL

CDF [%]

1.8

0.8

0.7

0.7

0.2

RELATED PSU MEASURE(S)

DESCRIPTION

• Implement accident management measures
for primary-to-secondary leak (d = 100mm)

• Upgrade atmospheric dump valves and their
control system

• Implement accident management measures
for primary-to-secondary leak (d=100mm)

• Upgrade atmospheric dump valves and their
control system

• Develop feed and bleed procedure
(implemented)

• Implement additional diesel generator

• Develop feed and bleed procedure
(implemented)

• Implement additional diesel generator

• Develop feed and bleed procedure
(implemented)

PRIORITY

III
II

III
II

N/A

III
N/A

III
N/A
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Table 2.3.1.-2 Balakovo WWER-1000/320 Unit 4

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

11. LNHR / Depressurization system Failure /
Failure to supply additional water to emergency
feed water tanks

TOTAL:

CDF/ry

2.4E-8

1.6E-05

CONTRIB.
TO TOTAL

CDF [%]

0.1

86.5%

RELATED PSU MEASURE(S)

DESCRIPTION

• Implement additional systems to supply SGs
with water from reliable sources

PRIORITY

III

Table 2.3.1.-3 Balakovo WWER-1000/320 Unit 4

CONTRIBUTION TO CORE DAMAGE FREQUENCY OF SYSTEMS/SAFETY FUNCTIONS *

SYSTEM/SAFETY FUNCTION DESCRIPTION CONTRIBUTION
TO TOTAL CDF

[%]

* An analysis of system/safety function contribution to CDF was not perfonned as part of the Balakovo PSA
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Table 2.3.1.-4 Balakovo WWER-1000/320 Unit 4

COMPONENT OR COMPONENT CLASS AND RELATED PSU MEASURE

COMPONENT / COMPONENT CLASS

Diesel Generator

CONTRIBUTION
TO TOTAL CDF

[%]

63%

RELATED PSU MEASURE(S)

DESCRIPTION

Increase discharge time of batteries
Implement additional diesel generator

PRIORITY

III
III

Table 2.3.1.-5 Balakovo WWER-1000/320 Unit 4

HUMAN ACTIONS AND RELATED PSU MEASURES

HUMAN ACTIONS

Depressurization of the primary circuit by
opening emergency gas removal system
valves
Operator fills emergency feed water tanks

CONTRIBUTION
TO TOTAL CDF

[%]

9%

?

RELATED PSU MEASURE(S)

DESCRIPTION

Develop sympton-based operating procedures

Develop sympton based operating procedures

PRIORITY

N/A

?
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Table 2.3.1.-6 Balakovo WWER-1000/320 Unit 4

PSU MEASURES NOT ASSESSED AS IMPORTANT TO RISK BY THE PSA

PSU MEASURE

DESCRIPTION

ECCS water storage tank and suction line integrity

SG relief valves performance at low pressures

SG level control valves

PRIORITY

II

II

I
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Table 2.3.1.-7 Balakovo WWER-1000/320 Unit 4

IMPORTANT PSU MEASURES NOT MODELED IN THE PSA

PSU MEASURE

DESCRIPTION

Classification of components and qualification of equipment

Reactor core upgrading

Component integrity upgrading

I&C system upgrading

Electrical power supply upgrading

Beyond design basis accident analysis

Emergency planning, procedures and training programs

Internal and external event modelling

PRIORITY

II

II

II

I/II

I

I/II

N/A

N/A
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Table 2.3.1.-8 Balakovo WWER-1000/320 Unit 4

COMPILATION OF PSU MEASURES REFERENCED IN TABLES 2.3.1.-2 TO 6

PSU MEASURE

DESCRIPTION

1.17- Increase discharge time of batteries
1.18 - Implement additional diesel generator
1.12- Implement additional systems to supply SGs with water from reliable sources
1.19 - Implement accident management measures for primary-to-secondary leak (d=100mm)
1.52 - Upgrade atmospheric dump valves and their control system
Develop feed and bleed procedure (implemented)
Develop sympton based operating procedures

PRIORITY

HI
III
III
III
II

N/A
N/A
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2.3.2. Kozloduy WWER-1000/320, Units 5,6

2.3.2.1. Status of PSA

• Sponsor: Bulgarian National Electric Company

• Performing Organizations: Risk Engineering Ltd., Bulgaria

• PSA Scope- Full scoPe ^ A Level 1 completed. It includes internal events,
internal fires and seismic initiators.

• Operational Modes: F u l 1 P ° w e r

• Core Damage Frequency: 3 1EA P e r r e a c t o r y e a r

The IAEA Generic Reliability Database was used as the primary source of data with some
limited plant-specific data. The PSA was performed using IAEA PSAPACK Version 4.0 computer
code. The Kozloduy PSA was reviewed as part of an IAEA-sponsored IPERS mission.

Common cause failure analysis was performed using the Beta-factor method. Operator
actions which duplicate operator actions (i.e., recovery actions) were not modeled, nor were
operator recovery actions.

There were several limitations regarding the availability of information to support PSA
development that were identified by the performing organization. Not all operating procedures
were available, nor were test and maintenance procedures and other technical specifications. There
was also a lack of detailed plant schematics and information about equipment hardware interfaces.
An attempt was made to include all important initiators in the PSA.

2.3.2.2. Status of PSU

A plant-specific PSU programme has been developed and approved. The main principle
used in the PSU programme development was in structuring the safety upgrading measures in
accordance with the safety functions of the systems. Experience from existing studies, design
deficiencies identified during plant operation, and generic safety issues identified by the IAEA, as
well as other European and World organizations for upgrading of WWER were taken in to account.
The Kozloduy PSU programme is fully documented and divided into 6 sections:

1. Identification of main reference documents that were used.
2. Description of the safety functions.
3. Identification of measures that are directly related to the safety - there are 208 hardware

related measures identified in this section.
4. Identification of additional studies and measures related to safety enhancement (this

includes: the site, buildings, systems, documentation, and radiation control).
5. Identification of measures related to organization, management and quality assurance.
6. Identification of measures related to the Kozloduy NPP Information System development

(structure, data bases, interfaces, software, etc.).

Every measure has a unique five digit code with the first digit indicating the priority of the
measure (the remaining digits in the code are not relevant for this report). All measures were
ranked on a scale of 1 to 4, where 1 means "very important to safety" and 4 means "not important
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to safety". The PSU programme documentation includes a detailed time schedule for
implementation of each measure.

The assignment of PSUs to importance categories was based upon expert judgement and
considers the impact of equipment failures on safety functions. Using this approach, several PSU
measures with a priority of 1 were assessed to have a negligible impact on core damage frequency
in the PSA (see Table 2.3.2.-6). The PSA results indicate that the PSU prioritization scheme used
at Kozloduy does not consider the risk importance of each measure.

2.3.2.3. Comparison of PSA Results with PSU Measures

The results of the comparison of PSA results with PSU measures for the Kozloduy WWER-
1000/320 Units 5,6 are presented in Tables 2.3.2.-1 through 2.3.2.-8. All PSU measures were
prioritized a scale of 1 to 4, where 1 means "very important to safety" and 4 means "not important
to safety".
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Table 2.3.2.-1 Kozloduy WWER-1000/320 Units 5,6

CONTRIBUTION TO CORE DAMAGE FREQUENCY GROUPED BY INITIATING EVENTS

INITIATING EVENT DESCRIPTION

1. T12 - Loss of off-site power

2. L8 - Interfacing LOCA (single SG tube)

3. L3 - Small LOCA (30-125 mm)

4. T13 - Loss of service water

5. L2 - Medium LOCA (125-300 mm)

6. L5 - Small LOCA through control rod

7. L4-Small LOCA (<30mm)

8. L7 - Interfacing LOCA (collector cover)

9. T10 - Reactor trip with loss of vacuum

10. T9 - Reactor trip

11. T15 - Steam line break outside containment

12. L6 - Small LOCA outside containment

13. Tl 1 - Reactor trip with containment isolation

14. LI - Large LOCA (> 300 mm)

15. T16 - Loss of feed water

CDF/ry

1.6E-4

1.0E-4

2.7E-5

1.5E-5

1.5E-5

1.4E-5

9.7E-6

9.3E-6

8.0E-6

4.4E-6

2.7E-6

2.2E-6

1.2E-6

2.8E-7

1.5E-7

CONTRIBUTION
TO TOTAL CDF

[%]

42.9

26.8

7.2

4.0

3.9

3.8

2.6

2.5

2.1

1.2

0.7

0.6

0.3

0.1

0.04
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Table 2.3.2.-1 Kozloduy WWER-1000/320 Units 5,6

CONTRIBUTION TO CORE DAMAGE FREQUENCY GROUPED BY INITIATING EVENTS

INITIATING EVENT DESCRIPTION

16. T14 - Steam line break inside containment

TOTAL:

CDF /ry

6.0E-8

3.7E-4

CONTRIBUTION
TO TOTAL CDF

[%]

0.02

100%
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Table 2.3.2.-2 Kozloduy WWER-1000/320 Units 5,6

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

1. Loss of off-site power / Emergency Feed Water
System

2. Interfacing LOCA (single SG tube) / Steam
Dump to the Atmosphere / Low Pressure
Injection System

CDF/ry

1.4E-4

6.9E-5

CONTRIB.
TO TOTAL

CDF [%]

36.7

18.4

RELATED PSU MEASURE(S)

DESCRIPTION

• Install additional DG per each unit which in
event of a loss of off-site power would
provide power supply to a specific group of
important consumers of normal operation
systems. A list of consumers should be
compiled based on analyses of technological
processes in this mode (31321)

• Enhance the reliability of SG safety valves
by more reliable valves of wider operating
range (in particular for D < 20 kgf/cm2)
(11343).

• Install equipment for quick detection of
leakage from the primary to the secondary
circuit. Implement accident management
procedures (12211).

PRIORITY

3

1
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Table 2.3.2.-2 Kozloduy WWER-1000/320 Units 5,6

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

3. Small LOCA / Low Pressure Injection System

CDF/ry

1.4E-5

CONTRIB.
TO TOTAL

CDF [%]

3.7

RELATED PSU MEASURE(S)

DESCRIPTION

• Implement a system for quick detection and
localization of a leakage from the reactor
upper block (12333).

• Improve detection of minor primary circuit
leaks (12334).

• Reduce the impact of thermal cycles on
coolant system piping. Implement a primary
circuit equipment thermal and cyclic loading
and Rest Life Time Monitoring System
(12362).

• Replace thermal isolation of equipment and
piping located in the reactor building. Study
the experience and practice of solving this
problem by other NPPs and choose
appropriate solution (11321).

• Provide redundancy of cleaning water for
LPIS pump seals. Select appropriate
redundancy scheme (11332).

PRIORITY

1
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Table 2.3.2.-2 Kozloduy WWER-1000/320 Units 5,6

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

4. Loss of Service Water / Loss of Secondary
Circuit

TOTAL:

CDF/ry

1.0E-5

2.54E-04

CONTRIB.
TO TOTAL

CDF [%]

2.7

61.6%

RELATED PSU MEASURE(S)

DESCRIPTION

• Install additional DG per each unit which in
event of a loss of off-site power would
provide power supply to a specific group of
important consumers of normal operation
systems. A list of consumers should be
compiled based on analyses of technological
processes in this mode (31321)

PRIORITY

3

Table 2.3.2.-3 Kozloduy WWER-1000/320 Units 5,6

CONTRIBUTION TO CORE DAMAGE FREQUENCY OF SYSTEMS/SAFETY FUNCTIONS

SYSTEM/SAFETY FUNCTION DESCRIPTION

1. Emergency Feed Water System

2. Low Pressure Injection System

CONTRIBUTION
TO TOTAL CDF

[%]

36.7

3.7
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Table 2.3.2.-4 Kozloduy WWER-1000/320 Units 5,6

COMPONENT OR COMPONENT CLASS AND RELATED PSU MEASURE

COMPONENT / COMPONENT CLASS

CCF of diesels to run for 24 h

Class 6 kV breaker failures

CONTRIBUTION
TO TOTAL CDF

[%]

Not available

Not available

RELATED PSU MEASURE(S)

DESCRIPTION

• Only one group of 2 transformers is provided for NPP
Kozloduy units 5&6. Upgrade electrical power supply
systems. Dismantle some of the backup power supply
transformers of each unit (15111).

• Diesel generators' auxiliary protections are not
optimized. Study diesel generators' auxiliary protections
with the purpose of their optimization and give priority
to safety functions (25261).

• Improve the reliability of 6 kV breakers. Replace 6 kV
breakers with breakers of other type, of proven
reliability. Replace breakers of the safety systems on a
priority basis. In replacing the breakers consider the
necessity of a comprehensive evaluation of relay
protection and automatics (15251)

PRIORITY

1

2

1
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Table 2.3.2.-5 Kozloduy WWER-1000/320 Units 5,6

HUMAN ACTIONS AND RELATED PSU MEASURES

HUMAN ACTIONS

1. Operator fails to stop HPIS

2. Operator fails to isolate the leakage

CONTRIBUTION
TO TOTAL CDF

[%]

Not available

Not available

RELATED PSU MEASURE(S)

DESCRIPTION

• Technical means for quick detection and localization of
leakage from primary to secondary circuit. Take
technical and organizational measures to manage the
accident. Install equipment for quick detection of leakage
from primary to secondary circuit. Implement accident
management procedures (12211).

