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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 cooperation 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 power 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 is extrabudgetary and depends on voluntary contributions from IAEA
Member States. Steering Committees provide co-ordination and guidance to the IAEA on
technical matters and serve as forums for exchange of information with the European
Commission (EC) and with other international and financial organizations. The general scope
and results of the Programme are reviewed at 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 sole responsibility 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.
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SUMMARY

At the request of the Committee on the Use of Atomic Energy for Peaceful Purposes
of Bulgaria, an IAEA Safety Review Mission was conducted at the Kozloduy NPP to review
the modernization programme of Kozloduy Units 5 and 6, during the period of 26 June to
1 July 1995. The mission was organized within the framework of the IAEA Extrabudgetary
Programme on the Safety of Nuclear Power Plants in the Countries of Eastern Europe and
the former Soviet Union and supported by the TC Project RER/9/035.

The purpose of the IAEA Safety Review Mission was to review the safety aspects of
the Kozloduy 5/6 modernization programme, and to advise on the completeness and adequacy
of the safety improvements proposed. The IAEA draft report "Ranking of Safety Issues for
WWER-1000 Model 320 NPPs", WWER-SC-104, 1995-05-29 (referred to as the Issue Book
in the subsequent text) was the basis for the experts' review. The IAEA NUSS standards and
guides, and internationally accepted safety concepts and practices and national standards,
complemented by the Russian safety rules in force, were used in the preparation of the issue
book. The scope of the review covered the plant design and operational safety aspects as
proposed in the modernization programme. The upgrading measures, which are only related
to the improvement of plant availability, were not included in the review.

The modernization programme of the Kozloduy NPP Units 5/6 was developed based
on the operating experience of WWER-1000 reactors and the results of domestic studies, the
IAEA Extrabudgetary Programme on WWER-1000 reactors and other international
programmes. It was elaborated in accordance with current international practices.

Out of the 73 safety issues reviewed in the design area, 65 issues have been addressed
by the proposed measures in the modernization programme of the Kozloduy 5/6. The degree
of details of the objective, contents, tasks and outcomes of the individual measures addressed
in the modernization programme vary and some descriptions are relatively short. As a result,
it was not possible to judge the sufficiency of some proposals.

In the operational safety area, five of the thirteen operational safety issues identified by
the IAEA are not addressed by the modernization programme. They are procedures for
normal operation, safety culture, experience feedback, quality assurance, and philosophy on
use of procedures.

The IAEA mission consisted of 4 external experts and 4 IAEA staff. The Kozloduy
NPP management invited experts from Energoproekt, Risk Engineering Ltd. and EdF, who
have contributed to the modernization programme as consultants on the plant side.

This report is structured into 3 main chapters. Chapter 1 is an introduction. Chapter 2
describes the results of the review of the Kozloduy 5/6 modernization programme area by
area according to the Issue Book. Chapter 3 summarizes the important general conclusions
and recommendations.



1. INTRODUCTION

1.1. BACKGROUND

At the request of the Committee on the Use of Atomic Energy for Peaceful Purposes
of Bulgaria, an IAEA Safety Review Mission was conducted at the Kozloduy NPP to review
the modernization programme of Kozloduy Units 5 and 6, during the period of 26 June to
1 July 1995.

The IAEA mission consisted of 4 external experts and 4 IAEA staff (see team
composition in Annex I). The Kozloduy NPP management invited experts from
Energoproekt, Risk Engineering Ltd. and EdF who have contributed to the modernization
programme as consultants on the plant side (see list of counterparts in Annex II).

The Kozloduy Units 5 and 6 were put in commercial operation on 20 September 1988
and 30 December 1993, respectively. Both units consist of a WWER-1000/320 type reactor
with one turbo generator of 1000 MWe. The units have the same design elaborated in
accordance with general rule OPB-73 and with norms/standards in force at that time. The
design of the plant does not entirely comply with the current safety standards, and the utility,
NEK/Kozloduy NPP decided to implement a modernization programme to upgrade the plant.
The intended goal of the modernization programme is to ensure a safety level compatible
with current international practices. The simplified schedule for the Kozloduy 5/6
modernization programme is shown in Annex III.

The modernization programme presented to the IAEA for review is in the preparatory
phase of the total project.1 It is expected that the results of the review by the IAEA experts
mission and other national regulatory requirements will further improve the modernization
programme.

1.2. OBJECTIVES AND BASIS FOR REVIEW

The purpose of the IAEA safety review mission was to review the safety aspects of the
Kozloduy 5/6 modernization programme, and to advise on the completeness and adequacy
of the safety improvements proposed. The IAEA draft report "Ranking of Safety Issues for
WWER-1000 Model 320 NPPs", WWER-SC-104, 1995-05-29 (referred to as the Issue Book
in the subsequent text) was the basis for the experts' review. The IAEA NUSS standards and
guides, and internationally accepted safety concepts and practices and national standards,
complemented by the Russian safety rules in force, were used in the preparation of the issue
book. The scope of the review covered the plant design and operational safety aspects as
proposed in the modernization programme. The upgrading measures, which are only related
to the improvement of plant availability, were not included in the review.

1.3. STRUCTURE OF THE REPORT

In Chapter 2 the results of the review of the Kozloduy 5/6 modernization programme
are described area by area according to the Issue Book. The proposed measure(s) are listed
with the corresponding item number(s) in bracket(s) against each safety issue. In making the
conclusions and recommendations related to each safety issue, the IAEA mission checked
whether a) the safety issue is generally addressed in the modernization programme, and b)

'Kozloduy NPP, Units 5/6 Modernization Programme, Revision 0 (1995)



the intent of the specific recommendations of the issue book is met by the measures proposed
in the modernization programme. Chapter 3 summarizes the important general conclusions
and recommendations.

2. REVIEW OF THE KOZLODUY UNITS 5 AND 6 MODERNIZATION

PROGRAMME

2.1 GENERAL

2.1.1. Classification of components

Ranking of the issue II

Recommendations of the Issue Book

Rl. Since components important to safety were designed according to old rules, a
retrospective review should be carried out and deviations with respect to current
requirements identified. Backfitting or compensatory measures should be developed and
implemented if necessary.

R2. The classification list and relevant manufacturing, seismic and QA categories should
be compared with NUSS. Comparison with national and western codes is also
recommended.

R3. The classification for I&C and electrical equipment should be completed and approved.
The equipment that is identified by the OPB-88 classification effort as part of the safety
(protection or actuation) systems should be distinguished from the normal operational
systems.

R4. A higher level of checking following repairs would be appropriate for equipment
performing safety related functions. This identification would reduce the likelihood of
maintenance errors contributing to unsafe operation. It will also help to prevent errors
in future modifications degrading the independence of safety related channels.

R5. The maintenance surveillance and in-service inspection procedures should be reviewed
and modified, if necessary, in order to ensure compliance with the classification
requirements for the related components and systems.

Measures proposed in the modernization programme

The measures proposed include:

ranking of the NPP equipment according to its importance to safety in conformity with
OPB-88 and other international standards (item 23111);

analysis of the safety systems equipment behaviour in the event of an earthquake (item
21231);

breakdown, analysis and qualification of ventilation systems according to seismic
requirements and rules for NPP (item 28311);



development of an information system (item 40211);

development of procedures for repair activities, policy and organization (item 43111);
and

development of maintenance instructions based on the IAEA recommendations (item
43411).

Summary of discussions

The classification of components according to the OPB-88 is considered as an important
task with strong influence on many other items of the modernization programme.

The modernization item (23111) for this issue does not include the development and
implementation of the backfitting or compensatory measures by which deviations could be
solved.

Also, the IAEA recommendations R2 and R3 are only partially addressed.

Conclusions and recommendations

After the inclusion of the partially missing IAEA recommendations R2 and R3 in the
item 23111, the proposed measures address the safety issue and meet the intent of the IAEA
recommendations.

2.1.2. Qualification of equipment

Ranking of the issue II

Recommendations of the Issue Book

Rl. The list of equipment qualified to shutdown the plant and maintain it in a safe condition
for all design conditions should be reviewed and completed if necessary. Reference
should be made to the codes or standards specifying the qualification requirements and
conditions.

R2. The adequacy of the qualification of the safety related equipment should be assessed
and additional qualification should be made if found necessary.

R3. Collect all related documentations, specifications and test records from design institutes,
manufacturers and test laboratories. Evaluate all available information to check
consistency and adequacy of the results. Compare the test conditions with the expected
LOCA conditions.

R4. The environmental qualification of safety related components has to be extended to all
of the safety related items, inside and outside containment, and take into account the
environmental conditions of all the postulated accidents and internal and external
hazards.
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Measures proposed in the modernization programme

The measures proposed include:

analysis of documentation concerning safety important equipment qualification available
in Kozloduy NPP (item 23121);

breakdown, analysis and qualification of ventilation systems according to seismic
requirements and rules for the NPP (item 28311);

qualification of cable penetrations and provision for replacement thereof (item 24231);

upgrading of the fire resistance of fire doors (item 18111);

qualification of the fire alarm facilities for compliance with seismic stability
requirements (item 18131);

implementation of the proposals to enhance the seismic stability of equipment (item
19122); and

implementation of the proposals to enhance the seismic stability of piping (item 19123).

Summary of discussions

The need for equipment qualification (EQ) was fully confirmed. The principal item
23121 in the modernization programme, specifies the EQ programme for equipment installed
in systems to shutdown the plant and maintain it in a safe condition.

Most of the other items of the modernization programme address only one specific area,
and some of them are only partially relevant to the topic.

Conclusions and recommendations

The equipment qualification requirement applies to normal operating conditions, to
accident conditions and to internal and external events. It is recommended that this basic
requirement be included in the proposal.

The generally adopted procedure for equipment qualification (EQ) programme consists
of the following actions:

preparation of a list of safety-related equipment;

definition of harsh environmental conditions including temperature, pressure, humidity
and radiation profiles and seismic conditions;

comparison of the design characteristics of equipment with developed profiles; and

implementation of the EQ procedures.

With the inclusion of the above recommendation, the item 23121 addresses the safety
issue and meets the intent of the IAEA recommendations.
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2.1.3. Reliability analysis of safety class 1 and 2 systems

Ranking of the issue II

Recommendations of the Issue Book

Rl. A reliability analysis and a systematic collection and evaluation of component reliability
data is recommended at all plants. Necessary measures should be taken if weaknesses
have been identified.

Measures proposed in the modernization programme

The measures proposed include:

replacement of the main control room recorders (item 14161);

replacement of actuators and switches (item 14411);

reliability improvement of the 6 kV breakers (item 15251);

modernization of the electric power supply system category I by replacing existing
inverters, installing additional inverters and backfitting other equipment of
uninterruptible power supply system (item 15421);

study of upgrading or replacement of 6 kV and 0.4 kV equipment (item 25241);

study of the necessity to upgrade or replace 200V DC equipment (item 25321);

performance of a quantitative analysis of reliability of emergency electric power supply
systems category II (item 28112); and

improvement of the reliability of diesel generators (item 28411).

Summary of discussions

Within the WWER-1000 users, there is relatively little experience with reliability
analysis and a systematic collection and evaluation of component reliability.

During the discussion, it was evident that need for such activity exists and this is
supported.

Conclusions and recommendations

It is recommended that a new item "analysis for reliability data collection and
assessment for safety class 1 and 2 systems" be included in the modernization programme.
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2.2. REACTOR CORE

2.2.1. Subcriticality monitoring during reactor shutdown conditions

Ranking of the issue II

Recommendations of the Issue Book

Rl. The Russian proposals properly address the issue. The Russian proposals specify the
replacement of the existing boron meters with the new NAR-12 models which have
increased measuring accuracy and the ability to monitor the B-10 isotope. In addition,
in order to have greater sensitivity immediately after replacement of 1/3 of the core,
a new neutron monitoring system that uses new detectors (AKNP-7-02) with high
sensitivity and improved signal processing, displays and alarms is to be used.

R2. Systems with similar capabilities are recommended for all WWER-1000 plants as soon
as they are available for installation.

Measures proposed in the modernization programme

The measures proposed include:

replacement of the existing neutron monitoring system (AKNP) with a new system
fitted with more sensitive sensors, improved information processing and modern alarm
and display means (item 10121);

replacement of the existing boron meter (NAR-B) with a new one which provides better
precision, reliability and response time and is capable of measuring the B-10
concentration with an alarm signal. The analysis of the inspection organization, the
location and the number of measurement points will be carried out to see if there is
need for improvement (item 10111);

installation of an integrated reactivity measuring system using neutron signals and
including signal converters, analysis, processing and information retrieval means. The
system is equipped with self-diagnostic and malfunction signalling means (item 10221);
and

installation of a shutdown core subcriticality measurement system with highly sensitive
sensors, self-diagnosis and malfunction signalling (item 10222).

Summary of discussions

It is not yet decided which types of boron meter, neutron detectors, reactivity measuring
system and shutdown core subcriticality measurement system will be used. It depends on the
suppliers.

Conclusions and recommendations

The proposed measures address the safety issue and the intent of the recommendations
has been met.
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2.2.2. Control rod insertion reliability/Fuel assembly deformation

Ranking of the issue III

Recommendations of the Issue Book

Rl. Periodic monitoring of the possible further degradation of rod insertion should be
ensured. Enough reactivity margin should be maintained, considering the possible
further degradation in the 3 month operation time interval.

R2. An independent review of the calculations of the accident analyses related to rod
insertion degradation is recommended to meet the safety requirements of OPB-88.

R3, The root cause investigation programme is endorsed and, due to its high safety
significance, should be accelerated in order to develop timely corrective measures.
Design modifications should be considered to remove the root cause.

Measures proposed in the modernization programme

No measures have been explicitly proposed.

Summary of discussions

During the control rod drop time tests at Kozloduy Unit 6, 7 cases of exceeding the
drop time of control rod clusters of 4 seconds were revealed in 240 effective days of power
operation of the reactor. Compensatory measures including using fresh fuel assemblies for
the control rod clusters, reducing the primary flowrate and correspondingly decreasing the
reactor power level in order to keep the control rod drop time within 4 seconds, and taking
control rod drop tests each month.

Conclusions and recommendations

The safety issue is not explicitly addressed in the modernization programme.

The control rod insertion problem is a generic safety issue for the operating WWER-
1000/320 reactors. It is recommended to carefully follow the operational performance of
control rod insertion and to support supplier and user group investigations of the root cause
leading to the permanent bowing of the fuel assemblies which increases the friction between
rodlets and guide tubes. In view of the high safety significance of this issue, and the fact that
the root cause for the increase of the control rod drop time has not been fully established,
it is also recommended that the modernization programme include a programme for
monitoring and supporting progress on this important generic issue.

2.2.3. Prevention of uncontrolled boron dilution

Ranking of the issue II

Recommendations of the Issue Book

Rl. The probability of a dilution transient should be assessed. According to the results of
such a study, it will be possible to define what measures are necessary.
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R2. The reliability of the boron meter should be checked and improved.

Measures proposed in the modernization programme

The measures proposed include:

Performance of an analysis on the primary coolant dilution, and taking all the necessary
measures to minimize the risks of inadvertent primary coolant dilution (item 26331);
and

Study of the shutdown subcriticality margin. In this measure, boric acid dilution
accidents are included (item 22211).

Summary of discussions

It is generally recognized that inadvertent boron dilution is one of the dominant
initiating events leading to accidents.

Conclusions and recommendations

The proposed measures generally address the safety issue and met the intent of the
recommendations has been met. It is recommended that the main aspects of the measures in
the modernization programme such as, identification of the possible initiating events leading
to dilution transients, best estimate analysis approach, procedures preparation and technical
specification, etc. be further addressed.

2.2.4. Other improvements on the control rods

Measures proposed in the modernization programme

The measures proposed include:

improving the service life of the control rods (item 10233); and
replacing the 4 part-length rods in the group 5 by full length rods (item 10231).

Summary of discussions

The B4C absorber used in the original design causes two concerns. First, the service
life of 1 year for regulating, and 5 year for shutdown rods is considerably less than other
kinds of absorbers, for instance, Ag-In-Cd has a service life of 15 years. Second, the control
rod worths are lower than in a typical western plant. The part-length control rods in certain
cases introduce positive reactivity during insertion and also cause distortions in the power
distribution.

Conclusions and recommendations

The measures proposed are directed towards eliminating the drawbacks listed above and
are consistent with the results of the IAEA consultants meeting on Core Control and
Protection Strategy of WWER-1000 Reactors (WWER-SC-100).

15



2.3. COMPONENT INTEGRITY

2.3.1. RPV embrittlement and its monitoring

Ranking of the issue III

Recommendations of the Issue Book

Rl. The owners of the WWER-1000 reactor pressure vessels should accelerate the
establishment of a common programme for collecting the database on irradiation
embrittlement. Further representative irradiations should be performed to support vessel
assessment taking advantage of the available archive materials and unirradiated
surveillance specimens.

R2. NDT should be performed from the inside of the vessel, using state-of-the-art ultrasonic
methods. Special attention should be given to the weld at the core height.

R3. An early implementation of flux reduction measures should be considered at WWER-
1000 plants.

R4. The results of the fracture analysis should be reflected in the operating procedures and
the minimum required temperature should be maintained in the emergency coolant tank.

R5. The vessel integrity assessment has to be reviewed and complemented by a parametric
study with focus on the uncertainties involved.

R6. A modification of the surveillance programme (positioning of containers) should be
considered for all plants under construction.

Measures proposed in the modernization programme

The measures proposed include:

development of a system for continuous neutron fluence measurement on the reactor
vessel structure (item 12111);

development of a programme for studying reactor metal samples and determination of
the critical brittleness temperature (item 23212);

study of the irradiation resistance of the reactor vessel during the implementation of a
new refuelling cycle (item 23213);

optimization of the core refuelling pattern (item 12133);

heating water for high and medium pressure safety injection above 55" C (item 12132);
and

substantiation of the fact that water temperature in the emergency make-up tank
presents no risk to the reactor vessel integrity when used in accident conditions (item
23241).

16



Summary of discussions

The issue is important but difficult to be handled by just one plant. The IAEA proposal
on a common programme for collecting the database on irradiation embrittlement with further
representative irradiations to support vessel assessment with the advantage of the available
archive materials and unirradiated surveillance specimens has not yet been discussed within
the WWER owners and it seems that reaching an agreement on the proposed action is a long
term activity. The Kozloduy NPP, together with their local expert organizations, are
preparing programmes which have not been discussed in detail with the IAEA team because
of the proprietary nature of the information.

The non-destructive test (NDT) is to be performed from the inside of the vessel by
INETEC for two years, after that the facility (manipulator with UT) will belong to the
station. Performance demonstration on UT equipment, methods and personnel is the
responsibility of INETEC. US procedure and requirements are followed.

An implementation of flux reduction by using a low leakage core loading pattern is
planned.

In order to define measures to protect the vessel integrity, comprehensive evaluations
of pressure and temperature limits and of PTS sequences have to be performed and the need
for that was identified. However, the resulting operating procedures are not yet available.

A parametric study, focusing on the uncertainties involved in vessel integrity
assessment, is recognized as an action for all WWER-1000 owners.

Conclusions and recommendations

The irradiation embrittlement of the RPVs, even though not a major safety concern at
present, could become a limiting safety factor after several years of operation due to
the existing uncertainties.

Due to the design deficiencies, the original surveillance programme for the WWER-
1000/320 reactor pressure vessel embrittlement monitoring cannot provide sufficient
support for the integrity assessment of the RPVs of Kozloduy Units 5 and 6. It should
be amended according to the IAEA expert mission report WWER-SC-144, TC Project
BUL/9/013.2

For both units, however, there is a sufficient amount of unirradiated archive material
available from surveillance sets for the evaluation of initial properties. This material,
if properly used, would provide for verification of RPVs material status over the entire
design lifetime of the plant.

The plant actions taken to ensure in providing the availability of the unirradiated
archive material for Unit 5 were important for further RPV lifetime evaluation support.
Extreme care should be taken when the valuable unirradiated material of both units is
further used.

2 Report of the experts' mission to review the irradiation embrittlement surveillance programme for
Kozloduy NPP Units 5 and 6 RPV, Sofia, Bulgaria, 14 to 19 May 1995.
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An outline of a programme to resolve the issue is provided in WWER-SC-144, TC
Project BUL/9/013. The proposal is mainly based on the available unirradiated material
and suggests further complementary verification using the existing surveillance
specimens, which are loaded in reactors at present, but with a completely different
withdrawal schedule and objectives. It should be noted that this proposal does not
compensate for a detailed design of the supplementary surveillance programme, which
should be prepared by the plant or its contractors in the next step.

