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FOREWORD

The IAEA initiated in 1990 a programme to assist the countries of 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 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 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 eastern Europe and the former Soviet Union.

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



EDITORIAL NOTE

In preparing this publication for press, staff of the IAEA have made up the pages from the
original manuscript (s). The views expressed do not necessarily reflect those of the governments of the
nominating Member States or of the nominating organizations.

Throughout the text names of Member States are retained as they were when the text was
compiled.

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as registered)
does not imply any intention to infringe proprietary rights, nor should it be construed as an
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SUMMARY

The report presents the safety issues for WWER-440/213 NPPs. Safety issues are deviations from
current recognized safety practices in design and operation judged to be safety significant by their impact
on plants' defence in depth. The report is intended as a reference for the development of plant specific safety
improvement programmes and for the evaluation of measures proposed and/or implemented.

The identification of safety issues is based on safety studies conducted by the operators of WWER-
440/213 units and by organizations dealing with these reactors, on findings of IAEA safety missions to
WWER-440/213 plants and on information obtained from specialists from various countries during the IAEA
meetings organized in 1994-1995 within the framework of the Extrabudgetary Programme on the Safety of
WWER and RBMK NPPs.

The overview of the safety issues connected with the main safety functions is followed by a detailed
description of each safety issue, related safety improvement measures and the actual status of the issue in
each nuclear power plant.

The safety issues are characterized by the issue title and by the issue clarification. Safety issues
connected with the plant design are ranked according to their safety significance. The justification for the
ranking is also included. Altogether, 87 safety issues have been identified, of which 8 in category HI
(defence in depth is insufficient, immediate corrective action is necessary), 40 in category II (defence in
depth is degraded, action is needed to resolve the issue) and 26 in category I (departure from international
practices, to be addressed as part of actions to resolve higher priority issues). In the case of operational
issues (13 issues) no ranking is provided, because the available material was considered insufficient. For
each safety issue the corresponding safety improvement measures are presented, both those proposed by
Member States and those recommended by the IAEA.

The review of the safety features of WWER-440/213 plants shows that the main safety concept of these
reactors is similar to PWR units designed at the same time in other countries. Therefore, the backfitting
process is not much different from that which is going on in other plants built to earlier safety standards all
over the world. About one half of the design safety issues have been identified by operational experience.
The remaining safety issues have been identified as deviations from current standards and practices which
have evolved since the WWER-440/213 NPPs were designed.

Much of the backfitting and upgrading work recognized as being required has been or is being
performed. This activity was initiated by the WWER Owners' Group and since the early nineties
international assistance has played an important role in the process of safety improvement of these nuclear
power plants. The current status of plant specific backfittings varies in different countries, depending on
national regulatory requirements and the available financial means. The review of plant specific status also
indicates that many of the safety issues have been already solved in some plants.

The actual plant/country specific status of implementation of safety improvement measures is presented
in an appendix to the report. This information was updated in June 1995, with the assistance of many
organizations responsible for nuclear safety in the countries operating WWER-440/213 units and of those
involved in international co-operation programmes. It represents the information available to the IAEA at
that time on safety issues and safety improvement measures in WWER-440/213 plants. The IAEA intends
to update this information regularly and make it available to the interested parties as part of the database
developed within the framework of the Extrabudgetary Programme on the Safety of WWER NPPs.



1. INTRODUCTION

The WWER-440/213 nuclear power plants are the second generation pressurized water reactors of
Soviet design. As of December 1994, 16 units of WWER-440/213 plants were in operation, 4 at Dukovany
NPP, Czech Republic; 2 at Loviisa NPP, Finland; 4 at Paks NPP, Hungary; 2 at Kola NPP, Russian
Federation; 2 at Bohunice NPP, Slovak Republic; and 2 at Rovno NPP, Ukraine. Four units were under
construction at Mochovce, Slovak Republic.

In comparison with the older WWER-440/230 NPPs, WWER-440/213 plant design is much advanced,
incorporating most of the design requirements of other plants built at the same time. These include a fully
redundant emergency core cooling system designed for a double ended guillotine break loss of coolant
accident (LOCA) and a containment of bubbler condenser type.

However, due to the lack of specific nuclear safety standards in certain areas at the time of design,
some deficiencies still remain, mainly in such areas as components qualification, physical separation of
redundant systems, fire protection and bubbler condenser integrity under DBA conditions.

Operational experience and detailed safety studies conducted by the operators of WWER- 440/213 units
and by the organizations cooperating with them have lead to revealing several deficiencies regarding
engineering design solutions, quality of manufacture and deficiencies of initially provided safety analyses.
Some shortcomings are due to the differences between the original design and the current safety standards,
which have evolved over the two decades since the design of WWER-440/213 plants was developed [1-9].
Many of the safety issues have been identified within the group of WWER-440/213 owners, and the steps
to address those issues have been taken by the countries in which WWER-440/213 units are in operation.

In 1993 the IAEA Extrabudgetary Programme on the Safety of WWER Nuclear Power Plants initiated
the systematic work on compiling and ranking of safety issues for WWER-440/213 reactors. A report listing
safety issues identified by the WWER-440/213 owners was completed within an IAEA contract in the middle
of 1993 [10] and after later review by WANO was presented on a WANO conference in Moscow in March
1994 [11].

The problems connected with bubbler condenser containment were studied under IAEA/TC RER/9/004
project [12] and discussed at an IAEA consultants meeting organized within the framework of the IAEA
Extrabudgetary Programme in Vienna in November 1993 [13]. At the same time, the major findings of the
RER/9/004 project concerning the design and design basis of WWER- 440/213 reactors were summarized
within IAEA-TECDOC-742 [14] and served as an important input to further work on issue ranking.

In April 1994, an IAEA Consultants Meeting on WWER-440/213 Backfittings and Safety Issues was
organized within the framework of the IAEA Extrabudgetary Programme. The papers presented by operators
of all NPPs and several organizations concerned with WWER-440/213 safety studies [15-24] helped to
establish a draft list of safety issues and their ranking.

This list has been further improved taking into account a number of data sources, the most important
among them being:

Further results of the IAEA Regional Project TC RER/9/004 concerning DBA analyses [25],
operational experience [26], operational quality assurance [27], experimental support for WWER-
440/213 design [28], codes used in WWER-440/213 analysis [29] and BDBA studies [30].

Results obtained in the in depth safety studies of NPPs with WWER-440/213 reactors, both in
operation and in construction, namely EDF and Siemens safety study of Mochovce NPP [31], Risk-
audit reports on the safety of Mochovce [32] and Rovno NPPs [33], AGNES project concerning the
safety of Paks NPP [34] and preliminary results of PHARE safety analyses for Dukovany and
Bohunice NPP.



Safety improvement review for Mochovce NPP [35] performed by the IAEA in May 1994.

Safety review of Bohunice V-2 NPP [36] performed by the IAEA in September 1994.

IAEA topical meetings on bubbler condenser performance [13], on guidelines for bubbler condenser
metallic structure evaluation [37], on I&C safety problems in WWER-440/213 [38] reactors and on
safety issues connected with horizontal steam generators in WWER reactors [39].

PSA comparative studies, in particular for Paks NPP [40] and Dukovany [41] conducted within the
IAEA project RER TC/9/005.

ASSET and OS ART mission reports from NPPs with WWER-440/213 reactors [42-46].

The issues connected with regulatory and radioactive waste problems are not included in the report.

On the basis of these data, a draft ranking of safety issues for NPPs with WWER-440/213 reactors
was prepared and sent to the IAEA consultants before the meeting on "Ranking of Safety Issues for WWER-
440 Model 213 NPPs". The meeting was held in Vienna from 24 to 28 October 1994 and provided further
information on the safety issues in WWER-440/213 NPPs.

In parallel to these activities, similar work was carried out for WWER-1000 NPPs. Since many safety
features and much of the actual equipment in WWER-440/213 and WWER-1000 plants are similar, a
comparison of safety issues for both these types of reactors was carried out and a uniform approach for the
evaluation of the issues and the presentation of results was adopted. The final meeting on "Safety issues and
their ranking for WWER-440/213 and WWER-1000 NPPs" was held in Vienna from 27 February to
3 March 1995. During this meeting, in which the representatives of all regulatory authorities in the countries
operating WWER NPPs participated, the final list of issues was established and their ranking determined.

The draft of the final document was sent for review to all NPPs with WWER-440/213 reactors and
to the regulatory authorities in the countries involved. The contributions from all of those sources have been
considered in the preparation of the final report, which also reflects the positions taken by western experts
participating in the meetings at all stages of the report preparation.

The degree of detail in presenting various issues is not always the same due to the differing availability
of data from the existing documents and various depths of existing analyses. Also, the plant specific data
are not necessarily known with the same degree of detail for each plant. These differences are natural in
view of the fact that so far the IAEA safety review missions have taken place only in two NPPs, namely
Bohunice V-2 NPP and Mochovce NPP. Further missions are planned, which eventually will complete the
information on a plant specific basis.

Objective and scope

The objective of this report is to present a consolidated list of generic safety concerns, called safety
issues, ranked according to their safety significance and the corrective measures to improve safety. It is
intended for use as a reference to facilitate the development of plant specific safety improvement programmes
and to serve as a basis for reviewing their implementation.

Section 2 provides an overview of the impact of all relevant issues on the main safety functions and
other aspects important to overall plant safety. Section 3 presents safety issues identified in design according
to the structure described below. Section 4 presents the safety issues in the area of operation, according to
the same structure except that no ranking is given. At the end of Section 2, Tables I and II present a
summary of all safety issues in a tabular form.



Identification of generic safety issues

The evaluation process is organized on the basis of generic safety issues. Safety issues are safety
concerns which reflect either a deviation from current recognized safety practices in design and operation
or a potential degradation of the plant defence in depth.

Specific deficiencies identified for several individual units often indicate a safety concern generic to
all units of the WWER-440/213 reactors. Therefore, the present document deals with generic safety issues
in design, construction, or operational practice of WWER-440/213 NPPs. A more comprehensive review
is planned in 1995-1996.

Safety issues are characterized by ISSUE TITLE and specified by ISSUE CLARIFICATION which
includes:

a technical description of the safety concern;

identification of deviations from national or international safety standards (e.g. NUSS, OPB-88 [4],
PBJa RU-AS-89 [5]);

the way the issue was identified, namely:

• operational experience in WWER-440/213 NPPs including low reliability of equipment and
material degradation;

• generic and plant specific operational experience feedback;

• results of safety reviews; and

• results from PSAs, either WWER-440/213 plant specific or generic lessons learned from
PSA studies of other plants.

Safety significance of issues

The RANKING OF ISSUES follows the approach applied to WWER-440/230 NPPs in IAEA-
TECDOC-640 [47].

Accordingly, four categories are considered:

Category I: Issues in Category I reflect a departure from recognized international practices. It may be
appropriate to address them as part of actions to resolve higher priority issues.

Category II: Issues in Category II are of safety concern. Defence in depth is degraded. Action is required
to resolve the issue.

Category III: Issues in Category III are of high safety concern. Defence in depth is insufficient. Immediate
corrective action is necessary. Interim measures might also be necessary.

Category IV: Issues in Category IV are of the highest safety concern. Defence in depth is unacceptable.
Immediate action is required to overcome the issue. Compensatory measures have to be
established until the safety problems are resolved.

The judgement of the safety significance of an issue is based on an evaluation of the potential
degradation of defence in depth. For that purpose the evaluation follows the concept of defence in depth as
given in INSAG-3 [7] which is centered on several levels of protection, including successive physical
barriers preventing a radioactive release to the environment.
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The five levels of protection established in INSAG-3 are:

Level 1: Conservative design.
Level 2: Control of abnormal operation and detection of failures.
Level 3: Safety systems and protection systems.
Level 4: Accident management including confinement protection.
Level 5: Off-site emergency response.

The levels of protection are implemented, firstly, to prevent damage to the plant and the three barriers,
i.e. the fuel and its cladding, the boundary of the primary circuit, and the containment; and, secondly, to
mitigate the consequences of damage. Therefore, the impairment of defence in depth for a given issue
involves an evaluation of the performance of the MAIN SAFETY FUNCTIONS AFFECTED: controlling
the power, cooling the fuel and confining the radioactive material. This evaluation considers also the
principle that plant conditions with relatively high probability of occurrence shall have only small
consequences and plant conditions resulting in plant damage with high radioactive releases shall be of low
probability of occurrence.

Depending on the impairment of the levels of protection in defence in depth for a given issue the
availability of the main safety functions to protect the integrity of barriers regarding capability and reliability
can be affected to different degrees.

Deviations from prevailing international practice which do not affect the operability of the safety
functions and therefore defence in depth should be ranked Category I.

If one or more levels of protection are affected by the safety issue and the safety function is impaired
for scenarios within the design basis (DB) envelope or is questionable beyond DB, defence in depth is
considered degraded. Such issues are of Category II.

If one or more levels of protection are seriously affected by the safety issue and the safety function
is questionable for scenarios within the DB envelope or is disabled beyond DB, defence in depth is
considered insufficient. Such issues are of Category III.

If one or more levels of protection are lost by the safety issue and the safety function is disabled for
scenarios within the DB envelope, defence in depth is considered unacceptable. Such issues are of Category
IV.

The JUSTIFICATION OF RANKING first mentions how the issue was identified, e.g. by operational
experience or deviation from current standards. Then it considers the impact of a given issue on the levels
of protection of defence in depth and judges its safety significance on the operability of main safety functions
to maintain the integrity of barriers in DBA conditions. Beyond DBA scenarios of low probability of
occurrence are also considered.

In general, issues detected on the basis of design analysis or operational experience (such as
shortcomings in the actual implementation of engineering design, material degradation due to improper
specification or due to loads not specified in the design) have been given higher safety importance than those
potential issues identified from a comparison with current safety standards.

High priority corrective measures

To a large extent, the safety issues identified are being addressed by the Member States concerned
within national safety improvement programmes for WWER-440/213 NPPs. Most relevant safety upgrading
measures were compiled by the "Users Group for Soviet Designed Reactors - WWER-440/213" [11] based
mainly on the proposals made by user organizations.
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These corrective measures for each issue have been reviewed and consolidated in this report as
MEASURES PROPOSED IN MEMBER STATES. The corrective measures are generic as are the issues
themselves, i.e. in general applicable to the units of the WWER-440/213 type.

High priority corrective measures important to resolve the issues according to the IAEA Consultants'
Meetings are discussed under the heading COMMENTS AND RECOMMENDATIONS. In the formulation
of this section the following points have been considered:

the safety significance of the relevant issues;
the overall importance of the resolution of this issue in achieving a balanced design and preserving the
defence in depth of the plant, taking into account the advantages of the existing design and operational
records; and
risk reduction effectiveness considerations as applicable.

The consultants' view on high priority corrective measures includes a recommendation on the urgency
of actions and comments on the adequacy of corrective measures proposed, including the scope and
interrelations to be considered as well as comments on the completeness of measures proposed or issues not
addressed.

Interim measures have been recommended, even if costly, until more cost effective solutions can be
adopted. In this respect, interim actions in operations and software oriented activities have been
recommended for implementation in the short term to improve the situation.

Rank IV issues require either immediate actions as compensatory measures to justify continued
operation in the short term, or consideration of a plant shutdown if immediate actions to compensate the
safety concern are neither effective nor feasible.

Expert judgement

The approach described above aims at providing guidance for the experts to rank the safety
significance of issues in a systematic and consistent way. It is recognized, however, that a degree of
subjectivity will always be present in the experts' judgement. Realizing this, the IAEA has assured the
participation of experts from different countries in these activities so that the final judgement reflects to a
considerable extent the current international practice.