• Accident procedures used in KNPP are event - oriented.
Develop symptom oriented procedures (41311)

(Same as above)

PRIORITY

1

4
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Table 2.3.2.-6 Kozloduy WWER-1000/320 Units 5,6

PSU MEASURES NOT ASSESSED AS IMPORTANT TO RISK BY THE PSA

PSU MEASURE

DESCRIPTION

1. Improve the reliability of 6 kV breakers. Replace 6 kV breakers with breakers of other
type, of proven reliability. Replace breakers of the safety systems on a priority basis. In
replacing the breakers consider the necessity of a comprehensive evaluation of relay
protection and automatics (15251)

2. Troubleshooting in the event of ground faults in 220 V, AC electric power system is
hindered. Install state-of-the-art troubleshooting facilities (ground faults) for the direct
current power supply system (15414)

3. Uninterruptable power supply unit (power supply category I) needs upgrading and
enhancement of reliability. Replace existing and install additional inverters in each
channel of the reliable electric supply system category I of the safety systems and the
reactor control and protection system. Backfit other equipment of uninterruptable power
supply system (15421)

PRIORITY

1

1

1

Table 2.3.2.-7 Kozloduy WWER-1000/320 Units 5,6
IMPORTANT PSU MEASURES NOT MODELED IN THE PSA

PSU MEASURE

DESCRIPTION

• No information provided

PRIORITY

102



Table 2.3.2.-8 Kozloduy WWER-1000/320 Units 5,6

COMPILATION OF PSU MEASURES REFERENCED IN TABLES 2.3.2.-2 TO 6

PSU MEASURE

DESCRIPTION

1. Enhance the reliability of SG safety valves by more reliable valves of wider operating
range (in particular for D < 20 kgf/cm2) 11343).

2. Install equipment for quick detection of leakage from the primary to the secondary
circuit. Implement accident management procedures (12211).

3. Implement a system for quick detection and localization of a leakage from the reactor
upper block (12333).

4. Improve detection of minor primary circuit leaks (12334).

5. Reduce the impact of thermal cycles on coolant system piping. Implement a primary
circuit equipment thermal and cyclic loading and Rest Life Time Monitoring System
(12362).

6. Replace thermal isolation of equipment and piping located in the reactor building. Study
the experience and practice of solving this problem by other NPPs and choose
appropriate solution (11321).

7. Provide redundancy of cleaning water for LPIS pump seals. Select appropriate
redundancy scheme (11332).

8. Only one group of 2 transformers is provided for NPP Kozloduy units 5&6. Upgrade
electrical power supply systems. Dismantle some of the backup power supply
transformers of each unit (15111).

PRIORITY

1

1

1

1

1

1

1

1
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Table 2.3.2.-8 Kozloduy WWER-1000/320 Units 5,6

COMPILATION OF PSU MEASURES REFERENCED IN TABLES 2.3.2.-2 TO 6

PSU MEASURE

DESCRIPTION

1. Improve the reliability of 6 kV breakers. Replace 6 kV breakers with breakers of other
type, of proven reliability. Replace breakers of the safety systems on a priority basis. In
replacing the breakers consider the necessity of a comprehensive evaluation of relay
protection and automatics (15251)

2. Technical means for quick detection and localization of leakage from primary to
secondary circuit. Take technical and organizational measures to manage the accident.
Install equipment for quick detection of leakage from primary to secondary circuit.
Implement accident management procedures (12211).

3. Diesel generators' auxiliary protections are not optimized. Study diesel generators'
auxiliary protections with the purpose of their optimization and give priority to safety
functions (25261).

4. Install additional DG per each unit which in event of a loss of off-site power would
provide power supply to a specific group of important consumers of normal operation
systems. A list of consumers should be compiled based on analyses of technological
processes in this mode (31321)

5. Install additional DG per each unit which in event of a loss of off-site power would
provide power supply to a specific group of important consumers of normal operation
systems. A list of consumers should be compiled based on analyses of technological
processes in this mode (31321)

6. Accident procedures used in KNPP are event - oriented. Develop symptom oriented
procedures (41311)

PRIORITY

1

1

2

3

3

4
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2.3.3. Temelin WWER-1000

2.3.3.1. Status of PSA

Based upon recommendations of IAEA OS ART missions, post TMI requirements and
Temelin Risk Audit recommendations it was decided in 1992 to perform the Temelin PSA Project.
The general purpose of this project is to perform systematic examination of the Temelin Unit 1 NPP
for severe accident vulnerabilities by performance of a Level 1 and 2 PSA study. The work on the
Temelin PSA began in September 1993 and finished in December 1995 with the completion of the
NPP Temelin living PSA model. The work is accomplished by a team of NUS, NPP Temelin and
other subcontractor project personnel (EQE, UJV, EGP) under the overall direction of the NUS.

• Sponsor: 1. CEZ/NPP Temelin

• Performing Organizations: 2. NUS Corporation, NPP Temelin, EGP Praha, UJV Rez (NRI),
RELKO, EQE, and others

• PSA Scope: 3. Level 1 - including internal initiating events, external initiating
events (fire, floods, seismic, others), Level 2, Living PSA
(Safety Monitor)

• Operational Modes: 4. Full power, Shutdown

• Core Damage Frequency: 5. 7.6E-5 per reactor year (for Level 1 internal events)

Methodology: Temelin PSA model has been developed using small event tree-large fault
tree linking methodology using the NUPRA code. The event trees are "Plant Damage State" event
trees which have been developed with the Level 2 in mind, to give a smooth interface between
Level 1 and Level 2.

Initiating events: The Temelin plant is not yet operational. The starting point was a very
detailed generic list of IEs for WWER 1000 based on the IAEA effort in the TC Project RER/9/005
IAEA, Technical Document 719 Defining IEs for PSA, September 1993) as well as the other
sources (EPRI list of generic IEs - NUREG/CR-3862), and operational experience - Balakovo and
Kalinin NPPs, IAEA-PRIS outage records, were used. In addition, an FMEA of support systems
was performed to find potential initiating events specific the Temelin design. The sub-events were
grouped into 5 LOCA groups and 12 transient groups. The frequency of each IE group were
estimated as the sum of the sub-event frequencies.

System analysis: The approach used in the IREP Procedures Guide, NUREG/CR-2300,
NUREG/CR^550, Fault Tree Handbook NUREG/CR-0492 has been used for the modelling of
system failures.

Equipment data: The Temelin equipment provided is an unique mixture of Eastern and
Western suppliers. Therefore, there are no exactly similar data from other WWER-1000 units in
operation. For the PSA model quantification several sources were used: IAEA compilation,
Swedish reliability data for Ringhals, NUREG/CR^550, IREP (NUREG/CR-1740), Dukovany
NPP (WWER-440/213) data, WWER 1000 data for LHI pumps, DGs and turbine bypass valves.

Dependent Failures: The best estimate dependent failure data has been used. The pseudo
plant specific data base (Nuclear Power Experience [NPE-S. M. Stoller]) and the approach
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described in IAEA-TECDOC-648 and NUREG/CR-4780 has been adopted for dominant common
cause failures (DGs, pumps, MOVs).

Human Reliability: The approach based upon the SHARP procedure published in IAEA
TECDOC-478 was used for the identification of events. Two basic categories of human
interventions have been identified and analysed - pre-accident and post-accident HEs. The THERP
procedure has been used for the quantification of pre-accident events. A new methodology used in
the latest individual plant examination in the US, based on decision trees, has been used for
quantification of post-accident events. The draft symptomatic oriented EOPs incorporating
information on the Westinghouse system COMPRO (Computerized Procedures) has been used at
Temelin.

Computer Codes: NUPRA 2.3, NUCAP+, SEISMIC, STCP, SAFETY MONITOR 3.6

IAEA Review: An independent review of the Temelin PSA Level 1 model was conducted
by an IAEA/IPERS in April/May 1995 at Temelin. Over one third issues has been incorporated into
the model already. A second IAEA IPERs reviewed external events and Level 2 models in January
1996.

2.3.3.2. Status of PSU

The Temelin NPP has an comprehensive programme for plant safety upgrading,
considering measures to be taken to enhance operational safety identified in various sources: Post
TMI requirements, IAEA OSART mission recommendations, Temelin Risk Audit findings, Generic
IAEA recommendations in IAEA-EBP-WWER-05 and other plant specific measures. As the
Temelin NPP is still under construction there is a unique situation in comparison to other WWER
plants. Therefore, no NPP specific priorities of PSU measures for Temelin have been developed.
All measures identified by the IAEA are either implemented into the design or will be implemented
to commissioning as appropriate. As the safety upgrading measures identified in various sources are
often overlapping each other the generic 84 issues identified by IAEA for WWER-1000 reactors in
IAEA-EBP-WWER-05 match very well the measures related to Temelin. Therefore, PSA results
assignment to PSU measures is done for these generic PSU measures issued in IAEA IAEA-EBP-
WWER-05 document, including the ranking of each measure.

As the PSU measures assigned in the following Temelin Tables are the measures published
in IAEA-EBP-WWER-05, the ranking of the measures is identical with the ranking described in this
document.

The ranking of issues published in IAEA-EBP-WWER-05 basically follows the approach
applied to WWER-440 model 230 NPPs in IAEA-TECDOC-640.

The judgment of the safety significance of an issue is based on an evaluation of the potential
degradation of defence in depth. For that purpose, the evaluation follows the concept of defence in
depth as given in INSAG-3 which is centered on several levels of protection, including successive
physical barriers preventing radioactive release to the environment.

At the present time, a significant number of safety improvements are being or have been
incorporated into the Temelin design already. Among the most significant measures are:
replacement of the original core and fuel by the new WEC WANTAGE 6 core, new WEC core
monitoring system "BEACON", replacement of I&C by new WEC I&C (PRPS, DPS, RLCS,
ESFAS), development of new symptom based emergency operating procedures using COMPRO
(computerized procedures system), improved MCR and ECR design and TSC development, two
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additional non safety grade diesels supplying AFW and normal charging system implemented into
design, SGs design modified in terms of the primary header cracking and primary to secondary leak
flow rate improvement, enhanced batteries life, replacement of rectifiers and inverters, flame-
retardant cables replaced by flame-resistant, containment sump screens and common ECCS suction
modified, ECCS/RHR heat exchanger material improved, equipment/structures seismic
requalification, PORV fitting into the design, etc.

The detailed status of implementation of Temelin PSU measures was reviewed by the IAEA
mission in March 1996.

2.3.3.3. Comparison of PSA Results with PSU Measures

The Temelin specific PSA results for "at power" internal initiating events model and PSU
measures related to these results are presented in Tables 2.3.3.-1 through 2.3.3.-8.

Based on section 2.3.3.2. the Temelin PSU measures are almost identical with IAEA
generic issues listed in IAEA-EBP-WWER-05 due to the fact that Temelin NPP is still under
construction. Therefore it was the intention from the beginning to relate Temelin PSA results to the
IAEA issues in the Tables 2-6 as they are virtually the same as the Temelin issues.
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Table 2.3.3.-1 Temelin WWER-1000

CONTRIBUTION TO CORE DAMAGE FREQUENCY GROUPED BY INITIATING EVENTS

INITIATING EVENT DESCRIPTION

1. T9 - Steam Generator Header Cover Failure

2. T8 - Steam Generator Tube Rupture

3. S2-LargeLOCA

4. S4-Small LOCA

5. V - Interfacing LOCA

6. S5 - Very Small LOCA

7. TS-ATWS

8. S3 - Medium LOCA

9. T6 - Loss of Off-site Power

10. SI -RPV rupture

11. T4 - Loss of MFW Transient

12. TV2 - Loss of two Service Water (VF) Trains

13. Tl - General Reactor Trip Transient

TOTAL:

CDF /ry

4.6E-5

1.8E-5

6.8E-6

3.6E-6

1.7E-6

9.8E-7

7.4E-7

3.7E-7

3.7E-7

2.7E-7

2.3E-7

1.6E-7

1.2E-7

7.6E-5

CONTRIBUTION
TO TOTAL CDF

[%]

58

22.6

8.6

4.6

2.2

1.2

0.9

0.5

0.5

0.3

0.3

0.2

0.1

100%
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Table 2.3.3.-2 Temelin WWER-1000

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

1. Steam generator header cover failure / Failure of
operator to depressurize and cooldown before
containment sump is depleted when AFW and
HHI successfully start and operate

2. Steam generator tube failure / Wrong steam
generator diagnosed for isolation and overfilled /
Failure to achieve RHR prior sump depletion

3. Steam generator header cover failure / Wrong
steam generator diagnosed for isolation and
overfilled / Failure of operator to depressurize
and cooldown before containment sump is
depleted when AFW and HHI successfully start
and operate

CDF /ry

3.7E-5

7.4E-6

7.2E-6

CONTRIB.
TO TOTAL

CDF [%]

47.6

9.5

9.2

RELATED PSU MEASURE(S)

DESCRIPTION

CI4 - SG collector integrity

AA7 - SG collector rupture analysis

S2 - Mitigation of SG primary collector break

OP2 - Emergency Operating Procedures

CI5 - SG tube integrity

I&C7 - Primary circuit diagnostic system

S10 - SG safety and relief valves qualification
for water flow

OP2 - Emergency Operating Procedures

CI4 - SG collector integrity

AA7 - SG collector rupture analysis

I&C7 - Primary circuit diagnostic system

S2 - Mitigation of SG primary collector break

OP2 - Emergency Operating Procedures

S10 - SG safety and relief valves qualification
for water flow

RANKING

III

II

II

II

II

III

HI

II

II

II

III
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Table 2.3.3.-2 Temelin WWER-1000)

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM FAILURES
DESCRIPTION FOR

ACCIDENT SEQUENCES

4. Steam generator tube failure / Failure of operator to cooldown
before containment sump depletion when AFW and HHI
successfully start and operate