The programme prepared by the plant to address the issue of RPV integrity is focused
on material behaviour only and involves a rather extensive development of experimental
facilities, for irradiated material testing. Such activities are, however, extremely
demanding both in terms of resources and qualification.

Little, if any, information is available related to other aspects of the RPV integrity
assessment, such as thermal hydraulics, stress analysis and fracture mechanics analysis.
No information and justification was supplied by the designer/supplier of the plant
except for the indicated lifetime of 40 years and basic stress analysis for vessel sizing.

In order to resolve the issue, action should be initiated in the short-term. Conceptual
planning, detailed design and overall co-ordination of the activities should be performed
by a qualified contractor in co-operation with the plant. In this respect, the plant could
also benefit from the local expertise in neutron field calculations and activity
measurements which appear to be well advanced.

The safety issue has been addressed by the modernization programme. It is highly
recommended that the proposed items be modified in order to include the above conclusions
and recommendations to meet the intent of the IAEA recommendations.

2.3.2. Non-destructive testing

Ranking of the issue III

Recommendations of the Issue Book

Rl. Defect follow predictive approach should be developed and implemented for in-service
inspection.

R2. The NDT methods, tools and personnel should be qualified on national basis through
performance demonstrations on specimens with real type defects. The requirements for
such qualification should be established.

Measures proposed in the modernization programme

The measures proposed include:

mechanical analysis of primary circuit piping zones subjected to specific thermal loads
(item 23431);
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design of ultrasonic and eddy current inspection equipment for SG and primary circuit
(item 43211);

design of visual and TV equipment inspection facilities (item 43213); and

provision of facilities for leak detection in SG tubes (item 43221).

Summary of discussions

The NDE methods and methodology for the RPV and SG tubes are based on the ASME
approach. The Russian methodology for defect assessment, when used with data based on the
ASME Sec. XI defect classification, is not completely consistent.

Most of the NDE testing is performed by INETEC, which, according to the
discussions, follows the ASME requirements on performance demonstration.

Conclusions and recommendations

The manufacturing defect reject approach has been used so far, instead of a predictive
defect follow approach. It is recommended that this latter approach be followed in the future.
To harmonize the ASME and the Russian assessment approach, additional material data, as
well as analysis results, are required.

The qualification referred to should consider guidelines under development in the IAEA
or elsewhere (ASME, ENIQ). Based on the IAEA mission findings for the RPV
embrittlement and LBB application onKozloduy Units 1-4 (1995), the INETEC performance
demonstration was not provided.

The proposed modernization items address the safety issue. It is recommended that the
above recommendation be included in order to meet the intent of the IAEA recommendations.

2.3.3. Primary pipe whip restraints

Ranking of the issue II

Recommendations of the Issue Book

Rl. The adequacy of the pipe whip restraint structures should be re-assessed on a unit-
specific basis. If necessary, modification of pipe whip restraints should be implemented
or, as a compensatory measure, the LBB concept should be applied.

Measures proposed in the modernization programme

The measure proposed includes:

mechanical substantiation of supports of safety important piping (item 23421).

19



Summary of discussions

The proposed item for modernization includes a list of safety-related piping divided into
three major groups:

safety-related piping to provide normal reactor shutdown and cooling systems;
systems which confine radioactivity in case of LOCA; and
other circuits of the main system.

The supports of piping systems mentioned above are to be substantiated.

Conclusions and recommendations

The provision of piping supports to cope with the dynamic effects associated with pipe
breaks would result in high costs associated with the installation of support/restraint structure
and radiation exposure to the maintenance personnel.

It may be possible to apply the LBB concept instead. This, however, means a very
thorough analysis of all piping systems with inside diameter larger than 100 mm. The
programme requires static and dynamic analyses as well as a support programme to
determine material fracture and a corrosion database. There are several damage mechanisms
(fatigue, erosion-corrosion, water hammer) which have to be excluded. The stability of heavy
component supports has to be confirmed, especially for a situation with higher peak ground
acceleration values. Alternatively, additional measures have to be introduced.

It is very likely that, even after a thorough analysis, not all safety-related piping
systems could be LBB qualified and a thorough integrity assessment with additional measures
may have to be adopted. It is important to mention that application of the LBB concept
requires at least three independent leak monitoring systems. However, those systems will
most likely also have to be used to support an integrity assessment.

A detailed analysis should be carried out with clearly defined criteria and methodology.
Based on the results, measures should be prepared.

The safety issue has been addressed. With the inclusion of the above recommendation,
the proposed measures would meet the intent of the IAEA recommendation.

2.3.4. Steam generator collector integrity

Ranking of the issue III

Recommendations of the Issue Book

Rl. The identification of the root cause of this issue should be performed. It is needed to
justify interim compensatory measures and to avoid similar problems with the new
design.

R2. A common database from the chemistry records, inspection results and operational
experiences among WWER-1000 owners should be established.
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R3. Consideration should be given to the replacement of copper containing alloys in the
secondary circuit in order to establish a higher pH (9) water chemistry and eliminate
chloride ingress from condenser cooling water.

R4. Modification of secondary water chemistry, including automatic monitoring and local
sampling inside the steam generator and the monitoring of condenser tubing
leaktightness, should be implemented.

R5. Accident management procedures should be developed and implemented in order to
cope with large primary-to-secondary leaks.

Measures proposed in the modernization programme

The measures proposed include:

studies of possible causes of leaks from the primary to the secondary circuit and
proposed solutions for localizing the accident (item 26281);

development of a methodology for repair of SG headers (item 43414);

development of an information system (item 40211);

design of an automated information system for water treatment of units (item 49131);

enhancement of the reliability of pipe bundles of low pressure super heaters (item
34322);

replacement of condenser tube bundles with bundles manufactured from stainless steel
(item 34342);

methods and means for the efficient washing of SG second stage (item 34113);

extension of the remaining life of the SG blowdown system pipes (item 34121);

implementation of a system for continuous monitoring of SG blowdown water (item
49113); and

preparation of technical means for quick detection and localization of leakage from the
primary to the secondary circuit and implementation of technical and organizational
measures to manage the accident (item 12211).

Summary of discussions

The root cause study of the SG collector cracking should be identified by the designer.
Analysis and partial compensatory measures are proposed within the programme. The water
chemistry with high pH (9) is already maintained. The number of plugged tubes at Kozloduy
NPP is very low. Local sampling from inside the SG is not the main problem to be
addressed.
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The possible development of emergency operating procedures to handle the primary-to-
secondary leaks has to start with a detailed analysis and the modification of current
instructions.

Conclusions and recommendations

The safety issue has been addressed. Extensive measures consisting of several items are
proposed in the modernization programme. In principle, they meet the intent of the IAEA
recommendations.

2.3.5. Steam generator tubing integrity

Ranking of the issue II

Recommendations of the Issue Book

Rl. Justified plugging criteria have to be developed and the leakage limits should be
reconsidered.

R2. State-of-the-art non-destructive methods should be implemented along with a predictive
in-service inspection approach.

Measures proposed in the modernization programme

The measures proposed include:

preparation of technical means for quick detection and localization of leakage from the
primary to the secondary circuit and organizational measures to manage the accident
(item 12211);

design of ultrasonic and eddy current inspection equipment for the SG and the primary
circuit (item 43211); and

facilities for leak detection in SG tubes (item 43221).

Summary of discussions

The plant is using a leakage criteria of 5 1/hr based on the activity measurement.

The leakage monitoring based on the activity measurement (N16 measurement) in the
main steamlines will be implemented during 1995. A method for the determination of leaking
tubes by a "bubble release" is under development.

The ASME plugging criteria are used. There is a strong belief that both criteria are
sufficiently conservative and that there is no need to modify them. The NDE of the SG tubes
is performed by INETEC.

Conclusions and recommendations

The safety issue is addressed.
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Currently, the plant has a very good record with a very low number of plugged tubes.
However, there is still a need to develop leakage or plugging criteria based on WWER-1000
conditions.

2.3.6. Steam and feedwater piping integrity

Ranking of the issue III

Recommendations of the Issue Book

Rl. The investigation of the capability of steam piping and its supports to withstand a hot
water load needs to be completed as soon as possible.

R2. In the meantime, accident scenarios for different steamline break locations due to hot
water load should be investigated in order to clarify the safety significance of this issue.

R3. Based on the results of the analysis of the piping systems, the concerned supports
should be modified if necessary and either pipe whip restraints added or a concept
similar to LBB applied.

R4. Consideration should be given to the replacement of sections of secondary piping with
high thinning rate with materials with higher chromium contents. A thorough
qualification of the replacement materials should be considered.

R5. An optimal but expensive solution could be to establish a higher pH (9) water chemistry
in the secondary circuit. For this purpose, copper containing alloys in the secondary
circuit (condenser tubing) have to be replaced. This could further result in an
improvement of leaktightness, i.e. eliminate ingress of condenser cooling water and
reduce steam generator components degradation.

Measures proposed in the modernization programme

The measures proposed include:

mechanical substantiation of supports of safety important piping (item 23421);

compilation of a list of additional accident scenarios and performance of relevant
analyses (item 26251);

limitation of the effects of secondary circuit water or steam piping breaks in the
containment (item 18311);

checking of the seismic stability of the wall between the reactor building and the turbine
hall (item 24211);

mechanical analysis of penetrations in compartment 820, taking into account the new
seismic evaluation (item 24221);

reduction of the vibration level of steamlines of Unit 5 (item 34431);
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enhancement of the reliability of pipe bundles of low pressure super heaters (item
34322); and

replacement of condenser tube bundles with bundles manufactured from stainless steel
(item 34342).

Summary of discussions

The analyses will be performed but no specific approach, criteria, methodology or final
goals were specified.

Conclusions and recommendations

Due to the possible existence of the erosion-corrosion damage mechanism, it is very
likely that the LBB concept application will not be possible for this piping system.

A complete integrity assessment could be suggested. However, a similar assessment
from other WWER-1000 plants does not yet exist, in contrast to the LBB concept application
on the primary piping (see subsection 2.3.3).

In principle, the static and dynamic calculations were to be performed on a complex
model (e.g. model has to include a primary piping system).

The principles of the LBB concept application could be used. However, leak size
calculations will indicate large crack sizes for leak detection which will affect possible
requirements on the reliable leak detection system. It is also possible to expect more
requirements on NDE and a thorough erosion-corrosion programme.

The safety issue has been addressed. The intended analysis, together with the above
recommendations, would meet the intent of the recommendations.

2.4. SYSTEMS

2.4.1. Primary circuit cold overpressure protection

Ranking of the issue II

Recommendations of the Issue Book

Rl. Depending on the results of the RPV embrittlement analysis, the necessity and the
possibility of implementing a device to protect the primary circuit against
overpressurization during cold shutdown should be evaluated.

Measures proposed in the modernization programme

A study of the risk of the primary circuit pressurization (item 23251) was proposed.

Summary of discussions

At the present time, there is no device to protect the primary circuit against cold
overpressure for all the causes, particularly when the primary is in the water solid state.
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These causes can be related to either events that create an increase of mass or to events that
create an increase of energy. In addition to the administrative measures being taken, only a
specific automatic protection device is installed for the makeup pumps (TK system) to
disconnect them at low temperature if the primary pressure increases.

Nevertheless, the study of an automatic protection device is in progress, which takes
into account all the overpressure possibilities and the vessel behaviour towards the end of its
service life. The Kozloduy NPP expects that the results will be available at the end of 1995.

Moreover, a specific study to generalize the protection of the primary circuit against
overpressurization caused by inadvertent operation of the high pressure injection pumps
(TQ n3) and high pressure boron injection pumps (TQ n4) is underway.

Conclusions and recommendations

The safety issue is addressed and the intent of the recommendation will be met.

It is recommended that the Kozloduy NPP identify, without delay, the necessity of
installing a device to protect the primary circuit against cold overpressurization, taking into
account all the possible causes.

2.4.2. Mitigation of a steam generator primary collector break

Ranking of the issue II

Recommendations of the Issue Book

Rl. A safety analysis of the WWER-1000 SG collector break accident for longer time
scenarios should be made in order to assess the radiological consequence and to develop
proper mitigation measures.

R2. Specific emergency operating procedures and operating staff training should be prepared
to minimize adverse consequences.

Summary of discussions

See subsection 2.9.7.

2.4.3. Reactor coolant pump seal cooling system

Ranking of the issue II

Recommendations of the Issue Book

Rl. In order to resolve the issue, information on the seal qualification tests and their results
should be assessed. If the seal survival at loss of seal injection flow cannot be
demonstrated, the makeup pumps have to be backed up by diesel generators and the
loss of makeup flow at containment isolation has to be prevented.
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Measures proposed in the modernization programme

For the short-term the Kozloduy NPP makes the following proposals:

Backup of the makeup pumps by diesel generators , and modification of the protection
logic of some makeup valves to not close them in case of containment isolation (item
10312); and

Installation of an additional diesel generator in each plant to supply important
consumers which are not backed up by emergency diesel generators (item 31321).

For the long term, no investigation is considered.

Summary of discussions

No specific test has been considered by the Kozloduy NPP to identify the behaviour of
the primary pump seals in case of loss of their cooling. They considered that in this case,
according to the TOB, problems can occur after 3 minutes. This assumption was used in
some areas of the probabilistic study.

In addition, no provision has been made to know the results of tests already performed
in other countries on the same type of pumps in order to evaluate the behaviour of the main
seals and rubber seals in case of the loss of their cooling and a leak developing along the
shaft of the pump.

The measures proposed for the short-term by the Kozloduy NPP are positive with
respect to the cooling of the primary pump seals. Nevertheless, it has to be verified that this
improvement has no adverse effects.

For this purpose, a discussion has taken place to determine whether such an
improvement on the makeup pumps (electrical backup by diesel generator) can create a
problem of primary dilution. This is the transient identified at western plants for a total loss
of external electrical power during normal dilution before restart of the plant.

Without an additional device, the dilution can continue if the makeup pumps are
electrically backed up by diesel generators. A quantity of pure water could be accumulated
in the primary loop because in this situation the primary pumps are no longer in operation.
Then, when they are restarted, a slug of pure water could be sent to the core which could
lead to primary dilution.

For this case, the Kozloduy NPP confirms that a protection signal (reactor scram) will
be actuated due to the loss of external power. This signal leads to a change in the suction of
the makeup pumps and they will be automatically connected to boron tanks. So, the dilution
will be interrupted.

In a first approach, the implementation of the improvement on the makeup pumps does not
seem to create an adverse effect for the Kozloduy units.
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Conclusions and recommendations

The proposed measures address the safety issue, and the intent of the recommendation has
been met.

It is recommended that the consequences of some severe accidents, like total blackout or
total loss of cold heat sink and the behaviour of the primary pump seals in case of total loss of
their cooling, be evaluated considering the test results.

2.4.4. Pressurizer safety and relief valves qualification for water flow

Ranking of the issue II

Recommendations of the Issue Book

Rl. In order to resolve the issue, information on the qualification tests and their results should
be assessed.

R2. If adequate qualification cannot be confirmed, a replacement of these safety valves should
be considered, taking their diversity into consideration.

Measures proposed in the modernization programme

For the qualification tests, a general item concerning all safety equipment is proposed (item
23121).

Summary of discussions

At the present time, the qualification programme of the pressurizer safety valves considers
their operation under steam or under a mixture of steam and water.

Future requirements will be provided by the plant to the manufacturer. They concern:

the capability of the valves to carry water; and

the capability of opening these valves manually from the main control room to perform
primary feed and bleed.

Conclusions and recommendations

The proposed measure addresses the safety issue, and the intent of the recommendations
has been met.

It is recommended that the investigations defining the capability of the existing valves
installed on the pressurizer be continued in order to estimate the need for replacement.
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2.4.5. ECCS sump screen blocking

Ranking of the issue III

Recommendations of the Issue Book

Rl. A thorough evaluation of the situation, supported by representative tests, should be
conducted as an urgent action of high priority.

R2. Design modifications of the screen system on the containment bottom plate should be
implemented in the short-term if found necessary in the evaluation.

R3. Replacement of insulation proposed by Russian designers should be thoroughly tested
together with the sump structure, to avoid new concerns.

R4. The proposals made by Russian design organizations on measures to ensure unobstructed
coolant recirculation through the containment sump screens and inside filters in connection
with a LOCA should be implemented quickly and efficiently to reduce the risk on a
tolerable level.

R5. Programmes implemented in Sweden and USA should also be considered for application
to WWER-1000 plants.

Measures proposed in the modernization programme

The measures proposed include:

improvement of the ECCS sump tank (item 11322); and
replacement of the existing thermal insulation by one made of steel sheets (item 11321).

Summary of discussions

Concerning the first recommendation, tests have been performed using the spray system.
For these tests, particles and debris were carried by the system and reached the filtering system.
The results of these tests have already led to a change of the design of the horizontal device at
the entrance of the sump filtration system for avoiding their blockage.

Other measures will be taken like specific procedure to use trains of the safety injection.
These measures need a complete evaluation before being installed.

Concerning the fourth and the fifth recommendations, no investigation has been performed.
First, the Kozloduy NPP wants to clarify the contents of the Russian proposals and the
programmes implemented in Sweden and USA.

Conclusions and recommendations

The safety issue is addressed and the intent of the recommendations has been met.

It is recommended that the investigation for the replacement of the thermal insulation, as
indicated in the modernization programme, be performed.
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2.4.6. ECCS water storage tank and suction line integrity

Ranking of the issue II

Recommendations of the Issue Book

Rl. Prepare and implement a system of periodical inspections and testing of the equipment.

R2. Potential solutions for elimination of the consequences of vital piping section failure should
be studied and implemented in the long term, if found feasible.

Measures proposed in the modernization programme

The measure (item 26411) proposed includes:

a study of the break between the ECCS tank and the pump;

an analysis of the consequences; and

an assessment of the capacity of existing measures and the need for complementary
measures.

Summary of discussions

With respect to the first recommendation, the Kozloduy NPP considers that the existing
procedures used for testing the equipment are sufficient.

To solve the problem of a direct bypass of the containment on the non-isolable sections of
the suction lines upstream of the isolation valves, the Kozloduy NPP has the intention of
studying the possibility of installing a double envelope and proposing a solution for the problem
related to the welding of the penetration through the containment.

It has to be noted that this problem raises the general question of direct bypass of the
containment, for which a generic review has to be done.

Some problems have already been identified. These include a bypass possibility either in
the transmitter rooms which are located outside of the containment, or in the instance when the
ECCS is used to cool down the primary circuit below 150°C.

Conclusions and recommendations

The proposed measures address the safety issue, and the intent of the recommendations will
be met. Nevertheless, it has to be verified that the periodic tests include adequate examination
of the non-isolable parts of the safety systems from the ECCS tank, including the small lines
connected to these sections.

More generally, detailed consideration has to be given to the generic problem of the
containment bypass. An evaluation of all the lines going through the containment and an analysis
of the possibility of localizing and isolating these lines from the primary circuit to avoid a
containment bypass should be performed.
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2.4.7. ECCS heat exchanger integrity

Ranking of the issue II

Recommendations of the Issue Booh

Rl. The proposed measures (1-4) properly address the issue ; they are to be implemented in
the short-term.

1. Means to control fouling.

2. Means to clean the heat exchangers from fouling.

3. Means to control tightness by measuring the pressure difference, radioactivity and boron
concentration.

4. Fuel pond cooling heat exchanger to back up the ECCS heat exchanger.

R2. If fouling or other damage mechanisms cannot be controlled with sufficient reliability, the
implementation of an intermediate cooling system should be considered in the long term.

Measures proposed in the modernization programme

The plant has already taken some measures with respect to the fouling of the exchangers,
and to strict control by measuring boron concentration and radioactivity.

An item is included in the modernization programme (item 11323) for the backup of the
ECCS heat exchanger by the fuel pond cooling heat exchanger.

Summary of discussions

With respect to fouling, the following measures have already been implemented:

measurement of pressure difference is done constantly (it has to be noted that this
measurement cannot be considered a reliable measure to control the heat transfer capacity);

control of the capability of the heat exchangers is performed during every startup of the
unit when the ECCS is used for cooling the primary circuit; and

control, every month, of the capability of the heat exchangers during testing on the
recirculation line to the ECCS tank.

However, during normal operation of the plant, there is no precise method to constantly
control the degree of fouling of the service water system heat exchangers so that the heat
transfer capacity required in accident conditions can be verified. The Kozloduy NPP considers
that it is not necessary.