Country/plant specific status

The design weaknesses typical for the original WWER-440/213 plant described in the clarification of
safety issues do not necessarily concern all presently operating or planned units with this type of reactor.
In some reactors, e.g. in Loviisa NPP, far-reaching changes were already introduced during plant
construction and an intensive safety improvement programme has been implemented over several years.
Other units realized some improvements in the early years of operation and have recently made major efforts
for safety enhancement, or plan to introduce significant changes in the near future. Thus some safety
concerns do not apply to several of the WWER-440/213 units.

The actual country/plant specific status has been determined partly by the IAEA staff upon the basis
of available literature or IAEA mission reports. It is mostly the result of communications provided directly
by the plant. In several cases, the plant status has been repeatedly verified and supplemented with actual data
by the plant or by a joint action of specialists both from the plant and the regulatory authority. However,
this is not the case for all plants, so that the level of detail in the plant status description varies in each case.

The data directly verified by the IAEA are only those taken from the IAEA mission reports. So far,
the missions for the review of safety improvements have been organized for three WWER-440/213 plants,
namely Bohunice [36], Mochovce [35] and Dukovany NPP. The mission to Paks is planned for the autumn
of 1996. Further missions to the remaining WWER- 440/213 units are proposed. The results of these
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missions will be reflected in the plant specific status description supplementing and improving the data
available at present.

In view of the changing character of the information contained in the sections on plant specific status
and also in view of the fact that this information is of varying degree of detail and on many points could not
be fully verified by the IAEA, it has been decided to include the full available data in an Annex, arranged
according to the issues and plants. This material has also been introduced into the IAEA Database and will
be constantly updated as new sources of information become available. The updated information will be
periodically printed and made available to all interested parties.

References

The references given after each safety issue and listed at the end of the report include not only
publications as usually referred to in scientific journals, but also internal reports or working materials made
available to the IAEA within the framework of the IAEA Technical Co-operation programmes, prepared
under IAEA contracts or supplied by the experts participating in the IAEA consultants meetings. In some
cases special work has been done by the regulatory authorities of a country or the NPP staff to verify and
complete the information contained in the draft versions of this report and to send it to the IAEA in written
form. Such documents are also listed. However, much of the information presented in this report has been
obtained directly from the experts participating in the meetings, either during the meeting or later in the form
of written comments and contributions. The list of contributors to the drafting and review of the document
is at the end of the document. Whenever the information in the report is given without reference to a specific
published document it should be understood that it is based on the direct input that those IAEA consultants
provided during the meetings.
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2. OVERVIEW OF SAFETY ISSUES

The approach described in the previous section has been used for the identification of generic safety
issues, their ranking according to their safety significance and the determination of priority corrective
measures. The impact of each issue on plant safety has been considered individually and compiled in
Section 3.

It is important to assess the combined impact of all relevant safety issues on plant safety. This
overview of safety issues is necessary to develop an integrated action plan for corrective measures. The
integrated action plan should ensure that the corrective measures are complete, that they do not adversely
interact, and that their implementation schedule guarantees safety during the safety improvement process.

The evaluation of the impact of all issues on plant safety considers their influence on the capability
of the main safety functions in case of demand and the overall plant defence in depth. Therefore, the
overview of generic safety issues for WWER-440/213 NPPs will be presented according to the following
main headings:

controlling the power in normal operation, during transient and accident conditions and maintaining
safe shutdown conditions;

cooling the fuel in all conditions during normal operation at power, during transients, after loss of
coolant accidents (LOCA) and during shutdown or refuelling; and

confining the radioactive material during normal operation and accident conditions.

In addition to that, the relevant design issues in some areas will be considered separately because they
interfere with nearly every system or equipment in a plant and thus influence the capability of the main
safety functions. These issues are related to the following areas:

classification and qualification of components;
in-service inspection (ISI);
instrumentation and control (I&C);
electrical power;
water cooling and ventilation;
internal hazards;
external hazards;
accident analysis.

The Safety Review Mission (SRM) to Bohunice NPP, the experience accumulated in RER/9/004
project and the ASSET and OSART missions revealed those operating conditions and practices that impacted
directly on the safe operation of the WWER-440/213 NPPs. Their review is provided in the final section
of this section.

2.1. CONTROLLING THE POWER

In order to ensure this main safety function means shall be provided to prevent unacceptable reactivity
transients as well as means to shutdown the reactor as required. Anticipated operational occurrences should
be prevented from leading to accident conditions. Reactor shutdown should mitigate the consequences of
accident conditions including LOCA where such shutdown action is necessary to permit acceptable cooling
of the reactor core.

Therefore the influence of safety issues on this main safety function will be considered in normal
operation, during transient and accident conditions and in shutdown conditions. Features and systems affected
by the relevant issues will be discussed to evaluate the safety function capability in case of demand.
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The control of reactor reactivity is performed by actuating the reactor control and protection system
which is used for both normal operation and for emergency scram, and by changing the boron concentration
in the coolant.

There are 37 movable control assemblies, the bottom part of which contains fuel (so called fuel
followers) and the upper part a boron-steel absorber material. The geometry of the assembly is similar to
that of a fuel assembly.

A rack and pinion mechanism is used to move the control rods. When a trip occurs, power to the
electric motor is cut off and the control assembly drops by gravity into the core. The rod drives are cooled
by the intermediate component cooling system (ICCS) supplied with electrical power from essential power
supply system.

The content of boric acid in the primary coolant is controlled by the Chemical and Volume Control
System (CVCS). A bleed and feed technique is used to control the boric acid concentration in the Reactor
Coolant System (RCS). CVCS also provides emergency boration during reactivity transients. The emergency
boration piping is safety grade and the pumps in the make-up system are in some WWER-440/213 units
supplied with power from the essential electrical power supply system.

The emergency boration subsystem comprises borated water storage tanks and pumps with
associated piping.

During normal operation letdown water from the primary circuit is directed to the make-up deaerator.
One make-up pump draws suction from the deaerator and discharges into the RCS cold leg piping through
the regenerative heat exchanger. One demineralized water pump provides clean water make up to the
deaerator. Boric acid concentration is controlled periodically (in order to keep control rods insertion within
allowed intervals) by providing clean water make-up into the RCS to compensate long term reactivity
changes due to fuel burnup. If required, highly concentrated boric acid may be supplied from the emergency
boration subsystem tanks to compensate large uncontrolled leaks and positive reactivity influences.

Emergency boration during abnormal conditions may be provided by the operator, either from the high
concentration boric acid tank to the main make-up pumps suction or discharge collector and then to the RCS
or by high pressure safety injection pumps.

The reactor power controller relies on the secondary steam pressure and neutron flux signals. The
signal from the reactor flux monitor controls the position of control rods only when there is a rapid change
in the neutron flux. Under steady-state full-power operation conditions the controller responds primarily to
changes of the neutron flux, protecting the secondary pressure.

For neutron flux monitoring ex-vessel neutron flux detectors are used. The detectors are located in the
ionization chamber channels of the biological shield of the reactor shaft. Selected ones are dedicated to
control functions and their signals are multiplied to be used for protection system functions.

In addition to ex-core flux monitoring devices, in-core rhodium self-powered neutron detectors are
provided.

The Reactor Protection System (RPS) monitors the following parameters:

period in source, intermediate and power range;
neutron flux in source, intermediate and power range;
core exit pressure;
coolant temperature at core exit;
pressure difference on the reactor core;
water level in the pressurizer;
water level in operating steam generators;
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main steam header pressure drop rate;
position of turbine stop valves;
power supply to main circulating pumps;
pressure in the reactor containment;
control rod power supply;
control rod position indicator power supply;
earthquake (in some plants).

The main signals that scram the reactor at high power levels are the thermal hydraulic signals and the
signals indicating failure of steam and electrical systems.

The RPS scrams the reactor only in response to the most serious emergencies; in other cases power
is simply reduced. Depending on the degree of hazard represented by the emergency signal, the reactor
protection system performs its protective functions with four levels of response (AZ-1 to AZ-4).

In the case of the maximum response (reactor protection called AZ-1) all the safety and control rod
assemblies are inserted into the core with maximum speed (0.2-0.3 m/s) for fast, complete, irreversible
shutdown of the reactor. The AZ-1 protection signal is associated with some additional signals/interlocks
controlling some safety related plant parameters.

For AZ-2, the controlled scram, the safety and control rods are inserted into the core in individual
groups with maximum speed. If the warning signal stops, the rod insertion ceases and no further reduction
in reactivity takes place.

The AZ-3 signal initiates a downward movement of groups of absorber rods at a normal rate of 0.02
m/s until the signal disappears.

The AZ-4 signal simply inhibits safety and control rods withdrawal from the core, to prevent a further
increase of the reactor power.

2.1.1. Controlling the power in normal operating conditions

The core design of WWER-440 reactors has been shown to assure large safety margins during
operation in normal conditions, even when the low leakage loading schemes are used to decrease the neutron
fluence on the reactor pressure vessel (RPV). In fact, Loviisa NPP which was the first to use this scheme
and to load dummy fuel elements at the outer core boundary is preparing the safety analyses which will allow
it to raise the core power above the value determined in the original design.

The formulae used for the determination of departure from nucleate boiling ratio (DNBR) have been
shown to be well justified and the calculations of hot spot factors are satisfactory. Also, the system for in-
core power and flux monitoring has been proved to be reliable and its capacity is sufficient for the operators.
Although its operation is not automatized, this has been judged by the IAEA consultants not to be a safety
issue but rather a question of operational improvements.

The safety issues are mostly of operational character. Some of them are connected with the low
reliability and visible ageing of I&C systems. Many of aged elements of these systems may fail during
normal operation, although the hazards are minimized due to high redundancy provided by the design.
Another safety concern arises due to the lack of a systematic basis for limits and conditions used in the
operation of the plant. The safety analysis reports originally provided to the plants did not correspond to the
contemporary requirements, and even though a lot of work has been done to enlarge the scope of accident
analysis, still the work has not been completed. The operators have not got full information needed for the
determination of limits and conditions so that the safety margins inherent in the design can not be easily
quantified. After each reloading the core characteristics should be verified and compared to calculational
results obtained using modern calculational codes to ensure that the plant is still within its design basis.

16



Safety issues related to power control in normal operating conditions are:

I&C 1 I&C reliability
I&C 4 Human engineering of control rooms
Operation 1 Procedures for normal operation
Operation 2 Limits and Conditions
Operation 5 Experience feedback

2.1.2. Controlling the power in transient and accident conditions

Accident analyses performed for the plants with WWER-440/213 reactors include the main scenarios
of power excursion transients such as:

spurious withdrawal of a control assemblies and control rod assembly ejection at full or zero power;
inadvertent slow dilution of boric acid in the RCS;
inadvertent reopening of an isolated RCS loop;
steam line breaks and other secondary transients causing fast cooling at the core inlet.

However, the completeness of these analyses has not been so far verified. In particular, the systematic
review of all events which could lead to slow or sudden dilution of boric acid in the RCS is known to have
been done only in Loviisa NPPs. In the other plants such reviews are missing. The study of Mochovce NPP
[31] identified a number of scenarios due to which a slug of clear, unborated water could be sent to the core
and the appropriate preventive measures have been proposed in order to avoid primary coolant dilution
through the leaking heat exchanger. In Loviisa the necessary measures have already been taken. It is not
known, whether similar or equivalent measures have been implemented in the other plants, or whether such
scenarios have been discarded due to the judgement that they were of negligible probability in view of the
accumulated positive operational experience. The matter deserves close attention in view of the significant
consequences possible after sudden introduction of positive reactivity into the core.

There are also possibilities of introducing a slug of clear water under some accident scenarios involving
primary water evaporation and later condensation in specific regions of the RCS. Moreover, the possibility
of isolating a loop and filling it up with unborated water presents an inherent hazard in WWER-440/213
reactor design. The issue should be addressed not only by administrative procedures, but also through
installation of interlocks and possibly automatic devices which would prevent operators' errors leading to
reactivity excursions.

Owing to the provision of multiple parallel coolant loops in the RCS of the WWER-440 reactor, breaks
in one of the steamlines on the secondary side have been shown to not lead to unacceptable consequences
from the standpoint of core overcooling and loss of control of reactor power. However, the actual layout
of piping on the secondary side in most NPPs with WWER-440/213 reactors can lead to multiple consecutive
failures of neighbouring pipes of the secondary system, with corresponding fast cooling of the primary water
in several RCS loops. So far, the analyses have been performed only for the case of single steam line or
steam collector ruptures, which leaves the problem of power control after multiple ruptures to be solved.
Recently an analysis of steamline rupture combined with break of connecting pipes for BRU-A at
neighbouring SGs was performed for Mochovce NPP where each main steamline is equipped with BRU-A.
The results indicate that after such an accident the reactor core would not be damaged.

Even though the probability of dangerous reactivity transients is small, they must be carefully analyzed
in view of the far reaching consequences of reactivity accidents.

Safety issues related to power control in transient and accident conditions are:
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General 1 Classification of components
General 2 Qualification of equipment
General 3 Reliability analysis of safety class 1 and 2 systems
Systems 7 ECCS heat exchanger integrity
I&C 1 I&C reliability
I&C 3 Review of reactor scram initiating signals
I&C 4 Human engineering of control rooms
I&C 5 Physical and functional separation between the main and emergency control

rooms
I&C 6 Condition monitoring for the mechanical equipment
Electrical power supply 5 Emergency battery discharge time
Internal hazards 2 Fire prevention
Internal hazards 3 Fire detection and extinguishing
External hazards 1 Seismic design
Accident analysis 1 Methodology of accident analysis
Accident analysis 2 QA of plant data used in accident analysis
Accident analysis 3 Code and plant model validation
Accident analysis 10 Probabilistic safety assessment (PSA)
Accident analysis 11 Boron dilution accidents
Accident analysis 13 Anticipated transients without scram
Operation 2 Emergency operating procedures
Operation 3 Limits and conditions

2.1.3. Maintaining the reactor in safe shutdown conditions after all shutdown actions

Under cold shutdown conditions the normal circulation of borated water in the RCS is significantly
decreased, which reduces the chances of detection of inadvertent boron dilution. At the same time the
maintenance operations conducted in auxiliary circuits increase the chances of undetected penetration of
unborated water into the make-up system through e.g. pump sealing systems or leakages in heat exchangers.

The history of reactor accidents in the world shows that the penetration of the medium used in an
auxiliary system into the main reactor cooling system did happen and actually had disastrous consequences
in Lucens NPP (although no reactivity changes were involved in that case). Thus the possible leakages from
auxiliary systems into make-up and primary system should be carefully analyzed, especially under cooled
shutdown conditions.

After reactor shutdown, if a leakage in the cooling circuit of the control assembly drives occurs during
several hours after the switch-off of the last reactor coolant pump (RCP), pure condensate may flow from
the still operating control assembly drives cooling circuit to the RPV.

These scenarios can take place only as a consequence of a violation of administrative rules, because
control assembly drive's cooling circuit should be stopped after the switch off of the last RCP, when control
assembly can be de-energized and pressure in the primary circuit is higher than the pressure in the control
assembly drive's cooling circuit.

During cleaning procedures, pure condensate may flow to the RCS via water purification system when
the water of the reloading pool is purified. Though these scenarios can take place only as a consequence of
a serious violation of administrative rules, the study of further preventive measures is needed.