5. Large LOCA / Failure of accumulators to inject and isolate on
low level

6. Small LOCA / high head injection not available / Operator
correctly enters CCR procedure / FW available for secondary
heat removal / Accumulators inject to maintain RCS inventory /
Low head injection failure to maintain inventory in the long
term / Containment spray failed leading to loss of containment
heat removal (sprays for Level 2 interface)

7. Large LOCA / Accumulator injection successful / Failure of
LHI to maintain inventory

CDF/ry

4.1E-6

3.6E-6

3.0E-6

3.07E-6

CONTRIB
TO

TOTAL
CDF [%]

5.2

4.6

3.8

3.8

RELATED PSU MEASURE(S)

DESCRIPTION

OP2 - Emergency Operating Procedures

S5 - ECCS sump screen blocking risk

S6 - ECCS water storage tank and
suction line integrity

S5 - ECCS sump screen blocking risk

S6 - ECCS water storage tank and
suction line integrity

S5 - ECCS sump screen blocking risk

S6 - ECCS water storage tank and
suction line integrity

RANKING

—

HI

II

III

II

II

III
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Table 2.3.3.-2 Temelin WWER-1000

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR

ACCIDENT SEQUENCES

8. Steam generator tube failure / Normal charging
(TK), high head injection and secondary heat
removal successful / The operator fails to
cooldown / High head system required to
maintain RCS inventory / The operator continues
fail to cooldown / All the sump water depleted

9. Steam generator tube failure / Successful scram
by the operator and operation of the TK charging
system / The operator performs correct isolation
procedure / Cooldown is not achieved before the
TB tanks supplying the TK system are empty /
Failure of HHI / Core uncovery

10. Interfacing LOCA which results in the discharge
of all the sump water into one of the ECCS pump
rooms. Direct core damage by definition

11. Very small LOCA / Reactor scram and the TK
system successful / The operator fails to
cooldown to the RHR entry conditions before
emptying the TB tanks / HHI required but failed

CDF/ry

2.9E-6

2.0E-6

1.7E-6

9.5E-7

CONTRIB.
TO TOTAL

CDF[%]

3.7

2.6

2.2

1.2

RELATED PSU MEASURE(S)

DESCRIPTION

CI5 - SG tubes integrity

OP2 - Emergency Operating Procedures

CI5 - SG tubes integrity

OP2 - Emergency Operating Procedures

S7 - ECCS heat exchanger integrity

S5 - ECCS sump screen blocking risk

S6 - ECCS water storage tank and suction line
integrity

RANKING

II

II

II

III

II
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Table 2.3.3.-2 Temelin WWER-1000

DOMINANT ACCIDENT SEQUENCES AND RELATED PSU MEASURES

INITIATING EVENT AND FUNCTION/SYSTEM
FAILURES DESCRIPTION FOR
ACCIDENT SEQUENCES

12. Steam generator tube failure / Wrong steam
generator diagnosed for isolation and overfilled /
Operator cools down successfully / Failure to
establish long term heat removal using the RHR

TOTAL:

CDF /ry

7.5E-7

7.OE-5

CONTRIB.
TO TOTAL
CDF [%]

1

91.4%

RELATED PSU MEASURE(S)

DESCRIPTION

CI5 - SG tube integrity

I&C7 - Primary circuit diagnostic system

OP2 - Emergency Operating Procedures

S10 - SG safety and relief valves qualification
for water flow

RANKING

II

III

II
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Table 2.3.3.-3 Temelin WWER-1000

CONTRIBUTION TO CORE DAMAGE FREQUENCY OF SYSTEMS/SAFETY FUNCTIONS

SYSTEM/SAFETY FUNCTION DESCRIPTION

1. Unit emergency cooldown (60 C/hr) by operator

2. Operator correctly isolates 3 unaffected SGs following SGTR

3. RHR system initiation

4. Long term cooldown by operator

5. HHI system

6. LHI system

7. Containment spray system

8. Accumulators

9. Auxiliary feedwater

10. Emergency feedwater

11. Operator performs normal cooldown (30 C/hr)

12. Reactor scram

13. Core cooling recovery

14. Unit 1 supplied from Unit 2

15. Off-site power restored prior CD

16. One or more non emergency diesels start following LOSP

CONTRIBUTION
TO TOTAL CDF

[%]

64.2

20.2

10.8

9.3

9.0

8.5

4.6

4.6

1.6

1.4

1.2

1.2

0.6

0.5

0.5

0.5
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Table 2.3.3.-4 Temelin WWER-1000

COMPONENT OR COMPONENT CLASS AND RELATED PSU MEASURE

COMPONENT / COMPONENT CLASS

• ALL

• Rod drive mechanism

• Containment sump

CONTRIBUTION
TO TOTAL CDF

[%]

LESS THAN 0.01

for any individual

component

469 «>

313°

RELATED PSU MEASURE(S)

DESCRIPTION

OP3 - Limits and conditions of operation

M2 - Experience feedback

PO2 - Surveillance test programme

I&C6 - Condition monitoring for the mechanical equipment

M3 - Quality assurance programme

Gl - Classification of components

G2 - Qualification of equipment

G3 - Reliability analysis of safety systems class 1 and 2
systems

RC2 - Control rod insertion reliability/Fuel assembly
deformation

S5 - ECCS water storage tank (sump) and suction line
integrity

RANKING

I

II

III

II

HI

II

1) Based on Risk Achievement Worth importance
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Table 2.3.3.-5 Temelin WWER-1000

HUMAN ACTIONS AND RELATED PSU MEASURES

HUMAN ACTIONS

1. Unit emergency cooldown (60 C/hr) by
operator

2. Operator correctly isolates 3 unaffected
SGs following SGTR

3. RHR system initiation

4. Long term cooldown by operator

5. Operator performs normal cooldown (30
C/hr)

CONTRIBUTION
TO TOTAL CDF

[%]

64.2

20.2

10.8

9.3

1.2

RELATED PSU MEASURE(S)

DESCRIPTION

I&C9 - Accident monitoring instrumentation

OP2 - Emergency Operating Procedures

PO1 - Philosophy on use of procedures

Tl - Training programmes

AA4 - Availability of accident analysis results for supporting
plant operation

(same as above)

(same as above)

(same as above)

(same as above)

RANKING

II

I
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Table 2.3.3.-6 Temelin WWER-1000

PSU MEASURES NOT ASSESSED AS IMPORTANT TO RISK BY THE PSA

PSU MEASURE

DESCRIPTION

I&C8 - Reactor vessel head leak monitoring system

EI5 - Emergency battery discharge time

IH2 - Fire prevention

CI1 - RPV embrittlement and its monitoring

CI2 - Non-destructive testing

RANKING

III

III

III

III

III

COMMENT

RPV catastrophic rupture contributes by less
than 0.3 % to total CDF

Sequences following LOSP contribute by
only 0.5 % to total CDF

Out of internal IEs scope.

RPV catastrophic rupture contribute by only
0.3 % to total CDF

RPV catastrophic rupture contribute by only
0.3 % to total CDF
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Table 2.3.3.-7 Temelin WWER-1000

IMPORTANT PSU MEASURES NOT MODELED IN THE PSA

PSU MEASURE

DESCRIPTION

AA2 - QA of plant data used in accident analysis

AA4 - Availability of accident analysis for supporting plant operation

AA8 - Accidents under low power and shutdown (LPS) conditions

AA9 - Severe accidents

EH 1 - Seismic design

EH 2 - Analyses of plant specific natural external conditions

EH 3 - Man-induced external events

IH 1 - Systematic fire hazards analysis

IH 2 - Fire prevention

IH 3 - Fire detection and extinguishing

IH 4 - Mitigation of fire effects

IH 5 - Systematic flooding analysis

IH 8 - Polar crane interlocking

I&C 10 - Technical support centre

RANKING

I

I

II

I

II

I

II

II

III

II

II

I

II

II

COMMENT

The impact cannot be evaluated using PSA.

It cannot be assessed using PSA. This issue
has a potential impact on quality of
EOPs, OPs, operator training etc.

N/A for "AT POWER" model

Level 2

External Events

External events

External events

External events

External events

External events

External events

External events

Shutdown PSA

Will be implemented, not used in the model
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Table 2.3.3-7 - (Temelin WWER-1000)

IMPORTANT PSU MEASURES NOT MODELED IN THE PSA

PSU MEASURE

DESCRIPTION

S 4 - Ventilation system of control rooms

RC 3 - Subcriticality monitoring during reactor shutdown conditions

EP 1 - Emergency centre

RP 1 - Radiation protection and monitoring

PO3 - Communication system

M 1 - Safety Culture

M 4 - Data and document management

AA3 - Computer codes and plant model validation

AA10 - Probabilistic safety assessment (PSA)

AAI2 - Spent fuel cask drop accidents

El 6 - Ground faults in DC circuits

RANKING

II

II

-

-

-

-

-

II

I

I

I

COMMENT

External events. It can potentially be
addressed in OEE (MCR/ECR habitability).

To be addressed in SPSA. N/A for at power
ETE model.

This is an accident management issue not
PSA one.

Not considered in Level 1.

Cannot be evaluated using PSA.

Cannot be evaluated using PSA

Cannot be evaluated/ranked using PSA.

Impact cannot be assessed using PSA.

N/A

External events initiator.

N/A for PSA
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Table 2.3.3.- 8 Temelin WWER-1000

COMPILATION OF PSU MEASURES REFERENCED IN TABLES 2.3.3.-2 TO 6

PSU MEASURE

DESCRIPTION

CI4 - SG collector integrity

RC2 - Control rod insertion reliability/Fuel assembly deformation

S9 - SG safety and relief valves qualification for water flow

S5 - ECCS sump screen blocking risk

G2 - Qualification of equipment

AA7 - SG collector rupture analysis

S2 - Mitigation of SG primary collector break

CI5 - SG tube integrity

I&C7 - Primary circuit diagnostic system

S6 - ECCS water storage tank and suction line integrity

S7 - ECCS heat exchanger integrity

I&C9 - Accident monitoring instrumentation

Gl - Classification of components

G3 - Reliability analysis of safety systems class 1 and 2 systems

AA4 - Availability of accident analysis results for supporting plant operation

I&C6 - Condition monitoring for the mechanical equipment

RANKING

III

III

III

III

III

II

II

II

II

II

II

II

II

II

I

I
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Table 2.3.3.-8 Temelin WWER-1000

COMPILATION OF PSU MEASURES REFERENCED IN TABLES 2.3.3.-2 TO 6

PSU MEASURE

DESCRIPTION

OP2 - Emergency operating procedures

PO1 - Philosophy on use of procedures

Tl - Training programmes

OP3 - Limits and Conditions of operation

M2 - Experience feedback

PO2 - Surveillance test programme

M3 - Quality assurance programme

RANKING

-

-

-

-

-
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2.3.4. Insights from PSAs into PSUs for the WWER-1000 NPP

There was a wide difference in the level of detail in each of the PSAs, which is discussed in
Section 3. As the results of this the ranking of a number of PSU measures was different from each
plant and some issues were not identified at all plants. Despite the PSA differences it can be seen in
Table 2.3.4.-1 the majority of risk dominant PSU measures identified in the PSAs were identified at
all plants.

Significant outliers were the steam generator collector integrity issue and ECCs sump
screen blocking raised in the Temelin PSA. An interesting issue identified in the Kozloduy PSA is
related to primary circuit thermal cycling and loading. It appears that the assumptions made in the
other two PSA have taken credit for a programme of in-service inspection that will reduce the
likelihood of vessel failures to the point where it is not a significant contribution to core damage.

At Balakovo electric power supply upgrades (off-site power supply via startup transformer,
reliability upgrading of diesel generators, improving protection signal for diesels and prevention of
short circuits in DC system) and the provision of additional 1 water supply to the emergency
feedwater tanks from reliable sources for a period of 3-10 hours are principal PSU measures. PSU
measures determined to be "not important" by the PSA include ECCS water storage tank and
suction line integrity, SG relief valves performance at low pressures an SG level control valves.

Prior to the performance of the PSA PSU measures for Kozloduy had been prioritized on a
scale of one to four from "very important" to "not important" to safety. The ranking is not always
consistent with PSA results. For example PSU measures ranked "very important" include
improving the reliability of 6kV breakers, installing trouble shooting facilities for ground faults (220
V AC) and for the DC power supply system, upgrading the uninterruptable power supply unit and
replacing and installing additional inverters. However, these measures have not been assessed as
important by the PSA. This may be the result of not being able to assess the importance of 6 KV
breakers because of modelling constraints so it should not be concluded that this upgrade should be
rejected.

At Temelin the initiating events and subsequent function/system failure of the dominant
accident sequences confirm, in general, the safety significance of generic issues identified by the
IAEA for WWER-1000/320 plants [3]. A large number of corrective measures are being, or have
been implemented at Temelin, which address these generic safety issues. The most significant
measures are: new core and fuel design, new core monitoring system, replacement of I&C,
development of new symptom based emergency operating procedures, two additional non-safety
grade diesels supplying auxiliary feedwater, normal charging system, improved steam generator
design, enhanced batteries lifetime, replacement of rectifiers and inverters, flame retardant cables
replaced by flame-resistant, containment sump screens and common ECCS suction modified,
ECCS/residual heat removal heat exchangers material improved, seismic requalification of
equipment and structures and power operated relief valve.