In 1992, the problem of the poor water quality was identified and the water chemistry was
modified. After this improvement, during the maintenance of the heat exchangers, no fouling
has been noted.
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Concerning the problem of boron dilution by the service water system in case of a leak in
the heat exchanger, the following measures have been taken:

The heat exchanger is completely isolated during normal operation of the plant. In case of
a leak in the heat exchanger, the pressure on the side of the ECCS will increase suddenly.
It has to be verified that the operator is alerted in the main control room.

A measurement of boron concentration is installed in each ECCS stream.

For this major item related to possible primary dilutions, the efficiency of the installed
measures has to be verified.

Concerning the possibility of having an activity release in case of a leak in the heat
exchanger when the ECCS is actuated, three measures have been installed on each stream and
signals are sent to the main control room. They are activated when the activity level is higher
than 5E-10 Ci/1. In this case the operator has to take measures to isolate the corresponding
stream.

For this problem, it is necessary to analyze the monitoring of the release in detail so that
the necessary improvements can be identified.

Conclusions and recommendations

Regarding the backup of the ECCS heat exchanger by the fuel pond cooling heat
exchanger, the proposed measure addresses the safety issue, and the intent of the
recommendations has been met.

For the other problems concerning fouling, leak of the heat exchanger, control of boron
concentration and control of activity release, an in-depth evaluation has to be carried out in order
to verify whether the existing devices are efficient enough or if improvements are necessary
(recommendation R2).

2.4.8. Power-operated valves on the ECCS injection lines

Ranking of the issue I

Recommendations of the Issue Book

Rl. The possibility of installing normally closed isolation valves on the ECCS lines outside
containment should be investigated. Measures should be taken after the investigation, if
appropriate.

Measures proposed in the modernization programme

No measures have been proposed.

Summary of discussions

On the injection lines of the ECCS, normally closed isolation valves are located inside the
containment. This arrangement is positive for the protection to avoid the possibility of
overpressure in the low pressure lines of the safety injection system connected to the primary
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circuit. The risk of a containment bypass is reduced by the presence of the normally closed
isolation valves and the presence of two check valves.

However, the presence of normally closed isolation valves inside the containment in the
safety injection system is not consistent with Western practice, because it does not allow manual
opening in case of a failure to open (motor failure).

Conclusions and recommendations

The safety issue has not been addressed.

A detailed evaluation of the existing solution, taking into account the position during
normal operation of the isolation valves of the ECCS to the cold and to the hot legs and
considering bypass of the containment problems, is necessary to identify the benefit of changing
it and of installing normally closed isolation valves outside the containment.

2.4.9. Steam generator safety and relief valves qualification for water flow

Ranking of the issue III

Recommendations of the Issue Book

Rl. In order to resolve the issue, information on the qualification tests and their results should
be assessed.

R2. Effective accident management measures to reduce the consequences should be considered.

R3. As a long term measure, a design modification should be planned that provides adequate
steam and water relief without a need to open a non-isolable valve directly to the
atmosphere.

Measures proposed in the modernization programme

No item is directly linked to the first recommendation.

For the second recommendation, the modernization programme includes a general item
(item 41311) concerning development of instructions based on symptoms. This item is reviewed
in subsection 2.9.7.

For the third recommendation, the Kozloduy NPP proposes (item 23441) studying the
possibilities for installing an isolating valve on the steam line upstream of BRU-A valve in order
to guarantee steam generator isolation. An additional evaluation based on Bulgarian standards
will be performed before implementation.

Summary of discussions

The SG safety and relief valves are not qualified to carry water.

At the present time, the Kozloduy NPP considers that on the basis of the results of the
studies performed (lifting-up of SG collector cover) and on the basis of the actions to be
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performed in the emergency procedures, water will not reach BRU-A and the BRU-A valve will
not be activated in the water phase.

It has been noted that item 23441 needs to be modified so that the additional isolating valve
must be able to close even if it carries water. Consequently, it has to be qualified for water
flow.

Conclusions and recommendations

The safety issue has been addressed and the intent of the recommendations has partially
been met.

It is recommended that the additional isolation valve, which is to be installed upstream of
the safety relief valve (BRU-A), be qualified to close during water flow, so that a complete
steam generator isolation can be ensured.

Moreover, linked with item 26111, a review of the studies of the design and beyond design
basis accidents can lead to additional qualification being required for the steam generator safety
and relief valves.

2.4.10. Steam generator safety valves performance at low pressure

Ranking of the issue II

Recommendations of the Issue Book

Rl. Safety valves, which can be remotely operated from the control room at any value of the
secondary pressure, should be installed.

Measures proposed in the modernization programme

The Kozloduy NPP has proposed an item to treat this problem (item 11343).

Summary of discussions

At the present time, two types of valves are installed on each steam generator line (2 safety
valves, 1 relief valve). The safety valves on the WWER can adjust the secondary pressure from
84 bars to 40 bars, and the relief valve from 74 bars to 1 bar. The existing probabilistic studies
have pointed out some transients for which, in case of a failure of the relief valves, it was
necessary to be able to use the safety valves at low pressure to cool the primary circuit.

It has to be noted that this improvement can reduce the probability of core melt, but it can
also increase the probability of severe cooling of the primary circuit by spurious opening of the
safety valves. Consequently, a complete analysis should be performed before its implementation.

Conclusions and recommendations

The proposed measure addresses the issue, and the intent of the recommendation has been
met.
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However, consideration must be given to the adverse effect of this improvement through
a complete evaluation. The results have to be taken into account to define the benefit of this
modification.

2.4.11. Emergency feedwater makeup procedures

Ranking of the issue I

Recommendations of the Issue Book

Rl. The Russian plans to provide additional makeup capabilities for the emergency feedwater
tanks properly address the issue.

Measures proposed in the modernization programme

The modernization programme includes one item (item 11342) with the following
possibilities:

use of demineralized water tanks, pure condensate tanks and tanks in the turbine hall; and
use of other cooling water sources which will be defined within the study.

Summary of discussions

In order to increase the feed duration of the reserve tank of the SG emergency feedwater
system, a study will be made of a supplementary steam generator makeup system, which will
be fed by reliable sources.

The use of a demineralized water reserve (1000 m3) is being considered. For the
connection between the two tanks, the use of a motor driven pump is needed, and corresponding
technical improvements are necessary with respect to the electrical backup.

If some additional reserves are defined, the size and type of particles of the water reserves
to be carried by the emergency feedwater pumps should be specified.

Conclusions and recommendations

The proposed measure addresses the safety issue, and the intent of the recommendation has
been met.

2.4.12. Steam generator level control valves

Ranking of the issue I

Recommendations of the Issue Book

Rl. The SG level control valves replacement is supported.
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Measures proposed in the modernization programme

Considering the fact, that in the past an improvement has already been implemented, no
new measure is proposed.

Pneumatic pilots of the valves on Units 5 and 6 have been changed.

Conclusions and recommendations

The safety issue is addressed and the intent of the recommendation has been met.

2.4.13. Cold emergency feedwater supply to SG

Ranking of the issue I

Recommendations of the Issue Book

Rl. All practicable measures should be taken to minimize loads on the SGs.

R2. The modifications proposed in the Bulgarian action plan are endorsed and recommended
for implementation at all WWER-1000 units.

Measures proposed in the modernization programme

The Kozloduy NPP has proposed an improvement (item 11341). It consists of minimizing
the number of thermal shocks on the steam generators. To reduce the number of activations of
the cold emergency feedwater supply to SGs, the auxiliary feedwater pumps will be electrically
backed up during startup and shutdown of the plant.

Summary of discussions

The number of allowed injections of cold water to the SG when the level is low, is limited
to 30 times according to the design.

Conclusions and recommendations

The safety issue is addressed and the intent of the recommendations has been met.
However, the evaluation has to be continued.

2.4.14. Ventilation system of control rooms

Ranking of the issue II

Recommendations of the Issue Book

Rl. The Russian plan related to improving the ventilation of the main control room properly
addresses the issue.

R2. These corrective measures should be realized in the short-term.
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Measures proposed in the modernization programme

The measure has already been realized.

Summary of discussions

Until 1992, there was no separation between ventilation of the main control room and
ventilation of the emergency control room. Since then improvements have been made.

For the main control room (MCR) , three kinds of ventilation are installed:

ventilation used during normal operation (two streams with one ventilator with electrical
back-up and one heat exchanger cooled with the essential service water);

ventilation used in case of hot temperature (one ventilator and one heat exchanger using
freon); and

ventilation used during accidental situations (two streams with one ventilator with electrical
backup, one heat exchanger cooled with the essential service water, one iodine filter).

These ventilation systems were designed taking into account the maximum allowable
temperature of the equipment.

For the emergency control room (ECR), one additional stream with one ventilator with
electrical backup and one heat exchanger cooled with the essential service water are used.

Conclusions and recommendations

The measure has already been realized and consequently is not included in the
modernization programme. The improvements related to the MCR and the ECR address the
safety issue and meet the intent of the recommendations.

It is recommended that a complete evaluation of the climatic conditions of the
compartments with safety equipment be performed to verify whether improvements of their
ventilation systems are necessary, taking into account the maximum allowable temperature for
the equipment.

2.4.15. Hydrogen removal system

Ranking of the issue II

Recommendations of the Issue Book

Rl. The measures proposed to control hydrogen should be introduced as soon as realistically
possible in all WWER-1000 units as a matter of safety significance.
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Measures proposed and summary of the discussions

The modernization programme includes the following items:

Item 26391 is related to the design pressure of the containment and its behaviour. It
proposes to study the possibility of installing a pressure-reducing ventilation system after
an evaluation of different scenarios.

Item 26441 concerns the study of the possibilities for hydrogen generation and
accumulation. Based on results of calculations and analysis of events which have occurred
at the plant, particularly during cold shutdown, gas systems have to be reviewed.
Preliminary calculations have been performed and results are already available.

Item 13012 concerns the principle of the modifications to reduce hydrogen concentration
under normal operating conditions and under scheduled shutdown conditions.

Item 13011 concerns the prevention of the formation of explosive concentrations. Many
possibilities are listed (installation of sensors to detect the presence of hydrogen within the
containment, installation of passive catalytic devices,..). Beyond design basis accidents
analyses are underway to define the most sensitive areas within the containment.

Conclusions and recommendations

The safety issue is addressed, and the intent of the recommendation will be met.

Studies are in progress. The principle of the modifications planned to reduce hydrogen
concentration under normal operating conditions and under scheduled shutdown conditions seems
satisfactory.

Before implementation of the results of the studies concerning post-accidental situations,
a review of the same studies in other countries has to be performed to compare the knowledge
base and the results.

2.5. INSTRUMENTATION AND CONTROL

2.5.1. I&C Reliability

Ranking of the issue II

Recommendations of the Issue Book

Rl. I& C upgrades should be continued.

R2. A preventive maintenance programme based on equipment failure rates should be
performed in order to replace obsolete parts at the end of their lifetime and to extend the
design life of I&C equipment.
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Measures proposed in the modernization programme

The measures proposed include the following items:

For recommendation Rl:

Improve YT (ECCS Accumulator) isolation. At present, a spurious signal, or loss of power
to one sensor, can fail the accumulator isolation function of all four accumulators. This
design deficiency with respect to the single failure criterion must be corrected (item
14311);

Classify NPP equipment according to its importance for safety in accordance with OPB-88
and PNAEG 007-09-89,and evaluate deviations from NUSS (item 23111);

Collect and evaluate existing documentation concerning equipment qualification, and
develop and implement a programme to qualify equipment lacking documentation (item
23121);

Verify earthquake resistance of MCR recorders and mountings, or replace them (item
14161);

Determine service life of cables, including development of diagnosics, algorithms, and
software (item 31121);

Replace Saphire dP sensors due to the susceptibility of the rupturing of their membrane
(item 14211);

Replace actuator limit switches using 220 V ac to avoid personnel and equipment hazard
(item 14411);

Replace TITAN computer with a more modern system with higher capacity in speed and
memory (item 14131); and

Provide a Failure Mode and Effects Analysis (FMEA) for the control and safety I&C. This
should include both the effects of shorts or voltage disturbances on the protection system,
and possible failure modes of the control systems (item 26231).

(Other I&C upgrades being considered include replacement of incore and excore nuclear
instrumentation, SPDS, PAMS andRVLIS, and radiation monitoring. These are addressed
under later I&C issues.)

For recommendation R2:

Develop reliability-based maintenance methods (item 43111);
Develop maintenance instructions per IAEA (item 43411); and
Develop "Rest Life Time" evaluation model (item 43121).

Summary of discussions

The Kozloduy strategy for long term I&C upgrades is that one must determine weak points
and keep them working, and then determine priority and schedule for evolution of technology.

38



The replacements listed above (other than the TITAN replacement) are immediate requirements
to replace unsatisfactory components. Longer range items are addressed elsewhere (such as the
control room upgrade in subsection 2.5.4 of this report).

Replacement of the TITAN computer is the biggest issue being addressed in this section.
Presently, it has been under study for about one year. There are many organizational interfaces
(within the plant and off-site). The computer must be compatible with existing systems which
must connect with it, and must also support future I&C upgrades.

The FMEA (item 26231) should be coordinated with the deterministic safety analysis.
Generally, it is acceptable in western practice that control I&C failures cause a plant transient
requiring protection, provided that: (1) the frequency of failure is low such that undesirable
thermal transients and challenges to the protection system are minimized; and (2) the transient
caused by the failure is conservatively addressed in the safety analysis and shown to have
acceptable consequences. For example, a control system failure causing an inadvertent
withdrawal of a control rod bank may be an acceptable control system single failure; whereas
a single failure that causes withdrawal of a single control rod may not be acceptable.

The main objective of the cable service life study (item 31121) is to determine the factors
that cause cable ageing, rather than to develop a Kozloduy-specific computer software package.

Conclusions and recommendations

The proposed measures address the safety issue.

The above series of actions are all based on feedback from experience, regarding
inadequate quality or reliability or function. They will all provide improvements in plant safety
as well as plant availability, and meet the intent of the recommendations.

These upgrades/replacements meet the intent of the IAEA recommendation Rl. The intent
of recommendation R2 was also considered in the measures.

2.5.2 Safety System Actuation Design

Ranking of the issue II

Recommendations of the Issue Book

R 1. The reliability of the current design approach should be assessed and compared against a
fail-safe design, where actuation takes place at loss of power.

Measures proposed in the modernization programme

The measure has already been realized.

Summary of discussions

Engineering safety features (ESF) actuation on loss of instrument power is not an absolute
rule in western countries . The risk of spurious actuation must be balanced against the risk of
failure to actuate on demand. For example, it is common practice in the U.S. to use "energize-
to-actuate" for containment spray. On Temelin, loss of I&C power to one Division (sensing,
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signal conditioning, and comparing) causes the system to drop from 2-of-3 to l-of-2; loss of a
second Division drops actuation to 1-of-l; and loss of a third will cause actuation.

Loss of all electric power, of course, will render the ESF useless. However, there are ways
in which instrument power could be lost without loss of AC power to the ESF. A reliability
assessment has been made regarding the likelihood of loss of instrument power, with the
resulting recommendation that the electric power supply to the I&C important to safety should
be upgraded with additional and more reliable inverters, and by backfitting other equipment of
the uninterruptible power supply system (item 15421 in the modernization programme).

Conclusions and recommendations

The measure has already been realized and consequently is not included in the
modernization programme.The improvement already made addresses the safety issue, and the
intent of the recommendation has been met. There are proposals made for further improvement.

2.5.3 Segregation of the Protection System and the Safety System Actuation.

Ranking of the issue I

Recommendations of the Issue Book

R 1. Review proposed Russian modification (installing new sensing lines) to assure no reduction
in safety margin or reliability.

Measures proposed in the modernization programme

None

Summary of discussions

The present system could cause spurious actuation of reactor trip if one line breaks, or
possibly if one line becomes plugged. However, no single failure can defeat safety action if
needed, from either reactor trip or ESF.

Alternatives proposed for this issue involve additional taps in the reactor coolant pressure
boundary or multiple sensing lines from the same tap. Kozloduy NPP believes that permission
from the general designer, Gidropress, would be required for changing these connections on the
reactor coolant pressure boundary.

Conclusions and recommendations

Since neither safety problem nor operational problem (lower availability due to spurious
actuation) has yet been identified, the measure is not included in the present modernization
programme.

In western countries, reactor trip and ESF actuation systems (and often control systems)
often share the same tap, sensing line, and sensor. The issue is more directly related to the need
to minimize spurious actuations due to a single failure than to segregation of systems. These
areas should be incorporated into other specifics in which design or operating deficiencies have
been identified. For example, Kozloduy item 14311 (Improve ECCS accumulator isolation)
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appears to be a similar area in which a design deficiency (one which does not meet single failure
criterion) was identified and is planned for upgrade. In that instance, loss of power to one
detector was found to fail isolation valves for all four accumulators. A solution has already been
identified for that issue and found to be feasible (item 14311 discussed in subsection 2.5.1 of
this report).

It is recommended that Kozloduy NPP monitor the development of modifications to address
this issue in Russia and Ukraine, and to assess their applicability to Kozloduy.

2.5.4. Human Engineering of the Control Rooms.

Ranking of the issue II

Recommendations of the Issue Book

Rl. A structured, in-depth design review of the control room, similar to those done for western
plants, should be conducted. The objective of this review would be to identify the specific
deficiencies of the control room design to establish a modification plan to improve the
safety situation. The design review should be conducted as soon as possible. For best
results, it should be done in connection with the considerations of the emergency operating
procedures.

R2. The recommendations of the control room design review should be prioritized according
to their importance to safety, and interim modifications should be made to the control room
as soon as practical. More extensive modifications to the control room could be included
in the I&C reconstruction programme.

R3. A Safety Parameter Display System should be added to provide the operator with the
information needed to assess the critical safety functions of the plant. This safety parameter
display system will be a necessary step in establishing symptom based emergency operating
procedures. A systematic review of the accident monitoring should be conducted to identify
the parameters necessary to monitor an accident and to verify that the instrument ranges
are adequate to cover all design basis events. This review should also confirm that the
sensor channels for the accident monitoring instrumentation are sufficiently independent
from the environmental conditions that result from the accidents. This review should be
done in conjunction with the proposed control room design review.

Measures proposed in the modernization programme

For recommendation Rl:

None since this item is already in progress (see discussion below)

For recommendation R2:

Replace TITAN computer (item 14131), as described in subsection 2.9.1.
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For recommendation R3:

Install SPDS processor and display with input from wide range post-accident
instrumentation (item 14121).

Install Post-Accident Monitoring System (PAMS) (item 14111).

Summary of discussions

The first recommendation is being accomplished under an existing programme with Gilbert-
Commonwealth. A preliminary study has been completed, and continued progress is expected.

Recommendations from the detailed control room study will be prioritized when they are
available.

The intended SPDS will be a state-of-the-art system.

Conclusions and recommendations

The safety issue is addressed. IAEA recommendations Rl and part of R2 are being
addressed under a programme already started. The decision to replace the TITAN computer
addresses the remainder of recommendation R2. The recommendation to install an SPDS meets
the intent of the IAEA recommendation R3.

2.5.5. Power Supply for Plant Process Computer and I&C Systems

Ranking of the issue I

Recommendations of the Issue Book

Rl. A long-term backup power source should be provided for the computer. This could be
from the emergency diesels or from a different source. By providing a reliable power
supply to the computer following accidents, the benefits it provides in contributing to the
operator's understanding of the situation will be ensured. This will be even more important
if the computer is used for technical support following accidents. This improvement could
be considered as part of the I&C reconstruction programme. Other considerations of
emergency power supplies should also be considered.

Measures proposed in the modernization programme

See subsection 2.6.5.

Conclusions and recommendations

See subsection 2.6.5.
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2.5.6. Condition Monitoring for Mechanical Equipment

Ranking of the issue I

Recommendations of the Issue Book

Rl. This monitoring should be carried out with respect to vibration, displacement, position and
condition for the mechanical equipment important for safety.

Measures proposed in the modernization programme

The measures proposed include:

installation of a system for continuous (on-line) diagnostic monitoring system for MCP
vibrations (item 12331);

inspection/diagnosis for MCP stator winding insulation (item 31141);

reliable control of operating temperatures of windings of main transformers and house
transformer (item 31151); and

replacement of sensors and analysis system for the present turbine vibration monitoring
(item 32021).

Summary of discussions

The main coolant pump (MCP) vibration monitoring system replacement is already in
progress on Unit 6 (by the Russian supplier AMRAIN) and will be finished in July 1995. Unit
5 system will be replaced later this year.

The present turbine vibration monitoring system is not reliable, and a replacement is
planned for 1996.

The present transformer winding temperature control system is also not reliable.