There is also a possibility of diluting RCS water due to the action of other systems when the reactor
pressure vessel is open, e.g. after a break of the piping in the fire fighting water system in the vicinity of
the open reactor pool. Such a possibility was identified and then eliminated in Loviisa reactor. A systematic
analysis of all possible ways of a clean condensate penetration into the RCS under shutdown conditions is
necessary.
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are:
Safety issues related to maintaining the reactor in safe shutdown conditions after all shutdown actions

Core 1 Prevention of uncontrolled boron dilution
Systems 3 RCP seal cooling system
Systems 7 ECCS heat exchanger integrity
Internal hazards 5 Systematic flooding analysis
Accident analysis 8 Accidents under low power and shutdown conditions
Accident analysis 11 Boron dilution accidents
Operation 1 Procedures for normal operation

2.2. COOLING THE FUEL

In WWER-440/213, following reactor shutdown or accident conditions other than a loss of coolant
accident (LOCA), the reactor core residual heat is removed to steam generators by primary coolant flowing
in forced circulation in hot shutdown and in natural circulation in cold shutdown.

In hot shutdown conditions the Auxiliary Feedwater System (AFWS) provides feedwater from the
deaerator tank to the main feedwater header distributing the water to individual steam generators (SGs). It
consists of two identical trains. Each train includes a motor driven pump and piping with their associated
valves. The deaerator tank inventory is made up from condensate tanks, using condensate pumps.

In cold shutdown conditions the feedwater is delivered to the SGs by the low pressure secondary decay
heat removal (SDHR) pumps, with the power supply backed up by diesel generators (DGs), and sent to the
process condensers (PCs) of the SDHR system.

The SDHRS is composed of two redundant trains. Each train consists of a steam dump valve (BRU-
TK), process condenser (PC) and piping with associated valves. Each train is connected to the deaerator or
to the low pressure SDHR pump. The PCs are cooled by the essential service water system.

After a reactor trip, residual heat is removed by steam exhaust through the turbine by-pass (BRU-K),
or process condenser, or if it is not available, through the relief valves into the atmosphere (BRU-A). The
SGs are supplied by the main or the auxiliary feedwater system.

In case of loss of feedwater from the main feedwater system and AFWS, SGs are supplied by the
emergency feedwater system (EFWS).

In the event of loss of off-site electrical power, all the equipment required to cool down the plant is
electrically supplied by the emergency power supply (diesel generators and batteries).

In the event of main steam header rupture, all the main steam isolating valves are automatically closed
by ESFAS signals. Safety valves or relief valves, if they are installed in the steamlines, are used to remove
residual heat.

The EFWS provides feedwater from water storage tanks. There are three EFWS storage tanks,
containing demineralized water supplied from the plant water treatment system (1123 m3 each), connected
to the SGs through two or three EFWS trains, depending on the plant. The same EFWS storage tanks supply
one or both twinned units, varying from plant to plant.

The AFW and EFW pumps are electrically backed up by the diesels and cooled by the essential service
water system. At some NPPs the EFW pumps are cooled by their own water. AFW pumps are started on
low water level in one steam generator, but EFW pumps are started, and normally closed isolating valves
of the EFWS open on low-low level in two SGs.
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In case of a LOCA, the decay heat removal is performed by the emergency core cooling system
(ECCS) which includes three independent subsystems:

The core flooding system which is composed of four identical and completely independent
hydroaccumulator tanks discharging directly to the reactor pressure vessel nozzles; each tank contains
approximately 45 m3 of borated water at 5.9 MPa pressure, forced to the RPV by pressurized nitrogen.

The high pressure injection system (HPIS) which is composed of three identical and completely
independent trains, each of them being capable of fulfilling the function of the system, i.e. to provide
coolant injection sufficient to keep the core covered in the case of small break LOCAs and to assure
subcriticality during accidents initiated by secondary system piping failures; each HPIS train comprises
a pump which takes suction from a borated water storage tank (BWST) or in a second stage from one
of the three reactor containment sumps, piping and associated valves.

The low pressure injection system (LPIS) is also composed of three identical and completely
independent trains, each of them being capable of maintaining core cooling in the second phase of a
LOCA, when the primary pressure has decreased below 0.7 MPa; the LPI pumps initially take suction
from borated water storage tanks and in a second stage, from the reactor containment sumps.

2.2.1. Cooling the fuel during operational states and transient conditions

Maintaining primary circuit integrity

Cooling the fuel during operational states requires that the integrity of the reactor coolant system be
ensured. In that respect, embrittlement of the reactor pressure vessel (RPV) is one of the key factors which
have to be assessed and monitored. Although in some units the RPV materials have been judged to be
adequate and not to require any special measures to decrease fast neutron irradiation of the RPV wall, all
the plants, except Kola, have introduced, or plan to introduce, such measures. The annealing of the RPV
is deemed unnecessary in all plants with the exception of Loviisa, in which the RPV base and weld materials
contain a relatively higher amount of copper and phosphorus and are therefore more susceptible to
embrittlement. A higher copper and phosphorus concentration was also reported for Rovno NPP.

These judgements are based on assessment according to former Soviet Union codes and standards and
on surveillance specimen testing results, the latter ones involving considerable uncertainties. Therefore, it
would be highly desirable to re-evaluate the basis for the formulae determining critical brittle fracture
temperature shift in function of fast neutron fluence. In view of the irreversibility of the process of
irradiation, which can eventually lead to the necessity of RPV annealing, the necessary steps should be taken
as early as possible.

All the plants have introduced or plan to introduce measures to reduce thermal shocks such as the
heating of water in ECCS hydroaccumulators and tanks, and to prevent cold overpressurization either by
relying on manual operation and administrative procedures or installing a dedicated relief valve. These
measures appear to be sufficient to preserve RPV integrity, but further work in this direction should support
this conclusion.

All the plants implement in-service inspection (ISI) programmes for the reactor coolant system, based
on national requirements elaborated from the former Soviet Union codes and standards. Some deficiencies
have been revealed in the scope, the methods, the qualification of tools and personnel. The ISI programmes
should be considerably improved and modern inspection techniques should be introduced.

The leak before break concept should be applied for the primary piping which is not equipped with
well designed restraints. Diagnostics systems monitoring the integrity of the reactor coolant system should
be considered, in particular leak detection on the upper head of the vessel.
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The safety issues related to maintaining primary circuit integrity are:

General 1 Classification of components
General 2 Qualification of equipment
General 3 Reliability analysis of safety class 1 and 2 systems
Component integrity 1 Reactor pressure vessel integrity
Components integrity 2 Non-destructive testing of primary circuit
Components integrity 3 Primary pipe whip restraints
Systems 1 Primary cooling circuit cold overpressure protection
I&C 6 Condition monitoring for the mechanical equipment
I&C 7 Primary circuit diagnostic system
Accident analysis 6 Overcooling transients related to pressurized thermal shock

Ensuring residual heat removal

Insofar as, with the exception of LOCAs, the steam generators are the only way to cool the reactor
core, the feedwater supply must be ensured in all accident conditions, including internal and external
hazards. This requires that the steam generator inventory be preserved and able to face the main common
cause failures which would prevent decay heat removal via the steam generators.

In the original design, all the systems feeding the SGs are located in the turbine hall and are not
protected against common cause failures such as a big fire, flooding, earthquake. Furthermore, all the pipes
go through the intermediate building between the reactor building and the turbine hall, where all the main
steam and feedwater lines are located, which may lead to a total loss of feedwater in case of a steam line
break with a pipe whip.

Therefore, the EFWS should be installed in or relocated to a separate building and the routing of the
pipes should prevent the total loss of the system in case of a single event.

Proper functioning of the safety graded equipment used for the decay heat removal on the secondary
side requires the availability of the essential service water system. Provisions should be made to protect it
against common cause failures such as internal and external hazards.

The decay heat removal on the secondary side relies on the steam generator safety and relief valves,
notably in the case of closure of the main steam isolation valves. One of the SG valves should then be able
to operate through the spectrum of reactor parameters, from nominal power down to cold shutdown
conditions and to cope with steam-water mixture and water flow occurring under certain accident conditions.
It is also necessary to fulfill this requirement in case of primary to secondary leak accidents where water will
flow through the steam generator safety valves or through relief valves.

Under accident conditions, the decay heat removal requires natural circulation of the coolant in the
primary circuit. Provisions should be made to allow the venting of the primary circuit if the release of non-
condensible gases could block natural circulation.

As the risk of total loss of secondary heat removal cannot be excluded under some BDBA scenarios,
it should be made possible, as an ultimate means, to cool the core by a "feed and bleed" procedure using
the ECCS and the pressurizer relief or safety valves. These valves should then be qualified for steam-water
mixture and water flow, and the piping should be able to withstand the corresponding loads. Corresponding
emergency operating procedures should be developed.

The safety issues related to ensuring residual heat removal are:

General 1 Classification of components
General 2 Qualification of equipment
General 3 Reliability analysis of safety class 1 and 2 systems
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Systems 4
Systems 9
Systems 10
Systems 12
Systems 13
Systems 16
Systems 17
I&C5

I&C 9
Electrical power supply 2
Electrical power supply 5
Internal hazards 1
Internal hazards 2
Internal hazards 3
Internal hazards 4
Internal hazards 6
Internal hazards 7
Internal hazards 8
External hazards 1
External hazards 2
External hazards 3
Accident analysis 1
Accident analysis 4
Accident analysis 5
Accident analysis 7
Accident analysis 9
Accident analysis 10
Accident analysis 13
Operation 2

Pressurizer safety and relief valves qualification for water flow
Steam generator safety and relief valves qualification for water flow
Steam generator safety and relief valves performance at low pressure
Emergency feedwater make-up procedures
Feedwater supply vulnerability
Primary circuit venting under accident conditions
Essential service water system
Physical and functional separation between the main and emergency control
rooms
Accident monitoring instrumentation
Diesel generators reliability
Emergency batteries discharge time
Systematic fire hazards analysis
Fire prevention
Fire detection and extinguishing
Mitigation of fire effects
Turbine missiles
Internal hazards due to high energy pipe breaks
Heavy load drop
Seismic design
Analyses of plant specific natural external conditions
Man-induced external events
Scope and methodology of accident analysis
Availability of accident analysis results for supporting plant operation
Main steamline break accident analysis
Steam generator collector rupture
Severe accidents
Probabilistic safety assessment (PSA)
Anticipated transients without scram (ATWS)
Emergency operating procedures

2.2.2. Cooling the fuel in LOCA conditions

During the LOCA, the high energy of the steam or water jet could tear the thermal insulation off from
the equipment surfaces. The insulation material (mineral wool) collecting on the bottom of the containment
could clog the filters of the sumps, preventing core cooling in the recirculation phase. It should be envisaged
either to change the insulation material of the primary circuit or to implement measures ensuring prevention
of the blockage of the sump filters.

As the lines connecting the sumps to the ECCS pumps are single pipes at most plants, during the
recirculation phase of a LOCA there is a risk of losing primary water outside the confinement, should a
leakage occur on such a line upstream from the isolation valve. The quality of the materials of these lines
and the results of non-destructive tests should be considered. An in-service inspection programme should
be prepared in order to keep that risk as low as possible.

During the recirculation phase there is, in some plants, the danger of losing the ECCS water due to
the overflowing of storage tanks under small break LOCA conditions. When the emergency load sequencing
is initiated, the low pressure ECCS pumps start automatically and deliver water to the low pressure boron
solution tank until the pressure in the RCS falls down below 0.7 MPa. For small breaks the phase of
recirculation starts at a time when the pressure in the RCS is above 0.7 MPa, so that the water from the
sump is effectively pumped to the tanks [41]. If the operator fails to realign the ECCS low pressure pumps,
an interfacing LOCA can result. This hazard shows the importance of emergency operating procedures and
training programmes. The issue can be also solved by appropriate changes in the ECCS logic.
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The HP and LP injection lines of the ECCS penetrating across the containment walls are equipped with
motor operated or pneumatic valves for confinement isolation. In the case of an ECCS actuation following
a LOCA, the normally closed valves inside the containment would have to open under harsh environmental
conditions, increasing the probability of failure. It is therefore recommended to keep the inner valves open
during normal operation and to add an additional check valve, if necessary, or to replace these valves by
check valves.

The integrity of the containment is necessary to avoid substantial losses of ECCS water outside the
hermetic zone after LOCA. Thus the safety concerns related to the bubbler condenser integrity and
consequently to its effective operation, should be resolved to prevent excessive pressure increases in the
containment and possible loss of containment integrity.

Safety issues related to cooling of the fuel under LOCA conditions are:

General 1
General 2
General 3
Components integrity 3
Components integrity 4
Components Integrity 5
Components integrity 6
Systems 1
Systems 2
Systems 3
Systems 5
Systems 6
Systems 8
Systems 16
Systems 17
I&C 1
I&C4
I&C 9
Electrical power supply 1
Electrical power supply 2
Electrical power supply 3
Electrical power supply 4
Electrical power supply 5
Containment 1

Containment 2
Containment 4

Containment 5

Internal hazards 5
Accident analysis 1
Accident analysis 3
Accident analysis 7
Accident analysis 10
Operation 2
Operation 12

Classification of components
Qualification of equipment
Reliability analysis of safety class 1 and 2 systems
Primary pipe whip restraints
Steam generator collector integrity
SG tubes integrity
SG feedwater distribution pipe
Primary circuit cold overpressure protection
Mitigation of a steam generator primary collector break
Reactor coolant pump seal cooling system
ECCS sump screen blocking risk
ECCS suction line integrity
Power operated valves on the ECCS injection lines
Primary circuit venting under accident conditions
Essential service water system
I&C reliability
Human engineering of control rooms
Accident monitoring instrumentation
Startup logic for the emergency diesels
Diesel generators reliability
Protection signals for emergency diesel generators
On-site power supply for incident and accident management
Emergency batteries discharge time
Bubbler condenser strength behaviour (maximum pressure difference under
LOCA
Bubbler condenser thermodynamic behaviour
Maximum pressure differences on walls between compartments of hermetic
boxes
Peak pressure in containment and activation of sub-atmospheric pressure
after blowdown
Systematic flooding analysis
Scope and methodology of accident analysis
Computer code and plant model validation
Steam generator collector rupture
Probabilistic safety assessment (PSA)
Emergency operating procedures
Training programmes
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2.2.3. Cooling the fuel during cold shutdown or refuelling

The geometry of the primary cooling circuit and the method of residual heat removal adopted in the
design of the WWER-440/213 reactors assure good natural circulation of primary coolant under shutdown
conditions with the possibility of removing all residual power from the reactor core. Operation of two loops
in the initial period after the cold shutdown and of one loop at later times is enough to maintain the primary
coolant within admissible temperature range. The natural circulation remains effective after reactor cover
opening.

Nevertheless, degradation of natural circulation has occurred several times during refuelling
shutdowns. The causes included drop of coolant level below the reactor hot nozzles, formation of gas bubble
in the primary side of the SG and loss of flow on the SG secondary side. Detailed analysis of various
physical processes that result in the degradation of natural circulation is needed to improve the possibilities
of the diagnosis of natural circulation degradation, to train the operators concerning the possible causes of
degradation and to describe in the procedures the way of management of such cases.

Safety issues related to cooling the fuel during cold shutdown or refuelling are:

Accident analysis 8 Accidents possible under shutdown conditions
Operation 1 Procedures for normal operation
Operation 2 Emergency operating procedures
Operation 5 Experience feedback
Operation 12 Training programmes

2.3. CONFINING THE RADIOACTIVE MATERIAL

Depending on the location of the possible break of the pressurized boundary of the primary cooling
system two problems will be considered: the effectiveness of the bubbler condenser containment in the case
of LOCA with primary coolant release to the compartments inside the containment and the possibilities of
containment bypass due to leakages to interconnected systems.