PSU measures not modelled or assessed as "not important" to safety by the PSA for
Temelin include: reactor vessel head leak monitoring system and reactor pressure vessel
embrittlement and monitoring, and the capacity of the emergency batteries.
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TABLE 2.3.4.-1. COMPARISON OF RISK SIGNIFICANT PSU MEASURES FOR WWER-1000/320 NPP

PSU MEASURE

Steam generator collector integrity

Implement additional diesel generator

Increase battery capacity

Increase water supply to SG from reliable
source

Enhance reliability of SG safety and
atmospheric dump valves

Install equipment for quick detection of
leakage from primary to secondary circuit
and accident management measures

Improve detection of minor primary leaks

ECCS sump screen blocking risk

ECCS water storage tank capacity

Primary circuit thermal and cyclic loading
and rest life time monitoring system

Redundancy of cleaning water to LPIS
pump seals

Implement accident management measures,
improved procedures

Control rod insertion reliability

Reliability of 6 KV breakers

PLANT

BALAKOVO

Not identified

Identified

Identified

Identified

Identified

Identified

Not identified

Not identified

Not identified

Not identified

Not identified

Identified

Not identified

Not identified

KOZLODUY

Not identified

Identified

Not identified

Identified

Identified

Identified

Identified

Not identified

Not identified

Identified

Identified

Identified

Not identified

Identified

TEMELIN

Identified

Completed

Completed

Completed

Identified

Identified

Not identified

Identified

Identified

Not identified

Not identified

Completed

Identified

Not identified
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3. INTERCOMPARISON OF PSA RESULTS FOR WWER DESIGN TYPES

This Chapter provides a comparison of the PSA results for each of the three WWER design
types. Section 3.1. addresses WWER-440/230 plants, Section 3.2. addresses WWER-440/213
plants and Section 3.3. WWER-1000/320 plants.

3.1. PSA COMPARISON FOR WWER-440/230 NPPs

This section presents a comparison of PSA results for WWER-440 Model 230 NPPs. The
comparison considers the Bohunice Unit 1 (VI) and Novovoronezh Units 3,4 PSA results. A
description of the PSA and comparison of the PSA results with PSU measures for these plants is
provided in Section 2.1. Table 3.1.-1 provides a comparison of the major design differences
between the two units. A comparison of the initiating event frequencies used for the Bohunice and
Novovoronezh PSAs is provided in Tables 3.1.-2 for LOCA initiators and Table 3.1.-3 for
transients. Finally, Table 3.1.-4 provides a comparison of accident sequence results.

The main design difference between the two units that has an impact on the PSA accident
sequence modeling is the number of technological condensers that can be used for core heat
removal. At Novovoronezh there is only a single technological condenser that supplies two units
while Bohunice has a redundant set of technological condensers for both units. At Novovoronezh,
if the technological condenser is unavailable for any reason (i.e., maintenance, supplying heat
removal to the other unit, etc.) then the long-term core heat removal function is lost. Another
significant design difference is that the Novovoronezh plant does not have a super emergency
feedwater system while Bohunice does.

In general, slightly different approaches to the defining of initiating events in Bohunice and
Novovoronezh PSA were used. In the Novovoronezh PSA an initiating event requires actuation of at
least one safety system. In addition to these events, the definition of initiating events for the Bohunice
PSA also included events which resulted in the partial reduction of power level which may or may not
require the actuation of a safety system. The following initiators are included in this category:

• Trip of one main cooling pump
• Spurious closing of one main isolation valve
• 1 TG trip
• Single house generator trip
• Single generator trip
• Loss of main feed to 1 SG
• Feedwater line rupture on non-isolable part

Each of these transients modeled in Bohunice PSA are considered as precursors to initiating
events in the Novovoronezh PSA.

Technical comments relevant to the comparison of the Bohunice and Novovoronezh PSAs are
summarized as follows:

1. There is a major difference in design of RHR between the two plants that has a
significant impact on the PSA results: the Bohunice VI plant has two technological
condensers while Novovoronezh has only one. Accident sequences #1, #3, #7 and
#10 in Table 3.1.-4 contribute approximately 8E-4 to Novovoronezh CDF and contain
the failure to cooldown through the technical condenser Novovoronezh. These

123



sequences (and the associated CDF"E-4 ) are substantially lower at Bohunice due to the
redundancy in technological condensers.

2. The definition for Medium and Large LOCA is not in agreement between the two plants.
At Novovoronezh a single initiator "Large LOCA (>100 mm)" is used while at
Bohunice two different initiators are used: "Large LOCA (>200 mm)" and "Medium
LOCA (100-200 mm)". The combined frequency for LOCAs greater than 100 mm is 1E-
4 for Novovoronezh and 7E-5 for Bohunice. Since these frequencies are based on generic
data, such uncertainty is reasonable.

3. There is significant differences (i.e., approximately one order of magnitude) in the
reported IE frequencies for IEs related to smaller pipe breaks, namely: Small LOCA (7-
32 mm), compensable LOCA, pressurizer steam LOCA. These discrepancies need to be
resolved.

4. The frequencies of IE "small primary to secondary leakage" in the Bohunice PSA (6.0E-
3) and the Novovoronezh PSA (2.0E-1) are significantly different. This partially explains
why sequence #2 in Table 3.1.-4 is approximately one order of magnitude higher for
Novovoronezh. Due to the importance of this initiator, this discrepancy in frequency
should be resolved.

5. There is a big difference in frequency of IEs "steam generator tube rupture(l tube) -
Bohunice PSA" and "small primary to secondary leak (<30 mm) -Novovoronezh PSA",
nevertheless the fractional contribution to the CDF is similar. This fact can be explained
only after a detailed comparison of models, assumptions data etc.

6. Novovoronezh PSA uses a conservative assumption that after a failure to isolate the
primary loop, core damage will occur.

7. For the case of "reactivity addition transient" (RAT) in the Bohunice PSA, a very
conservative assumption was used, namely that all failures of reactor power controller
(ARM) can lead to this IE. This is the reason why frequency of IE RAT in Bohunice PSA
is so high.

8. The IE "total loss of main feedwater" (LMF) in Bohunice PSA includes trip of > 3 main
feedwater pumps and feedwater header break. In Novovoronezh PSA is this accident
modeled with two separate IEs.

9. The IE "loss of main feed to one SG" in Bohunice PSA includes a failure of control
valves, isolation valve and feedwater line to one SG break. In Novovoronezh PSA the
former is included in IE T6.

10. The Bohunice PSA IE "loss of off-site power" was not considered, because the IE
frequency is expected very low and there are a lot of possibilities to recover the power in
2 hours.

11. The IE "Inadvertent opening of steam dump to atmosphere" in the Bohunice PSA is
included in IE "steam header break" for Novovoronezh.

12. In the Novovoronezh PSA the IE group "Loss of Normal Heat Removal through
Secondary Side" (T6) includes such initiating events as both TGs trip with loss of turbine
by-pass (due to loss of circulating water system, loss of condenser vacuum etc.), loss of
condensate pump system, loss of feedwater system failure of SG level control valves.
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13. IE LOCA (7 m m < d < 3 2 mm) in Bohunice VI PSA takes into account both the
isolable and nonisolable part of primary circuit while at Novovoronezh PSA only the
isolable part is addressed. Nonisolable part is included in pressurizer steam LOCA.
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Table 3.1.-1 WWER-440/230

COMPARISON OF SIGNIFICANT DESIGN AND OPERATIONAL DIFFERENCES

DESIGN/OPERATIONAL
FEATURE

Residual heat removal

Steam generator water supply

Safety injection

Emergency power supply

Design basis accident (DBA)

BOHUNICE VI

Two technological condensers for both units

Two Superemergency feedwater pumps

Emergency feedwater inventory is sufficient for 72
hours

Allowable temperature in suction line is 90°C.

Number of simultaneously operable pumps in case of
emergency power supply is 4.

4 DGs (1.6 MW each) for Unit 1 (2 DGs for each
redundancy), 3 DGs for Unit 2 with a single 3.5 MW
DG for redundancy B

LOCA < 200 mm

NOVOVORONEZH

Single technological condenser for both units

No Superemergency feedwater pumps

Emergency feedwater inventory is sufficient for 10
hours

Allowable temperature in suction line is 75°C.

Number of simultaneously operable pumps in case of
emergency power supply is 2.

3 DGs for each unit

LOCA < 32 mm
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Table 3.1.-2 WWER-440/230

COMPARISON OF LOCA INITIATING EVENT FREQUENCIES

INITIATING EVENT DESCRIPTION

Large LOCA (>200 mm)

Large LOCA (> 100 mm)

Medium LOCA (100 - 200 mm)

Medium LOCA (32 - 100 mm)

Small LOCA (7 - 32 mm)

Compensate LOCA (d < 7 mm)

Pressurizer steam non-isolable LOCA

Small primary to secondary leak (d < 30 mm)

Medium primary to secondary leak

Interfacing LOCA

BOHUNICE VI

DESIGNATOR

LL

see ML

ML

IL

SL

VSL

PSL

SGTR

SGTM

IFL

FREQUENCY
PER YEAR

2.0E-5

—

5.0E-5

1.0E-3

2.1E-2

2.0E-2

1.7E-2

6.0E-3

3.0E-3

5.7E-3

NOVOVORONEZH

DESIGNATOR FREQUENCY
PER YEAR

incl. ind>100

1.0E-4

incl. ind>100

2.4E-4

1.2E-3

1.0E-3

2.1E-3

2.0E-1

3.OE-3

not modeled
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Table 3.1.-3 WWER-440/230

COMPARISON OF TRANSIENT INITIATING EVENT FREQUENCIES

INITIATING EVENT DESCRIPTION

• Trip of all main cooling pumps

• Trip of both TGs

• Loss of < 3 reactor cooling pumps

• Total loss of main feedwater (MFW) pumps

• Main feedwater collector rupture

• Inadvertent reactor trip

• Steam header rupture

• Inadvertent opening of steam dump to atmosphere

• Steam line break outside confinement

• Steam line break inside confinement

• Loss of export to grid

• Loss of off-site power

• Loss of service water

• Loss of 1st category of emergency power supply

• Loss of electric power (non-important)

BOHUNICEV1

DESIGNATOR

LOF6

2TG

PMF

LMF

included in LMF

IRT

SHB

included in SHB

SLBO

SLBI

LEG

included in LEG

LOSW

CAT1

EL

FREQUENCY PER
YEAR

5.5E-2

9.2E-1

2.6E-1

5.6E-2

..

6.5E-1

3.2E-2

—

6.4E-2

2.9E-3

5.0E-1

—

1.2E-2

3.4E-4

1.7E-2

NOVOVORONEZH

DESIGNATOR

Tl

precursor to T6

T2

included in T7

T8

T9

T3

T4

T5

precursor to T5, T6

precursor to T5

FREQUENCY PER
YEAR

5.OE-3

—

5.6E-2

—

l.OE-3

out of scope

out of scope

1.4E-3

1.10E-3

1.10E-3

out of scope

4.2E-2

~

—

out of scope
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Table 3.1.-3 WWER-440/230

COMPARISON OF TRANSIENT INITIATING EVENT FREQUENCIES

INITIATING EVENT DESCRIPTION

Loss of normal secondary heat removal

Reactivity addition transient

Reactivity removal transient

Trip of one main cooling pump

Spurious closing of one main isolation valve

1 TG trip

Single house generator trip

Single generator trip

Loss of main feed to 1 SG

Feedwater line rupture on non-isolable part

BOHUNICE VI

DESIGNATOR

included in 2TG,
PMF, 1TG, SMG

RAT

RMV

LOF1

LOF (MIV)

1TG

GVS

SMG

LOSG

included in LOSG

FREQUENCY PER
YEAR

—

1.2E-1

6.3E-1

9.6E-1

5.9E-3

3.0

1.5E-1

4.1E-1

4.4E-1

—

NOVOVORONEZH

DESIGNATOR

T6

T7

FREQUENCY PER
YEAR

1.1E-1

out of scope

out of scope

out of scope -
precursor event

out of scope -
precursor event

out of scope -
precursor event

out of scope -
precursor event

out of scope -
precursor event

out of scope -
precursor event

l.OE-3
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Table 3.1.-4 WWER-440/230

COMPARISON OF PSA ACCIDENT SEQUENCE RESULTS

ACCIDENT SEQUENCE DESCRIPTION

1. Long-term loss of normal secondary heat removal / Failure to cool reactor using technological
condenser

2. Primary-to-secondary medium leak (multiple SGTR) / Failure to isolate damaged SG / Failure to
initiate manual shutdown

3. Long-term (> 10 h) loss of off-site power of unit and cooling down of adjacent unit / Cooldown
system through technological condenser is not available

4. Trip of both turbines (loss of heat removal) / Failure to shut down the reactor

5. Pressurizer steam LOCA / Failure of HPSI

6. Long-term (> 10 h) loss of off-site power of unit / Failure of cooldown system through
technological condenser

7. Medium LOCA (32-100 mm) / Failure to cool the emergency borated tank

8. Loss of off-site power of twins units / Loss of cooldown system through technological condenser

9. Primary-to-secondary small leak / Loss of cooldown system through technological condenser

10. SGTR / Failure to isolate SG / Failure to depressurize the primary circuit

11. Medium LOCA in isolable part / Failure to isolate using primary loop isolation valves

CORE DAMAGE FREQUENCY

BOHUNICEV1

not considered as IE

3.8E-5

not relevant due to
design difference

2.9E-4

9.9E-5

not considered as IE
(screened due to low

expected IE freq.)

5.8E-5

not considered as IE
(screened due to low

expected IE freq.)