Conclusions and recommendations

The proposed measures address the safety issue, and the intent of the IAEA
recommendation has been met.

2.5.7. Primary Circuit Diagnostic Systems

Ranking of the issue II

Recommendations of the Issue Book

Rl. There are plans in all countries to develop and introduce diagnostic systems for leak
detection, vibration and noise monitoring. These plans are supported and should be
implemented as soon as possible.
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R2. Monitor and record outer surface temperature of components as recommended by the
Russians.

Measures proposed in the modernization programme

The measures proposed include:

For recommendation Rl:

RCS-to-SG leak detection (item 12211);

loose parts detector (item 12332);

leak detection in upper reactor vessel head (item 12333); and

modification of existing radwaste collection system (TZ) for continuous operation with
increased sensitivity, and monitoring to distinguish secondary from primary leak (item
12334).

For recommendation 2:

part of developing equipment Rest Life Time Evaluation (item 43121) deals with this
recommendation.

Summary of discussions

The intended modification of the existing radwaste system (item 12334) is relatively simple
and will be implemented much earlier than the proposed upper head leak detection system. See
subsection 2.5.8 for discussion of the detection of leaks from the upper reactor vessel head (item
12333).

A N 16 system is now being studied for detection of primary-to-secondary leaks.
Improvements are desired to enhance reactor operator ability to manage the accident.

Part of item 43121 deals with developing methods for the collection of information
concerning the evolution of NPP material ageing.

Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the IAEA
recommendation Rl.

Recommendation R2 should be evaluated and the merit of its application to Kozloduy NPP
should be determined.
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2.5.8. Reactor Vessel Head Leak Monitoring System

Ranking of the issue III

Recommendations of the Issue Book

Rl. In-service inspection and testing methods should be developed and implemented to ensure
proper functioning of the existing leak detection system.

R2. Consideration should be given to upgrading the reactor vessel head leak monitoring system
to provide for the timely detection of leaks.

Measures proposed in the modernization programme

The measures proposed include:

For recommendation Rl:

The Kozloduy staff has already installed a humidity detector to enhance reliability of
general leak detection in the upper vessel head, and further tests/inspections cannot be
devised that would give a reasonably high reliability of the present system identifying the
location of a leak. Therefore, that need will be avoided by 33212 (improve the existing
seals of the instrument flange connections), and by 12333 (see recommendation R2 below).

For recommendation R2:

The plant plans the installation of leak detection at control rod drive mechanism (CRDM) -
reactor vessel (RV) and instrument flange (item 12333).

Summary of discussions

The existing system cannot determine the precise location of a leak in the instrument
flanges. It has also been known to give false signals when no leak exists. (If the leak stops when
the reactor is cooled and depressurized, the leak may stop and be very difficult to locate.)
Therefore, the modernization programme has decided to replace it with a better system.

The main problem with a leak is the potential corrosion damage to the reactor vessel head.

Systems of two principles (acoustic and humidity) are presently being evaluated.

Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the IAEA
recommendations.
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2.5.9. Accident Monitoring Instrumentation

Ranking of the issue II

Recommendations of the Issue Book

Rl. Guidelines for the accident instrumentation should be developed and the instrumentation
should be implemented step-by-step.

R2. In designing a new system to control non-condensables and steam at the top of the reactor
pressure vessel, special attention should be paid to the reliability of the indication. It
should be taken into account that, with the core partially uncovered, there will be steam
and non-condensable mixtures inside the vessel, which could lead to oscillations. This
would make it difficult to measure the water level inside the pressure vessel reliably.
Means should therefore be provided at all plants to remove non-condensables.

Measures proposed in the modernization programme

The measures proposed include:

For recommendation Rl:

installation of a steam-gas mixture detector in reactor vessel to measure the level of coolant
under accident conditions (item 11311);

installation of a hydrogen detection & recombination system (item 13011);

replacement of equipment to monitor radioactivity in gas releases to improve accuracy,
equipment qualification, and service life (item 13041);

study and installation of post-accident monitoring system (PAMS) to include reactor vessel
level monitoring (item 14111);

study of Radiation Monitoring for optimization (item 29111). (Refer to section 4 of this
report for a discussion of this topic);

installation of a sampling system for accidents (item 49121); and

For recommendation R2:

None. The primary venting system (YR) on Kozloduy is available for the removal of non-
condensibles from the reactor vessel, SGs, and pressurizer.

Summary of discussions

The SPDS (Safety Parameter Display System) and PAMS (Post-Accident Monitoring
System) are two different systems, and both are recommended. (SPDS in IAEA I&C issue #4,
and PAMS in IAEA Issue #9). The purpose of SPDS is to provide an information display to the
operator that helps him rapidly diagnose an event (transient or accident). PAMS, on the other
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hand, provides highly reliable, safety-grade wide-range instrumentation to the operator that is
necessary for

diagnosing an event and taking manual actions prescribed in the EOPs;
monitoring the critical safety functions (e.g., criticality, decay heat removal);
monitoring the extent of breaches in fission product barriers;
monitoring the status of safety systems; and
monitoring radioactive releases.

SPDS focuses on information processing and display, and is often a non-IE system. PAMS
focuses on highly reliable information, has a simple display, and is generally a IE system.

Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the IAEA
recommendation Rl.

Since the Kozloduy plant has a YR system for removing gases from the reactor vessel,
steam generators, and pressurizer, IAEA recommendation R2 has already been implemented.

2.5.10. Technical Support Center

Ranking of the issue II

Recommendations of the Issue Book

Rl. This measure should be implemented in parallel with the upgrading of the control room
designs (see subsection 2.5.4.)

Measures proposed in the modernization programme

The measure proposed include:

development of an accident management center (also known as a technical support center)
(item 46211).

Summary of discussions

An emergency operation center exists for all 6 Kozloduy units, but is not provided with
sufficient information on the important post-accident reactor parameters from Units 5 and 6
useful for technical support after an accident. In particular, a fiber optics cable will be installed
to permit rapid transmission of PAMS and SPDS information generated under other upgrade
programmes.

The existing emergency operation center has the physical facilities for a technical support
center (ventilation, seismic, radiation protection for personnel, communications, etc).

Conclusions and recommendations

The proposed measure addresses the safety issue and meets the intent of the IAEA
recommendation.

47



2.5.11. Water Chemistry Control and Monitoring Equipment (primary and secondary)

Ranking of the issue I

Recommendations of the Issue Book

Rl. Upgrade water chemistry control and monitoring equipment is needed.

Measures proposed in the modernization programme

The measures proposed in the modernization programme include:

study and installation of an on-line RCS chemistry monitoring system (item 49111); and
implementation of a system for continuous monitoring of SG blowdown (item 49113).

Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the IAEA
recommendation.

2.5.12. Automatic Reactor Protection for Power Distribution and DNB in Base Load
Operation

Ranking of the issue I

Recommendations of the Issue Book

Rl. In conjunction with the I&C reconstruction programme, the design of automatic protection
for power distribution and DNB should be considered (e.g., the difference between the
upper and lower ion chamber signals could be combined with primary system pressure and
temperature signals to provide protection based on hot channel factor and peak load power
generation).

Measures proposed in the modernization programme

The measure proposed in the modernization programme is:

the AKNP neutron monitoring system, now near the end of its service life, may be
replaced with one that is more sensitive. Improved information processing, alarm, and
display would also be intended (item 10121).

Summary of discussions

The performance of the AKNP excore nuclear monitoring system is considered satisfactory
for the present base load operation. Since it is within 3 years of the end of its warranted 10-year
service life for unit 5, the Russian manufacturer, Sniip, will study it during the unit 5 outage
later this year to see if its warranty can be extended. If it is replaced, it will be replaced with
more sensitive detectors.

The present power range system has six detectors, with two ion chambers (an upper and
a lower chamber) for each detector. Separation between the detectors can be varied from 0 to
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3 m, and is specified by the core physics group. Separate (upper and lower) signals are sent to
the instrument cabinets, where the average is formed. Only the average signal is monitored.

At present, no need has been identified for axial offset monitored by the excore nuclear
instrumentation, and it is not a consideration for an upgraded system.

Conclusions and recommendations

The IAEA recommendation is that automatic protection for axial power maldistributions
be considered, and this is not addressed in the possible upgrading of the excore nuclear
instrumentation. Although axial power control is easier in base load operation, adverse power
distributions are still possible, and should be considered in the plant safety analysis. The BNSA
will decide whether administrative control (operator monitoring and control) provides adequate
protection. Recommendations are:

1. Determine (with the BNSA) at an early stage the basis and acceptance criterion for power
distribution protection required in the upgraded safety analysis; i.e., are administrative
measures (operator actions) based only on incore measurements acceptable for xenon
transients in a base load plant. Also, the safety analysis (see subsection 2.9.1) should
address adverse changes in axial power distribution occurring during a transient (such as
inadvertent control withdrawal).

2. Tests should be considered to compare top and bottom chamber excore nuclear flux signals
with axial power distribution based on incore measurements. This would determine the
sensitivity and feasibility of the use of those signals for axial power distribution monitoring
in the event such use was desirable in the future.

2.5.13. Incore Monitoring of Power Distributions in Load Follow Mode

Ranking of the issue II

Recommendations of the Issue Book

Rl. Replace the existing incore system and develop a new control strategy. The Russian plans
properly address the issue.

Measures proposed in the modernization programme

The measure proposed is:

replacement of the incore monitoring system, including thermocouples, neutron detectors,
and computer processor (item 14151). (This may be done as part of conversion to a three-
year fuel cycle.)

Summary of discussions

Part-length control rods are now being replaced with full length control rods in the present
unit 6 outage. Unit 5 will also make this replacement later this year.

A decision on replacing the incore detectors must be made before the end of the 10-year
service life of the present detectors and system (which will occur in 3 years on unit 5). If the
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plant will be converted to load follow operation, new/different fuel would be required, and
different incore detectors and computer processor would be provided.

Conclusions and recommendations

The proposed measure, dependent upon change in the plant operating mode,addresses the
safety issue and meets the intent of the IAEA recommendation.

The CAOC (Constant Axial Offset Control) strategy is very simple and has proven highly
effective in PWRs for maintaining desired axial power distribution. Since it does not require
part-length control rods, the replacement of the existing part-length control rods with full-length
control rods would be compatible with that control strategy.

The proposed measures would provide better monitoring and control of core power
distribution. However, since protection would be limited to the limitation system (preventive
protection, or AZ-2,3,4), it should not be credited in safety analysis conducted under the
"Guidelines for Accident Analysis for WWER NPPs", IAEA-EBP-WWER-01, (see subsections
2.9.1 and 2.9.12 for further discussion).

2.6. ELECTRICAL POWER

2.6.1. Off-site power supply via startup transformers

Ranking of the issue I

Recommendations of the Issue Book

Rl. At each plant having more than one unit, perform plant-specific load-balance calculations
for all units considering the worst possible case and create additional startup transformer
capacity. Consider establishing a fully independent off-site power supply for each unit to
keep the main heat sink for all units available and to avoid unwanted operation of safety
systems, including unnecessary start requirements for the emergency diesel generators.

R2. Investigate and specify acceptable voltage tolerances under the assumption of existing
operating experience, existing margins and overdesign of electrical components and
coordinate it with setpoints for power transfer between station transformers and startup
transformers. A voltage drift out of the specified tolerance band for a time period which
is longer than specified should be avoided.

Measures proposed in the modernization programme

The measures proposed (items 15111 and 15211) include:

installation of an additional set of two 220 kV/6 kV reserve transformers each with 63
MVA (the implementation is planned at the end of 1995);

realization of an independent reserve electrical feed for each of the two units 5 and 6 by
separate 220 kV switchyards, and sets of reserve transformers to the four 6 kV station
service busbars. A cross-connection from the reserve transformers of the neighbour unit
is also foreseen, if the priority reserve supply does not work;
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analysis of the installation of a direct link between reserve transformers and emergency
switch gears;

performance of a probabilistic safety study for determining the weak points of the different
design solutions; and

analysis of the selectivity of the electrical protection devices.

Summary of discussions

The Bulgarian National Grid consists of two ring grids, one of 400 kV (three transmission
lines) and the other of 220 kV (four transmission lines). At the station site they are connected
by an auto-transformer. Between the 220 kV grid and the local 110 kV grid there are three
connections. In addition, there are three transmission lines to Rumania (2 of 400 kV and one 220
kV). However, their reliability is low and they are switched off due to the instability of the grid
frequency. The 400 kV Bulgarian National Grid is connected in Varna with the Ukrainian grid.
If the grids are connected, the grid frequency is usually less than 50 Hz. During the visit, the
grid frequency was 49,6 Hz.

At present, the consumer capacity of the Bulgarian National Grid is about 6 to 8 GW. The
percentage of connecting a 1000 MW power generating capacity to the grid is very high. In case
of a loss of one of the 1000 MW units, the possible grid instability has to be taken into
consideration.

In the past there were some complete losses of off-site power at the Kozloduy NPP. During
the accident at the Kozloduy Units 5 and 6 in September 1992 (fires and short circuits in
electrical systems), the generator circuit isolator and several 6 kV switches were destroyed, and
the unit and startup transformers could not be used. After about 2 days, the off-site power
supply of the 6 kV busbars could be recovered by a connection line from units 1-4. In all
instances, the on-site supply arrangements functioned correctly. It was pointed out in the
discussion that the grid stability and the reliability of the plant-grid connection are very
important for the safe operation. The proposed improvement measures serve to improve the
plant-grid connection and their protection devices. The installation of an additional set of startup
transformers, the modification of the 220 kV switchyards and the 6 kV station service busbars
reduced the possibility of transfer failure between the two units. An equipment for the
synchronization of the reserve power supply to the station service busbars is not planned. The
NPP explained that there had not been synchronization problems.

Besides this, the selection of the electrical over-current and short circuits protection will
be reviewed and improved. The generator protection circuit isolator is not short circuit-proof and
it is not activated by electrical protection signals. It works only to maximum currents of 30 kA.
A replacement of the circuit isolators to circuit breakers is planned.

Conclusions and recommendations

The proposed measures for improving the reserve off-site power supply address the safety
issue and meet the intent of the recommendations. However, the technical solutions of
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improvement measures have to be carefully checked, including the performance of plant-specific
load-balance calculations:

The reserve power supply of 6 kV sections has to exclude the possibility of common cause
failures (check also the planned direct link between startup transformers and emergency
switch gears).

The reliability of the connection scheme has to be verified. It must be ensured that a fully
independent off-site power supply to each unit to keep the main heat sink for both units is
available and unwanted operations of safety systems, including unnecessary startup of the
emergency diesel generators, are avoided.

Investigate and specify acceptable voltage tolerances under the assumption of existing
operating experience, existing margins and over-design of electrical components and
coordinate it with setpoints for power transfer between station transformers and startup
transformers. A voltage drift out of the specified tolerance band for a time period which
is longer than specified should be avoided.

Evaluate the grid stability and determine whether additional measures are required to be
taken to improve the plant's internal electrical power systems and the grid stability. Grid
disturbances could lead to drops in system frequency and voltage.

The results of the load flow and grid stability should be assessed and, if necessary,
supplementary measures should be taken to upgrade the electrical protection system of the
transmission line.

Alternative sources of electrical power supply should be analyzed (e.g. hydro power plant,
gas power plant)

Analyses and improvements on the reliability of the 110 kV grid should be continued.

The selection of the electrical protection devices should be analyzed according to
international practice. The replacement of the safety qualified generator circuit breaker is
strongly supported (item 31213).

After completion of all analyses of the technical solutions, it is recommended that the
results be evaluated to decide whether the operating procedures, technical specifications and
parts of the SAR (TOB) have to be modified.

2.6.2. Diesel generator reliability

Ranking of the issue I

Recommendations of the Issue Book

Rl. Based on the observed diesel generator failure rate and common cause failures and also on
the frequency of loss of off-site power, the probability of a station blackout, exceeding a
duration corresponding to the start of core damage, should be evaluated on each site. If the
result is higher than expected by the designer, there is a safety concern. Consequently,
measures have to be taken to solve the issue.
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R2. The necessity of an additional reserve emergency power source is site-dependent.
Therefore, each plant should evaluate the real impact on safety of an additional emergency
power source and take the corresponding appropriate decisions. If an additional source is
needed, then it should be protected against the remaining potential common cause failures
of the already existing sources.

Measures proposed in the modernization programme

The measures proposed (items 26351, 28411, 27211 and 31321) include:

analysis of the " Total loss of electricity supply";

analysis of the diesel generator startup failures and improvement measures based on their
results; and

installation of two additional diesel generators shared by two units.

Summary of discussions

Due to the low grid stability, deficiencies in the reliability of the diesel generator, and the
usefulness of emergency backup of some additional consumers, the proposed measures are
addressed at improving the reliability of the emergency electrical supply.

Operating experience showed that there are problems of lubrication during the startup phase
of the diesel generators. The solution of lubrication during the diesel startup phase is underway.
Currently the lubrication pump does not work during diesel startup.

For the functional tests of the diesel generators at nominal power, non-safety consumers
as an additional load are used. A parallel operation of the diesel generator with the grid is not
planned.

Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the
recommendations.

The following recommendations are made:

Based on the observed diesel generator failure rate and common cause failures (e.g. air
tank, lubrication, fuel pumps, cable connection to the transformers, cooling, ventilation)
and also based on the frequency of loss of off-site power, the probability of a station
blackout (exceeding a duration corresponding to the start of core damage) should be
evaluated. If the result is higher than expected by the designer, there is a safety concern
and measures have to be taken to solve the issue.

The connection scheme of an additional emergency power source (fourth diesel generator)
has to be carefully analyzed and it should be protected against the potential common cause
failures of the already existing sources.

The only signal that starts the diesel generator is a loss of voltage on the 6.0 kV busbars.
Depending on the results of the reliability analyses, a second startup criterion must be

53



proposed. According to western practice "frequency low" is recommended as a second
criterion (KTA 3702.1, section 4.12.2).

2.6.3. Protection signals for emergency diesel generators

Ranking of the issue I

Recommendations of the Issue Book

Rl. The proposal made by the Ukraine is appropriate to deal with the issue. The proposal deals
with a three-chain structure with a two-out-of-three configuration for the technological
diesel protection signals to further increase diesel generator reliability.

Measures proposed in the modernization programme

The measures proposed include:

analysis of the specific diesel protections (item 25261).

Summary of discussions

A probabilistic model has been developed. The results of functional tests of the diesel
generators have been analyzed. Some root causes of failures are eliminated (e.g. insufficient
capacity of the diesel generator accumulator and air compressors). An implementation of
improvement measures is planned in 1996.

Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the recommendation.

The emergency power system should be designed, constructed and operated such that
failure-initiating events within the emergency power system do not prevent the supply of
emergency power on demand. The protective equipment should be constructed such that it is not
the determining factor for the non-availability of the systems to be supplied.

2.6.4. On-site power supply for incident and accident management

Ranking of the issue II

Recommendations of the Issue Book

Rl. The modifications proposed in the Bulgarian action plan to install an additional on-site
diesel per unit and to extend the scope of systems with diesel backed power supply
properly address the issue.

R2. A generic study should be made to decide which systems need backup power after loss of
off-site power supplies.
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Measures proposed in the modernization programme

The measures proposed (items 10312, 11341, 15511 and 31321) include:

installation of an additional on-site diesel per unit and extension of the scope of systems
with diesel backed power supply;

analysis of the possibility to backup the makeup water system from the existing diesel
generators; if possible, this should be done before the installation of an additional diesel
generator for the unit common consumers; and

analysis of the possibility to feed the steam generators with hot water from deaerators in
the loss of off-site power case.

Summary of discussions

All the above mentioned measures are needed for a proper management of an accident with
a complete loss of off-site power supply to ensure plant cooldown to cold shutdown state. The
makeup system of the primary circuit is needed for depressurization and for speeding up the
boration of the primary circuit.

The activation of the auxiliary feedwater system before the startup of the emergency
feedwater system reduces thermal shocks to the SGs .

It may not be possible to provide the power supply to the above mentioned systems from
the existing diesel generators because their capacity may be exhausted by the existing consumers.

Parts of equipment of the emergency power system have reached their design lifetime, e.g.
inverters, rectifiers and batteries. Other equipment, such as the 6 kV switches have ageing and
construction deficiencies that lead to failures.

Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the
recommendations.

It is recommended that:

1. A plant-specific study be made to decide which systems need backup power after loss of
off-site power supplies. Also, the power supply to the plant computer during loss of off-
site power be taken into consideration.