2.3.1. LOCA with primary coolant releases to the compartments inside the bubbler condenser
containment

The bubbler condenser containment in WWER-440/213 units was designed to accommodate the
primary coolant release from the RCS after the instantaneous double-ended break of the largest pipe in the
RCS. This corresponds to the contemporary requirements of the reactor safety philosophy. The utilization
of bubbler condenser to condense steam and limit the maximum overpressure inside the containment is
conceptually equivalent to the designs of PWR containments with ice condensers or BWR containments with
pressure suppression pools, in particular Mark III type. The requirements for analytical and experimental
support of bubbler condenser containment design are therefore the same as for other containments in which
engineered safety features are used to provide limitation of the maximum overpressure and to decrease the
time of its duration inside containment.

The concept of bubbler condenser containment was based on the results of small scale experiments
dealing with the thermal and hydraulic phenomena occurring in a single water tray or in several water trays
arranged in horizontal or vertical configurations. The results of these experiments were positive, i.e., they
confirmed the effectiveness of the chosen bubbler condenser geometry and did not indicate any phenomena
dangerous to its integrity. However, in view of the very large dimensions of the real system, these small
scale experiments are not considered sufficient to prove that there will be no hazards due to the interactions
of the steam-air mixtures flowing through water shelves with the bubbler condenser mechanical structure.
The experience with BWR pressure suppression water pools has shown that significant pressure oscillations
can arise due to steam condensation chugging and other phenomena observed in large scale experiments.
Thus the realization of large scale tests is necessary to remove the doubts and possibly to provide the values
of loads to be taken into account in the verification of the mechanical design of the bubbler condenser.
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As of today, there are indications that the mechanical design of the bubbler condenser structure is
insufficient to withstand the pressure gradients occurring in the initial phase of blow-out after an
instantaneous double ended break of the RCS. The loads due to such an event are high and there are analyses
made within IAEA sponsored activities which indicate that some mechanical elements of the bubbler
condenser are too weak for such loadings. Therefore, strengthening of the metal structure of the bubbler
condenser is necessary. The exact extent of the mechanical upgrading should be determined for each plant
considering actual realization of the bubble condenser in a given plant and the requirements of the national
regulatory authorities. The loads acting on the partition walls inside the containment should be also checked,
because the consequences of damages to these walls could lead to the failures of various safety or safety
related systems in the plant.

The maximum overpressure in the containment after LB LOCA depends on a number of factors. Some
of them are difficult to determine due to the lack of large scale tests. Nearly all analyses have indicated that
the maximum pressure will be well within the design limits, but a recent GRS study (using higher than
previously assumed flow resistance coefficients for the check valves DN500 leading to the air traps) showed
that the peak pressure reaches the design pressure without any safety margins. However, the input data in
that study are questionable. As the possible loss of containment integrity would involve possible loss of
containment sprays and eventually - after loss of ECCS water inventory - it could lead to fuel melt, the
matter should be further investigated.

Large scale experiments should also bring additional clarification of the effectiveness of spray systems,
which is an important parameter in determining the time of overpressure inside the containment. This time
is of special importance in view of the relatively poor leaktightness of the containments in most of the plants.
Leakages reaching from 2% per day (at maximum overpressure) up to 100% per day in some plants are
allowed by the national regulatory bodies which take into account the positive feature of the bubbler
condenser containment consisting in fast reduction of the inside pressure to sub-atmospheric values.
According to the design calculations, in the case of LB LOCA this overpressure period does not exceed 12
minutes, thus giving very small releases even for allowed high leak rates. In the case of smaller breaks the
overpressure period would be longer. Also, in the case of smaller leaks the operation of sprays could lead
to premature passive spray actuation, partially emptying the bubbler condenser water trays and decreasing
its effectiveness in the later stages of the accident. This issue requires additional analyses and can involve
the necessity of developing appropriate emergency operating procedures. In any case, if the overpressure
period were significantly longer than determined in the design parameters, the radiation hazards outside the
plant would be correspondingly increased and the licensing decisions of regulatory authorities would have
to be reviewed.

Thus the realization of the programme of large scale tests of bubbler condenser operation is of primary
importance for the future decisions concerning the operation of WWER-440/2I3 units.

Independently from the unresolved questions of experimental support for the bubbler condenser design
there remains the problem of poor leaktightness of the bubbler condenser containments. Even if it is within
the allowable limits, high leak rates directly influence the values of radiation doses outside the plant and
should be reduced as much as possible. The efforts of the plants have brought in many cases appreciable
improvements of the situation, but the work on this problem should be continued.

Presently most WWER-440/213 plants have no hydrogen removal system and in several plants there
are aluminum covers on the RCS thermal insulation, which can be the source of significant hydrogen releases
in the case of containment spray system operation. Thus even in the case of DBA conditions, under which
the cladding-steam reaction gives only a small hydrogen release, the reactions outside the core can lead to
a potentially dangerous situation.

Besides the possible failures of the bubbler condenser containment there is the danger of leaving the
doors or ducts leading to the containment open. There are technical means to prevent such a danger in
WWER-440/213 units. Nevertheless, it remains an important operational problem which should be properly
addressed in the operational procedures and training of the operators.
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Safety issues related to LOCA with primary coolant releases to compartments inside the containment

are:

General 1
General 2
General 3
Systems 15
I&C 5

Containment 1

Containment 2
Containment 3
Containment 4

Containment 5

External hazards 1
External hazards 3
Accident analysis 1
Accident analysis 2
Accident analysis 3
Accident analysis 9
Accident analysis 10
Operation 1
Operation 2
Operation 12

Classification of components
Qualification of equipment
Reliability analysis of safety class 1 and 2 systems
Hydrogen removal system
Physical and functional separation between the main and emergency control
rooms
Bubbler condenser strength behaviour at maximum pressure difference
possible under LOCA
Bubbler condenser thermodynamic behaviour
Containment leak rates
Maximum pressure differences on walls between compartments of hermetic
boxes
Peak pressure in containment and activation of sub-atmospheric pressure
after blowdown
Seismic design
Man induced external events
Scope and methodology of accident analysis
QA of plant data used in accident analysis
Computer code and plant model validation
Severe accidents
Probabilistic safety assessment (PSA)
Procedures for normal operation
Emergency operating procedures
Training programmes
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2.3.2. Containment bypass due to RCS leakages to interconnected systems

In WWER-440/213 units all pipes connected to the primary cooling circuit up to the second isolating
valves are located inside the containment. This satisfies the general requirement as applicable to PWR plants.
However, containment bypass is still possible under several scenarios which will be discussed below.

Leakages from primary to secondary cooling system (PRISE)

The most dangerous leak from the primary to secondary system, which actually happened in Rovno
NPP in 1982, is the loss of integrity of the primary collector in the horizontal steam generator. After such
an event the water from the primary system flows into the secondary side, which leads to the opening of
relief valves or safety valves on the steam generator steam lines. Since the valves presently installed in NPPs
with WWER-440/213 units are not qualified to operate with water-steam mixture flows, it is possible that
they will fail in the open position. Then a direct bypass of the containment will be provided, with the
corresponding threats of releases of radioactive materials to the environment and of eventual loss of water
inventory in the primary system. Proper operation of the plant during such an accident requires a quick
decrease of the primary pressure to reduce the flow rate through the break, using the pressurizer spray
system which must then be reliable.

Although after Rovno accident all NPPs with WWER-440 reactors have implemented special measures
to prevent such an accident, it should be considered and the measures needed to its mitigation should be
implemented.

The leaks due to damages of steam generator tubes are of smaller potential importance and occur in
the horizontal generators of WWER units less frequently than in most vertical steam generators of western
PWRs. Nevertheless the measures to prevent them and to limit their effects should be provided and the
appropriate emergency operating procedures should be developed.

Leakages from the ECCS

When the ECCS is operated in recirculation mode, the contaminated primary coolant leaves the
containment and gets into heat exchangers, where it is divided from the essential service water system
(ESWS) only by the heat exchanging walls. This is a significant shortcoming of WWER-440/213 units, in
which there is no intermediate cooling system between the ECCS and the ESWS subsystem. This can lead
to penetration of unborated water into the RCS if ESW pumps are in operation. Moreover, in those units
where RHR systems using part of the ECCS system have been installed for coping with possible seismic
events, if the pressure on the ESWS side is reduced due to e.g. loss of pumps power supply, the leakages
in the heat exchangers can lead to primary coolant leaks outside to the ESWS water, thus bypassing the
containment.

In addition, the ECCS pipes leading from the containment sumps to the first isolating valve are in most
plants single pipes, not double envelope pipes as required in the contemporary western practice. Thus any
leakage from the ECCS suction line would mean containment bypass.

Interfacing systems LOCA

As of now, all ECCS injection lines are provided with one or two check valves and one power
operated isolating valve situated outside and one inside the containment and normally closed. This is required
by the regulations of former Soviet Union, which have been accepted in nearly all countries in which
WWER-440/213 units are in operation. The exception is Finland, which has installed two check valves in
series inside the containment on ECCS lines in Loviisa NPP. Presently it is questioned, whether motor or
pneumatically operated valves situated inside containment and exposed to high environmental parameters will
reliably open. As one of the proposed solutions consists in keeping these valves normally open, the
reliability of preventing interfacing systems LOCA and protecting the containment boundary can be
decreased.
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The seals of reactor coolant pumps are cooled by an autonomous circuit or by the components cooling
water and are fed by the make-up pumps. In some sequences involving the loss of pumps of the components
cooling system, a containment isolation or a total blackout, the cooling of the seals would be lost, leading
after some time to SB LOCA outside the confinement. The primary water would spill into the room of the
motors of the primary pumps with no existing possibility to drain it back to the containment sumps.

Accidents under shutdown conditions

These accidents deserve special attention, since under shutdown conditions the number of barriers is
usually reduced and frequently the containment is not completely closed. Systematic studies of accidents
under shutdown conditions have not been performed yet for WWER-440/213 reactors. PSA studies for
shutdown conditions are only planned for the future.

Safety issues related to containment bypass due to RCS leakages to interconnected systems are:

General 1 Classification of components
General 2 Qualification of equipment
General 3 Reliability analysis of safety class 1 and 2 systems
Components integrity 4 Steam generator collector and integrity
Components integrity 5 SG tubes integrity
Systems 2 Mitigation of a steam generator primary collector break
Systems 3 Reactor coolant pump seal cooling system
Systems 6 ECCS suction line integrity
Systems 7 ECCS heat exchanger integrity
Systems 8 Power operated valves on the ECCS injection lines
Systems 9 Steam generator safety and relief valves qualification for water flow
I&C 5 Physical and functional separation between the main and emergency control

rooms
I&C 9 Accident monitoring instrumentation
External hazards 1 Seismic design
Accident analysis 1 Scope and methodology of accident analysis
Accident analysis 2 QA of plant data used in accident analysis
Accident analysis 3 Computer code and plant model validation
Accident analysis 7 Steam generator collector rupture
Accident analysis 8 Accidents under low power and shutdown (LPS) conditions
Accident analysis 9 Severe accidents
Accident analysis 10 Probabilistic safety assessment (PSA)
Operation procedures 2 Emergency operating procedures

2.4. OVERVIEW OF SAFETY ISSUES AFFECTING PERFORMANCE OF ALL SAFETY FUNCTIONS
AND OVERALL PLANT SAFETY

2.4.1. Classification and qualification of components

The components for WWER-440/213 NPPs were designed based on OPB-73 [1], associated standards
and rules available at the design stage and they were modified during design in parallel with the development
of OPB-82 [3]. These standards were later replaced with the OPB-88 [4], presently in force in the Russian
Federation. However, all these documents present some deviations in comparison with the internationally
accepted standards [48]. Further development of Russian standards is under way.

The classification of systems and components important to safety used in OPB-88 does not agree with
the classification adopted in NUSS documents. The OPB-88 encompasses a larger number of normal
operation systems and elements which are safety related. It also includes subdivision of safety actuation
systems into protective and accident localization systems, based on their roles in the defence in depth
principle. NUSS Standards do not make this distinction. The definitions of safety classes in OPB-88 and
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NUSS are significantly different. In OPB-88 safety classes are identified just for elements, depending on the
deterministic assessment of the consequences caused by element failures. In particular, Russian standards
allow to assign various elements of the same safety system to various safety classes.

These and other differences, together with the fact that the system of safety classes in force today was
not fully introduced at the time of WWER-440/213 reactors construction, make it necessary to carry out a
retrospective review and to identify deviations with respect to current requirements. Backfitting or
compensatory measures should be developed and implemented as necessary. In particular the classification
of I&C and electrical equipment should be completed and approved. The equipment belonging to the safety
systems should be distinguished from that for normal operation.

Qualification of equipment in safety and safety related systems to perform their functions under
expected accident conditions is of high importance. The equipment actually installed at the plants may be
able to fulfill its tasks under accident conditions, but in many cases there is no sufficient evidence of it.
Without well qualified equipment it is not possible to be sure that the safety functions will be fulfilled under
accident conditions. Therefore qualification of equipment belonging to safety or safety related systems is of
high importance. The need for qualification of this equipment has been recognized in the plants, and the
work is planned or already in progress with special emphasis on I&C elements of safety systems.

The safety issues related to classification and qualification of components are:

General 1 Classification of components
General 2 Qualification of equipment
General 3 Reliability analysis of safety class 1 and 2 systems
Accident analysis 2 QA of plant data used in accident analysis

2.4.2. In-service inspection (ISI)

Reliable in-service inspection is an essential element required to preserve primary circuit integrity
including its most important component - reactor pressure vessel. The ISI programmes actually being carried
out in the NPPs with WWER-440/213 reactors are based on former USSR standards using various
techniques and tools. Several deficiencies have been revealed related to RPV inspection from outside, testing
of underclad area, steam generator collectors and tubing, restricted accessibility of RPV welds, head, head
penetrations, piping welds, SG shell welds, or specific piping nozzles. There is also a need for systematic
qualification of NDT procedures, equipment and personnel, especially for UT methods.

The safety issues related to ISI are:

Components integrity 2 Non-destructive testing
Components integrity 4 SG collector integrity
Components integrity 5 SG tube integrity
I&C 6 Condition monitoring for the mechanical equipment
I&C 7 Primary circuit diagnostic system
Operation 1 Procedures for normal operation
Operation 6 Quality assurance programme

Operation 9 Surveillance test programme

2.4.3. Instrumentation and control (I&C)

I&C in safety and safety related systems

The I&C systems important to safety incorporate the logic for the plant control and automatic actuation
of systems conceived to prevent accident sequences and mitigate their consequences, provide the information
needed to make reliable diagnostics of plant status, and convert the operator actions in components actuation.
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The adequacy of I&C systems has then to be evaluated in the light of integrated analyses of the plant
response to the postulated initiating events, and of the plant behaviour under the resulting conditions.

The findings and recommendations provided in the reference documents appear however to be the
effect of the deficiencies detected during plant walk-downs or reviews of specific plant areas, rather than
conclusions of systematic transients and accidents analysis. It also has to be noted that some
recommendations in different design areas may not be applicable to some specific plants and that the
potential drawbacks of some of them for other design functional areas might be unacceptable. They have
therefore been limited here to those most evidently applicable to this type of plant and representing a certain
safety improvement. Other recommendations, whose adequacy could only be assessed in the result of
accident analysis have been omitted for the time being. Therefore, the completeness of the findings and
recommendations given in this report cannot be demonstrated.

Only an integrated and systematic accident and hazard analysis, based on properly documented and
justified safety rules and principles, carried out with proven and qualified methodology and tools, could
evaluate in a reliable way the expected plant response and behaviour under all the postulated conditions,
providing the functioning, design, and qualification requirements and criteria for the safety related
components.