<lE-6

3.8E-5

need to supply
(see author note)

NOVOVORONEZH

4.2E-4

3.3E-4

3.0E-4

1.0E-5

1.1E-4

7.6E-5

included in sequence
#3

4.2E-5

4.0E-5

3.4E-5

3.2 E-5
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Table 3.1.-4 WWER-440/230

COMPARISON OF PSA ACCIDENT SEQUENCE RESULTS

ACCIDENT SEQUENCE DESCRIPTION

12. Primary-to-secondary medium leak / Failure of emergency primary make up system

13. Small LOCA / Failure to isolate leak / Failure of High Pressure Safety Injection (HPSI)

14. Loss of export to grid / Failure to reject load to the self-consumption level / Failure to trip TG
on overspeed

CORE DAMAGE FREQUENCY

BOHUNICE VI

<lE-6

1.4E-5

1.1E-5

NOVOVORONEZH

2.7 E-5

1.7E-5

out of scope
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3.2. PSA COMPARISON FOR WWER-440/213 NPPs

This section presents a comparison of PSA results for WWER-440 Model 213 NPPs. The
comparison considers the Bohunice Unit 3 , Dukovany Unit 1 and Paks Unit 3 PSA results. A
description of the PSA and comparison of the PSA results with PSU measures for these plants is
provided in Section 2.2. Table 3.2.-1 provides a comparison of the major design differences
between the three units. A comparison of the initiating event frequencies used in each of the PSAs
is provided in tables 3.2.-2 for LOCA initiators and Table 3.2.-3 for transients. Finally, Table
3.2.-4 provides a comparison of accident sequence results.

When comparing initiating event frequencies between plants, there are significant
differences in the values used for most categories of LOCAs and secondary pipeline breaks (i.e.,
steam and feedwater piping). As this data is mainly derived from generic sources and many of
these initiating event categories are among the dominant contributors to CDF at each plants, these
differences are one of the primary contributors to the differences in results between plants.

Differences in PSA results are mainly from modelling assumptions, frequencies of initiating
events and the scope of the human reliability assessment for each PSA.

There are orders of magnitude differences in the frequency and differences in grouping of
some initiating events between the three plants (e.g. secondary pipe breaks, very small LOCAs,
pressurizer LOCA and loss of off-site power). Modelling assumptions which most significantly
impact the PSA results include: not crediting feed and bleed cooling in Paks, no credit for
recovering the external electric power grid within four hours in Bohunice and the fire in the turbine
hall with consequential loss of secondary cooling and operator failure to initiate feed and bleed,
which is included only in the Bohunice PSA. The accident sequence involving small LOCAs
(<40mm) with operator failure to realign the low pressure emergency core cooling system (ECCS)
pump suction to prevent overflow of low pressure ECCS tanks and subsequent core damage was a
major contributor to the total core damage frequency at Bohunice and Dukovany and was not
modelled in Paks.

Relevant design differences between the three plants include the location of super-
emergency feedwater pumps, the diesel generator starting and load sequence systems. These
differences did not have a major impact on the PSA results.

The loss of reactor coolant pump (RCP) seqal cooling has a significant effect on the PSA
results. At Bohunice, loss of cooling for 24 hours has been assumed to result in seal failure and a
non-recoverable loss of primary inventory the RCP motor room. Therefore, the impact of loss of
RCP seal cooling on the PSA results was found negligible. At Dukovany, loss of cooling for two
hours has been assumed to lead to seal failure. At Paks the loss of RCP seal cooling was found
negligible. The design of the RCP seals is virtually the same in these plants.

Technical comments relevant to the initiating event frequencies for the WWER-440/213 PSAs
are summarized as follows:

1. The combined frequency of initiators involving secondary feedwater pipe breaks (i.e.,
feedwater line, feedwater collector, feedwater tank) range from 3.0E-3 for Dukovany,
5.20E-3 for Bohunice and 4.0E-3 for Paks.

2. The combined frequency of initiators involving secondary steam pipe breaks (i.e.,
steam line, steam collector) range from 5.OE-3 for Dukovany, 3.7E-3 for Bohunice and
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8.5E-4 for Paks. As these sequences are among the dominant accident sequences at
each of the three plants, and the design of steam piping at each plant is similar, this
discrepancy should be resolved.

3. The combined frequency of Large LOCA (i.e., by adding all relevant categories
together in the 200-500 mm break range) is comparable between plants. The IE
frequency ranges from 1.5E-4 for Bohunice, 1.4E-4 for Dukovany, and 1.3E-4 for
Paks.

4. The combined frequency of Medium LOCA (i.e., by adding all relevant categories
together in the 20-200 mm break range) results are comparable between plants. The IE
frequency ranges from 5.5E-4 for Bohunice, 5.2E-4 for Dukovany, and 3.3E-4 for
Paks.

5. The frequency of Small LOCA (7-20 mm) results in more than one order of magnitude
difference between plants. The IE frequency ranges from 3.1E-4 for Paks, 1.1 E-3 for
Dukovany, and 5.5E-4 for Bohunice. As the frequency of this initiator is based on
generic data, this discrepancy is significant and should be resolved.

6. The frequency of "Very Small LOCA" at Paks (3.1E-1) is substantially higher than for
Dukovany and Bohunice (1.7E-2 and 1.3E-2, respectively). The derivation of this IE
frequency includes plant-specific data. However, the definition of what constitutes
"very small leakage" should be discussed and the plant specific data compared in more
detail.

7. The definition of ILOCA and the frequencies assigned to ILOCA initiating events vary
considerable between plants. The combined frequency of ILOCA initiators at Paks
(3.9E-2) is an order of magnitude higher than the ILOCA frequencies for Dukovany
(4.1 E-3) and almost two orders of magnitude higher than the frequencies for Bohunice
(6.0E-4). As an ILOCA event leading to a reactor scram has never occurred for a
WWER reactor, such a large variation of initiating event frequencies and definition of
IE categories is not expected.

There are significant differences in the definition of initiating events and assignment of
IE frequencies for ILOCA between plants. As such, it is difficult to understand the
CDF results for ILOCA sequence.

8. The frequency of pressurizer steam LOCA at Bohunice, 3.9E-4, is one order of
magnitude lower than the value used for Paks, 3.5E-3. It is likely that this frequency is
based on generic data and this discrepancy should be resolved. At Dukovany, this
event was not modeled as a separate initiator and was consider as part of the Small
LOCA initiator. At Dukovany, the pressurizer steam LOCA was determined to result
in the same set of emergency signals and minimal system success criteria as for a small
LOCA.

9. This frequency of the initiating event "Rupture of circulating cooling (BQDV) water
pipeline in TG Hall" is more than five times larger for Dukovany (4.9E-5) than the
value used for Bohunice (8.8E-6). Since the design of Dukovany and Bohunice in this
regard are nearly identical and the initiating event frequencies are based on generic
data, the difference in values used for the frequency of this initiating event should be
resolved.
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10. The frequency of plant scram with all safety systems available (i.e., includes general
transient, inadvertent reactor trip, trip of both TGs, and trip of 4 or more RCPs) is
approximately 2 per year for Paks, compared to 2.8E-1 for Dukovany and 6.3E-1 for
Bohunice. As this frequency is based solely on plant-specific data, this discrepancy is
acceptable.

Technical comments relevant to the comparison of dominant accident sequences for the Paks,
Dukovany and Bohunice V2 PSA studies are summarized as follows:

Sequence 1: Feedwater collector rupture with failure of all secondary cooling systems and feed
and bleed.
The frequency of this sequence at Paks (2.4E-4) is significantly higher than for
Dukovany (1.3E-5) and Bohunice (4.5E-5). The primary reason to account for the
higher contribution at Paks is that the operator recovery action feed and bleed was
not given credit at Paks but was considered at the other two plants. On the other
hand, the Paks IE frequency for this event is significantly lower than for the other
two plants.

Another important element in the quantification of these sequences is the conditional
probability that secondary cooling systems (i.e., MFW, AFW, EFW) will be lost due
to a steam break into the TG Hall (elevation + 14.7m). In this case, the Paks design
differs from Dukovany and Bohunice, as the AFW, EFW and MFW pumps are
located in the lowest part of the TG Hall. This will probably contribute to a higher
probability of a common cause failure of all pumps during secondary pipebreaks into
the TG Hall for Paks. The problem is not only in the location of the pumps.
Following the initiating event valves located at 15 m level of the turbine hall should
be operated, i.e. the break on the common discharge line of MFW and EFW should
be isolated or the normally closed control valves of AEFW system should be opened.
Due to the steam bursting out through the break and/or to the movement of the
broken pipeline remote operation of these valves becomes impossible (Pfaiiure = 1).
Independently of the operability of the pumps feeding the SGs cannot be ensured
without local operator interaction on the 15 m level of the turbine hall.

In order to fully compare the results of this sequence between plants, there needs to
be a detailed comparison of assumptions used in modeling the conditional probability
of secondary equipment failure.

Sequence 2: Steam line break outside the confinement with failure of all secondary cooling
systems and feed and bleed.
The frequency of this sequence at Bohunice (1.8E-4) and Paks (1.3E-4) are
significantly larger than the contribution for Dukovany (6.0E-5). Similar to the
previous case, the Paks contribution is high because no credit was given to feed and
bleed. The IE frequency for this initiator is (2.3E-3) at Dukovany and Bohunice and
(2.1E-4)atPaks.

Similar to the case for sequence #1, the main difference in the results comes from
the assumptions used in modeling the conditional probability of secondary equipment
failure. This issue needs to be compared in great detail to understand the differences
in the dominant sequence results between plants.
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Sequence 3:

Sequence 4:

Sequence 5:

Sequence 6:

Loss of off-site power with failure of all secondary cooling systems and feed and
bleed.
The IE frequencies for LOSP are very similar for each plant. The primary reason
for the substantially high contribution in the Bohunice PSA is that no credit was
taken for operator recovery of off-site power. The fact that the contribution of this
sequence at Dukovany and Paks is more than two orders-of-magnitude lower than
for Bohunice is of concern. The generic probability of recovery of off-site power
within 3 hours using US generic data (Inman R.L., et. al., "Modeling Time to
Recovery and Initiating Event Frequency for LOSP Events at NPPs", NUREG/CR-
5032) is 1.0E-1. Using this approximation for recovery of off-site power, the
differences in results cannot be explained.

For Paks the time available for the recovery action (TJ was assessed to be 4 hours
(pessimistic assumption for the duration of the SG dry-out). The average repair time
(TR) was considered to be 1 hour based on operational experience and expert
judgement. So the probability of not recovering the off-site power was calculated as
follows:

l a
TR

non-recoveiy = 1.83E-2

In order to resolve the discrepancies in results for this sequence, the off-site power
recovery values for each plant should be compared.

Fire in turbine hall with consequential loss of secondary cooling and operator fails to
initiate feed and bleed.
This initiating event was included only in the Bohunice PSA. The Paks and
Dukovany PSAs did not include an analysis of fires.

Small LOCAs (<40 mm) with operator failure to realign the LP ECCS pump suction
and overflow ofLP ECCS tanks.
The Bohunice PSA results for this sequence (4.4E-5) are approximately one order of
magnitude higher than for Dukovany (5.0E-6). As this sequence does not involve
any equipment failures (i.e., ECCS succeeds), it is expected that this difference in
results can be explained almost completely Jjy the operator failure probability to
realign the LP system to avoid core damage. At both Dukovany and Bohunice, this
event is not proceduralized and there is no audio alarm to facilitate operator
diagnosis of this problem after ECCS injection and switchover to recirculation were
successful.

The Paks PSA has not modeled this sequence. It is interesting to note that Paks
includes this as priority #5 in its PSU ranking. This event should be added to the
Paks PSA until the time when the PSU is completed.

Feedwater line rupture inside containment with operator failure to isolate SG on
feedwater side.
This sequence has a significant contribution at Paks (2.7E-S), but is not dominant for
Dukovany and Bohunice, since these two plants have given credit to primary feed
and bleed".

135



Sequence 7: Unisolated interface LOCA with operator failure to drain the bubbler tower inventory
into the confinement sump.
The results of this sequence are comparable for the Dukovany (1.8E-5) and
Bohunice (2.4E-5) plants. At Paks, the contribution of this sequence is negligible
(i.e., < 1E-6). There are significant differences in the definition of initiating events
and assignment of IE frequencies for ILOCA between plants. As such, it is difficult
to understand the results for this sequence.

In Paks study the drainage of bubbler condenser in case of interfacing LOCA is
modeled. This would suggest that the contribution for Paks should be higher than for
the other 2 plants, however, it is not. This action is not covered by the EOPs. Based
on the consultations with the operational personnel the probability of not performing
the above action was assessed to be P = 1. Furthermore, the initiating event
frequency for ILOCA derived by combining all ILOCA categories at Paks (3.9E-2)
is significantly higher than for Dukovany (4.1E-3) and Bohunice (6.0E-4).

For Paks a basic assumption was made that the ILOCA can be isolated in each of the
cases. Time available for the isolation depends on the operability of the injection
systems. Probabilities of the related human errors vary from E-l to E-3.

In order to avoid core damage the ultimate action is isolation of the break rather than
drainage of the bubbler condenser.

The differences identified above seem to suggest that different success criteria and
event tree modeling assumptions were used for ILOCA at each plant. A detailed
comparison of ILOCA definition and event tree modeling is necessary to understand
these results.

Sequence 8: MSC rupture, HP- ECCS pumps fail to compensate for primary water volume
shrinkage caused by overcooling.
In the Bohunice study it was conservatively assumed that uncompensated primary
volume shrinkage will lead to core melt. Thermal hydraulics analyses performed in
support of the Dukovany PSA confirm that this sequence does not lead to core
damage. In the Paks and Dukovany PSAs, this assumption was not used. Thus, it is
recommended that this sequence be removed from the Bohunice PSA.