2. The modernization of the emergency power equipment be analyzed carefully and the design
calculations for the emergency power system be evaluated, e.g. over-current, short-circuit
current, voltage drop, selectivity and load-balance. The instrumentation and control
equipment be designed such that the reliability is improved and in-service inspections be
carried out without any manipulations to the wiring (item 15421).

3. The fire isolation and the physical protection of the electric power system rooms be
improved. This mainly concerns the fire doors and the fire protection dampers in the
ventilation system. Non-qualified fire doors and fire protection dampers be replaced.
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4. The construction of the through containment wall penetration be assessed, and, if
necessary, replaced with more acceptable equipment which are not susceptible to moisture
ingress ion and on which tightness can be controlled.

5. The design of the circuit breaker be carefully analyzed to determine a suitable course of
action to alleviate further problems and failures.

6. The residual lifetime of the safety power and I&C cables be determined and the marking
of cables be maintained.

2.6.5. Emergency battery discharge time

Ranking of the issue III

Recommendations of the Issue Book

1. Increase the battery discharge time to at least one hour. In case of a station blackout event,
the battery is the ultimate energy source of the unit. A higher battery capacity maintains
vital I & C systems in operation and illuminates the main control room. This would enable
monitoring of essential plant parameters and safety significant motor-operated valves would
remain maneuverable. Therefore, the reactor can be controlled and can be kept in a safe
condition by performing accident management actions (e.g. bleed). The extended battery
discharge time leads to larger time margins for operators to decide on further actions.

2. The battery monitoring strategy should be improved by installing automatic battery circuit
f monitoring equipment.

3. The batteries should be seismically protected.

Measures proposed in the modernization programme

The measures proposed (items 25311, 15411 and 19122) include:

analysis of the emergency DC power system in order to determine the modifications to be
made to obtain around 2 hours discharge time in case of loss of off-site power supply;

replacement of batteries with those having a higher capacity;

implementation of control equipments to monitor short circuits, cell cut-offs and the charge
status of the batteries; and

improvements of the equipment capacity to withstand earthquakes.

Summary of discussions

According to western practice, the discharge time of batteries is in the range of 2 hours.
Depending on the reliability of off-site power supply, the required discharge time of batteries
could be longer.
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Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the
recommendations.

2.6.6. Ground faults in DC circuits

Ranking of the issue I

Recommendations of the Issue Book

Rl. The proposal by the plants for the development of improved methods and tools for ground
fault search is supported.

Measures proposed in the modernization programme

The measure proposed includes:

installation of ground fault detectors on all 220 V DC busbars for measurement of current
to ground (item 15413).

Summary of discussions

There are difficulties in finding ground faults in DC circuits. The difficulties are due to
the lack of proper tools for this purpose.

Conclusions and recommendations

The proposed measure addresses the safety issue and meets the intent of the
recommendation.

It is recommended that the installation of batteries be checked to avoid ground faults.

2.7. CONTAINMENT

2.7.1. Containment bypass risks

Ranking of the issue II

Recommendations of the Issue Book

1. Study the necessity of installing membranes on the essential service water system inside
the containment, both upstream and downstream of the heat exchanger, to ensure that a
possible rupture takes place inside the containment. This would allow the collection of
leaks in the containment sumps. The same modification could be envisaged upstream and
downstream of the letdown after-cooler.

2. Within the framework of a review of the safety analysis report (TOB), attention should be
paid to the LOCA transients which could bypass the containment. All the lines going
through the containment should be checked and the possibility of isolating them from the
primary circuit to avoid bypass of the containment should be analyzed.
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Measures proposed in the modernization programme

Measures have been proposed (items 13021, 26111, 26121 and 26251).

The proposals include the installation of a membrane, as a protective device, on the
intermediate circuit piping, upstream and downstream of the heat exchanger. A similar
modification is also proposed for the piping, upstream and downstream of the letdown after-
cooler.

The proposals also call for a review of the list of design basis accidents with respect to its
completeness, as well as a review of the safety analysis report (TOB) with respect to the
incorporation of the results of accident scenarios.

Summary of discussions

It was pointed out that the modernization programme was set up on the basis of WWER-
SC-104, version April 1995. Further recommendations, which may be contained in the final
version of WWER-SC-104, will also be taken into account.

Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the
recommendations.

2.8. INTERNAL AND EXTERNAL HAZARDS

2.8.1. Systematic fire hazards analysis

Ranking of the issue II

Recommendations of the Issue Book

Rl. A systematic fire hazards analysis is strongly recommended to be performed for each area
of every plant. This should help to identify the weak points of the fire barriers intended
to separate redundant trains, and to justify the acceptability of redundant train separation.
The first step in such an analysis should be based on plant walkdown and on expert
judgement. The existing situation should be compared with the current national regulations,
NUSS 50-SG-D2 and IAEA-TECDOC-778 (Fire Hazard Analysis for WWER NPPs).

R2. The secondary effects of fires and of the operation of fire extinguishing systems should be
evaluated in the fire hazards analysis (see NUSS 50-SG-D2 ).

Measures proposed in the modernization programme

The measure proposed (item 21111) includes a deterministic study of the consequences of
a fire, a PSA to assess the adequacy of the steps taken and the study of the consequence of
inadvertent signals for detection and extinguishing. The proposals also include recommendations
for improving the fire protection systems. It is indicated that these analyses will be carried out
in compliance with international and national practices. The IAEA documents have been cited
as an example.
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Summary of discussions

A deterministic analysis will be carried out as a first step. This will then be followed by
a PSA which includes fire.

Activities related to the identification of areas containing combustible materials and ignition
sources, as suggested by the IAEA, have been started and are expected to be completed in 1995.

Conclusions and recommendations

The safety issue has been addressed, and the intent of the IAEA recommendations has been
met.

It is recommended that a plant walkdown and expert judgement be used to identify all areas
of the nuclear power plant which contain combustible materials (fire loads) and ignition sources.
This is especially important for those areas of the plant with safety related equipment. The
location, distribution and quantity of such materials should be indicated in floor plans and plant
drawings and used as an input for carrying out the necessary fire hazards analysis. Where
possible, immediate corrective actions should be taken to remove the hazard. Alternatively,
temporary fire protection measures should be considered.

2.8.2. Fire prevention

Ranking of the issue III

Recommendations of the Issue Book

Rl. Based on the results of the fire hazards analysis, the location and types of fire doors should
be defined.

R2. If overlayers are used for covering cables, their performance should be demonstrated prior
to their use. In the case of overlayers already in place, their effectiveness after ageing
should be checked.

R3. The penetrations and connections between fire areas should be inspected to ensure adequate
separation of the areas from one another.

R4. Analysis is required to demonstrate that a fire affecting cabling in one control room would
neither affect the functioning of the remaining control room nor prevent control of safe
shutdown systems

R5. Probabilistic analysis should be carried out to quantify the core damage frequency resulting
from fires in the spreading rooms.

R6. Reactor coolant pumps of modified design should be installed at all WWER-1000 plants,
or the lubrication system should be modified to avoid risk of major oil fire.

R7. If feasible, separate the four 6 kV main distribution boards into two pairs, by improving
or additionally installing fire barriers with an appropriate fire resistance class. The
ventilation system for these two pairs must be treated likewise as to avoid the spreading
of fire or the negative influence of the combustibles.
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R8. An alternative approach to solve this problem would be by connecting 3 independent feeder
cables to the three safety 6 kV-busses. These feeders may be energized e.g. from the local
6 kV system which is not dependent on the units own supplies.

Measures proposed in the modernization programme

Measures have been proposed (items 18111, 18121 and 21111).

These measures include the modernization and replacement of fire doors in rooms where
safety systems are located. It is stated that the fire doors need to meet certain requirements,
especially with respect to fire resistance (at least equal to that of the barrier in which they are
installed). A further measure is the improvement of the fire dampers (valves) to prevent the
propagation of a fire to another fire zone. The proposals cover aspects related to remote and
manual actuation of the dampers, actuation through the fire alarm and fire resistance.

Summary of discussions

The time frame for carrying out a fire hazards analysis, as recommended by the IAEA, has
not yet been scheduled.

The fire protection measures were designed according to the standards applicable at the
time of the original design of the plant. Some modifications have subsequently been made on
the basis of VSN-01-87. Overlayers for covering cables are in place. The performance of these
overlayers has been demonstrated in Bulgaria and in Moscow. Experiments have also been
carried out for cables, for fire protection doors and for fire-resistant coatings. The requirement
related to the location of oil tanks outside the containment in separate rooms could not be
fulfilled. To compensate for this, additional measures for fire detection and extinguishing have
been implemented in agreement with the fire protection authorities.

The separation between fire areas (IAEA recommendation R3) was designed in accordance
with the original design standards applicable to the plant. Based on the results of the fire hazards
analysis, further work is planned to be carried out.

The other IAEA recommendations will be considered subsequent to carrying out the fire
hazards analysis.

Conclusions and recommendations

The safety issue has been addressed.

However, the IAEA recommendations have only been taken into account partially. It is
recommended that a fire hazards analysis be carried out in the short-term as a first step.
Subsequently, using the results of this analysis, the other IAEA recommendations should also
be carefully evaluated with respect to their possible implementation.
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2.8.3. Fire detection and extinguishing

Ranking of the issue II

Recommendations of the Issue Book

Rl. The fire detection and alarm system should be qualified for DBA conditions and internal
and external hazards.

R2. The redundancy of the fire water supply system should be ensured.

R3. The source of fire water supply for extinguishing systems inside the containment should
be safety graded.

Measures proposed in the modernization programme

Measures have been proposed (items 18122, 18124, 18131, 21111 and 23121).

These measures include a modification of the gas fire extinguishing system (to replace the
halon system presently used), improving the starting speed of diesel fire pumps, and a seismic
qualification of the fire alarm facilities. The measure related to the analysis of the documentation
of safety important equipment (item 23121) could perhaps also be included in this context.

Summary of discussions

The fire detection and extinguishing system is considered as a safety system or a safety
related system, if the items they protect also fall into the same category. They are consequently
also seismically qualified for the original acceleration value of 0.1 g. They will be analyzed at
a later stage to verify whether they can withstand the loads corresponding to 0.2 g (new seismic
value assessed for the site).

The fire extinguishing water is drawn from the Danube and fed into a ring system around
each unit. The normal pumps available for this purpose are backed up by diesel-driven pumps.
The ring system can be isolated in case of a break in any one section. The water supply to the
reactor building is from a dedicated three-train system. Each system has a tank with a capacity
of approximately 15 m3. These tanks can also be supplied from the essential service water
system (VF). The fire extinguishing system inside the containment is considered to be a safety
system.

Conclusions and recommendations

The proposed measures address the safety issue.

The discussions indicate that the intent of the recommendations are largely met. It is
recommended that based on the results of the fire hazards analysis, a further evaluation be made,
especially with respect to the qualification and redundancy of fire detection and extinguishing
system in relation to the protection of safety systems.
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2.8.4. Mitigation of fire effects

Ranking of the issue II

Recommendations of the Issue Book

Rl. The existence of adequate fire dampers in ventilation ducts should be checked and
additional dampers installed if necessary.

Measures proposed in the modernization programme

Measures have been proposed (items 18123, 21111).

Measures are subject to the results of a fire hazards analysis and include means to extract
smoke using ventilators, ventilation ducts and openings in walls.

Summary of discussions

The discussions indicated that in the case of safety systems, there are provisions to close
the dampers and automatically shut down the associated ventilation system in order to prevent
a propagation of the fire.

A fixed system to remove smoke is presently not available. An analysis would be necessary
to verify the feasibility of installing such a system.

Conclusions and recommendations

The safety issue has been addressed. The discussions indicate that the intent of the
recommendation will be met.

The measures proposed are subject to the results of a fire hazards analysis. It is
recommended that this analysis be carried out in the short-term. The installation of a fixed
system to remove smoke should be investigated.

2.8.5. Systematic flooding analysis

Ranking of the issue I

Recommendations of the Issue Book

Rl. The systematic flooding analysis should be carried out as a first step. The analysis should
start from a walkdown that identifies the following:

- systems containing water or steam, including fire fighting equipment, in the building
areas with systems important to safety,

- protective features (detection, retention, leak isolation possibilities),
- openings or connections between redundant safety-related building sections and drains,
- the highest possible water level in rooms where safety-related equipment are installed.
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As a next step, a PSA should be carried out using the initiating events identified.

The effect of water spray on electrical and I&C equipment should also be addressed.

Measures proposed in the modernization programme

The measure proposed (item 21121) includes an analysis of internal flooding and its impact
on protection systems as part of the safety assessment programme.

Summary of discussions

As a first step, a methodology will be prepared, as in the case of the fire hazards analysis.
This will be based on methodologies presently available in western countries. In a next step, it
is planned that the problem areas and the associated scopes of analyses will be identified. This
second step seems to have been partially carried out but will take another two years to complete.

The effect of water spray on electrical and I&C equipment is considered as a problem
related to equipment qualification.

Conclusions and recommendations

The safety issue has been addressed. The discussions indicate that the intent of the
recommendation will be met.

The proposed analysis should be carried out in the short-term and include the elements
described in the IAEA recommendation.

2.8.6. Protection against flood for emergency electric power distribution boards

Ranking of the issue II

Recommendations of the Issue Book

Rl. The amount of water which can penetrate into the switchgear rooms and possible damage
to the electrical equipment should be investigated. It may become necessary to install a
drainage system to remove the water in a controlled way. Water ingress shall not reduce
reliability and availability of safety distribution boards.

Measures proposed in the modernization programme

The measure proposed (item 21121) includes an analysis of internal flooding and its impact
on protection systems as part of the safety assessment programme.

Summary of discussions

Based on the results of the analyses, it will be necessary to define the correspondence to
Bulgarian documents and international practice. An agreement will then have to be reached with
the Bulgarian Nuclear Safety Authority on the definition of items important to safety.

63



Conclusions and recommendations

The safety issue has been addressed.

However, it is not clear from the proposal whether the impact on all electrical systems will
be included in the analysis.

2.8.7. Protection against the dynamic effects of main steam and feedwater line breaks

Ranking of the issue II

Recommendations of the Issue Book

Rl. Measures should be taken to protect the emergency feedwater supply lines against multiple
rupture.

Measures proposed in the modernization programme

Measures have been proposed (items 18311, 23421 and 24221).

There are no restraints on the secondary piping either inside or outside the containment.
The proposal includes an analysis of the risk of secondary pipe whip and, depending on the
results, considers installing pipe restraints. A further consideration is the mechanical
substantiation of the safety important piping and their supports, also with respect to seismic
qualification.

Summary of discussions

See subsection 2.3.6.

Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the recommendation.
The analysis and the implementation of the resulting measures should be carried out as soon as
possible.

2.8.8. Polar crane interlocking

Ranking of the issue II

Recommendations of the Issue Book

Rl. The Russian proposal properly addresses the issue. In this connection, plant-specific studies
should be made to find and establish transport routes and methods that minimize the
adverse effects of dropped loads.

Measures proposed in the modernization programme

No measures have been proposed in the modernization programme.
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Summary of discussions

The problems related to load drops during transport with the polar crane were identified
in 1982. At that time the Russians had made proposals similar to those made now. The plant
experts indicated that the feasibility of implementing the proposals need to be further evaluated.
The proposals seem to be related only to the automatic mode of operation.

In the Kozloduy NPP the transport routes have been established such that unnecessary
transport over the reactor and the spent fuel pool are avoided.

Conclusions and recommendations

The safety issue is not addressed by the modernization programme.

It is recommended that the latest proposals made by the Russian design organization be
evaluated with respect to implementation at the Kozloduy NPP. In the interim period, plant-
specific studies should be carried out to ensure that the transport routes currently established are
optimum in minimizing the adverse effects of dropped loads.

2.8.9. Seismic design

Ranking of the issue II

Recommendations of the Issue Book

Rl. The seismic design basis (i.e. seismic input parameters) should be re-evaluated in
accordance with current international practice and in any case with a minimum acceleration
value of O.lg associated with an appropriate design response spectra.

R2. The as-built status of the NPP structures, components and distribution systems should be
assessed for the design basis earthquake.

R3. Upgrading of NPP structures, components and distribution systems should be made if
required.

R4. Phenomena associated with earthquakes and which may induce permanent ground
deformation should be evaluated for the impact on plant safety.

Measures proposed in the modernization programme

Several measures have been proposed (18131, 19121, 19122, 19123, 21231 and 21241).

The proposed measures deal with an analysis of the safety related systems, structures and
components, including piping systems and supports, using the new seismic design basis based
on an acceleration of 0.2 g. It is proposed that additional measures be taken if the analysis shows
a deficiency. These include a reinforcement of the existing structures, modifications or
compensatory measures. These necessary measures are proposed to be implemented in the long
term.
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Summary of discussions

The seismic design basis for the Kozloduy NPP site has been re-evaluated in accordance
with current international practice, and a ground acceleration value of 0.2 g is now considered
to be appropriate. The assessment of the nuclear power plant structures, systems and components
with respect to the new seismic input level for the site is presently under way.

With respect to the required upgrading measures, the nuclear power plant experts indicated
that a different approach may have to be taken for pipelines, equipment, civil structures:

Pipelines: it is felt that the strengthening of pipe restraints will not pose undue problems.

Equipment: the equipment of safety systems were originally designed to withstand loads
corresponding to an earthquake of intensity 9 on the MSK Scale (1964). Part of the safety-
related systems may not be able to withstand the new loads corresponding to 0.2 g. If the
analyses show deficiencies, solutions will have to be found on a case-by-case basis.

Civil structures: the reactor building, the diesel generator building and the auxiliary
building were all originally designed to withstand loads corresponding to 0.4 g. All other
buildings were designed for 0.1 g. Based again on the analyses, solutions will have to be
found on a case-by-case basis.

The plant experts are of the opinion that a permanent ground deformation in association
with earthquakes can be ruled out for the Kozloduy NPP site. They base this on the fact that the
foundations are on a stable base at a depth of approximately ten to twenty meters.

Conclusions and recommendations

The safety issue is addressed by the modernization programme.

The intent of the associated recommendations have been addressed to a large extent. It is
recommended that a site-specific assessment be made to ensure that the probability of
earthquake-associated phenomena such as soil liquefaction, which may induce permanent ground
deformation, are acceptably low.

2.8.10. Analyses of plant-specific natural external conditions

Ranking of the issue I

Recommendations of the Issue Book

Rl. A site-specific assessment should be made with respect to the design basis natural events.

R2. A regional tornado hazard assessment should be made. A probabilistic analysis could be
utilized to assess the potential hazard.

Measures proposed in the modernization programme

No measures have been proposed in the modernization programme.
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Summary of discussions

A site-specific assessment related to design basis natural events was carried out subsequent
to the last IAEA site mission. The team conducting this assessment consisted of experts from
the Bulgarian Academy of Science, Energoproekt of Sofia and international experts. The results
of the assessment were also made available to the IAEA.

The nuclear power plant experts feel that extreme cold conditions for extended periods of
time, as well as tornados can be excluded for the Kozloduy NPP site.

Conclusions and recommendations

This safety issue has not been addressed in the modernization programme. However, the
discussions indicate that the intent of the recommendations are met. Flood, ice blockage and
tornadoes were reviewed during the Site Safety Review Mission (SSRM) in October 1994. The
results of the analysis made or being made should be included in a future PSA for external
events.

2.8.11. Man-induced external events

Ranking of the issue II

Recommendations of the Issue Book

Rl. A source map for man-induced events in the site vicinity should be prepared.

R2. Screening distances from the sources should be calculated using conservative assumptions.

R3. For sources/events which are not screened out, annual frequency of events should be
calculated and compared with accepted "screening probability values".

R4. For sources/events which still remain potential threats, a refined analysis should be carried
out.

R5. Depending on the results of the analysis, the structural and systems safety of the plant
should be verified.

R6. If there are inadequacies, an upgrading programme should be initiated.

R7. Strict administrative measures should be implemented to maintain the sources' and events'
frequencies under control.

Measures proposed in the modernization programme

No measures have been proposed in the modernization programme.

Summary of discussions

The nuclear power plant experts indicated that a site-specific assessment for man-induced
external events has been carried out. The work was mainly done by Energoproekt, and the
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results are available to western experts. The nuclear power plant experts were not sure if the
IAEA also has the complete results. The assessment took the following factors into account:

traffic on the Danube River;
military and commercial air traffic in the vicinity of the nuclear power plant;
railway traffic in the vicinity of the nuclear power plant; and
storages of hazardous substances in the vicinity of the nuclear power plant.

It was indicated that the over-flying of the Kozloduy NPP is administratively prohibited.
Nevertheless, the containment can withstand the impact of a small aircraft of 10 t at a speed of
200 m/sec.