As a particular result, the need for additional scram signals in the reactor protection system will be
clarified.

A comprehensive analysis should also cover all the aspects related to reliability, maintainability and
testability of the components, based on a systematic operational experience review.

The need for such an analysis is the main conclusion of the I&C review. It is strongly recommended
to perform the analysis before any significant modification of the I&C design is implemented.

I&C in the control rooms

The information available to the operators in the main control room has not been demonstrated to be
sufficient to make a reliable judgement of the plant status under accident conditions. On the other hand, the
quantity of alarms is high, lacking prioritization or grouping, making it difficult to identify the event which
was the real initiator of the sequence.

On the basis of accident analysis and emergency operating procedures, information required by the
operator to properly manage post accident situations should be identified and presented in an ergonomic
optimum layout. A post accident monitoring system should be designed accordingly.

In order to assure the operation of the plant in all conditions, the habitability of the main control room
should be guaranteed, notably in case of accidents involving radioactive releases. For that purpose, most
plants are planning to install filters on the ventilation system.

In case of unavailability of the main control room due to fire, flooding, turbine missile or air crash,
all plants are equipped with an emergency control room which allows the operator to put and keep the plant
in safe shutdown conditions. However, the two rooms are not sufficiently separated in both physical and
functional terms and therefore a systematic analysis should be conducted and measures implemented to
prevent common cause failures.

The safety issues related to I&C in control rooms are:

Systems 14 Main control room ventilation system
I&C 1 I&C reliability
I&C 2 Safety system actuation design
I&C 3 Review of reactor scram initiating signals

30



I&C 4 Human engineering of control rooms
I&C 5 Physical and functional separation between the main and emergency control

rooms
I&C 9 Accident monitoring instrumentation

2.4.4. Electrical power supply

Electrical power supply is needed for every active electro-mechanical equipment. Thus, these systems
take part in every safety function and should have the same level of reliability as the mechanical equipment
they feed.

In a WWER-440/213, 6 kV and 400 V AC safety related distribution systems are organized in three
electrically and physically separated trains, each of them being supplied by a diesel generator in case of loss
of off-site power.

In the present design, due to their relatively slow start-up and to make sure of availability when
needed, the diesels are started on ECCS actuation and the 6 kV safety buses are disconnected from the
electrical network. This feature induces additional transients to the diesels and increases the probability of
a total loss of power as it artificially provokes a loss of off-site power. The replacement of the diesel
controller, which would allow a significant reduction of the start-up time, should be implemented and then
the ECCS actuation modified so that the safety systems continue to be supplied by the grid as long as it is
available.

The reliability of the diesel generators and their auxiliaries should be checked and improved where
feasible, and then an analysis of the risk of total black-out and its consequences should be performed at each
plant. Depending on the results of this analysis, the need for an additional power source would be assessed,
as well as the necessity to increase the capacity of the batteries in order to extend their discharge time. In
any case the capacity of batteries should be sufficient to last until power recovery to the safety related
systems.

The safety issues related to electrical power supply are:

Electrical power 1 Start-up logic for the emergency diesels
Electrical power 2 Diesel generators reliability
Electrical power 3 Protection signals for emergency diesel generators
Electrical power 4 On-site power supply for incident and accident management
Electrical power 5 Emergency battery discharge time

2.4.5. Water cooling and ventilation systems

All safety important systems are cooled by the essential service water system (ESWS). In spite of its
importance to safety it is not sure that in all plants the system is adequately protected against all sources of
common mode failures, including internal and external hazards. For example, in many plants the redundant
trains of the ESWS are routed without space separation nor sufficient physical protection, the redundant
pumps are located in the same fire compartment in the pump house, or the seismic resistance of the
redundant trains is not satisfactory. Also, some analyses indicated that the pumps of the essential service
water system can be lost due to flooding in the pump house.

Verification of the proper train separation and protection against all common mode failures including
earthquakes is necessary. If the analysis shows that the consequences of such failures would be inadmissible,
the necessary improvements should be implemented.

Ventilation systems are necessary for cooling the air in compartments housing safety and safety related
systems so as to keep air parameters within admissible limits. They are also necessary to provide habitability
of the main control room and emergency control room. In the original design the ventilation to the control
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rooms was not provided with the filters necessary in the case of fire or radioactive releases and did not
provide sufficient independence of each room.

Reviews of the design of ventilation system have been performed in most plants and the improvement
measures are planned or implemented. They include supplying the control room with filtered air and
applying slight overpressure in the control room to prevent possible intrusions of the contaminated air.

The safety issues related to water cooling and ventilation systems are:

Systems 14 Main control room ventilation system
Systems 17 Essential service water system
I&C 5 Physical and functional separation between the main and emergency control

rooms
Internal hazards 1 Systematic fire hazards analysis
Internal hazards 2 Fire prevention
Internal hazards 3 Fire detection and extinguishing
Internal hazards 4 Mitigation of fire effects
Internal hazards 5 Systematic flooding analysis
Internal hazards 7 Internal hazards due to high energy pipe breaks
Internal hazards 8 Heavy load drops
External hazards 1 Seismic design
External hazards 2 Extreme cold

2.4.6. Internal hazards

The main issues identified in this area are related to fire protection, high energy pipe breaks, the risk
of turbine generated missiles impacting and damaging safety related equipment, internal flooding and the risk
of dropping heavy loads onto safety related equipment.

Fire protection is considered to be an especially important topic, since operating experience with
nuclear power plants worldwide has shown that fires cannot be fully excluded and the risk of a fire leading
to a major event is not sufficiently low. According to the NUSS requirements, an adequate degree of fire
protection should be achieved by a defence in depth concept in the design. A key element of this concept
is the performance of a systematic fire hazards analysis prior to initial loading of reactor fuel and updating
this analysis during operation. This would enable the determination of the required fire resistance of the fire
compartment boundaries and the requirements of the fire extinguishing systems and other features necessary
to fulfill the fire protection requirements.

A systematic fire hazards analysis, as discussed here, has not been performed so far for any of the
WWER-440/213 nuclear power plants. As a consequence, the defence in depth concept of fire protection
is lacking, and this includes identified weaknesses in passive fire protection.

Internal hazards resulting from high energy pipe breaks is an issue of high safety concern. The
dynamic effects of high energy pipe breaks, such as pipe whips and jet forces due to the sudden release of
liquids and steam, could lead to multiple failures of safety related equipment, especially at an elevation of
14.7 m in the area between the turbine hall and the intermediate building. It is essential that a systematic
hazards analysis be carried out to identify the associated weak points, which would enable adequate
countermeasures to be taken.

The issue related to the risk of dropping heavy loads is associated with the operation of the crane in
the reactor building. This requires plant-specific studies to be carried out to either prevent or to minimize
the adverse effects of dropped loads.
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Safety issues related to internal hazards are:

Internal hazards 1 Systematic fire hazards analysis
Internal hazards 2 Fire prevention
Internal hazards 3 Fire detection and extinguishing
Internal hazards 4 Mitigation of fire effects
Internal hazards 5 Systematic flooding analysis
Internal hazards 6 Turbine missiles
Internal hazards 7 Internal hazards due to high energy pipe breaks
Internal hazards 8 Heavy load drop

2.4.7. External hazards

In the area of external hazards, there are safety concerns with respect to seismic design and conditions
of extreme cold.

It is international practice, e.g. according to the NUSS requirements, to ensure that structures, systems
and components of nuclear power plants are designed such that no safety functions are lost in the case of
an earthquake which can be expected at the site. Most of the WWER plants were designed either without
taking seismic factors into account or by considering lower intensities than are required today. It is essential
that for each plant the earthquake level be determined for all systems, structures and components and that
the safe shutdown capability be verified. The necessary upgrading work with respect to the site-specific
characteristics and parameters should be carried out as soon as possible.

In the case of extremely cold conditions for extended periods of time, the make-up water and
emergency feedwater system can be detrimentally affected. This issue has not been analyzed for most
WWER plants. In addition, such extreme conditions of cold could also affect the diesel oil. It is
recommended that a checklist be developed for each plant for cold conditions.

Safety issues related to external hazards are:

External hazards 1 Seismic design
External hazards 2 Analysis of plant specific natural external conditions
External hazards 3 Man induced external events

2.4.8. Accident analysis

A review of the scope of accident analyses available for each of the operating plants with WWER-
440/213 reactors has shown that the most important accident analyses have been performed, although not
always by the designers of the plant. The general complaint of the operators and specialists in I&C working
for the plants is that the safety analysis report is not comprehensive, does not provide all data needed for
formulating the basis for decisions and is often based on calculations done using outdated methods or
excessively simplified models. The recent discussions of the decisions to be taken concerning eventual
modifications of some subsystems of the plants have shown the necessity of implementing a systematic
approach to accident analysis to ensure that all relevant accidents or transients have been evaluated and that
the analyses have been performed with appropriate conservative assumptions, including boundary conditions,
time delays in ESF actuation, application of single failure criterion, common mode failures, consecutive
failures due to the initiating event, possible errors and delays in operator actions etc. Accidents not
considered so far, including accidents beyond design basis, should be included in the analyses.

All analyses should be carried out until final stable-state conditions are reached. In the case of
accidents involving releases of radioactive materials to the environment a complete calculation of source
terms and radiological consequences to the public should also be performed.
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The computer codes used in the analyses should be validated by comparisons with the experimental
or operational results obtained for WWER-440 reactors. The data concerning fuel behaviour under LOCA
conditions such as fuel-cladding -coolant interactions, fission product releases, fuel mechanical behaviour
etc. should be verified through in-pile experiments with real WWER fuel.

The results of analyses should be provided to the plants to be incorporated in the basis for limits and
conditions elaborated for the plant and to be used in the safety analysis report.

The analyses of particular importance have been mentioned above in the review of the safety functions.

Safety issues related to accident analysis are:

Electrical power supply 5 Emergency battery discharging time

Accident analysis 1 Scope and methodology of accident analysis
Accident analysis 2 QA of plant data used in accident analysis
Accident analysis 3 Computer code and plant model validation
Accident analysis 4 Availability of accident analysis results for supporting plant operation
Accident analysis 5 Main steamline break accident
Accident analysis 6 Overcooling transients related to pressurized thermal shock
Accident analysis 7 Steam generator collector rupture (II)
Accident analysis 8 Accidents under low power and shutdown (LPS) conditions (II)
Accident analysis 9 Severe accidents (I)
Accident analysis 10 Probabilistic safety assessment (PSA)
Accident analysis 11 Boron dilution accidents
Accident analysis 12 Spent fuel cask drop accidents
Accident analysis 13 ATWS

2.5. OPERATIONAL SAFETY

The review of operational safety was not included in the scope of the IAEA review missions to the V-
213 plants. However, the experts involved in this work could rely on the results of several previous IAEA
activities, such as technical cooperation projects, OS ART and ASSET missions. In addition results of some
external reviews in this area were made available for the IAEA. For identification of the operational issues
the following documents served as a basis.

1. Experience from operation of WWER-440 model V-213 NPPs [26].
2. Reports on ASSET Missions to Dukovany and Rovno NPPs [42-43].
3. IAEA Bohunice V-2 Safety Review Mission [36].
4. Risk Audit Report on Rovno NPP [33].
5. Reports on OSART Missions to Loviisa, Dukovany, Bohunice, Mochovce [44-46].
6. Safety reassessment of the Paks nuclear power plant (executive summary of the AGNES project) [34].
7. Analysis of Core Damage Frequency for NPP Dukovany [41].

Altogether thirteen issues have been determined. There was some difficulty in applying the principles
of ranking because the proposed approach was more suitable for the design issues and the available data were
insufficient for the ranking. Therefore, the issues have not been ranked.

This lack of ranking does not, however, signify that the operational safety issues are less important
than the engineering safety improvements listed in the report section "DESIGN". The degree of
automatization in WWER-440/213 plants is generally lower than in western PWRs and the role of the
operator is very important for the safety of the these plants. The PSA studies performed for Paks [34] and
for Dukovany NPP [41] have shown that the role of human factor in the accident development is very high,
the percentage of sequences contributing to core damage frequency [CDF] which are dependant on human
actions reaching up to 80%. Thus is should be recognized, that the deficiencies in operational safety have
a high bearing on the overall safety of the WWER-440/213 reactors. Moreover, the deficiencies in such
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aspects are often the root cause of technical deficiencies. In addition the improvements in this respect can
be highly cost effective.

Thus the operational safety issues listed below should be considered as of utmost importance and all
efforts should be made to implement the related recommendations.

The list of operational issues can be considered as a preliminary one and future reviews of plant
operation are planned by the IAEA to finalize it. It would be very important that during these reviews the
ranking of the operational issues be established with consideration of the operating experience of the plants
concerned.

There are a number of areas where operational safety can be improved. The recommended measures
intend to stimulate the operating organizations and plant management to correct the deficiencies identified
and to achieve a better alignment with international practices. Among the proposals the most important ones
are:

Operating procedures are key elements of plant operation both for the normal and emergency modes.
Justification of the limits and conditions of safe operation, elaboration of symptom oriented emergency
procedures and improvement of the format and content of normal operating procedures are considered
to be very important. They are crucial if the plant is to operate according to the design assumptions
and even more so if the operator is expected to take actions compensating for design deficiencies or
mitigating the accident development under emergency conditions. The examples of such necessary
operator actions can be found e.g. in the sequences evolving after SB LOCA (realignment of LP ECCS
pumps mentioned in point 2.2.2) or after primary to secondary leaks (closing main coolant loop gate
valves or reducing ECCS injection flow as mentioned in safety issue "Systems 2").

Many of the elements of the safety culture are present at the WWER-440/213 plants. The principles
of safety culture should be incorporated into the incident prevention through training and qualification
programmes. Safety culture incorporating proper organization and staffing is a fundamental condition
of maintaining and improving safety and affects both the NPP staff and the central support
organizations.

The importance of quality assurance is generally recognized by the plant management. Review and
improvement of the QA programmes are recommended in order to determine department
responsibilities, to maintain an independent system for verification and approval of all procedures prior
to implementation, and to monitor that procedures are followed.

In spite of the wide variety of approaches used to feedback the safety related operation experience
several improvements are recommended in this area including the reporting criteria, the application
of the root cause analysis methodology, setting up multi-disciple engineering support groups and
improving the cooperation between the V-213 units. Efficient experience feedback and event
investigation is vital if the lessons are to be learned and applied and if the corrective actions are to be
taken before minor deficiencies and degradations deteriorate into major deficiencies.

The management of the plants should devote great attention to the improvement of maintenance
procedures and maintenance programmes. Errors in maintenance and testing can result in erroneous
functioning of safety systems or violation of defence in depth.

The records and data related to different plant activities (e.g. maintenance, surveillance tests,
backfitting) should be collected and stored so that they are easily accessible and retrievable, preferably
with the use of electronic data. The control of modifications performed in the plant is crucial for the
safety of the plant.This is especially important in the WWER-440/213 units, which all are undergoing
far reaching changes in the course of safety improvement programmes.
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The surveillance programmes of the plants need to be reviewed and improved to detect degradations
or hidden failures, taking into account both equipment history and operating experience feedback and
to identify procedural deficiencies. Test intervals should be considered carefully in order to ensure the
functionality of equipment and to avoid unnecessary tests which could result in decreasing the
equipment availability. Surveillance and maintenance programmes are vital for the reliability of the
equipment, including equipment important to safety. They are the means by which the plant integrity
and reliability are kept in the state intended by the designer and justified in the safety case.