Sequence 9: Main steam collector or steamline break outside confinement, operator fails to
isolate leakage causing reactor overcooling transient and consequential RPV
rupture.
This sequence leads to a significantly higher contribution at Dukovany (1.2E-5) than
for Paks (4.6E-8). At Bohunice, it was assumed that overcooling transients did not
lead to core damage. It is not clear why this event is more than 2 orders of
magnitude higher for Dukovany than for Paks. The initiating event frequency for
this event for Dukovany is 5E-3 and for Paks it is 8.5E-4. This difference only
partially accounts for such a large difference in results.

In order to understand this difference completely, the probability of operator
isolation of MSC breaks and the conditional probability of RPV failure following an
unisolated MSC or steamline break should be compared. Furthermore, the issue of
RPV vessel integrity for such sequences should be examined and discussed to
determine is this issue is significant for WWER/440 model-213 NPPs.
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For Paks in the case of a steam line break (14) the most important task for the
operator is isolation of the primary loop related to the "damaged" SG by closing the
main gate valves. The latter action is included in EOPs. In the case of failure to
isolate the related loop it gets overcooled. Due to the thermal stress this can lead to
reactor vessel nozzle rupture - as we assumed - that results in a large LOCA
mitigatable by ECC systems.

A situation equivalent to steam line break occurs when one of the SG safety relief
valves opening on pressure increase following the closure of SGIVs due to MSC
rupture (15) fails to close. No instruction is available for loop isolation in such a
complex situation.
Probability of the failure of loop isolation by the operator

in the case of 14 P = 1 .OE-3
in the case of 15 P = 3.0E-2

The conditional probability of the reactor vessel nozzle rupture is 0.5.

Sequence 10: Loss of EV Bus (K3), operator fails to recover within 3 hours, operator manually
trips the reactor and fails to trip the turbine

This initiating event at Paks is caused by the failure to repair the EV bus within the 3
hour limit required by technical specifications leading to a manual reactor scram.

The initiating event had the following effects at the time when the AGNES Project
was performed (since the safety improvements have been made):
-state indication of 6 kV breakers and generator breakers disappears, possibility of
their automatic or remote operation is lost, so the generator remains without any
protection.

-6/0.4 kV transformers remain without protection,
-turbine remains without protection (even RP-1 would not affect operation of the
turbine isolation valves.

-annunciators in the control room become inoperable
-component selection control board in the control room becomes inoperable.

If this initiating events occurs technological related information to the personnel and
the possibilities for them to interact are significantly reduced. In order to avoid
undesirable consequences of an additional failure, the personnel should decide on
shutting down the reactor after a while. So the 3 hours limit considered available for
the restoration is a tolerance limit for the personnel for not interacting rather than an
exact limit prescribed by the technical specifications. It should be noted that a safety
upgrading measure has been taken after the completion of the AGNES Project for
diversification of the electric supply of consumers of EV busbar.

At Dukovany and Bohunice, the TS limit is 72 hours. This 72 hour limit does not
impose a significant limitation on the repair of the EV bus. Based on this reasoning,
this initiator was not considered at Dukovany and Bohunice.

Sequence 11: Spurious signal "Overpressure in Confinement", failure to recover RCP seal cooling
within 2 hours with consequential unisolated interfacing small LOCA, operator fails
to drain bubbler tower into confinement sump.
In the Bohunice PSA study, RCP seal integrity was assumed to be maintained for 24
hours following a loss of RCP seal cooling and this sequence was not modeled.
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Paks assumed that RCP seal cooling is never lost for this initiator. In the case if the
spurious signal is generated in the reactor protection logic then it results in a
spurious reactor trip that is taken into account by initiating event Ml. In the case if
the spurious signal is generated in one of the channels of ECCS logic then the load
sequencing programme related to the given channel starts, feeding routes of LP ECC
and spray systems related to the given channel are set. Operation of the make-up
water pump related to the given channel is disabled. Isolation valves located at the
penetrations though the walls of the hermetic receive close command. The
hermetization oil system of RCPs is lost that is followed by RCPs trip and the
intermediate cooling system to RCPs is also lost that causes inoperability of the
autonomous cooling circuits of RCPs. Because of the latter the lower radial bearings
of the RCPs remain without cooling, but the sealing module is cooled by sealing
water ensured by one of the two make-up water pumps related to the safety systems
not affected by the initiating event that was in operation at the moment of the
occurrence of the IE or started as reserve.

Sequence 12: Unisolated ILOCA into TF10 system, with operator failure to realign the LP ECCS
pump suction to prevent diversion of water from the sump causing overflow of the LP
tanks.
The Paks PSA did not model the overflow of the LP tanks. In Bohunice study,
ILOCA was assessed generically and this sequence is included in the results of
sequence #7 .

Sequence 13: Loss of main feedwater (MFW) system with failure of all secondary cooling systems
and feed-and-bleed.
This sequence has a significantly higher contribution for Dukovany (2.8E-6) than for
Paks (<4.4E-7) and Bohunice (<lE-7). The main difference in modeling
assumptions between plants is the fact that the Paks PSA did not credit feed-and-
bleed. Modeling of this sequence is fairly standard and such a difference in results is
not to be expected. The dominant cutsets for this sequence should be compared
between plants to identify the reason for such large discrepancies.

Sequence 14: Rupture of circulating cooling (BQDV) water pipeline in TGHall, operator failure to
switch of BQjDV pumps.
This event has a significant higher contribution at Dukovany (3.9E-6) than for
Bohunice ( < 1E-6). The initiating frequency for this event at Dukovany (4.9E-5) is
more than five times larger than the value used for Bohunice (8.8E-6). This
difference probably accounts for the difference in results. Since the design of
Dukovany and Bohunice in this regard are nearly identical and the initiating event
frequencies are based on generic data, the difference in values used for the
frequency of this initiating event should be resolved.

At Paks, floods of this type were not considered in the scope of the PSA.

Sequence 15: Steamline break inside confinement with failure to isolate and consequential failure
of all secondary cooling systems (i.e., MFW/AFW/EFW) due to IE and failure of
feed and bleed
This event has a higher contribution at Paks due to the fact that Paks did not give
credit to the operator action feed and bleed.
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It should be noted that this part of the Paks PSA model (related to the operation of
AP>5 bar protection) has been corrected since the completion of the AGNES
Project and resulted in a significant decrease in the frequency of the given sequence.

Sequence 16: ILOCA into TF30 system, operator successfully isolates TF30 system, after isolation
leakage is directed to RCP room, with operator failure to realign the LP ECCSpump
suction to prevent diversion of water from the sump causing overflow of the LP
tanks.
See sequences #7, #11.
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Table 3.2.-1 WWER-440/213

COMPARISON OF SIGNIFICANT DESIGN AND OPERATIONAL DIFFERENCES

DESIGN/OPERATIONAL
FEATURE

Location of super emergency
feedwater (EFW) pumps

Diesel generator starting and load
sequencing system

Service water system cooling

BOHUNICE-3

Outside turbine Hall

Due to electrical reasons

Cooling towers

DUKOVANY-1

Outside turbine Hall

Due to electrical reasons

Cooling towers

PAKS-3

Inside Turbine Hall

Due to electrical and technological
reasons

River Danube (no cooling towers)
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Table 3.2.-2 WWER-440/213

COMPARISON OF LOCA INITIATING EVENT FREQUENCIES

INITIATING EVENT
DESCRIPTION

Large LOCA

Medium LOCA

Small LOCA

Very small LOCA

BOHUNICE-3

DESIGNATOR

LL(3OO-5OO)

LL(200-300)

ML(40-200)

ML(20-40)

SL(7-20)

VSL(0-7)

FREQUENCY
PER YEAR

6.7E-5

8.0E-5

1.5E-4

4.0E-4

1.1E-3

1.3E-2

DUKOVANY-1

DESIGNATOR

L6(3OO-5OO)

L5(200-300)

L4(100-200)

L3(6O-1OO)
L2(20-60)
Ll(10-20)

L0(0-10)

FREQUENCY
PER YEAR

6.0E-5

8.2E-5

1.5E-4

2.6E-4
1.1E-3
5.5E-4

1.7E-2

PAKS-3

DESIGNATOR

Bl B2 B3 B4 B5
Cl C2 C3 C4
(200-500 mm)

(note*)

C5 C6 C7 C8
C10C11

(20-200 mm)
(note*)

Dl . Init. ECCS
Operation < 20 mm
D2. Not Init. ECCS
Operation < 20 mm

FREQUENCY
PER YEAR

1.3E-4

3.3E-4

3.1E-3

3.1E-1
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Notes to Table 3.2.2:

B. LARGE LOSS OF COOLANT ACCIDENT

Bl Large LOCA; Loops 2., 3., 5. Cold Leg 1.11E-05
B2 Large LOCA; Loops 1., 6. Cold Leg 7.38E-06
B3 Large LOCA; Loop 4, Cold Leg 3.69E-06
B4 Large LOCA; Loops 1., 2., 3., 5., 6 Hot Leg 2.65E-05
B5 Large LOCA; Loop 4. Hot Leg 5.40E-06

C. MEDIUM LOSS OF COOLANT ACCIDENT

Cl Medium LOCA not Affecting ECCS Operation (L5) 2.84E-05
C2 Medium LOCA Affecting Low Pressure ECCS Operation (L5) 1.62E-05
C3 Medium LOCA Affecting High Pressure ECCS Operation (L5) 1.62E-05
C4 Rupture of Hydroaccumulator Pipeline (L5) 1.22E-05
C5 Medium LOCA not Affecting ECCS Operation (L4) 6.90E-05
C6 Medium LOCA Affecting High Pressure ECCS Operation (L4) 3.25E-05
C7 Medium LOCA not Affecting ECCS Operation (L3) 8.12E-05
C8 Medium LOCA not Affecting High Pressure ECCS Operation (L3) 2.03E-05
C9 Inadvertent Opening of Pressurizer Safety Relief Valve 3.50E-03
CIO Medium LOCA not Affecting ECCS Operation (L2) 8.93E-05
Cl 1 Medium LOCA Affecting High Pressure ECCS Operation (L2) 4.06E-05
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Table 3.2.-2 WWER-440/213

COMPARISON OF LOCA INITIATING EVENT FREQUENCIES

INITIATING EVENT
DESCRIPTION

Interfacing LOCA (ILOCA)

<ILOCA related to ECCS>

< ILOCA not related to ECCS>

< ILOCA in TF10 system >

< ILOCA into TF30 system >

< ILOCA through RCP seals >

< ILOCA into refueling pool >

Pressurizer steam LOCA

BOHUNICE-3

DESIGNATOR

IFSL

PSL

FREQUENCY
PER YEAR

6.0E-4

3.9E-4

DUKOVANY-1

DESIGNATOR

LI(doTFlO)

LI(doTF30)

LI(HCC)

LI-POOL

Included in L2
and in transients
as "stuck open

PORV

FREQUENCY
PER YEAR

3.5E-3

1.7E-4

3.0E-4

1.2E-4

PAKS-3

DESIGNATOR

Included in El
(SGTR)

E2 Init. ECCS*
Operation

E3. Not Init.
ECCS*

Operation

C9

FREQUENCY
PER YEAR

5.OE-3

3.4E-4

3.4E-2

3.5E-3

related to leaks outside containment in the following places
TE
TX
TK
YE
TF
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Table 3.2.-3 WWER-440/213

COMPARISON OF TRANSIENT INITIATING EVENT FREQUENCIES

INITIATING EVENT
DESCRIPTION

General Transient

Inadvertent Reactor Trip

Both TG Trip

Trip of 4 or more RCPs

Spurious Signal Overpressure in
Confinement

Main Steam Collector Rupture

Steam Line Break Inside
Confinement

Steam Line Break Outside
Confinement

SG Tube Rupture

Feedwater Line Break in front of
Check Valve

Feedwater Line Break between
Check Valve and SG

Feedwater Collector Rupture

BOHUNICE-3

DESIGNATOR

Not Applicable

IRT

2TG

LOF6

Out of Scope

SHB

SLBI

SLBO

SGTR

LMF(FWLB-C)

LMF(FWLB)

LMF(FWHB)

FREQUENCY
PER YEAR

4.6E-1

1.5E-2

1.6E-1

1.4E-3

1.3E-3

2.3E-3

8.9E-4

3.0E-3

1.1E-3

1.1E-3

DUKOVANY-1

DESIGNATOR

T8

Included in T8

Included in T8

Included in T8

FsPvB

Tl

T2

Included in Tl

SGTR

Included in T4

Included in T2

T4

FREQUENCY
PER YEAR

2.8E-1

2.0E-2

2.3E-3

1.4E-3

9.0E-4

1.4E-3

PAKS-3

DESIGNATOR

Not Applicable

Ml

J2

Included in Ml

Included in M

15

13

14

El

G4

Included in G4

G3

FREQUENCY
PER YEAR

1.3E-0

6.1E-1

2.3E-1

8.1E-3

4.3E-4

2.1E-4

2.1E-4

5.0E-3

8.0E-4

4.8E-4
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Table 3.2.-3 WWER-440/213

COMPARISON OF TRANSIENT INITIATING EVENT FREQUENCIES

INITIATING EVENT
DESCRIPTION

Feedwater Tank Break

Total Loss of Main Feedwater

Loss of Off-site Power

Loss of Export to Grid (External
and Internal reasons)

Loss of EV Busbar

Loss of SWS all 3 Lines

Loss of SWS line 2 and 3

Loss of Circulating Cooling Water

Loss of Intermediate Cooling
system (TF10) to RCPs

BOHUNICE-3

DESIGNATOR

Out of Scope

LMF

LOP

LEG(INT)