It was also indicated that this type of site assessment is carried out periodically and the last
one was completed in early 1994.

Conclusions and recommendations

This safety issue has not been addressed in the modernization programme. However, the
discussions indicate that the intent of the recommendations are met. Man-induced events were
reviewed during the SSRM in October 1994. The fragility values for such loads are not readily
available. The results of the analysis should be included in a future PSA for external events.

2.9. TRANSIENT AND ACCIDENT ANALYSIS

2.9.1. Scope and methodology of accident analysis

Ranking of the issue II

Recommendations of the Issue Book

Rl. A comprehensive safety analysis should be performed. First, the criteria should be
established to select and classify the accidents to be analyzed. Bounding cases, in
accordance with selected safety analysis methodologies (rules), could be used to select the
accidents to be calculated. The analyses should be performed and the results should be
presented in a systematic manner, in order to permit an independent review.

R2. The regulatory organization is encouraged to prepare a guide in which at least the
following items related to anticipated operational transient and postulated design basis
accident analyses of pressurized water reactors (PWR) are presented: events to be
analyzed, methods of calculation, assumptions to be used in the analyses and acceptance
criteria for results.

R3. Co-operation with the utility organization is encouraged, since it is always beneficial when
a regulatory guide is being prepared.
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Measures proposed in the modernization programme

The measures proposed include:

compiling a complete list of design basis accidents and beyond design basis accidents to
be analyzed. The full list will comply with IAEA recommendations and international
practice (item 26111);

compiling a list of additional design basis accidents to be analyzed (item 26251); and

bringing the accident analysis part in the safety analysis report in conformity with
international practice (item 26121).

Summary of discussions

The safety analysis report (TOB) of Kozloduy 5/6 has been updated according to the
Russian standard "Typical Content of the Justification of TOBs", considering the modifications
made up to now. The BNSA requires that the accident analysis part in the TOB should be done
in accordance with the IAEA report (IAEA-EBP-WWER-01), "Guidelines for Accident Analysis
for WWER NPPs", (item 26121). The BNSA also requires that based on the results of the Level
1 PSA of Kozloduy 5/6, additional design accidents should be analyzed which were not
considered in the previous TOB (item 26251).

Conclusions and recommendations

The proposed measures address the safety issue and are consistent with the IAEA NUSS
standards and international practice. The national regulation BNSA Order No. 5, which requires
updating the safety justification report (TOB) relating the modifications made to systems and
equipment during construction and testing as well as after modernization work, is an important
basis.

After completion of all the analyses, it is recommended to evaluate the results and to
decide whether the operating procedures, technical specifications and other parts of the safety
analysis report have to be modified.

2.9.2. QA of plant data used in accident analysis

Ranking of the issue I

Recommendations of the Issue Book

Rl. A QA procedure must be put in place to control the collection, documentation and
verification of all data used in accident analyses.

R2. Data should be collected from as many sources as possible. Cross-checking of data from
different sources is necessary to eliminate unreliable or faulty data. Eventually, as-built
measurements should be taken on-site during a plant outage. Set points and response times
from I&C systems can also be verified on-site.

R3. All data collected should be thoroughly documented in a data base.
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R4. The data must also be related to a specified plant status in time, so that all plant
modifications can be traced back in time.

R5. Every single data in this data base must be independently verified. A QA procedure must
be put in place to assure an independent verification of the data and to control any
modifications to the data base.

R6. An external audit of the QA procedure and the data base should be carried out.

Measures proposed in the modernization programme

The measure has been proposed in the items 23131 and 26211 to establish a quality
assurance programme for the accident analysis.

Summary of discussions

The IAEA mission was informed that an extensive QA programme related to the accident
analysis already exists in the Energoproekt of Bulgaria, covering plant data preparation, input
data preparation, cross-checking procedures, input deck preparation, calculation with validated
computer codes, analysis of results and all necessary support documents. The QA programme
tells what to do, how to do it and who should check. It is confirmed that the organization doing
the accident analysis, which has not been decided so far, should have a similar QA programme
which is consistent with the international practice.

Conclusions and recommendations

The proposed measures address the safety issue. It is recommended that the six
recommendations (Rl to R6) made by IAEA be included in the QA programme.

2.9.3. Computer codes and plant model validation

Ranking of the issue I

Recommendations of the Issue Book

Rl. All accident analyses should be performed following established procedures for

- code development
- code use
- model construction.

R2. Code developers should provide frozen code versions with adequate code documentation
and user guidelines.

R3. The model construction and the procedure to run the code are the responsibility of the code
user, who must use properly reviewed QA procedures for this work.

R4. Any organization performing accident analyses for WWER plants should present a
document addressing the validation of the codes and plant models used. This document
should address the applicability of the code and plant model for a given type of accident.
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It should also assess the accuracy by comparison with the separate effect test and the
integral test facility, as well as by performing sensitivity studies.

Measures proposed in the modernization programme

The measures proposed include:

a thorough validation and verification of the computer codes used for analyzing accidents
on WWER-1000 units by using real data from startup tests, transients and accident and by
using standard problems. The codes used should be licensed (item 23131); and

additional transient and accident analyses for Kozloduy Units 5 and 6 must be carried out
using validated computer codes similarly, the use of the computer codes should be
approved by the national regulatory body (item 26211).

Summary of discussions

Some of the computer codes (e.g. RELAP5, BIPR7, SATAN, C0BRA4, CONTAIN) have
been validated and approved by the national regulatory body to be used in the accident analysis.
The process of code validation, especially the model validation is still going on.

Conclusions and recommendations

The proposed measures have addressed the safety issues, and meet the intent of the
recommendations.

But one recommendation (R4) in WWER-SC-104 needs to be emphasized, that is "Any
organization performing accident analyses for WWER plants should present a document
addressing the validation of the codes and plant models used. This document should address the
applicability of the code and plant model for a given type of accident. It should also assess the
accuracy by comparison with separate effect test and integral test facility and by performing
sensitivity studies".

2.9.4. Availability of accident analysis results for supporting plant operation

Ranking of the issue I

Recommendations of the Issue Book

Rl. The plant staff should be encouraged to utilize more analyses in supporting their work.

Measures proposed in the modernization programme

No directly corresponding measure is explicitly proposed in the modernization programme.

Summary of discussions

The accident analysis reports available at the WWER-1000 plants present the results of
conservative licensing analyses and do not meet the needs mentioned above.
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The results of accident and transient analyses should be used to support plant operation in
the areas such as setting limiting values for different operational parameters, preparation of
operating instructions and emergency operating procedures (EOP) and operator training. It is
important to train the operators in the realistic and expected characteristics of an accident event
and to provide high quality EOPs to mitigate accidents which may occur.

The mission was informed that best estimate calculations for DBA and BDBA accidents
will be made in the three relevant measures for preparation of symptom-oriented emergency
operating procedures and technical specifications (items 41311, 41111 and 46111).

Conclusions and recommendations

The safety issue is not explicitly addressed by the modernization programme. However,
the performance of best estimate calculations in the DBAs and BDBAs is a basis for the items
41311, 41111 and 46111, and will be explicitly expressed in the relevant measures. It is
recommended that the scope of the accidents analyzed be expanded, the calculation time be
extended, the quality of analysis work be improved, and realistic (best estimate) modelling be
used.

2.9.5. Main steam line break analysis

Ranking of the issue I

Recommendations of the Issue Book

Rl. A deviation from the regulatory requirement is obvious and measures should be taken
depending on the requirements of the regulatory body.

Measures proposed in the modernization programme

The proposed measures related to this safety issue are :

increase of the shutdown margin by replacing the four part-length control rods with full
length control rods (item 10231, now in progress);

consideration of (as part of study to increase control rod service life) modified
replacements to control rods with more reactivity worth by increasing the number or
diameter of control rods, or by changing the absorber material;

provision of emergency electric power to makeup (TK) and reagent tank (TB10) systems
to assure their availability for system boration following a steam line break (item 10312).
This will be done by installing the TK and TB10 systems in the second category of
electrical supply systems if found to be feasible, or (at a later date) providing an additional
diesel generator for the unit's common consumers (item 31321);

the steam line break will be re-analyzed as part of items 26111 (compile complete list of
design and beyond design basis accidents), and item 26121 (bring the Safety Analysis
Report into conformity with international practice; and

study of the shutdown reactivity margin (item 22211) to clarify the available/required
shutdown margin to minimize the possibility of cooldown accidents.
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Summary of discussions

The analysis of the main steam line break made by the general designer Gidropress showed
that a return to power of 43 % could occur for this event. This is a violation of the criteria
established in PBJa-89.

Part-length control rods are now being replaced with full-length control rods on Unit 6
during the present outage. This will increase the shutdown margin available. Replacement of the
part-length control rods on Unit 5 will be done later in 1995.

For the worst case cooldown resulting from the largest steam line break, it is unlikely that
boration from the TK and/or TB10 systems would have a significant effect on the shutdown
margin during the transient time of interest. In any event, their contribution would not be
considered in safety analyses done in accord with OPB-88. (Only safety systems, and not
operational systems, should be credited in safety analyses.)

The IAEA experts commented that core inlet temperature maldistribution (cold water
streaming into the location of highest local reactivity worth) is mitigated, but not eliminated, by
trip of the MCP on the loop with the steam line break. If that MCP is tripped, reverse flow from
that hot leg will stream into the adjacent hot leg, with no significant mixing in the reactor vessel
outlet plenum or other loops. (Hot legs #1 and #4 are adjacent, and #2 and #3 are adjacent). The
location of coldest water entering the core is thus transferred from the faulted loop to the
adjacent loop.

Conclusions and recommendations

The safety issue has been addressed and the intent of the recommendation has been met.

The safety issue was identified as a deviation from the PBJa-89. However, according to
western practice, recriticality itself is allowed if it does not lead to unacceptable damage to fuel
rods.

It must be recognized that an unisolable steam line break outside containment inherently
breaches one barrier (the containment), and stresses another (the steam generator portion of the
reactor coolant system pressure boundary). It is very important, therefore, that a high degree
of assurance exist that the remaining barrier (the fuel rod cladding) not be breached. Typical
criteria require a minimum departure from nucleate boiling (DNB) ratio above a prescribed
limit, with the assumption of a control rod stuck in its fully withdrawn position, plus a single
failure in the safety systems designed to protect against this event

The studies and measures identified in the modernization programme are expected to
improve the situation. Further measures, if any, depend upon the requirements of the national
regulatory body.
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2.9.6. Overcooling transients related to pressurized thermal shock

Ranking of the issue II

Recommendations of the Issue Book

Rl. The plants should have a comprehensive set of overcooling transient analyses. This would
enable a better understanding of those situations, which could lead to a brittle fracture of
the pressure vessel. Examples of initiating events which may lead to an overcooling
transient are :

stuck open pressurizer safety valve which later closes;
small break LOCA;
secondary side leakage; and
primary-to-secondary side leakage.

R2. The plant operators should obtain an accurate summary of the overcooling transient
analyses results, so that this information can be incorporated into the operator training.

R3. Based on the results of the analyses, specific emergency operating procedures should be
prepared for the prevention of such transients and for the mitigation of their consequences.

Measures proposed in the modernization programme

The measures proposed include:

compilation of a complete list of design basis accidents and beyond design basis accidents
to be analyzed (items 26111 and 26251);

revision of the technical specifications (item 41111); and

evaluation of the capabilities of design systems to manage beyond design basis accidents
(item 26431) and development of symptom-oriented procedures (item 41311).

In addition, the item 23251 can be mentioned (see section 2.4.1).

Summary of discussions

The list of overcooling transients will be based on the list of design basis accidents and
beyond design basis accidents. Nevertheless, specific transients directly linked with the
pressurized thermal shock will be introduced in the list to be considered. Among them and as
an example, it has been mentioned during the discussions, is the case of primary break (size to
be precised) occurring when there is no residual power.

The proposed items regarding technical specifications and operational procedures are too
general and do not specify anything about the concerned problem.
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Conclusions and recommendations

The proposed measures address the safety issue. Nevertheless, consideration has to be
given in the establishment of the list of transients for integrating those which could lead to a
brittle fracture of the pressure vessel.

In the revision of the technical specifications and operational procedures, specific attention
has to be given to those preventing a brittle fracture of the pressure vessel. Detailed information
related to this problem must be integrated to define these revisions.

2.9.7. Steam generator collector rupture analysis

Ranking of the issue II

Recommendations of the Issue Book

Rl. The results of existing steam generator collector rupture analyses should be reviewed.

R2. A comprehensive study of the steam generator collector rupture accident should be
performed. This should take into account the possible collapse of the main steam lines and
the justification of the break size. The single failure criterion should be applied to ensure
that the worst case is being considered.

Additional recommendations (section 2.4.2):

R3. A safety analysis of the WWER-1000 SG collector break accident for longer time scenarios
should be made in order to assess the radiological consequence and to develop proper
mitigation measures.

R4. Specific emergency operating procedures and operating staff training should be prepared
to minimize the adverse consequences.

Measures proposed in the modernization programme

It is proposed (item 26281) to carry out the necessary analyses of accidents with relatively
high leakage from the main coolant circuit to the SG circuit. These analyses will include the
steam generator collector rupture.

Summary of discussions

The NPP has presented some of the main assumptions which will be used to perform the
study:

the most severe case seems to be the one with loss of external power. This assumption will
be considered;

the study will be performed considering the single failure criteria; and

the study will be performed until a safe state is achieved.
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Moreover, the Kozloduy NPP mentioned that the steam pipes up to the main isolating
valves are calculated to withstand the load if they are full of water.

Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the recommendations

A study of the steam generator collector rupture is proposed by the Kozloduy NPP. This
study should take into account the possible collapse of the main steam lines and the possible
sticking open of the BRU-A valve, which at the present time is non-isolable and not qualified
to carry water. The calculation time should be long enough to permit that a safe state be
obtained.

2.9.8. Accidents under low power and shutdown (LPS) conditions

Ranking of the issue II

Recommendations of the Issue Book

Rl. An extensive study related to accidents during low power and shutdown (LPS) conditions
should be initiated, and measures should be taken to solve the resulting plant-specific
vulnerabilities.

R2. Technical specifications addressing the administrative and equipment requirements for LPS
conditions should either be revised or developed.

Measures proposed in the modernization programme

Accidents occurring during reactor shutdown conditions to be evaluated in the item 26511
include:

boron dilution;
loss of heat removal functions when the available cooling systems are limited;
loss of primary coolant water;
loss of electricity sources; and
fire and human error.

The study must indicate the measures to be taken.

Concerning the technical specifications for the equipment at the reactor shutdown
conditions, a generic measure related to revised technical specification is proposed (item 41111).

Summary of discussions:

During the discussion, it was noted that the proposed list was a preliminary one, to be
completed and precised in the future.
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Nevertheless, it was emphasized to take into account in this list, the following transients:

Different size of breaks on the ECCS when this system is used to cool down the primary
circuit below 150 °C. It is necessary to check the existing means and automation to avoid
release outside the containment in case of rupture of the ECCS.

The possibility of losing the pumps of the ECCS by suction of air or cavitation when the
level in the primary loops is decreased in order to perform some maintenance operations
(primary pumps, steam generators).

At the present time, the applicable rules to perform these studies are not defined. They will
be defined in accordance with the national safety authorities.

To perform these studies, it is also necessary to take into account the real status of the
plant due to scheduled maintenance.

Concerning the technical specifications, the existing document includes already one part
on the reactor shutdown conditions. The foreseen revision of the technical specifications will also
take into account this part. It has to be noted that the item 41111 is too general and should be
made more precise.

Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the
recommendations.

It is recommended that the list of transients to be analyzed be precisely defined and rules
to be applied be established. These have to be established with the agreement of national safety
authorities.

Specific consideration has to be taken for the breaks on the ECCS which is located outside
of the containment, and for the loss of the ECCS when the primary level is decreased.

Concerning the revision of the technical specification, particular actions and methodology
related to the technical specifications for the cold shutdown conditions have to be proposed. The
methodology has to be precise to make sure that the level of safety is satisfactory taking into
account all the maintenance operations which could increase the risk of common mode failure.

2.9.9. Severe accidents

Ranking of the issue I

Recommendations of the Issue Book

Rl. The work on severe accident analyses should be accelerated. The quality of the analysis
should be ensured to reach an internationally acceptable level.
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Measures proposed in the modernization programme

The measures proposed are:

defining a list of design basis accidents and beyond design basis accidents (item 26111);

analyzing the case of a total loss of electric power supplies (item 26351);

analyzing the total loss of cold heat sink (item 26361);

analyzing the loss of the steam generators feedwater systems (items 26371, 26311, 23411);

studying the possibility of providing filtering ventilation (item 26391); and

studying the possibilities to prevent and to mitigate the hydrogen accumulation (items
13011 and 13012).

Summary of discussions

During the discussion, it was pointed out that the methodology for defining the list of
accidents has to be made more precise. It should be completed by the use of some indicators
coming from probabilistic studies.

At the present time, the rules for performing these studies and for evaluating the need for
additional improvements are not defined. They must be defined in accordance with the national
safety authorities.

Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the recommendation.

It is recommended that a precise list of accidents be prepared, the rules to be applied to
perform the studies be defined and the methodology to identify the need for improving the
existing design be established. This has to be agreed upon by the national safety authorities.

The quality of the analysis should be ensured in order to reach an internationally acceptable
level.

2.9.10. Probabilistic safety assessment (PSA)

Ranking of the issue I

Recommendations of the Issue Book

Rl. A PSA level I should be performed as a minimum for all WWER-1000 units.

R2. An exchange of information on different studies should be arranged between the
organizations conducting these studies. Such an exchange should start before completion
of the PSAs, e.g., for a comparison of the reliability models and equipment failure data
to be used in each study. It would also be worthwhile to invite independent experts who
have experience with similar studies to conduct a peer review of the analysis methods.
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Such a review would be useful for the various steps during the study, as well as after
obtaining the final results.

Measures proposed and summary of discussions

A level 1 PSA, including a seismic event, has already been done for the Kozloduy units
5 and 6. This study does not include the study of the initiating events occurring during cold
shutdown. This level 1 PSA was reviewed by the IPERS (International Peer Review Service) of
the IAEA in November 1994.

The Kozloduy NPP has planned to elaborate a level 2 and level 3 PSA for Kozloduy Units
5 and 6 (items 27211 and 27311).

Conclusions and recommendations

The level 1 PSA already performed addresses the safety issue and meets the intent of the
recommendations.

It is the first PSA available for review for this plant type. The recommendations made by
the IPERS teams showed that the PSA should be improved by including the human reliability
analysis, two missing major events, and others.

2.9.11. Boron Dilution Accidents

Ranking of the issue I

Recommendations of the Issue Book

Rl. Since early studies of boron dilution events indicate the potential consequences could be
severe, operating and emergency procedures should be written to prevent such accidents.

Measures proposed in the modernization programme

The modernization measures proposed to address this issue are:

study of the possible boron dilution accidents to determine consequences and preventive
and mitigative measures for boron dilution associated with ATWS, steam generator tube
rupture, and malfunction of makeup system (TK) (item 26331); and

study of the consequences of leaks in the TQ 10(20,30)WO 1 heat exchanger, and
identification of the steps to increase reliability of leak tightness (item 26321).

Summary of discussions

The purpose of the IAEA recommendation is to identify the causes of rapid, non-uniform
boron dilution that could cause a damaging core power excursion, and ensure that operating,
emergency, and maintenance procedures are prepared and followed in a way that prevents these
events from occurring. Mitigation is not considered possible for these events, nor can analysis
be expected to show that they would always have acceptable results.
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A large number of potential rapid boron dilution events are addressed in NSAC-183,
"Reactivity Risks During Shutdown Operations" (available from EPRI), and its references. In
that reference, the "Swedish Scenario" (starting an MCP with clean water upstream during
shutdown operation) was judged to be potentially unacceptable. In addition to scenarios identified
in NSAC-183, the "Finnish Scenario" is explicitly described in the IAEA issue, and should be
addressed. (In the Finnish Scenario, clean water formed in the steam generator outlet as a result
of condensation in the steam generator tubes is transported to the reactor core with imperfect
mixing. Prevention should be addressed in emergency procedures for recovery from accidents
involving possible steam generator condensation.)

Conclusions and recommendations

If the proposed studies are completed and their results implemented in accord with the
above discussion, the safety issue will be adequately addressed, and the intent of the
recommendations will be met.

2.9.12. Spent Fuel Cask Drop Accidents

Ranking of the issue I

Recommendations of the Issue Book

Rl. The spent fuel cask accident should be analyzed, including the radiological consequences
of the release of fission products from irradiated fuel.