Training of operational and maintenance staff should improve the abilities of the personnel to diagnose
and manage plant events. The training provided to the operators in this respect is of highest importance
for ensuring correct operator's responses under conditions of high stress and uncertainty. The
development of symptom-oriented procedures and their implementation will be of high importance for
assuring proper responses of the operational personnel.

Without adequately equipped and organized emergency centers, it is not possible to co-ordinate and
carry out accident management measures. This could lead to events developing to the stage where they
can affect the personnel, the public and the environment. Therefore, it is recommended to construct
and equip the emergency center including procedures and documentation and carry out the necessary
drills and exercises.

The radiation protection practices were not reviewed in detail by the IAEA at the WWER-440/213
plants. Generally, the radiation protection practices at the WWER plants are good. The collective
doses of the personnel are kept low. However, the radiation monitoring instrumentation originally
designed and supplied needs upgrading to cover the whole range of parameters including accidental
conditions. Therefore, systematic review of radiation protection practices is recommended for a
comprehensive assessment and identification of measures required.

Safety issues related to operational safety are:

Operation 1 Procedures for normal operation
Operation 2 Emergency operating procedures
Operation 3 Limits and conditions
Operation 4 Need for safety culture improvements
Operation 5 Experience feedback
Operation 6 Quality assurance programme
Operation 7 Data and document management
Operation 8 Philosophy on use of procedures
Operation 9 Surveillance test programme
Operation 10 Communication system
Operation 11 Radiation protection and monitoring
Operation 12 Training programmes
Operation 13 Emergency center

2.6. MAIN INSIGHTS

The review of the safety features of WWER-440/213 plants shows that the main safety concept of these
reactors is similar to the PWR units designed at the same time in other countries. However, the differences
in the standards and regulations in force at that time in the former USSR and in western countries and
differences in technology of various plant components required costly safety backfittings later.

The backfitting process is not much different than that which is going on in the plants built to earlier
safety standards all over the world. In WWER-440/213 plants much of the backfitting and upgrading work
has been recognized as necessary and has been or is being performed. This activity was initiated by the
WWER Owners' Club, and later international assistance has played a major role in the process of
improvement of these nuclear power plants. The status of plant specific backfittings varies in different
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countries, depending on the requirements of the national regulatory authorities and the available financial
means. Moreover, the review of plant specific status indicates that many safety issues have been already
solved in some plants.

The main areas in which safety improvements are needed in most WWER-440/213 plants are as
follows:

Space and physical separation of systems important to safety, both among the redundant trains of a
system important to safety (e.g. essential SWS) and between the high and low energy systems (e.g.
between steam lines and EFWS).

Qualification of safety and safety related equipment, not only in I&C or electrical systems, but also
in mechanical systems, such as HPIS pumps or valves.

Improvements in in-service inspection and diagnostic systems, which were not sufficiently developed
at the time of WWER-440/213 construction.

Fire protection and fighting capability improvement, both through introduction of improved materials
(fire resistant cables, fireproof doors, louvers, non-burning lubricants) and through design
improvements (division of turbine hall into smaller fire compartments, removal of safety systems from
potentially hazardous fire areas, installation of modern fire fighting systems).

Verification of the design of bubbler condenser containment in large scale tests and correction of its
mechanical design.

Some problems were identified much later than the time of WWER-440/213 plant design and have to
be solved not only in WWERs, but also in other plants in the world. An example of this is the danger of
containment sump house clogging after LB LOCA, with subsequent loss of water to ECCS pumps in the
recirculation phase of the accident and possible core melt. Another unsolved problem is the question of
hydrogen removal from the containment atmosphere or its recombination under BDBA conditions.

Many safety concerns identified as very important in WWER-440/230 plants were addressed
successfully in WWER-440/213 design and therefore are ranked much lower or cease to be safety issues at
all. An example of such an improvement is seen in the means taken to prevent and monitor RPV
embrittlement, which is much less in WWER-440/213 plants due to good material properties of RPV steel.
However, the problems of pressurized thermal shock and cold overpressure protection of the RPV remain
important, especially for the later stage of RPV lifetime, when extra safety measures will have to be taken
in NPPs with WWER-440/213 reactors.

In view of the questionable reliability, qualification and resistance to single and/or common mode
failures of the I&C systems and equipment which were installed with the technical level corresponding to
the former USSR technology of the 1970s, the standards and regulations to be used for I&C systems design
have to be redefined and the equipment exchanged for that corresponding to the contemporary technology.

The necessary basis for this is a comprehensive safety analysis of each plant, which should lead to the
preparation of a complete safety analysis report whenever the existing safety documentation does not
correspond to the actual safety requirements and plant configuration.

The importance of human factor in WWER-440/213 operation makes all operational aspects of
WWER-440/213 units very significant to safety. The present report does not rank the operational issues. This
was primarily due to the scarcity of information on operational safety issues, while the design safety
considerations have been much better known. The IAEA intends to continue the review of WWER-440/213
safety on the plant specific basis and to obtain the necessary additional information to be able to present the
operational safety issues with the degree of detail similar to that presented now for the design issues.
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TABLE I. OVERVIEW OF CATEGORIES OF SAFETY ISSUES IDENTIFIED IN WWER-440/213 NPPs

Area

DESIGN

General

Core

Components integrity

Systems

I&C

Electrical power supply

Containment

Internal hazards

External hazards

Accident analysis

Sub-total

OPERATION

Operating procedures

Management

Plant operation

Radiation protection

Training

Emergency planning

Sub-total

TOTAL

CATEGORIES

I

-

-

1

3

3

4

1

3

1

10

26

-

-

-

-

-

-

-

26

II

2

1

4

12

8

1

3

3

1

5

40

-

-

-

-

-

-

-

40

in

I

-

I

2

-

-

1

2

1

-

8

-

-

-

-

-

-

-

8

IV

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Not
ranked

3

4

3

1

1

1

13

13
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TABLE II. WWER-440/213 SAFETY ISSUES

Issue No. Issue title Issue rank Page No.
Issue/plant specific status

AREA: GENERAL

General 1

General 2

General 3

Classification of components

Qualification of equipment

Reliability analysis of safety
class 1 and 2 systems

II

III

II

44, 172

46, 173

48, 175

AREA: CORE

Reactor core 1 Prevention of uncontrolled boron
dilution

II 49, 176

AREA: COMPONENT INTEGRITY

Reactor pressure vessel (RPV)

Components integrity 1 RPV integrity II 51, 178

Reactor coolant system (RCS)

Components integrity 2

Components integrity 3

Non-destructive testing

Primary pipe whip restraints

III

II

53, 181

54, 184

Steam generator (SG)

Components integrity 4

Components integrity 5

Components integrity 6

Steam generator collector
integrity

SG tubes integrity

SG feedwater distribution pipe

II

II

I

55, 185

57, 186

58, 187

AREA: SYSTEMS

Reactor Coolant System (RCS)

Systems 1

Systems 2

Systems 3

Systems 4

Primary circuit cold
overpressure protection

Mitigation of a steam generator
primary collector break

Reactor coolant pump seal
cooling system

Pressurizer safety and relief
valves qualification for water
flow

II

II

II

II

60, 188

62, 189

65, 191

67, 193

Emergency core cooling system (ECCS)

Systems 5

Systems 6

Systems 7

Systems 8

ECCS sump screen blocking

ECCS suction line integrity

ECCS heat exchanger integrity

Power operated valves on the
ECCS injection lines

III

II

II

I

68, 194

70, 196

71, 197

73, 198
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TABLE II. (com.)

Issue No. Issue title Issue rank Page No.
Issue/plant specific status

Steam and power conversion system

Systems 9

Systems 10

Systems 11

Systems 12

Systems 13

Steam generator safety and relief
valves qualification for water
flow

Steam generator safety and relief
valves performance at low
pressure

Steam generator level control
valves

Emergency feedwater make-up
procedures

Feedwater supply vulnerability

Process auxiliaries

Systems 14

Systems 15

Main control room ventilation
system

Hydrogen removal system

Reactor coolant system venting

Systems 16 Primary circuit venting under
accident conditions

II

II

I

I

III

II

II

II

74, 199

75, 200

76, 202

77, 203

78, 204

80, 206

81, 207

82, 208

Water systems

Systems 17 Essential service water system II 83, 210

AREA: INSTRUMENTATION AND CONTROL

Instrumentation & control 1

Instrumentation & control 2

Instrumentation & control 3

Instrumentation & control 4

Instrumentation & control 5

Instrumentation & control 6

Instrumentation & control 7

Instrumentation & control 8

Instrumentation & control 9

I&C reliability

Safety system actuation design

Review of reactor scram
initiating signals

Human engineering of control
rooms

Physical and functional
separation between the main and
emergency control rooms

Condition monitoring for the
mechanical equipment

Primary circuit diagnostic
systems

Reactor vessel head leak
monitoring system

Accident monitoring
instrumentation

II

I

II

II

II

I

II

II

II

84, 211

86, 213

88, 214

90, 216

92, 218

93, 219

94, 221

96, 222

97, 223
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TABLE II. (cont.)

Issue No.

Instrumentation & control 10

Instrumentation & control 11

Issue title

Technical support centre

Water chemistry control and
monitoring equipment (primary
and secondary)

Issue rank

II

I

Page No.
Issue/plant specific status

98, 224

99, 225

AREA: ELECTRIC POWER SUPPLY

Emergency diesel generators

Electrical power supply 1

Electrical power supply 2

Electrical power supply 3

Electrical power supply 4

Start-up logic for the emergency
diesels

Diesel generators reliability

Protection signals for emergency
diesel generators

On-site power supply for
incident and accident
management

I

I

I

I

100, 228

102, 229

103, 230

104, 231

DC power supply

Electrical power supply 5 Emergency battery discharge
time

II 106, 232

AREA: CONTAINMENT

Containment 1

Containment 2

Containment 3

Containment 4

Containment 5

Bubbler condenser strength
behaviour at max. pressure
difference possible under LOCA

Bubbler condenser
thermodynamic behaviour

Containment leak rates

Maximum pressure differences
on walls between compartments
of hermetic boxes

Peak pressure in containment
and activation of sub-
atmospheric pressure after
blowdown

III

II

II

II

I

108, 233

110, 234

112, 235

113, 236

114, 237

AREA: INTERNAL HAZARDS

Fire

Internal hazards 1

Internal hazards 2

Internal hazards 3

Internal hazards 4

Systematic fire hazards analysis

Fire prevention

Fire detection and extinguishing

Mitigation of fire effects

II

HI

II

II

116, 238

118, 240

120, 243

122, 244

Flood

Internal hazards 5 Systematic flooding analysis 124, 245
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TABLE II. (cont.)

Issue No. Issue title Issue rank Page No.
Issue/plant specific status

Missiles

Internal hazards 6 Turbine missiles I 125, 247

Rupture of high energy piping

Internal hazards 7 Internal hazards due to high
energy pipe breaks

III 126, 248

Load drops

Internal hazards 8 Heavy load drop I 128, 250

AREA: EXTERNAL HAZARDS

External hazards 1

External hazards 2

External hazards 3

Seismic design

Analyses of plant specific natural
external conditions

Man induced external events

III

I

II

129, 252

130, 255

131, 257

AREA: ACCIDENT ANALYSIS

Accident analysis 1

Accident analysis 2

Accident analysis 3

Accident analysis 4

Accident analysis 5

Accident analysis 6

Accident analysis 7

Accident analysis 8

Accident analysis 9

Accident analysis 10

Accident analysis 11

Accident analysis 12

Accident analysis 13

Accident analysis 14

Scope and methodology of
accident analysis

QA of plant data used in
accident analysis

Computer code and plant model
validation

Availability of accident analysis
results for supporting plant
operation

Main steamline break accident
analysis

Overcooling transients related to
pressurized thermal shock

Steam generator collector
rupture

Accidents under low power and
shutdown (LPS) conditions

Severe accidents

Probabilistic safety assessment
(PSA)

Boron dilution accidents

Spent fuel cask drop accidents

ATWS

Total loss of electrical power

II

I

II

I

I

II

II

II

I

I

I

I

I

I

132, 259

134, 273

135, 274

137, 278

138, 279

140, 281

142, 283

144, 284

146, 285

147, 287

148, 289

150, 290

151, 291

152, 293
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TABLE II. (cont.)

Issue No.

Accident analysis 15

Issue title

Total loss of heat sink

Issue rank

I

Page No.
Issue/plant specific status

154, 294

AREA: OPERATION

Operating procedures

Operation 1

Operation 2

Operation 3

Procedures for normal operation

Emergency operating procedures

Limits and conditions

Not ranked

Not ranked

Not ranked

155, 295

156, 296

158, 298

Management

Operation 4

Operation 5

Operation 6

Operation 7

Need for safety culture
improvements

Experience feedback

Quality assurance programme

Data and document management

Not ranked

Not ranked

Not ranked

Not ranked

159, 299

160, 300

161, 301

162, 302

Plant operations

Operation 8

Operation 9

Operation 10

Philosophy on use of procedures

Surveillance test programme

Communication system

Not ranked

Not ranked

Not ranked

163, 303

164, 304

166, 305

Radiation protection

Operation 11 Radiation protection and
monitoring

Not ranked 167, 307

Training

Operation 12 Training programmes Not ranked 168, 309

Emergency planning

Operation 13 Emergency control center Not ranked 170, 310
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3. DESIGN SAFETY ISSUES

3.1. GENERAL

REVIEW AREA/ISSUE NUMBER: General 1

ISSUE TITLE: Classification of components

ISSUE CLARIFICATION:

The components for WWER-440/213 NPPs were designed based on OPB-73 [1], associated standards/rules
available at the design stage, and in parallel with the development of OPB-82 [3]. The components important
to safety were classified as normal operation system (safety-related), protective actuation safety system,
localization actuation safety system, protection safety system and support safety system.

OPB-88 [4], which came into force in July 1990, defines a new classification system for components used
in NPPs.

According to new requirements, the safety class is considered to be the essential factor in determining other
classifications (seismic, quality, etc.) of nuclear power plant elements, as specified in the nuclear power plant
safety rules. Other factors determining classifications are established according to the features of nuclear
power plant elements which are regulated by those rules. The highest quality according to the current state
of manufacturing technology is ensured by group A. Consequently, safety class 1 always corresponds to
group A. Safety classes 2 and 3 may belong to either group B or group C, depending on other quality
classification factors.

The safety concerns with respect to the treatment of components of WWER-440/213 NPPs are first, the non-
uniform treatment of elements provided to fulfill a given safety function, and secondly, the deviations in the
requirements regarding design, manufacture and pre- and in-service inspection from those currently used.

MAIN SAFETY FUNCTIONS AFFECTED: All

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

This issue was identified from a code comparison [48]. The non-uniform treatment of elements provided to
fulfill a given safety function and deviations from current requirements for manufacturing and testing affects
the safety provisions at level 1 of protection. Consequently, all safety functions can be impaired for scenarios
within the DB envelope.

MEASURES PROPOSED IN MEMBER STATES:

Introduction of safety classification of NPP structures and components and of the corresponding quality
assurance classes [49] based on the IAEA Guide 50-SG-D1 [50].

COMMENTS AND RECOMMENDATIONS:

1. 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.

2.
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According to new Russian requirements, the reactor pressure vessel and the pressure vessels of the
pressurizer, steam generator, reactor coolant pump and hydroaccumulators are the components



belonging to safety class 1 and group A. Other components of the reactor coolant pressure boundary
belong to safety class 2 and group B. In some countries the approach of OPB 88 has not been followed
and the classification of systems is similar to the western practice. The classification list and relevant
manufacturing, seismic and QA categories should be compared with NUSS. Comparison with national
and western codes is also recommended.