Different TS
Limit

L0SW3

LOSW

LOCW

Included in
LOF6

FREQUENCY
PER YEAR

3.8E-2

1.3E-2

4.2E-1

4.5E-6

4.7E-3

4.7E-2

DUKOVANY-1

DESIGNATOR

T10

T i l

T5

T5.5

Different TS
Limit

T3

T9

T7

FREQUENCY
PER YEAR

1.6E-3

2.9E-2

5.5E-2

2.9E-1

4.0E-2

5.6E-3

2.5E-4

PAKS-3

DESIGNATOR

Included in G6
(rupture of

feedwater pump
suction line)

G2

Kl

J3

J4

K3

Out of Scope

Out of Scope

Out of Scope

LI

FREQUENCY
PER YEAR

7.2E-4

3.1E-2

3.9E-2

3.9E-2

3.9E-2

1.5E-2

1.0E-4

145



Table 3.2.-3 WWER-440/213

COMPARISON OF TRANSIENT INITIATING EVENT FREQUENCIES

INITIATING EVENT
DESCRIPTION

Reactivity Additional Transient

Circulating Water Pipe Line Break
in the Turbine Hall

BOHUNICE-3

DESIGNATOR

RAT

Flood 490 -
CCW

FREQUENCY
PER YEAR

3.2E-2

8.8E-6

DUKOVANY-1

DESIGNATOR

Included in T8,
Control rod
ejection
included in LI-
POOL

ATWS analysis

T12

FREQUENCY
PER YEAR

4.9E-5

PAKS-3

DESIGNATOR

Nl. Cont. Rod

N2. CR. Group

N3. Dilution

Out of Scope

FREQUENCY
PER YEAR

9.8E-3

1.4E-2

1.4E-2
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Table 3.2.-4 WWER-440/213

COMPARISON OF PSA ACCIDENT SEQUENCE RESULTS

ACCIDENT SEQUENCE DESCRIPTION

1. Feedwater collector rupture / Failure of all secondary cooling systems /
Failure of feed and bleed.

2. MSC break or steamline break outside confinement / Failure of all secondary
cooling / Failure of feed and bleed

3. LOSP / Failure of all secondary cooling systems / Failure of feed and bleed.

4. Fire in TG Hall with consequential loss of MFW&AFW / EFW failure /
Operator fails to initiate feed and bleed

5. Small LOCAs (< 40 mm) / Operator failure to realign the LP ECCS pump
suction and overflow of LP ECCS tanks

6. FW line rupture inside containment (G7) / Operator failure to isolate SG on
FWside

7. Unisolated ILOCA / Operator failure to drain the bubbler tower inventory into
the confinement sump

8. MSC rupture / HP-ECCS pumps fail to compensate for primary water volume
shrinkage caused by overcooling

CORE DAMAGE FREQUENCY

BOHUNICE-3

4.5E-5

1.8E-4
[see note 4]

1.9E-4
[see note 4]

6.3E-5

4.4E-5

<1.0E-6

2.4E-5

2.1E-5

DUKOVANY-1

1.3E-5
[see note 1]

6.0E-5
[see note 3]

<5E-7

out of scope

5.0E-6

<5E-7

1.7E-5

[see note 5]

not a CD sequence

PAKS-3

2.4E-4

1.3E-4
[see note 2]

<1.6E-6

out of scope

not modeled

(already solved)

2.7E-5

<2.4E-6

not a CD sequence
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Table 3.2.-4 - WWER-440/213

COMPARISON OF PSA ACCIDENT SEQUENCE RESULTS

ACCIDENT SEQUENCE DESCRIPTION

9. Main steam collector or steamline break outside confinement / Operator fails
to isolate leakage causing reactor overcooling transient and consequential RPV
rupture.

10. Loss of EV Bus (K3) / Operator fails to recover within 3 hours / Operator
manually trips the reactor and fails to trip the turbine

11. Spurious signal "Overpressure in Confinement" / Failure to recover RCP seal
cooling within 2 hours with consequential unisolated interfacing small LOCA,
/ Operator fails to drain bubbler tower into confinement sump.

12. Unisolated ILOCA into TF10 system / Operator failure to realign the LP
ECCS pump suction to prevent diversion of water from the sump causing
overflow of the LP tanks.

13. Loss of main feedwater (MFW) system / Failure of all secondary cooling
systems / Failure of feed and bleed.

14. Rupture of circulating cooling (BQDV) water pipeline in TG Hall / Operator
failure to switch off BQDV pumps.

15. Steamline break inside confinement / Consequential failure of all secondary
cooling systems (i.e., MFW/AFW/EFW) / Failure of feed and bleed

16. ILOCA into TF30 system / Operator successfully isolates TF30 system, after
isolation leakage is directed to RCP room / Operator failure to realign the LP
ECCS pump suction to prevent diversion of water from the sump causing
overflow of the LP tanks.

CORE DAMAGE FREQUENCY

BOHUNICE-3

Out of Scope

Different TS Limit

Different Assumption

Included in sequence
#7

< 10E-6

< 10E-6

< 10E-6

Not Modeled

DUKOVANY-1

1.2E-5
[see note 6]

Different TS Limit

6.6E-6

4.1E-6

2.8E-6

3.9E-6

<5E-7

2.6E-6

PAKS-3

4.6E-8

9.4E-6

different assumption

Not Modeled

<4.4E-7

out of scope

3.5E-6

Not Modeled
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Notes to Table 3.2-4:

1. Includes the combination of accident sequences #8 and #9 from Table 2.2.2.-2 for Dukovany
2. Includes the combination of accident sequences #3, #4, #5, #8 and #9 from Table 2.2.3.-2 for Paks.
3. Includes the combination of accident sequences #1, #2, #4, #5, #15 and #16 from Table 2.2.2.-2 for Dukovany. The initiating event definition includes

MSC breaks and steamline breaks outside confinement.
4. Includes the combination of accident sequences #1 and #5 from Table 2.2.1 .-2 for Bohunice
5. Includes the combination of accident sequences #3 and #6 from Table 2.2.2.-2 for Dukovany
6. Includes the combination of accident sequences #10 and #11 from Table 2.2.2.-2 for Dukovany and relevant sequence from Tl. 12 event tree
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3.3. PSA COMPARISON FOR WWER-1000 NPPs

This section presents a comparison of PSA results for WWER-1000 NPPs. The comparison
considers Balakovo Unit 4, Kozloduy Units 5,6 and Temelin PSA results. A description of the PSA
and comparison of the PSA ranking of the PSU measures for these plants is provided in Section
2.3. Table 3.3.-1 provides a comparison of the major design differences between the three units. A
comparison of the initiating event frequencies used in each of the PSAs is provided in Tables 3.3.-2
for LOCA initiators and Table 3.3.-3 for transients. Finally, Table 3.3-4 provides a comparison of
accident sequence results.

Because of the very differences in the scope of the PSA results compared at the end of 1995
the comparison of insights into plant safety differ considerably from plant to plant.

A comparison of accident sequence results reveals significant differences in the modeling
assumptions and initiating event frequencies used at the various plants. Two of the top four
sequences at Kozloduy, for example, do not result in core damage at Temelin because of
assumptions relating to the performance of the high pressurized injection system. . In addition, a
large number of dominant accident sequences at Temelin (including several LOCA and SGTR
sequences were not modelled at Balakovo and Kozloduy. This indicates that there were also major
differences in success criteria assumptions and in the modelling of human action.

The reason why SGTR and SG collector rupture initiators have a much higher contribution
to core damage frequency at Temelin is due to a frequency of SG collector cover failure that is two
orders of magnitude larger than that used at Kozloduy. Two additional diesel generators installed at
Temelin and the different initiating event frequencies estimated for Balakovo and Kozloduy are the
main reasons for the differences in the contributions of accident sequences initiated by loss of off-
site power among the three plants. Thus the recommendation at Kozloduy to install two diesel
generators is confirmed by these results.

Technical comments relevant to the initiating event frequencies for the WWER-1000/320
PSAs are summarized as follows:

1. In order to conform with plant specific injection system success criteria, each unit has
defined different ranges of break size for the names given to the loss of coolant accident
(LOCA) initiating events. However, the frequency of breaks greater than 50 mm
equivalent diameter are very close; Temelin: 1.5E-3, Balakovo-4: 1.3E-3 and
Kozloduy: 2.5E-3.

2. There is a much wider spread for LOCA (primary leak) frequencies for leaks below 50
mm, but above 20 mm. The frequency of all such breaks at Temelin is 1.0E-2, at
Kozloduy, 3.7E-3 and Balakovo, 3.2E-3. Very small leakages (<20 mm) has only
been specifically addressed at Temelin, and the frequency is 0.2 per year.

3. There are wide variations in the SG tube leakage frequency ranking from 5.0E-4 (if it is
assumed that the frequency of primary to secondary leakage is split equally between the
two initiators) for Balakovo, 5.0E-3 for Kozloduy, and 4.4E-2 for Temelin. There are
four events recorded in the PRIS database, which, given the operating history of the
type of SG fitted in the plants, indicates an initiating event frequency close to the value
used in the Temelin PSA.
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4. SG collector header cover failure frequencies range from 1.0E-5 for Kozloduy, 5.0E-4
for Balakovo to 2.5E-3 for Temelin. This is clearly inconsistent with SG design as
Temelin will have the most modern SG with the latest improvements. On the other
hand, if one of the causes of such an event is error in performing SG maintenance and
inspection activities, a portion of the contributor will be independent of design. This
aspect of WWER performance needs a thorough evaluation.

5. Transient frequencies for Kozloduy and Balakovo are based on operating history, those
at Temelin on review of WWER-1000 and CEZ (Dukovany) operating experience.

Technical comments relevant to the comparison of dominant accident sequences for the WWER-
1000/230 PSAs are summarized as follows:

Sequence 1: Loss of Off-site Power
The lower frequency at Temelin is the result of design differences in term of
number of diesel generators (2 non emergency diesels) and the availability of
alternative methods to supply electricity to the unit. There is a factor of five
difference between the loss of off-site power frequency at Balakovo and Kozloduy
which is the largest contribution to the difference in the result for the two plants.
This supports the conclusion that the PSU to fit 2 additional diesel generators at
Kozloduy would be an effective safety measure.

Sequence 2: Steam Generator Tube Rupture
This sequence at Kozloduy requires the use of low pressure injection. At Temelin
the procedures indicate that this is not required so it is not a core damage
sequence. The current results for Balakovo do not show this level of detail, but
all responses following steam generator tube failure, up to header leakage
equivalent to a 100 mm diameter break, only contribute 1.1E-6. The initiating
event frequency for the three plants are comparable.

Sequence 3: Steam Generator Header Cover Failure
The initiating event frequency at Kozloduy is two orders of magnitude below that
at Temelin. Given the same IE frequency the response would be about 8E-5 per
year at Kozloduy, about the same as that at Temelin. Temelin takes credit for
symptom based procedures. The break analyzed at Balakovo covers the full
range of break sizes from the single tube up to 100 mm equivalent diameter
breaks. This implies a much lower frequency for larger breaks than for this
contributor at Temelin.

Sequences 4,10: Small LOCA
This event has been combined with loss of off-site power at Kozloduy as well as
failure of low pressure injection so it is not directly comparable with any Temelin
sequence. Also at Balakovo, off-site power is assumed not to have failed. It is
not clear from the sequence of the requirement at Kozloduy if the safety systems
are disconnected from the opposite power and connected to the emergency supply
in the event of a LOCA signal or whether a licensing assumption has been made.

Sequence 6: Loss of Essential Service Water
This event has not been included as an initiating event from Balakovo. The
initiating event frequency for Kozloduy is two order of magnitude higher then for
Temelin. Given the same IE frequency for Kozloduy, (as used at Kozloduy
originally) comparable with Temelin, the results became of the same order, 1.0E-
7.
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Note: At Temelin, two initiators are modeled. Loss of two SW trains, which
leads to failure of the RCPs and reactor trip, but leaves cooling to one train of
ESF equipment, and loss of all three trains.

Sequence 7: See Sequence 2 description. This sequence is not comparable between Temelin
and Kozloduy as the first operator failure leads to core damage.

Sequence 8: The IE frequencies are discussed in Section 3. This sequence for Kozloduy
includes the hardware failure of the steam dump valve (BRU-A).

Sequence 10: Large LOCA
The IE frequencies for all three plants, and the results are comparable. It has to
be noted that Balakovo and Temelin have approximately the same IE frequency
but different IE definition (LLOCA Temelin >350 mm, Balakovo >140 mm).
However, Balakovo contribution to CDF involves contribution from all sequences
following LLOCA. It was not possible to compare this sequence for Temelin and
Kozloduy as different assumptions for accumulators success criteria have been
used (Temelin 2/4 Ace injection and isolate from low level to prevent Nitrogen
injection into the core, as Kozloduy used 2/3 Ace to inject, no credit has been
given to prevention of Nitrogen injection into the core). Therefore, the sequence
contributing most to core damage at Kozloduy is the large LOCA followed by the
failure of low head injection.

Sequence 12: The IE frequencies are discussed for sequence 10. This Temelin sequence can be
compared with one similar sequence for Kozloduy. The difference in results can
be explained by IE frequency difference between Kozloduy and Temelin.

Sequences 13,14: These sequences are not comparable as at Temelin normal charging is considered
success as a single SGTR is a 16 mm equivalent diameter break which can be
compensated by the normal charging system (till TB10 tank depletion). No such
sequence exists for Kozloduy. No information on Balakovo is available.