Measures proposed in the modernization programme

The modernization programme identifies a measure to design and procure facilities for
spent nuclear fuel transfer to a spent fuel repository (item 47151), but does not address drop of
a spent fuel cask.

Summary of discussions

Presently, Kozloduy operations do not involve spent fuel casks, and will not until such time
in the future when spent fuel is taken out of the containment, for instance, for transfer to a spent
fuel repository. All spent fuel from prior discharges is in the spent fuel storage pool inside
containment.

Conclusions and recommendations

The safety issue is not explicitly addressed by the modernization programme. However,
the list of design basis accidents (item 26251) could include the dropping of a spent fuel cask,
and the programme for spent fuel transfer could include assessment of that accident if it has not
been completed earlier.
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2.9.13. Anticipated Accidents without Scram (ATWS)

Ranking of the issue II

Recommendations of the Issue Book

Rl. An extensive study of ATWS should start as soon as possible.

R2. Based on the results of the study, preventative and mitigative measures should be prepared
and implemented.

Measures proposed in the modernization programme

The measure proposed is:

ATWS analyses to address the range of anticipated transients such as the loss of main
feedwater, turbine trip and MSIV closure, and the loss of off-site electric power (item
26381). Analyses will be on a realistic basis (e.g, realistic initial conditions and
assumptions, credit for non-safety systems, and without additional failures).

Summary of discussions

Core neutronics data (reactivity and power distribution for highly abnormal system
conditions) is very important to ATWS analysis, and is different from core neutronics data
required for design basis events (with scram). Core neutronic data will be generated as needed
by the Kozloduy NPP staff using core design physics codes. (This type of data generation can
be appropriate for this application).

The existence of backup trips should be checked.

Like the design basis analyses to be done for the upgraded Safety Analysis Report (item
26121), one should expect that the results may lead to decisions to modify design features.
Therefore, the study should be initiated as early as possible. (The intent is to complete it within
three years of authorization.)

On Temelin, a significant ATWS benefit was found to result from the decision to trip only
2 MCPs on low water level in all steam generators. (That decision had not been made for
ATWS considerations.) The resulting transient for ATWS loss of feedwater, generally
considered the most severe ATWS transient, was relatively benign. That observation could be
considered for Kozloduy also.

Conclusions and recommendations

The intended ATWS analysis effort addresses the safety issue and meets the intent of the
IAEA recommendations.
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2.9.14. Total loss of electrical power

Ranking of the issue II

Recommendations of the Issue Book

Rl. Due to the delay necessary to perform the probabilistic study of a total station blackout,
the compensatory measures should be defined as soon as the weak points have been
identified.

The following points should be investigated :

means to maintain primary circuit integrity;
means to inject borated water;
means to continue decay heat removal by the secondary side; and
means to recover electrical power for needed equipment.

Measures proposed in the modernization programme

The measure proposed is to perform an accident analysis of the case of a total loss of
electrical power supplies (item 26351).

Summary of discussions

The item 26351 is included in the list of the severe accidents to be considered.
Consequently, the remarks already done for this item (subsection 2.9.9) have to be recalled.
Mainly, it must be necessary as soon as possible to define in detail the rules to be applied to
perform the study, and to define the methodology used to identify the need for improving the
existing design.

For the short-term, no compensatory measure is defined.

Taking a minimal delay of some hours to recover an electrical power source, additional
means seem to be needed to maintain primary circuit integrity and to maintain decay heat
removal. Basically, it is possible to create in this case a small primary break along the shaft of
the primary pumps. Moreover, after 2 hours, the batteries will be empty and all the indications
will be lost.

Only one measure to recover electrical power seems to be available and tested. It concerns
the possibility to connect one diesel generator of the not affected neighbouring unit. The NPP
Kozloduy considers that this operation can be realized in two hours.

Indications were given to the NPP about the measures taken to solve this problem in
western plants and about the significant value of core melt probability in the case of total loss
of electrical powers without compensatory measures.

Conclusions and recommendations

The proposed measure addresses the safety issue and meets the intent of the
recommendation.
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Concerning the total loss of electrical powers, on the basis of the potential consequences
of the transient, consideration should be taken to define measures as soon as possible.

For the interim term, it is recommended to define in detail the rules to be applied to
perform the study and to define the methodology used to identify the need for improving the
existing design.

2.9.15. Total loss of heat sink

Ranking of the issue II

Recommendations of the Issue Book

Rl. An analysis should be made in order to have a clear understanding of the consequences of
the loss of the service water system and to develop compensatory measures for coping with
this beyond design basis accident.

Measures proposed in the modernization programme

The modernization programme includes a measure for performing an accident analysis of
the case of a total loss of electrical power supplies (item 26361). It was mentioned that this item
concerns all the service water systems (VF,VC,VB).

Summary of discussions

The Kozloduy NPP proposes to define a study. The corresponding item (item 26361) is
included in the list of the severe accidents to be considered. Consequently, the remarks already
done for this item (subsection 2.9.9) have to be recalled. Mainly, it must be necessary as soon
as possible to define in detail the rules to be applied for performing the study and for defining
the methodology used to identify the need for improving the existing design.

Some potential consequences can be easily identified at the present time and are very
similar to those of a total station blackout. So the same considerations have to be applied to these
two cases.

Conclusions and recommendations

The proposed measure addresses the safety issue and meets the intent of the
recommendation.

Concerning the total loss of heat sink, on the basis of the potential consequences of the
transient, consideration should be made to define measures as soon as possible.

For the interim term, it is recommended to define in detail the rules to be applied for
performing the study and for defining the methodology used to identify the need for improving
the existing design.
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2.9.16. Justification of the Impossibility of Forming a Critical Mass for any Accident

Recommendations of the Issue Book

This measure is not included in the Issue Book.

Measures proposed in the modernization programme

The design documentation fails to show compliance with the BNSA Order No. 3 in the
design project (i.e., to show that no situation will create the possibility of formation of a critical
mass in the reactor).

Summary of discussions

During discussion, it was explained that BNSA had recently explained that this requirement
applied only to design basis accidents, in which case it would be met if the criterion "core
remains in place and intact" is met.

Conclusions and recommendations

Since this requirement has no parallel in IAEA requirements or western regulatory practice
for PWRs, the Bulgarian regulatory authority needs to establish the acceptance criteria.

2.10. OPERATIONAL SAFETY

2.10.1. Procedures for normal operation

Recommendations of the Issue Book

Rl. Guidelines should be developed for writing procedures. The operating procedures should
be revised to comply with these guidelines. Simple improvements, such as the use of
checklists for initial valve lineups and place keeping aids for long procedures, will help in
ensuring a more consistent and safe operation of the plant.

Measures proposed in the modernization programme

The modernization programme includes development of post-maintenance test and
acceptance criteria incorporated into surveillance test procedures that will be used to verify
proper system or component operability to technical specification requirements following
maintenance (item 43511).

Summary of discussions

The station has formed a procedures development group of about 15 persons. This group
is preparing revised surveillance test procedures for systems and equipment related to nuclear
safety using writing guidelines that are consistent with currently-accepted international practices.
Approximately half of these procedures are in the validation process at the present time. Though
the project is currently behind schedule, additional priority is being given to the project to
complete it before the restart of Unit 6 in mid-August 1995.
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Following completion of the surveillance test procedures, the station will begin
development of improved normal operation procedures. There is no established schedule for this
effort, but management estimates the effort to uire two years or more. Procedure writing
guidance from EdF will be used as the basis fc iis effort.

Conclusions and recommendations

This measure addresses the safety issue and meets the intent of the IAEA recommendation,
and is consistent with accepted international practices.

2.10.2. Emergency operating procedures

Recommendations of the Issue Book

Rl. The development, validation and implementation of symptom-based EOPs should be
supported. It is very important to establish the schedule and to select the approach used for
this work. Supporting calculations are necessary which can be based on the best estimate
approach.

R2. The development of separate alarm response procedures should also be considered to
provide information such as: cause of alarm, alarm setpoints and corrective actions
required.

R3. The development of symptom-oriented EOPs for the reference plants Balakovo and
Zaporozhe in the framework of the US assistance (Lisbon initiative) should be utilized.

R4. The IAEA TECDOC 341 "Development in the preparation of operating procedures for
emergency conditions of NPP" is considered as a basis for further improvement and
development of existing EOPs.

Measures proposed in the modernization programme

The measures proposed include:

developing symptom-based emergency operating procedures (item 41311); and
studying the use of plant systems for the control of non-design-base accidents (item 26431).

Summary of discussions

The station is a full-scale member of the Lisbon initiative for development of symptom-
based emergency operating procedures on WWER-1000 Units. It has drafted a programme for
development of these procedures that is expected to be approved by about the end of July 1995.
However, no actual development of these procedures has begun, pending completion of
calculations needed to support development of procedure strategy.

The station expressed a desire to have these procedures in use by the end of 1996, but
considers the middle of 1998 a more realistic date. The full-scale control room simulator is
expected to be available in 1997 for engineering validation of the procedures. However, it is not
expected to be available for operator training and confirming usability of the procedures until
early in 1998. Pending completion of the symptom-based emergency operating procedures, the
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event-based emergency operating instructions will be maintained in their current form and
operators will continue to use them in the traditional manner.

Development of alarm response procedures (recommendation 2) is not addressed in the
modernization programme. The station stated its intent to develop such procedures, with
assistance from EdF. It is currently developing a list of alarms for which procedures will be
developed. Though the general approach to development of these procedures has been discussed
with EdF, no schedule or writing guidelines have yet been developed for this effort.

Conclusions and recommendations

The proposed and planned measures address the safety issue and meet the intent of the
IAEA recommendations, and are consistent with international standards, but the station should
establish more firm plans and schedules for implementation of both the symptom-based
emergency operating procedures and alarm response procedures as soon as the availability of
funding and personnel permits.

2.10.3. Limits and conditions

Recommendations of the Issue Book

Rl. The justification of safety limits and limiting conditions of operation should be developed
and included in the Technical Specifications on the basis of analyses of accidents and
transients, reliability analyses and operating experience.

Measures proposed in the modernization programme

Station technical specifications will be upgraded to include limiting conditions for
operations. When symptom-based emergency operating procedures are implemented, the
technical specifications will be further modified as necessary to support their use (item 41111).

Summary of discussions

Revision of the technical specifications is currently in progress to include limiting
conditions for operation. The work was started at the end of 1994, and is planned for completion
by the end of the current Unit 6 outage in 1995. When symptom-based emergency operating
procedures are implemented, further revision of the technical specifications will be required.

Conclusions and recommendations

The proposed measures address the safety issue, meet the intent of the IAEA
recommendation, and are consistent with accepted international practices.

2.10.4. Safety culture

Recommendations of the Issue Book

Rl. Incorporate safety culture in training and qualification programmes for the prevention of
incidents. This should include acquaintance with rules and regulations, vigilance in
performance of duties and active feedback from plant operational events.
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R2. Develop an effective programme to detect weaknesses of the proficiency of personnel and
to encourage promoting safety culture, including management vigilance in monitoring and
analyzing personal errors without using punishments.

R3. Plants are encouraged to invite ASCOT seminars and ASCOT missions.

R4. It is recognized that safety culture is not an issue unique to WWER NPPs.

Measures proposed in the modernization programme

This area is not included in the modernization programme.

Summary of discussions

The station has taken some significant steps to clarify management expectations for safety
and safety culture, but recognizes this as an area requiring long-term effort. A policy has been
implemented that precludes any punishment of personnel for errors or omissions on the first
occasion, reserving such actions for repeated occurrences reflecting a lack of effort on the part
of the person making the errors. In such cases, penalties, including substantial financial
penalties, are clearly established in advance so that station personnel understand the
consequences of their own actions or inaction. Station management stated that the
implementation of this policy has clarified management expectations and reduced the frequency
of human errors.

Apart from the above, a structured programme is in place to identify the causes of human
errors or safety performance problems and to share the information widely within the plant, with
the intent of preventing similar occurrences. Persons who make errors are counseled on proper
performance and on the consequences of their actions to the plant.

Additional effort is also being placed on briefing involved personnel before the start of
testing and repair activities to ensure good understanding of the work to be performed and the
safety aspects of it. Since the beginning of 1992, the station has established a policy of allowing
only one test or significant repair to be in progress at any time during plant operation. The result
of this policy has been a significant reduction in personnel errors. It has now been over one year
since the last reactor scram on Unit 5.

The station has not requested an IAEA Assessment of Safety Culture in Organizations
Team (ASCOT) seminar.

Conclusions and recommendations

The actions taken by the station to enhance safety culture for the most part, meet the intent
of the IAEA recommendations and are consistent with international practices. However, this is
recognized as an area where work has only recently begun, and much remains to be done. The
station should monitor the effect of the penalties policy closely to ensure it does not have the
effect of inhibiting reporting of human errors and their results. In addition, the station should
consider inviting an ASCOT seminar to assist it in formulating further improvements in this
area.
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2.10.5. Experience feedback

Recommendations of the Issue Book

Rl. A plant feedback programme should be established or an existing programme extended to
ensure that all the plant departments benefit from all the lessons learned from any
performance direction.

R2. Improve the feedback from operational experience with respect to documentation by
elaborating and implementing a programme for the systematical review and updating of
documentation.

R3. The procedure and the specification criteria for event reporting should include the limits
and conditions in accordance with the IAEA NUSS standards.

Measures proposed in the modernization programme

This area is not included in the modernization programme.

Summary of discussions

Six engineers who are trained in event analysis are assigned to a section that is responsible
for event analysis. They are assisted by others during investigation and analysis of specific
events. In-depth event analyses are performed on all events with safety significance and those
that indicate the possibility of recurring root causes. Less intensive analyses are performed on
a wide variety of other events and the results are entered in a data base for trending and
analysis.

Experience feedback sheets are prepared from event analyses and are provided to the
affected technical sections for possible corrective action. These sheets are annotated to indicate
action taken and are returned to the event analysis group for information and tracking.

A detailed review of the station's event analysis was performed during an IAEA
Assessment of Safety Significant Events Team (ASSET) mission in 1994. The draft results were
provided to the station and are now being used to help strengthen experience feedback.

Conclusions and recommendations

The experience feedback programme meets the intent of the IAEA recommendations. Also,
the station's event analysis system appears, for the time being, to be sufficiently sensitive to
reporting and analyzing low level operating events. As the programme demonstrates success at
reducing the incidence or significance of abnormal events, the station is encouraged to lower the
reporting and analysis threshold to help further strengthen defence in depth against unexpected
events.

2.10.6. Quality assurance programme

Recommendations of the Issue Book

Rl. A quality assurance programme should be implemented to minimize failures. To this end,
adequate quality standards should be established and then imposed.



R2. Acceptance criteria should be established, both with respect to the vendors as well as to
the quality of equipment.

R3. For the improvement of QA programmes, quality improvement projects should be initiated
at the plants to implement a performance based quality assurance approach. As the starting
point for these projects, the revised IAEA Safety Code and Guides on quality assurance
and the Manuals (e.g. auditing, training, software, grading, quality indicators etc.) can be
used.

R4. It is recognized that improvements of the quality assurance programme is not an issue
unique to WWER NPPs.

Measures proposed in the modernization programme

This area is not included in the modernization programme.

Summary of discussions

The station has a quality assurance staff of two persons. The duties of this staff include
assisting in the development of quality assurance programme plans and instructions, supporting
the technical departments in preparation of instructions for work, reviewing contractor
qualifications, and conducting audits to assess effectiveness of quality assurance efforts. The
quality assurance staff is assisted by personnel from the technical departments who are trained
in quality assurance requirements, in conducting audits and in establishing appropriate quality
requirements for station activities.

At the current time, ensuring appropriate quality in purchased goods and services is a
particular challenge. The station must rely on many suppliers whose products and services often
do not meet nuclear requirements.

Conclusions and recommendations

The station's efforts in this area meet the intent of the IAEA recommendations. There is
an effort to build ownership among line managers and their personnel for the quality of work,
equipment and services procured to support their activities. However, much remains to be done,
not only in the station staff itself, but in assuring adequate quality in purchased goods and
services. The need for a continuing effort in this area seems to have been recognized. The
station is encouraged to continue its efforts to establish and implement appropriate quality
standards, to strengthen line and individual responsibility and ownership for quality performance
and to enhance the feedback to line management on the quality of station activities.

2.10.7. Data and document management

Recommendations of the Issue Book

Rl. The plants should establish a programme for improving the configuration management to
ensure that the records and data are easily accessible and retrievable, preferably with the
use of electronic data processing.

R2. A central system should be established for all training records to ensure that all staff have
received appropriate training. This should include a file for each employee for essential
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paper records and a computer system to record all the training activities for each
employee. On the basis of these, it could be determined whether an individual has received
a specific training, and refresher training could be planned as appropriate.

Measures proposed in the modernization programme

The measure proposed is to develop an database management system covering a wide
variety of functions including design, engineering analysis, procurement, financial, maintenance,
medical, radiation, document control, and scheduling (item 40211). The system would provide
for widespread availability of information and analysis capability in the various station groups.
It is to be a commercially available product that has been established for a significant time and
is free of the typical development bugs.

Summary of discussions

The scope of the proposed system is very large, possibly exceeding that of similar systems
that have been successfully completed.

Training and qualification records are maintained by the personnel department. These
records are kept in hard copy and computer files, and reflect a wide range of qualifications,
including national qualifications and certifications, completion of entry training for station
personnel, and qualification for specific station positions. Station personnel stated that the system
has been significantly improved over the past two years in response to the OSART
recommendations.

Conclusions and recommendations

The proposed measure addresses the safety issue and meets the intent of the IAEA
recommendations for management of configuration management records. However, the
importance of using proven, commercially-available software and power plant applications must
be emphasized. Industry experience has shown that developing new database applications of such
broad scope is extremely difficult and often unsuccessful.

Maintenance of training and qualification records appears to be consistent with the IAEA
recommendations.

2.10.8. Philosophy on use of procedures

Recommendations of the Issue Book

Rl. Senior plant management should evaluate the plant philosophy on the use of procedures
against world practices (using WANO, INPO, etc.). The philosophy of the plant should
be modified to be consistent with these practices and the new philosophy clearly established
in plant requirements. These requirements and their importance should then be conveyed
to all levels of management and the work force.

R2. Each department should evaluate their existing procedures against the new requirements
for the use of procedures and identify and precise deficiencies that prevent the use of
procedures in accordance with the requirements. Ownership of procedures should be
clearly established with the work force. A feedback process should be set up with the
involvement of the 'owners' to improve procedures.
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Measures proposed in the modernization programme

The measures proposed include:

developing and implementing symptom-based emergency operation procedures (item
41311);

developing and implementing a maintenance programme based on equipment reliability
analyses - similar to reliability-centered maintenance programmes attempted in other
locations (item 43111);

developing more detailed maintenance procedures and instructions, consistent with the
IAEA recommendations and tied to the large information and analysis database described
in item 40211 (item 43411); and

developing a system for daily evaluation of operating hazards (item 27121).

Summary of discussions

The station does not have the technical information on equipment that is needed to prepare
maintenance instructions of the type described above. Such information must be obtained from
the equipment manufacturers or designers.

The proposal to implement a reliability-centered maintenance programme goes well beyond
the IAEA recommendations. Industry experience has shown that such programmes, though
attractive in principle, can easily consume development resources well beyond their value,
especially when probabilistic safety study results are not yet available. Use of available nuclear
plant operating and maintenance experience on plant equipment, along with a basic knowledge
of the effect of various plant equipment on safety performance, has been shown to provide a
sound basis for preventive and predictive maintenance programmes and to be more cost-
effective. Selected use of reliability analyses and other sophisticated analysis techniques might
be beneficial for adjusting the maintenance programme after experience has been gained with
a basic, sound program.

Though some station managers have had extensive discussions with personnel under their
supervision on expectations for use of procedures, the station has not established any formal or
written policy on management's expectations for the use of procedures in all areas of plant
activities.

Conclusions and recommendations

The station should carefully consider industry experience in selecting the method used to
develop the maintenance programme. It is understood that the station intends to pilot
development of the programme on one or two systems using both the analytical (PSA)
methodology and the operating experience methodology to determine which produces the most
effective results.

The station's current actions to develop a philosophy or policy on use of procedures in all
areas of plant activity, and to ensure procedures are structured in a manner consistent with this
philosophy, do not meet the intent of the IAEA recommendations. The station should review the
IAEA recommendations in this area and take stronger actions to implement them. It is
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recognized that some current procedure development efforts, such as the one for surveillance test
procedures, reflect management's desire to strengthen use of procedures and help form a basis
for doing so.