3. The classification for I&C and electrical equipment should be completed and approved. The equipment
that is identified by the OPB-88, [4], classification effort as being in protective or safety system control
should be distinguished from that in the normal operational sub-class. In addition to the marking of
the equipment, the classification should be carried into the procedures followed for maintenance of the
I&C and electrical equipment which perform safety related functions.

4. A higher level of checking following repairs would be appropriate for equipment performing safety
related functions. This identification would reduced 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.

5. 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.

6. The plans for introducing a new safety classification based on IAEA guides are supported.

REFERENCES: [4], [48], [49], [50]
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REVIEW AREA/ISSUE NUMBER: General 2

TITLE: Qualification of equipment

ISSUE CLARIFICATION:

In accordance with NUSS 50-C-D, Section 12, [6], the qualification of equipment important to safety is
required to demonstrate its ability to fulfill the intended functions. This qualification requirement applies to
normal operating conditions, to accident conditions and to internal and external events. In addition, according
to international practice, it should be possible for the plant operators and the regulatory body to examine the
associated qualification reports. A major concern with respect to WWER nuclear power plants, as shown
by safety reviews, is that this practice of qualification of equipment is either lacking or not evident.

An example of this is the qualification of electrical and I&C equipment, including cable connections, for
LOCA conditions. Neither the specifications concerning the test procedures and sequences nor the original
test reports are available at the nuclear power plants. In addition, safety reviews have shown that the initially
installed cable connections may not be able to withstand extreme environmental conditions and consequently,
they have a high failure potential under LOCA conditions.

A further example is the lack of seismic qualification of systems important to safety. This concerns especially
ventilation systems which should be safety-graded but are not, and safety support systems like the service
water pumps, fire water supply pumps and indication and recording instrumentation. Since these are not
qualified with respect to seismic loads, their functional capability on demand in the case of an earthquake
would be questionable.

Equipment qualification is necessary in all safety and safety-related systems, including electrical, I&C,
mechanical equipment as well as the buildings housing safety-related systems.

MAIN SAFETY FUNCTIONS AFFECTED: All

RANKING OF ISSUE: III

JUSTIFICATION OF RANKING:

This issue was identified from safety reviews and represents a deviation from international practice and
especially from NUSS 50-C-D, [6]. Insufficient or lacking qualification of safety-related systems with respect
to extreme environmental or seismic conditions would seriously affect levels 1 to 3 of protection of defence
in depth and the safety functions would be questionable for scenarios within the DB envelope.

MEASURES PROPOSED IN MEMBER STATES:

Definition of qualification requirements and criteria [49, 51].

List of I&C and mechanical equipment whose operability shall be assured during accident and post
accident conditions and which can be subjected to harsh environment due to design basis accidents
(inside containment including instrument rooms) should be reviewed and completed if necessary.

Development of guidelines for qualification activities.

Possibility for a common approach among the owners for performing required analysis and definition
of components to be qualified or replaced.

Reassessment of site design basis seismic intensity and verification of seismic resistance of I&C safety
related equipment.
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Exchange of I&C equipment or its requalification, depending on which is cheaper and easier to realize.

COMMENTS AND RECOMMENDATIONS:

1. 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.

2. I&C equipment should be divided into safety categories according to the guidance given in IAEA
Safety Guide No 5O-SG-D8, item 3.1.1, [52], or according to the regulations established by regulatory
bodies in the countries operating WWER-440/213 units.

3. A list of postulated initiating events (PIE) which can provide extreme environmental conditions for
the I&C and mechanical equipment should be established. This should be done for all WWER-440/213
units, since their characteristics and possible range of accident conditions are very similar.

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

5. Collect all related documentation, 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 and other accident conditions.

6. The environmental qualification of safety-related components has to be extended to all of the safety-
related items and has to take into account the environmental conditions of all the postulated accidents
and internal and external hazards.

7. The requirements concerning environmental conditions in the rooms where I&C equipment will be
located should be established, taking into account the specific features of WWER-440/213 units,
influencing the maximum values of environmental parameters after design basis accidents in these
reactors.

8. The steps indicated in generic measures are recommended to be implemented. A distinction should be
made between plants operating now and those which have not been yet commissioned. In the case of
operating plants on-site qualification or replacement of safety related components and equipment is
needed, but for practical reasons certain time delay is admissible. In the case of not commissioned
plants the completion of qualification could be a condition for commissioning.

REFERENCES:

[6], WANOT.3.3. [11], GRS Report 6.3, 8.2.2, A.3.1.4 [53], [15] Part 1, 1.5.1.4, 1.6.1.2.3.1 of [31],
[33], [34], [38], [49], [51], [52], [53], [54], [55], [56], [57], [58], [59], [60], [61], [62-67]
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REVIEW AREA/ISSUE NUMBER: General 3

ISSUE TITLE: Reliability analysis of safety class 1 and 2 systems

ISSUE CLARIFICATION:

Reliability analyses of safety class 1 and 2 systems are necessary to confirm that the systems are as reliable
as expected by the designer. It is also important to collect component reliability data during operation to
confirm the validity of the original analysis. Some plants had neither carried out reliability analyses during
the construction phase nor had systematic reliability data collection been implemented during operation.
OPB-88 [4] requires the reliability data of class 1 and 2 systems, taking into account common mode failures
and personnel error. NUSS 50-C-D [6] has a similar requirement.

In western plants such requirements are not everywhere in force. For example for French PWRs, the
licensing process does not require such a full scale reliability analysis. Indeed, the licensing process is mainly
based on a deterministic process with the application of the single failure criterion in technical safety analysis
and the requirements to be taken into account when designing mechanical or electrical safety-related systems
(French basic safety rules 1.3a, IV 2.a, IV 2.b). Moreover, during the design of safety class system, a
qualitative reliability analysis is carried out in order to detect and to correct the reliability shortcomings, e.g.
common mode of failure or sensitivity to operator errors. After completion of the plant, once relevant
information is available, a global PSA is performed to complement the safety demonstration. The first step
of PSA consists of quantitative reliability analysis of safety class systems (see issue Accident analysis 10
[68]).

MAIN SAFETY FUNCTIONS AFFECTED: All

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

This issue was identified as deviation from the standards mentioned above. A lack of the demonstration of
the reliability of safety and safety-related systems to function as intended would affect levels 1 to 3 of
protection. Consequently, one or more safety functions can be impaired for scenarios within the DB
envelope.

MEASURES PROPOSED BY MEMBER STATES:

The Russian reconstruction programme indicates that this reliability analysis is planned to be performed.

COMMENTS AND RECOMMENDATIONS:

1. For operating plants, a reliability analysis of safety class 1 and 2 systems should be carried out as the
first step of a global PSA. Necessary measures should be taken if weaknesses are identified. A
systematic data collection has to be implemented during operation.

2. For plants to be completed, before taking over it should be checked whether or not the safety class
1 and 2 systems have been designed with an adequate reliability level by means of simplified reliability
analysis. Possible weaknesses should be corrected. The experience feedback regarding reliability data
of similar plants and equipment should be used.

After plant completion, in the frame of a global PSA, the first step consists of quantitative reliability
analysis.

REFERENCES:[4], [6], [62-65], [67-68]
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3.2. REACTOR CORE

REVIEW AREA/ISSUE NUMBER: Reactor core 1

ISSUE TITLE: Prevention of uncontrolled boron dilution

ISSUE CLARIFICATION:

There are several possible causes of dilution transients, which are mainly the following:

Dilution transient when a primary loop which has been isolated is put back into service.

Dilution by the chemical and volume control system, particularly after RCP trip due to loss of off-site
power.

Dilution due to a leak in an ECCS heat exchanger (this case is properly dealt with under Systems 15).

Inadvertent dilution is normally detected using nuclear flux measurements. In such a case, the time period
before operator action is required is relatively short and it is safer to detect the dilution earlier, using the
boron meter. To be efficient, its response time must be comparatively short (ten minutes is adequate), and
its accuracy sufficient (no more than 100 ppm).

The continuous boron concentration monitoring is based on boron meters which are not accurate enough and
have a time lag between the actual and the indicated values. Neutron flux monitoring is difficult during
reactor shutdown or start-up phase, because neutron level in the ionization chambers is very low (104 to
103 n/cm2.s) and cannot be recorded by the existing equipment (AKNP-3). Monitoring is based on listening
to the frequency of click signals. A common international practice is to use a neutron source in the core to
enhance the neutron flux level during reactor shutdown or start-up phase. This issue has been identified
based upon operational experience.

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Administrative procedures preventing dilution transients are not fully backed up with interlocks. The
accuracy and sensitivity of monitoring equipment does not comply with international practice. A combination
of human errors and monitoring equipment limitations would affect levels 1 and 3 of protection. This can
lead to a situation in which the safety function 'Controlling the power' is questionable. Although this
situation is considered unlikely, the consequences would be far reaching as the reactor shutdown and
subcriticality is the first task in all accident situations.

MEASURES PROPOSED IN MEMBER STATES:

1. Modification of operational procedures and installation of additional interlocks to prevent uncontrolled
boron dilution.

2. Russian designers propose to replace 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 are under development.
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COMMENTS AND RECOMMENDATIONS:

Assessment of the probability of a dilution transient is fully supported. According to the results of such
a study, it will be possible to define what measures are necessary.

The reliability of the boron meter should be checked and improved.

REFERENCES:

[16], [33], [35], [37], [64-66]
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3.3. COMPONENTS INTEGRITY

REVIEW AREA/ISSUE NUMBER: Components integrity 1

ISSUE TITLE: Reactor pressure vessel integrity

ISSUE CLARIFICATION:

The WWER-440/213 reactor pressure vessel (RPV) is subject to a relatively high neutron flux. There is a
circumferential weld in the RPV located in the beltline. Surveillance specimens are provided for irradiation
embrittlement monitoring. The surveillance specimens are placed in containers located on the outside surface
of the core barrel. The containers are assembled in six double chains, each pair forming a set. The base,
weld and heat affected zone metal is represented. A set of chains comprises Charpy specimens, non-standard
tensile specimens and COD test specimens. The containers are made of stainless steel with Al alloy inserts.
They are not deformed by coolant pressure and the heat transfer from the specimen to coolant relies only
on manufacturing tolerances. In the containers there are flux (Fe, Cu, Nb, and Co foils) and temperature
monitors (diamond powder). The surveillance sets (a double chain) are periodically removed at intervals
specified in the design and the accumulated neutron fluences cover the entire design lifetime. Six sets of
chains are placed into the reactor, two of them having additional containers with specimens located above
the core (outside the irradiation zone) and serving for studying the effects of thermal ageing.

The surveillance specimen containers are located in positions with relatively high flux gradient. Neutron flux
with energy exceeding 0.5 MeV to surveillance-specimens exceeds 11 times the corresponding value to the
reactor vessel metal for the full core and 2.7 times for the core with dummies. The capsules can rotate
which influences self-shielding. The irradiation temperature monitoring is not fully reliable, although in
Loviisa the temperature has been measured by thermocouples during operation and the temperature was
almost the same as in the wall [65]. These factors reduce the accuracy and reliability of the data and could
lead to non conservative evaluation of the vessel status, if not treated correctly. The reference codes and
standards requirements are not met completely.

The pressurized thermal shock, which could result from ECCS actuation or increase in heat removal from
the secondary side represents a major challenge to RPV integrity. In order to preserve reactor pressure vessel
integrity, measures have to be implemented to limit the severity of pressurized thermal shock (PTS). The
adequacy of the original PTS analysis for RPV integrity assessment, in particular the selection of transients,
thermal hydraulic analysis, and structural analysis including fracture mechanics assessment needs to be
reviewed. The urgency of preventive measures depends on the status of RPV embrittlement as compared with
the PTS analysis results. According to the original design, the water in the ECCS tanks and
hydroaccumulators was not heated. Fracture mechanics analysis showed that the injection of cold water into
the RPV after its embrittlement can lead to inadmissible hazards. Therefore the WWER-440/213 users have
undertaken measures to heat up ECCS water (WANO P-2.3 [31]).

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Insufficient accuracy and reliability of RPV status monitoring is a deviation from applicable standards (OPB-
88, PNAE G-7-008-89) [4], [69] and has been identified from operational experience. The issue affects levels
1, 2 and 3 of protection of defence in depth. A PTS in an embrittled RPV could lead to its failure. The
measures to prevent such a situation are being applied in all plants. In view of the uncertainty in the RPV
integrity assessment the effectiveness of those measures cannot be evaluated with full accuracy. Vessel
failure, a BDBA scenario, would result in loss of cooling of the fuel and other safety functions and
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consequently in loss of all barriers. In view of the uncertainties, conservative values should be used, but this
approach has been confirmed only in some plants.

MEASURES PROPOSED IN MEMBER STATES:

(1) Implementation of a supplementary surveillance programme is being considered at some plants to
reduce uncertainties due to deficiencies found.

(2) In order to prevent embrittlement, flux reduction measures (low leakage loading pattern, dummy
shielding assemblies) have been introduced.

(3) To reduce PTS loads due to cold water injection, heating of ECCS water has been recommended
(WANOP-2.3 [11]).

COMMENTS AND RECOMMENDATIONS:

(1) Implementation of low leakage core loading is recognized as a minimum necessary measure to reduce
RPV embrittlement rate.

(2) Supplementary surveillance programmes should be developed and implemented.

(3) The information in this issue is relevant to WWER-440/213 plants in general. For first plants
produced, i.e. Loviisa and Rovno, information related to RPV embrittlement of WWER- 440/230
plants could be also applicable.

(4) Co-operation among WWER-440 plant users should be established to exchange relevant data and to
complete the database on surveillance specimens results.

(5) Heating of water in the ECCS tanks and hydroaccumulators is recognized as a necessary preventive
measure. Its implementation should be realized sufficiently early before the embrittlement of the RPV
can lead to a hazardous situation.

(6) The RPV integrity assessment with respect to PTS should be reviewed and, if necessary, reevaluated.
Corrective measures should be implemented if necessary.

(7) The material properties of WWER-440/213 RPVs should be verified.

(8) Most modern approaches should be used for NDT inspections (performance demonstrations).

REFERENCES:

[4], [11], [15], [31], [34], [62], [64-66], [69-74]
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REVIEW AREA/ISSUE NUMBER: Components integrity 2

ISSUE TITLE: Non-destructive testing

ISSUE CLARIFICATION:

The non-destructive testing (NDT) for reactor coolant system in-service inspection is carried out according
to the individual Member States' requirements, which, except in Finland, are in principle based on former
Soviet Union Codes and Standards. The defect-reject approach is used rather than defect-follow approach,
which is capable of timely detection of degradation if applicable. Different techniques and tools are used.
Some deficiencies have been revealed, related to vessel inspection from outside, testing of underclad area,
inspection of steam generator collectors and tubing, restricted accessibility of some vessel welds, vessel head,
vessel head penetrations, piping welds, steam generator shell welds, specific piping nozzles. In addition,
recent results of a programme similar to PISC indicate insufficient reliability of NDT methods, tools and
personnel in a similar fashion as did the results of the PISC programme itself. There are no qualification
requirements established at present.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

Confining the radioactive material

RANKING OF ISSUE: III

JUSTIFICATION OF RANKING:

This issue was identified as a deviation from current standards (OPB-88 [4], PNAE G-7-008-89 [69], NUSS)
and from the operational experience. The design of some sections does not allow for inspection by NDT
which affects level 1 of protection. The in-service inspection approach adopted is not adequate for a timely
detection of degradation. Reliable in-service inspection is a key element required to preserve the integrity
of the second barrier (level 2 of protection). It can not be considered sufficient without adequate qualification
requirements. Undetected defects can result in primary circuit failures challenging the safety function cooling
the fuel. In case of SG collector or tubing failure, the containment boundary is challenged.