Sequence 15: Interfacing LOCA
The sequences for Temelin and Kozloduy give comparable results. According to
information from Balakovo, similar interfacing LOCAs are included in Small
LOCA initiating event frequencies. Combining interfacing LOCAs into the Small
LOCA initiating event category is not correct, as the availability of systems
following an interfacing LOCA is expected to be significantly different than for a
Small LOCA (i.e., no water will be available in the sump for recirculation phase
following ECCS injection).
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Table 3.3.-1 WWER-1000/320

COMPARISON OF SIGNIFICANT DESIGN AND OPERATIONAL DIFFERENCES

DESIGN/OPERATIONAL
FEATURE

Diesel Generators

Restoration of power following
LOOP

Feedwater

Reactor Protection System

ECCS pumps interlock following
ESF signal

Procedures

BALAKOVO UNIT-4

3 safety grade diesels

3 emergency feedwater trains

1 BRU-A

Analog based

Event based emergency
procedures

KOZLODUY UNITS-5,6

3 safety grade diesels

Instructions for recovery of
off-site power

2 trains of aux feedwater

1 normal charging pump

1 BRU-A supported by
safety grade diesels

Analog based

Same as Temelin

Emergency operating
instructions

TEMELIN

3 safety grade diesels

2 common non safety grade diesels

Recovery of off-site power from various
sources specifically addressed in EOPs

2 trains of aux feedwater RL

1 normal charging pump TK

1 ADV (BRU-A) supported by non safety
grade diesels

Digital based primary and diverse protection
and engineered safety actuation systems.

Interlock preventing operator to spuriously
trip ECCS pumps once started by ESFAS
signal

Symptom based Emergency Operating
Procedures, (COMPRO - computerized
executable part)
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Table 3.3.-2 WWER-1000/320

COMPARISON OF LOCA INITIATING EVENT FREQUENCIES

INITIATING EVENT
DESCRIPTION

Large LOCA (> 350 mm)

Large LOCA (> 300 mm)

Large LOCA (> 150 mm)

Medium LOCA (125 -300 mm)

Medium LOCA (50 - 150 mm)

Medium LOCA (50 - 350 mm)

Small LOCA (<50 mm)

Small LOCA (30 - 125 mm)

Small LOCA (20 - 50 mm)

Small LOCA (Control Rod)

Very small LOCA (<30 mm)

Very small LOCA ( < 20 mm)

Steam Generator Tube Leak

BALAKOVO-4

DESIGNATOR FREQUENCY
PER YEAR

3.0E-4

1.0E-3

3.2E-3

out of scope

included in IE
primary to

secondary leak

KOZLODUY-5,6

DESIGNATOR

LI

L2

L3

L5

L4

L8

FREQUENCY
PER YEAR

1.0E-5

5.5E-4

1.0E-3

5.0E-4

3.7E-3

5.0E-3

TEMELIN

DESIGNATOR

S2

S3

S4

S5

T8

FREQUENCY
PER YEAR

5.0E-4

1.0E-3

1.0E-2

1.9E-1

4.4E-2
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Table 3.3.-2 WWER-1000/320

COMPARISON OF LOCA INITIATING EVENT FREQUENCIES

INITIATING EVENT
DESCRIPTION

SG collector cover

Primary to secondary (< 100 mm)

Primary to secondary (> 100 mm)

Interfacing systems LOCA (small)

Interfacing system LOCA

Vessel rupture

BALAKOVO-4

DESIGNATOR FREQUENCY
PER YEAR

included in IE
primary to

secondary leak

l.OE-3

l.OE-7

out of scope

out of scope

KOZLODUY-5,6

DESIGNATOR

L7

L6

FREQUENCY
PER YEAR

l.OE-5

l.OE-5

TEMELIN

DESIGNATOR

T9

V

SI

FREQUENCY
PER YEAR

2.5E-3

1.6E-7

2.7E-7
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Table 3.3.-3 WWER-1000/320

COMPARISON OF TRANSIENT INITIATING EVENT FREQUENCIES

INITIATING EVENT
DESCRIPTION

Reactor trip - main feedwater,
auxiliary feedwater and condenser
available. All off-site AC power
and on-site AC power available.

Reactor runback - when main
generator unavailable, main
feedwater, auxiliary feedwater, and
condenser available. Off-site AC
power available.

Reactor runback - with main
generator available, main
feedwater, auxiliary feedwater
available. Off-site AC power
available.

Reactor trip - main feedwater
unavailable, auxiliary feedwater
may be available.

Reactor trip secondary cooling
unavailable

BALAKOVO-4

DESIGNATOR FREQUENCY
PER YEAR

-

—

KOZLODUY-5,6

DESIGNATOR

T9

FREQUENCY
PER YEAR

3.0

TEMELIN

DESIGNATOR

Tl

T2

T3

T4

T10

FREQUENCY
PER YEAR

2.5

3.0

2.1

3.6E-1

1.2E-1
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INITIATING EVENT
DESCRIPTION

Reactor trip containment isolated

Loss of feedwater

SG overcooling

BALAKOVO-4 1

DESIGNATOR FREQUENCY
PER YEAR

1 KOZLODUY-5,6

DESIGNATOR

Til

T16

T14

FREQUENCY
PER YEAR

0.7E-2

l.OE-3

l.OE-3

TEMELIN

DESIGNATOR FREQUENCY
PER YEAR
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Table 3.3.-3 WWER-1000/320

COMPARISON OF TRANSIENT INITIATING EVENT FREQUENCIES

INITIATING EVENT
DESCRIPTION

Main Steam/Feedwater line break
outside containment - main and
auxiliary feedwater unavailable.

LOSP (Loss of 400 kV and 110 kV
off-site supply) - Reactor runback
with generator available. Main and
auxiliary feedwater available. No
off-site sources available.

Loss of off-site power

Steam/feedwater line break inside
containment

Loss of all essential service water
(VF)

Loss of 2 trains of essential service
water (VF)

BALAKOVO-4

DESIGNATOR FREQUENCY
PER YEAR

l.OE-3

1.0E-4

KOZLODUY-5,6

DESIGNATOR

T15

T12

T13

FREQUENCY
PER YEAR

4.0E-2

3.0E-2

l.OE-3

TEMELIN

DESIGNATOR

T5

T6

T7

VF

VF2

FREQUENCY
PER YEAR

l.OE-3

1.0E-1

4.0E-2

2.2E-5

4.5E-5
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Table 3.3.-4 WWER-1000/320

COMPARISON OF PSA ACCIDENT SEQUENCE RESULTS

ACCIDENT SEQUENCE DESCRIPTION

1. Loss of off-site power (LOSP) / EFW system failure

2. Steam generator tube rupture / Steam dumps to atmosphere failure to open /
low pressure failure

3. Steam generator header cover failure / Failure of operator to depressurize and
cooldown

4. Small LOCA / Failure of low pressure injection

5. Loss of off-site power (LOSP) / Diesel generator failure

6. Loss of service water / Loss of secondary heat removal

7. Steam generator tube rupture / Wrong SG diagnosed for / Failure of operator
to achieve RHR conditions prior pumps depletion

CORE DAMAGE FREQUENCY

BALAKOVO-4

3.3E-6

not represented in
sequence results in

Table 2.3.1.-2

3.4E-7

<2.4E-8ornotin
scope

(i.e., not represented
in sequence results in

Table 2.3.1.-2)

1.1E-5

not in the scope

<2.4E-8ornotin
scope

(i.e., not represented
in sequence results in

Table 2.3.1-2)

KOZLODUY-5,6

1.4E-4

6.9E-5

3.2E-6

1.4E-5

probably represented
in sequence #1

l.OE-5

out of scope

TEMELIN

<4E-7

no core damage

3.7E-5

no core damage

<4E-7

below 1E-7

7.4E-6
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Table 3.3.-4 WWER-1000/320

COMPARISON OF PSA ACCIDENT SEQUENCE RESULTS

ACCIDENT SEQUENCE DESCRIPTION

8. Steam generator header cover failure / Wrong SG diagnosed for isolation /
Operator failure to depressurize and cooldown prior containment sump
depletion

9. SGTR / Failure of operator to cooldown prior sump depletion when HHI and
AFW operate successfully

10. Large LOCA / Failure of accumulators to repeat and isolate on low level

11. Small LOCA / High Head injection not available / Operator correctly enters
core cooling recovery procedure / FW available for decay heat removal /
Accumulator injects / Failure of Low Head injection to maintain inventory in
the long term.

12. LOCA / Accumulator injection successful / Failure of Low Head injection to
maintain inventory

13. SGTR / Normal charging (TK) and secondary heat removal successful /
Operator fails to cooldown / All water pumps depleted

CORE DAMAGE FREQUENCY

BALAKOVO-4

included in sequence
#3

not in scope

<2.4E-8ornot in
scope

(i.e., not represented
in sequence results in

Table 2.3.1-2)

not modeled

<2.4E-8ornotin
scope

(i.e., not represented
in sequence results in

Table 2.3.1-2)

not modeled

KOZLODUY-5,6

6.4E-6

(see author comment)

3.0E-6

(see author comment)

not modeled

not modeled

>lE-7

not modeled

TEMELIN

7.2E-6

4.1E-6

3.4E-6

3.0E-6

3.07E-6

2.9E-6
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Table 3.3.-4 WWER-1000/320

COMPARISON OF PSA ACCIDENT SEQUENCE RESULTS

ACCIDENT SEQUENCE DESCRIPTION

14. SGTR / Successful scram by the operator and operation of normal charging
(TK) to compensate the leak / Operator performed correct isolation procedure
/ Cooldown is just achieved prior to emptying of TK tanks / HHI required but
failed

15. Interfacing LOCA non isolable which results in the discharge of all the sump
water into one of the ECCS rooms (core damage by definition)

CORE DAMAGE FREQUENCY

BALAKOVO-4

not modeled

not modeled

KOZLODUY-5,6

not modeled

2.2E-6

TEMELIN

2.0E-6

1.7E-6
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4. CONCLUSIONS AND RECOMMENDATIONS

It is internationally recognized that PSA methodology is sufficiently mature for use in the
plant specific evaluation of required safety upgradings.

A number of PSAs for WWER type reactors have been considered in this report. The
information compiled indicates that the results of these WWER PSAs are being used both to define
new programmes for safety upgrading and to complement existing ones.

The principal objective for this report was to investigate how priorities for improvements
which were established based on deterministic analyses and engineering judgement compare to
insights derived from PSA information and results and whether new items were detected based on
PSA.

The PSAs for similar WWER plants were compared with regard to dominant accident
scenarios and main findings regarding safety deficiencies.

It is recognized that each of the WWER PSAs considered in this report has its own and
specific background. There are differences with respect to the size and experience of the PSA
teams in each country, financial resources, and objectives and scope of each of these PSAs. As a
result, the methodologies used and the level of elaboration and detail considerably differ.

It is internationally recognized that it is a difficult task to judge whether a plant specific
PSA is sufficiently reflecting plants design and operational features for a specific application. Such
kind of judgement requires extended reviews, both internal and by external peer review (e.g.
IPERS high level peer review by international experts). Therefore no attempt has been made in this
report to judge or to compare the quality of the individual PSAs.

Regarding the priorities for improvements which were established based on deterministic
analyses and engineering judgement it appears, as expected, that these priorities are not always
supported by the PSAs. This divergence can have many reasons, such as:

Considerations of feasibility and cost of implementation included in the deterministic
analyses and engineering judgement, to set priorities,
Limitations in the PSA including level of detail, scope, modelling assumptions, and data
Other aspects not modelled in PSAs such as quality of construction, materials problems and
safety culture.

The comparison of PSAs also indicated that there are major differences in the insights from
PSAs even among plants of the same type This is not surprising, because also for PSAs for other
types of similar NPPs differences in plant design and operational features, which exist even for
plants from the same manufacturers, can have a major impact on PSA results. Furthermore it is
difficult task to make a thorough comparison of PSAs with completely different characteristic as
outlined above. To be thorough, such kind of comparison should follow all the steps and tasks of
each PSA, in order to arrive at a sufficient understanding of the results of the PSAs compared.

Based on the screening type comparison made for the present report it is nevertheless
suspected that many of the differences are due to modelling assumptions and due to different
interpretation and use of generic data.
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The grouping of LOCA initiators need to be re-evaluated based on results of accident
analysis. The LOCA, SG pipe and collector break frequencies used vary considerably. A common
approach for frequency estimation from generic data would be most desirable.

Modelling assumptions have been found to vary considerably in the PSAs reviewed.
Differences have been found among others in the treatment of pump seal LOCAs, area events with
consequential failure of feedwater and steam lines, consideration of feed and bleed cooling, ATWS
consequences, off-site power recovery and the modelling of human actions.

The concern expressed during the meeting is that the use of conservative assumptions as a
surrogate to more detailed models can bias the PSA results and generate risk profiles which do not
realistically reflect the main plant deficiencies. Moreover, safety improvements derived from these
results will not be representative of the actual priorities.

PSA results have also identified several PSU measures with a negligible impact to reduce
the frequency of core damage. Another group of PSU measures was not modelled in PSAs either
due to the limited scope of some PSAs or because they cannot be qualitatively considered in PSAs.
Priorities of those PSU measures can only be assessed based on deterministic considerations.

It is of utmost importance to harmonize modelling assumptions and data used in PSAs of
WWER NPPs in order to allow for a wider sharing of insights which can enhance plant specific
PSU measures. Rationalization of methods and data used can be achieved increasing the exchange
of information among PSA practitioners working with the various models of WWER NPPs. A
series of workshops may be an appropriate way to promote the required harmonization.

The IAEA will continue to serve as a forum for promoting and facilitating the exchange of
information between PSA practitioners, regulators and NPP operators and assisting to peer reviews
PSAs in various degrees of completion.
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