2.10.9. Surveillance programme

Recommendations of the Issue Book

Rl. Review the plant surveillance programme to detect degradation or hidden failures, taking
into account both equipment history and operating experience feedback.

R2. Test intervals should be considered carefully in order to ensure the functional capability
of equipment and to avoid unnecessary tests which could result in the reduction of
equipment availability.

R3. Consideration should be given to assigning a group or an individual to have a complete
overview so that all the surveillance tests can be coordinated and controlled. This group
or individual should also review the documentation to ensure that every surveillance test
is carried out on time and that the results are properly documented. This will contribute
to ensuring that the requirements of the surveillance programme are met.

R4. The organization of the complete surveillance test programme should be unified so that all
surveillance tests results are recorded, verified and analyzed. A complete surveillance
programme will help management to maintain the required level of nuclear safety.

R5. Consideration should be given to the use of a modern format of step-by-step procedures
with places to initial, sign or checkmark each step as it is completed. Prepared forms for
recording the results of surveillance tests should include the limiting values of each
parameter. These should be available for use at all places where tests are carried out or
results recorded. This would assist in ensuring that the correct sequence of activities are
followed as well as in reducing the probability of human errors.

Measures proposed in the modernization programme

The modernization programme provides for the following measures:

developing a regular equipment testing (surveillance) programme consistent with the
requirements of the technical specifications (item 42211);

operating history and experience feedback will be taken into account along with
development of the plant information data base (item 40211); and

a study will be conducted to determine the appropriate test frequency for safety systems
(item 27111).

Summary of discussions

Work is in progress to develop improved surveillance test procedures as part of the
operations procedures upgrading effort. The station has committed to completing this effort
before the restart of Unit 6 from the 1995 refuelling outage. The procedure writing guideline
for this effort is consistent with good industry practices. Completed test procedure, an example,
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contained all the elements addressed in IAEA recommendation R5 concerning procedure format
and was consistent in format and content with good industry surveillance test procedures. In
addition, it reflected application of good human factors principles.

A group in technical support has assumed central responsibility for coordination and
oversight of the surveillance testing programme and analysis of test results.

Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the IAEA
recommendations, and are consistent with accepted industry practices.

2.10.10. Communication system

Recommendations of the Issue Book

Rl. Upgraded communication systems should be installed at all plants.

R2. Procedures should be established or existing procedures reviewed to improve the
communication between plant activities and the control room to ensure that the operator
is aware of the status of the plant.

Measures proposed in the modernization programme

The modernization plan refers to the plant database system as is addressed in this area.
This system includes electronic mail among its other capabilities (item 40211).

Summary of discussions

An automatic dial telephone system and other modern communication systems are currently
in use at Kozloduy NPP. The station is currently considering selection of a two-way radio
system for communications within the station and in support of the emergency plan.

Conclusions and recommendations

The station's actions address the safety issue and meet the intent of the IAEA
recommendations for communication system.

2.10.11. Radiation protection and monitoring

Recommendations of the Issue Book

Rl. Review the radiation protection including regulations and dose limits, implementation of
basic principles, personal dosimetry, instrumentation for radiation monitoring,
environmental monitoring and radiation monitoring and protection during emergencies.
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Measures proposed in the modernization programme

The measures proposed include:

installation of equipment for measuring the activity of noble gas as well as aerosol activity
in ventilation duct releases and assessment of the relevance of selected specific nuclide
measurements in ventilation duct releases (items 13041 and 45111);

study of radiation monitoring facilities with a view to determining appropriate
modernization (item 29111);

installation of an automated, independent radiation monitoring system for each safety
system train (item 45121);

installation and operation of a meteorological station (item 45131);

development and installation of a centralized radiation monitoring computer system (item
45231);

provision of a metrology laboratory with the capability of servicing ionizing radiation
measuring equipment (item 45421);

development of a radiation monitoring system for severe accidents (item 45431);

replacement of installed radiation monitoring system detectors which have proven
unreliable (item 45441);

modification of maintenance schedules and procedures to reduce and minimize radiation
doses (item 45312);

provision of additional portable radiation monitoring meters and whole body radiation
counting equipment (item 45411); and

study of radiation monitoring facilities to determine how to optimize them (item 29111).

Summary of discussions

The above corrective actions address numerous identified weaknesses in station radiation
monitoring capabilities.

Conclusions and recommendations

The proposed measures address the safety issue and meet the intent of the IAEA
recommendation, and are consistent with international industry practices.

2.10.12. Training programmes

Recommendations of the Issue Book

Rl. Experienced staff should be identified and trained as instructors as soon as possible so that
the training department can provide the right level of professional support to line managers
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and ensure that there are an adequate number of suitably qualified and experienced
personnel.

R2. Enhance personnel consciousness to perform all tasks in adherence to written procedures
or instructions, including provisional instructions, and make plant personnel aware of the
consequences of violating procedures.

R3. Train operating personnel, particularly shift supervisors, to handle stress during rare or
critical situations, e.g. rapid plant transient, or to take corrective actions following an
error.

R4. Event sequences dominating the risk and their prevention should be included into the
training programme of operating personnel.

R5. The training within maintenance departments should be improved as a priority and as an
investment for safety.

R6. The scope of the maintenance and contractor training programmes should be periodically
reviewed.

R7. Provide more comprehensive training and qualification programmes to ensure the
proficiency of plant management and shift supervisors in monitoring personnel proficiency
and in assessing weaknesses.

R8. Continue monitoring of the proficiency of personnel and modify the training programmes
periodically from the feedback of monitored training results.

R9. It is recognized that improvements in the training programme are not an issue unique to
WWER NPPs.

Measures proposed in the modernization programme

The measures proposed are:

installation of an adequate full-scale, site-specific, control room simulator (item 44111);
and

provision of mock-up training facilities for significant, high-dose maintenance and
modification work (item 45311).

Summary of discussions

Procurement of a plant-specific simulator is in progress. The station plans for it to be
available for training and validating emergency operating procedures by mid-1998.

Though training is nearly all accomplished within the various technical sections and relies
heavily on on-the-job training and coaching, the station reported implementing several measures
that appear to be consistent with strengthened training effectiveness. These include the use of
training center facilities to assist technical groups in preparing training, the early selection and
training of simulator instructors, visits to other countries to observe their training methods, and
the use of structured training plans within the technical sections.
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The station also reported a structured set of qualification requirements and examinations,
and the use of qualification committees, to help ensure that personnel are qualified for the tasks
they are authorized to perform independently. Periodic requalification examinations are also
given, and their timely use is closely enforced.

The station is making arrangement for a contractor to assist with development of more
comprehensive training programmes for operators and maintenance personnel.

Conclusions and recommendations

The actions reported by the station address the safety issue and meet the intent of the IAEA
recommendations. However, considerable additional effort will be required to establish training
programmes that are equivalent to those commonly employed at nuclear stations in other
countries.

2.10.13 Emergency center

Recommendations of the Issue Book

Rl. Construct and equip the emergency center, including procedures and documentation, and
carry out the necessary drills and exercises.

Measures proposed in the modernization programme

The measures proposed are:

upgrading of the emergency plan to take beyond-design-base accidents into account (item
46111); and

provision of appropriate hardware and software in the on-site accident management center
(item 46211).

Summary of discussions

The station has an on-site emergency response center that serves all six units. It is equipped
with communications and data facilities for support and coordination of on-site response
activities and for support of emergency response team members during releases of radioactive
materials into the atmosphere and loss of external power supplies. Additional data facilities are
planned to strengthen post-accident technical support. However, there is no off-site emergency
response center. Station managers stated their intent to build and equip such a center about 30
km West of the site.

The emergency response team performs a full-scale emergency exercise, on average, once
each year. Additional training drills are conducted more frequently for parts of the emergency
response team. Drill and training methods appear to be quite consistent with good international
practices.

Conclusions and recommendations

The actions proposed by the station address the safety issue and meet the intent of the
IAEA recommendation. However, the addition of an off-site emergency response center is not
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addressed in the modernization plan. This item should be included in the plan so that suitable
off-site emergency facilities can be made available.

2.10.14. Others

The following additional operational safety items are included in the modernization
programme. Though not directly related to the IAEA recommendations, they do not conflict with
those recommendations. Their implementation would be consistent with accepted international
industry practices.

designing special tools for sealing reactor vessel head channels for temperature control
sensors (item 4331);

providing improved equipment for tightening MCP studs (item 43314);

studying the possibility of providing piping dams to allow refuelling operations to proceed
during steam generator primary side maintenance (item 43315);

designing and developing an improved system to ensure satisfactory, leak-tight assembly
of the reactor vessel head seal (item 43321);

developing methodology and techniques for replacing small diameter piping sections
provided with protection sleeves (item 43412);

developing a method for repair of steam generator collector cover flange sealing surfaces
(item 43414);

upgrading lighting of industrial areas (item 45511);

providing modern fuel sipping equipment to monitor fuel rod tightness (item 47121);

designing and procuring equipment to transfer spent fuel to the spent fuel repository (item
47151);

developing a suitable long-term spent fuel storage method (item 47211);

installing improved radioactive waste treatment and storage facilities (item 48112);

installing systems and facilities for primary circuit sampling under accident conditions
(item 49121);

drafting a decommissioning programme (item 50111); and

designing and procuring equipment for internal inspection of reactor vessel integrity (item
43213).
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3. GENERAL CONCLUSIONS AND RECOMMENDATIONS

The modernization programme of the Kozloduy NPP Units 5/6 was developed based on
the operating experience of WWER-1000 reactors and the results of domestic studies, the IAEA
Extrabudgetary Programme on WWER-1000 reactors, and other international programmes
(Riskaudit safety assessment of the Rovno NPP, MOHT-EdF Generic Reference Modernization
Programme, etc.). It was elaborated in accordance with current international practices. Its
implementation will make a major contribution to the plant safety. Comments for its
improvement follow below.

3.1. The IAEA expert mission focused on the review of the modernization programme with
respect to the list of safety issues identified by the IAEA for this type of reactor. Out of
the 73 safety issues in the design area applicable to WWER-1000/320 reactors (WWER-
SC-104, 1995-05-29), 65 issues have been addressed by the proposed measures in the
modernization programme of the Kozloduy 5/6. The degree of details of the objective,
contents, tasks and outcomes of the individual measures addressed in the modernization
programme vary and some descriptions are relatively short. As a result, it was not
possible to judge the sufficiency of some proposals.

Out of the 8 unaddressed design safety issues, two are related to external events (plant-
specific natural events and man-induced external events for which site assessments have
been made in the past), two to I&C, one to polar crane interlocking, one to power-
operated valves on the ECCS lines, one to reliability analysis of safety class 1 and 2
systems, and one to control rod insertion reliability.

A certain number of measures need to be improved, and some new measures need to be
added to meet the intent of the recommendations of the IAEA. It is also recommended that
the proposed improvements in the modernization programme be examined to ensure that
they do not cause adverse effects.

3.2. The outstanding safety issue "Control rod insertion reliability/Fuel assembly deformation"
is not explicitly addressed in the current modernization programme of Kozloduy 5/6. The
increase of control rod drop time exceeding design limits of 4 seconds was revealed in
Kozloduy NPP Unit 6 in November 1994. In spite of the compensatory measures already
taken by the Kozloduy NPP, the root cause has not been fully established. In view of the
high safety significance of this issue, it is recommended that measures for this safety issue
be included in the modernization programme, given a high priority for implementation.

3.3. Another outstanding safety issue "Steam generator collector integrity" is addressed in the
modernization programme and the recommendations of the IAEA are taken into account.
An extensive modernization programme is proposed. Due to the high importance of the
issue it is recommended that this be implemented with high priority. However, the root
cause is not yet fully established and further actions are still required.

3.4. The safety issue "RPV embrittlement and its monitoring" is addressed in the
modernization programme. However, it focuses only on the material behaviour and
involves a rather extensive development of experimental facilities. The irradiation
embrittlement of the RPVs is not a serious concern at present, but could become a
limiting factor after several years of operation due to the uncertainties involved. It is
recommended to follow the conclusions in the Report of the experts' mission to review
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the RPV irradiation embrittlement surveillance programme for Kozloduy NPP Units 5 and
6 (14 to 19 July 1995). Other aspects of the integrity assessment such as thermal
hydraulics, pressurized thermal shock (PTS) analysis, stress and fracture mechanics
analyses have to be improved to provide information on pressure and temperature limits,
primary pressure protection and related emergency operating procedures (EOPs).

3.5. Studies should be made of all the possibilities to create bypassing of the containment and
of the environmental conditions of the compartments containing safety equipment in order
to define improvements which must be added to the programme and must be evaluated.

3.6. The intended programmes in the area of I&C, together with other upgrades either
completed or already in progress, address all the IAEA I&C issues of higher safety
significance. Two of the IAEA I&C issues of low safety significance are not addressed:
potential for spurious actuation due to a single failure and core axial power protection
against DNB during base load operation. Kozloduy should monitor progress on these
issues in other WWER-1000/320 NPPs and consider their applicability to Kozloduy NPP.
These issues should also be addressed in the safety analyses.

3.7. In the area of electrical power it is recommended that plant-specific load-balance
calculations be performed for all units. In addition, it is urged that the grid stability and
the reliability of the plant-grid-connection be analyzed. Alternative sources of electrical
power supply should also be analyzed.

The modernization of the emergency power equipment has been addressed in the
programme. As part of that modernization programme, the original design calculations
for the emergency power system, e.g. over-current, short-circuit current, voltage drop,
selectivity, load-balance should be reevaluated considering all changes in the system.

3.8. The fire hazards analysis in the modernization programme should be given high priority.
In the interim period, it is recommended that a plant walkdown and expert judgement be
used to identify all areas of the nuclear power plant which contain combustible materials
(fire loads) and ignition sources, especially those areas of the plant with safety related
equipment. Where possible, immediate corrective actions should be taken to remove the
hazard. Alternatively, temporary fire protection measures should be considered.

3.9. For beyond design basis accidents, severe accidents and accidents occurring during cold
shutdown, it is necessary, as soon as possible, to establish the list of accidents, to define
the rules to be applied in performing the studies and to define the methodology for
identifying the needed improvements to the existing design.

3.10. In the operational safety area, five of the thirteen operational safety issues identified by
the IAEA are not addressed by the modernization programme. They are procedures for
normal operation, safety culture, experience feedback, quality assurance, and philosophy
on use of procedures. In addition, several of the recommendations associated with the
remaining issues are not addressed by the modernization programme. It is evident that
considerable operational safety improvements have been achieved or are in progress as a
result of the station's efforts to correct weaknesses identified during earlier reviews.
However, substantial additional effort is needed to achieve performance consistent with
internationally accepted practices of operational safety.
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It is recognized that the Kozloduy modernization plan was developed to address those
items requiring the procurement of goods or services. However, nuclear safety
performance is highly dependent on operational management and the conduct of day-to-
day activities. Though numerous operational safety improvements are being pursued, there
is no coordinated plan or schedule for achieving needed improvements. The station is
encouraged to consider development of a such a plan to be implemented in parallel with
the modernization plan.

Conclusions and recommendations from the IAEA mission are based on the combined
expertise of the international group of experts who compose the mission. They are intended to
assist national authorities and plant operators who have the sole responsibility for the regulation
and safe operation of their NPP. Moreover, they do not replace any comprehensive safety
assessment which needs to be performed in the frame for the national licensing process.
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ANNEX I

COMPOSITION OF THE SAFETY REVIEW TEAM
26 JUNE TO 1 JULY 1995, KOZLODUY NPP, BULGARIA

LIN, Chengge - IAEA
Team Leader and Reactor Core Review

PHILIP, George - IAEA
Containment, Internal and External Hazards Review

BURNETT, Toby - USA
I&C and Accident Analysis Review

ZDAREK, Jiff - Czech Republic
Component Integrity and General Part Review

JANKE, Rolf - Germany
Electrical Power Review

MATTEI, J.M. - France
Systems and Accident Analysis Review

SEIBERLEVG, Ron - IAEA
Operational Safety Review

KENNEDY, Christine - IAEA
Secretary
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ANNEX II

LIST OF BULGARIAN COUNTERPARTS
AND THEIR CONSULTANTS

June 26 to 30 1995
Kozloduy NPP Units 5 and 6 (EP-2)

1. Ivan Ivanov
2. Dimitar Angelov
3. Ivan Grizanov
4. Ivan Genov
5. Kiril Nickolov
6. Krasin Rashkov
7. Naiden Naidenov
8. Dilyana Hristova
9. Snegana Yankova
10. Tenyo Tenev
11. Nasko Teopharov
12. Cornelia Moneva

Deputy Station Manager
Plant Manager EP-2
Chief Engineer EP-2
Operations Manager EP-2
Technical Support Manager EP-2
Head of Electrical Department
Head of I&C Department
Manager of Safety Analysis Section
Chief Expert - Event Analysis
I&C expert
Expert In-depth Analysis
Interpreter-Translego Co., Svishtov

Committee on the Use of Atomic Energy for Peaceful Purposes

1. Svetlozar Trayanov

1. Evgeni Balabanov
2. Mincho Popov
3. Vassil Hristchev

1. Bogomil Mantchev
2. Yordan Katsarov

1. Maxime Davoust
2. Gerard Dubois
3. Christian Rousselle
4. Guy Bochettaz

Energoproekt

Risk Engineering

EdF Experts
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ANNEX III

SIMPLIFIED SCHEDULE FOR KOZLODUY 5/6 MODERNIZATION PROJECT
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SIMPLIFIED SCHEDULE FOR KOZLODUY 5/6 MODERNISATION PROJECT

1995 1996 1997 1998 1999

Project version 0
Jun-95

1) Project Management

2) Publication of the programme
and

Licensing process

f3) Feasability studies and
supporting studies for
^management project (impact study)
& preparation of contracts for 1st outage

4) Detail studies and orders
equipment placed

KOZLODUY + Consultant

Finalisation of the
programme

Part A
Prepatory phase
of the project

JBNSA + RISKAUDIT)

Engineering organisations +
Constructor consurtiom

7W///.

Part financed
by European Union

Funding
* to be found

tTT
Delivery of first
equipment

, F Funding file

from the funding organisations

Part B
Executive part
of the project

5) On site assembly, testing, start-up

Outage
June 97 Outage . •

June 98
. - •

Outage
June 99

Conclusions

1. Part A, exclusively software, is to be initiated as a matter of urgency, without any other preliminaries, to ensure that
studies and orders for equipment are available in the course of 1996 and to initiate supplies as soon as the funding of
part B has been granted (first deliveries possible during the course of 1997), in such a way as to keep to the schedule
for the first shutdown for modernisation during the summer of 1997.

2. The dossier for the funding of part 8, equipment, assembly, testing prior to start up, is to be submitted as soon as ihe
modernisation programme is licenced by the national safety authorities.



ABBREVIATIONS

ASCOT Assessment of Safety Culture in Organizations Team (IAEA)
ASME American Society of Mechanical Engineers
ASSET Assessment of Safety Significant Events Team (IAEA)
ATWS anticipated transient without scram
AZ system of emergency protection
BDBA beyond design basis accident
BRU-A atmospheric steam dump valve
CAOC constant axial offset control
CRDM control rod drive mechanism
DBA design basis accident
DNB departure from nucleate boiling
EBP Extrabudgetary Programme (IAEA)
ECCS emergency core cooling system
ECR emergency control room
EOP emergency operating procedures
EQ equipment qualification
ESF engineered safety features
FMEA failure mode and effects analysis
I&C instrumentation and control
KTA Kerntechnischer Ausschuss (Nuclear Safety Standards Commission)
LBB leak before break
LOCA loss of coolant accident
LPS low power and shutdown
MCP main coolant pump
MCR main control room
NPP nuclear power plant
NUSS Nuclear Safety Standards (Safety Series of the IAEA)
OECD Organization for Economic Cooperation and Development
OPB-88 General provisions for ensuring nuclear power plant safety, issued in 1988
PAMS post-accident monitoring system
PBYa-89 Nuclear Safety Regulations for nuclear power stations' reactor plants, issued in

1990
PSA probabilistic safety assessment
PWR pressurized water reactor
QA quality assurance
RBMK light boiling water cooled graphite moderated pressure tube type reactor
RCS reactor coolant system
RPV reactor pressure vessel
RVLIS reactor vessel level indication system
SG steam generator
SPDS safety parameter display system
SSRM Site Safety Review Mission (IAEA)
TOB safety analysis report, Russian Federation
WWER water cooled, water moderated energy reactor
YR primary venting system for WWER-1000/320 reactors
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