MEASURES PROPOSED IN MEMBER STATES:

1. Development of improved testing is proposed and implemented to various extent at individual plants,
where also some of the obsolete equipment is being replaced with state of the art equipment.

2. Development of NDT qualification requirements has been requested by regulatory bodies in Czech
Republic, Finland, Hungary and Slovak Republic.

COMMENTS AND RECOMMENDATIONS:

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

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

REFERENCES:

[4], [15], [34], [62-63], [65], [67], [69-70], [74-78]
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REVIEW AREA/ISSUE NUMBER: Components integrity 3

ISSUE TITLE: Primary pipe whip restraints

ISSUE CLARIFICATION:

The primary coolant main circulation piping is made of austenitic stainless steel and contains dissimilar
welds. The pipe whip restraint structures were found to be incomplete at some units as the spacers specified
in the design were missing. It was concluded and agreed upon with the main designer that the whip restraints
without spacers do not fulfill the design requirements and do not comply with the safety criteria applicable
[75]. However, the supply of missing spacers is short.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

Confining the radioactive materials

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:
This issue was identified as a deviation from current standards (OPB-88, NUSS) and operational experience.
The "as built" provisions to mitigate consequences of a main circulation line break are not appropriate
affecting level 1 and 2 of protection. Dynamic effects associated with a main circulation line double-ended
guillotine break could lead to a damage of safety related components, equipment and structures and impair
the performance of all related safety functions.

MEASURES PROPOSED IN MEMBER STATES:

1. As a compensatory measure the application of the LBB concept was proposed.

COMMENTS AND RECOMMENDATIONS:

1. As the shortcomings have been found only in some plants, the adequacy of the pipe whip restraint
structures should be reassessed on a unit specific basis.

2. If necessary, pipe whip restraints should be completed or as a compensatory measure the LBB concept
should be applied.

REFERENCES:

[4], [5], [33], [66-67], [75]
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REVIEW AREA/ISSUE NUMBER: Components integrity 4

ISSUE TITLE: Steam generator collector integrity

ISSUE CLARIFICATION:

Each WWER-440 unit has 6 steam generators where two cylindrical collectors (hot and cold leg) form part
of the boundary between the primary and the secondary circuit. Heat exchange tubes are attached to those
collectors. The collectors are made of austenitic stainless steel. There are gate valves in the primary circuit
enabling the isolation of the steam generator in case of a failure. However, except for at the Loviisa plant,
the valves are not classified as safety related equipment.

At some of the operated plants, stress corrosion cracking of the collectors was observed in the area of seal
welds at the primary side, caused probably by water chemistry. Further, collector cover lift up occurred at
a WWER-440/213 plant during operation, caused by stress corrosion cracking in the bolted joint. The
possible causes for the failures observed were improper water chemistry, improper chemical composition
of bolt lubricant used, and maintenance procedures. The in-service inspection used failed to detect the
degradation in a timely manner.

Although it was not the case in the original design, a break of the steam generator primary collector is
considered in the actual practice of WWER plants operation and many preventive measures have been taken
to reduce the possibility of its recurrence.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

Confining radioactive materials

RANKING OF ISSUE : II

JUSTIFICATION OF RANKING:

The issue was identified from operational experience. During the Rovno accident levels 1 and 2 of protection
were affected. The related monitoring was not sufficient. The integrity of the second barrier was challenged.
In the case of the collector cover lift up the related safety functions could be impaired.

However, it is recognized that the experience of the Rovno event and the preventive measures taken in the
plants since then have reduced the probability of the event occurring again, so that it can be considered to
be beyond the envelope of DBA.

MEASURES PROPOSED IN MEMBER STATES:

1. It is proposed to identify damage mechanisms and to develop measures to minimize the damage.
Development of criteria for steam generator collector defect assessment is proposed along with
optimization of the NDT [39, 79].

2. It is proposed to implement state of the art primary to secondary leakage detection system (WANO
T.3.1 [11]). In case of using N-16 monitoring system, there is a need to verify correlation of the N-16
activity measurement with leakage rate, leakage crack size and critical crack size. Correlations should
be available for operators and should include various operational conditions.

3. It is proposed to apply eddy-current control of bolt holes in the collector flanges (Rovno, 1994 [15]).

4. It is proposed to change the technology of fastening the screws on the primary collector covers in such
a way as to guarantee good positioning and predetermined forces acting on each bolt (Rovno, 1994
[15]).
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5. Changing the design of the SG collector head to limit the possible lift-off of the cover (being prepared
for Mochovce NPP and for new NPPs) [39].

6. Changes of water swell level and moisture blow-ups should be limited so that they should not reach
the region of bolts fastening the collector cover. This helps to prevent damage to the bolts [39].

COMMENTS AND RECOMMENDATIONS:

1. The implementation of the measures proposed is supported.

2. Consideration should be given to implementation of an improved water chemistry monitoring and
control to ensure the requirements are met.

3. Consideration should be given to optimization of feedwater system design and blowdown technology
in order to ensure homogenous water chemistry.

REFERENCES:

[11], [15], [33], [36], [39], [63], [65-66], [79]

56



REVIEW AREA/ISSUE NUMBER: Components integrity 5

ISSUE TITLE: Steam generator tube integrity

ISSUE CLARIFICATION:

Degraded steam generator tubes with cracks penetrating certain part of the wall thickness are usually plugged
or sleeved, based on criteria developed using the results from burst testing. The original in-service inspection
method for WWER-440 steam generators is based on monitoring of bubbles by a camera inside the collector
while the secondary side is drained and pressurized by gas. Also the activity of the secondary coolant was
measured, with additional application of hydraulic and luminescent hydraulic control. These methods do not
reveal tube degradation until there is a through- wall crack and do not allow for following and predicting
the behaviour of a defect during in-service inspection. At present SG inspection by eddy current testing is
being implemented. Technically justified criteria for tube plugging and leakage limits are not established in
all plants.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

Confining the radioactivity

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

This issue was identified from operational experience. Non-appropriate plugging criteria and leakage limits
affecting level 2 of protection could increase the frequency of steam generator tube rupture which would
impair the safety function cooling the fuel and in case of multiple tube rupture the safety function confining
the radioactivity.

MEASURES PROPOSED IN MEMBER STATES:

1. Eddy current examinations are proposed for a common in-service inspection practice of steam
generator tubing.

COMMENTS AND RECOMMENDATIONS:

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

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

REFERENCES:

[36], [63-64], [66]
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REVIEW AREA/ISSUE NUMBER: Components integrity 6

ISSUE TITLE: Steam generator feedwater distribution pipe

ISSUE CLARIFICATION:

In WWER-440/213 feedwater distribution pipes (FWD) are provided with a number of nozzles directed
downwards, through which sub-cooled feedwater is injected into the corridors between heat exchanging tube
bundles to mix with the saturated liquid. In a number of NPPs (Dukovany, Paks, Rovno) the nozzles were
found to be damaged and the FWD had to be replaced with a new FWD of improved material (stainless
steel) and a changed design. The damages to nozzles were different depending on nozzle positions, ranging
from complete nozzle destruction to slight damage. The damage is due to local vortexes, being largest in
the nozzles closest to the T-joint, and possibly to cavitation under conditions of reverse flow with steam
bubbles being sucked into the FWD [39]. The technology of welding, geometry of joints and water chemistry
also have influence on the extent of damages. The destruction of nozzles is followed by erosion-corrosion
of the T-joint, eventually leading to large size holes through which the cold feedwater can flow onto hot
collector.

Loss of distribution nozzles is not directly dangerous for the RCS. The experiments conducted at OKB
Gidropress showed that the lines of feedwater flow remain within safe region. However, the damaged
nozzles got lost, e.g., in Paks only 2 of the 13 missing nozzles have been found. The others can flow into
the blowdown system causing damage to the valves, or get stuck among the tube bundles, threatening their
integrity. Moreover, the damages to nozzles should be seen as precursors of the holes in the T-joints, which
mean direct impact of comparatively cold feedwater (230°C) on hot primary collector. This can provoke
thermal stresses in the primary collector.

Replacement of the initially installed carbon steel FWDs with new ones situated above tube bundles can also
give rise to safety concerns, including:

water hammer (in the case of secondary-side inventory decrease, filling the FWD with steam, recovery
of FW flow and abrupt steam condensation);

decrease of secondary side water inventory due to increased average void fraction on the secondary
side;

negative effects of cold FW interaction with uncovered hot tube bundles under accident conditions (In
Loviisa the temperature of FW can be as low as 5°C, (according to Technical Specifications, normally
20°C) since the EFWS is connected to the same FWD as main FWS. In other plants temperature
differences are less, but FW temperature can be as low as 165°C if the high pressure heaters are not
properly operating).

It should be observed that the concerns connected with water hammer or cold water injection on uncovered
tubes existed also with the original design, but the time elapsing before FWD pipe uncovery was much
larger, e.g. 1 or 2 hours. If the FWD pipe is above tube bundles, this time is short [39].

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel
Confining radioactive materials

RANKING OF ISSUE: I
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JUSTIFICATION OF RANKING:

There is a concern related to the integrity of RCS. However, the experiments done for Loviisa NPP (see
plant specific status) show that the operability of safety functions and defence in depth is not expected to be
affected.

MEASURES PROPOSED IN MEMBER STATES:

It is agreed that the damaged FW collectors must be replaced. Actually, three different designs are proposed,
all based on stainless steel material and involving new location of the FWD.

The designer of the steam generators, OKB Gidropress, has designed new FWD pipes made of stainless steel
and provided with a modified system of FWD nozzles. These new FWD pipes were installed in all steam
generators of the Rovno NPP. The measurements after replacement showed that under normal operating
conditions the parameters of the steam generator have not been deteriorated.

Another design prepared by Vitkovice in Czech Republic is characterized by FWD pipe location above the
water level and FW distribution through long downcomers into mixing boxes situated at the level of previous
FWD pipes. Such FWD pipes have been installed in 16 steam generators at Dukovany NPP [81].

The temperature and measurements performed there have shown that there are no dangerous cold zones on
steam generator bottom nor walls.

COMMENTS AND RECOMMENDATIONS:

1. Calculations and experimental analyses of the effects of FWD pipe relocation is necessary to exclude
possible hazards due to water hammer, cold water contact with hot tube bundles or collectors and cold
zones on steam generator bottom.

2. The effect of decreased secondary side inventory should be taken into account in safety analyses. FWD
pipe replacement is necessary if the damage to the distributing nozzles or to the T-joint occurs. In-
service inspection methods aimed at an early detection of such damages should be implemented and
the necessary preparations made to the able to react quickly to the possible damage.

3. The results of measurements and analyses performed after FWD pipes replacements in operating NPPs
should be presented to the international community and the possible hazards evaluated.

REFERENCES:

[39], [62-63], [65-66], [80-82]
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3.4. SYSTEMS

REVIEW AREA/ISSUE NUMBER: Systems 1

ISSUE TITLE: Primary circuit cold overpressure protection.

ISSUE CLARIFICATION:

During plant cooldown or when the plant is in cold shutdown condition, there are potential sources of cold
overpressure in the primary circuit. This might have adverse effects on the reactor pressure vessel integrity

Possible causes for cold overpressure might be:

spurious actuation of ECCS or make-up pump;
accumulators discharge;
inadvertent opening of a safety valve, operation of ECCS filling the RPV with cold water, closing the
safety valve and pressure increase at low RCS temperature;
operator's errors during hydrotests.

In particular, in the case of a leak from the RCS the emergency operating procedure requires the localization
of the leak as early as possible. At present, the reactor is not protected against overpressurization in the cold
state presumably occurring as a consequence of EOP. The PTS studies indicate that the latter represents a
significant hazard (page 30, [34]).

There are some protection measures preventing cold overpressurization in all WWER-440 plants [21], [33].
They rely, however, mostly on administrative procedures and human actions. In Western plants the
protection against cold overpressure is provided not only by operator's action but also by automatic valves
or interlocks.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Cold overpressure transients might challenge the integrity of the reactor pressure vessel. The limitation
procedure to protect the RPV can be lost by a single human error thus affecting level 2 of protection. A cold
overpressure transient could increase the risk to lose the safety function cooling the fuel by failure of the
RPV. However, this scenario is considered beyond the design basis due to its low probability.

MEASURES PROPOSED IN MEMBER STATES:

1st step (Measure 1)
Shutting off the high pressure make-up pumps whenever there is a risk of reaching a dangerous
pressure/temperature combination. (Administrative protective procedures could be also defined, in
particular for high pressure ECCS pumps).

2nd step (Measure 2)
Installation of an isolatable pilot valve or relief valve on the pressurizer which would be sufficient to
protect the primary circuit from cold overpressurization [31]. This new valve would be qualified for
water flow. Administrative procedures will also be needed.

COMMENTS AND RECOMMENDATIONS:
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The present set of safety and relief valves should be modified to protect the primary circuit from
overpressure in cold condition or a new valve should be installed to the primary circuit. Usually the
maximum pressure allowable in cold conditions is 35 bars, the temperature threshold varies depending on
the RPV condition. The new protection system should have the possibility of adjusting this value.

REFERENCES:

[15], section IV-4.3 [83], measure 2.3 [10], WANO measure P.3.4 [11], [21], [31], [33], [34], [62-63], [65]
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REVIEW AREA/ISSUE NUMBER: Systems 2

ISSUE TITLE: Mitigation of a steam generator primary collector break

ISSUE CLARIFICATION:

The unique feature of the WWER-440 steam generator is the cylindrical primary header with a bolted flange.
The rupture of this component cannot be excluded. (This cover opened at Unit 1 of the Rovno plant in
1982.) Various possible reasons for the break have been indicated, among them:

Oscillations of water swell level and local moisture blow-ups, so that the moisture level reaches the
region of primary collector cover, with subsequent accumulation of impurities at the bolts and
corresponding corrosion. This phenomenon is observed especially in the vicinity of the hot collector.

Wear of bolt seals due to frequent maintenance. In Rovno, the bolts had been very tightly screwed
down before the accident in order to eliminate leakages from collector cover sealings. The mechanical
stresses due to that were very high.

Hydraulic shock during transients initiated by pressure loss in the RCS. The steam released from the
core in such a case would flow to and accumulate in the upper part of the SG collectors. In case of
water injection from the ECCS and successful isolating the place of leak, the RCS pressure would rise,
leading to steam condensation and hydraulic shock in the collector head.

The cover lift-off (due to damage to the bolts, for example) will lead to the primary leak with 100 mm
equivalent diameter, and this leak may cause the containment by-pass, because the primary water goes
directly to the environment if the safety valves open and fail to close. During the transient, the ECCS water
volume injected into the primary circuit will be lost as well, instead of being collected in the containment
sumps. Moreover, the injection of ECCS water tends to keep up the pressure in the RCS, thus counteracting
the actions aimed at RCS depressurization. Since the safety valves on steam generators are not qualified for
the flow of steam-water mixture, the valves may fail to reclose after initial opening (see Systems 10). Then
the flow path for primary coolant would be open directly to the atmosphere. As the fission products tend
to be released from fuel into the RCS coolant during transients, the radioactivity of the water lost through
the break and released to the environment with containment bypass can be significant.

In the original design, this event was not taken into account and no counter measures were defined.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel
Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

The lack of measures to cope with a large steam generator collector break affects level 4 of protection. A
large primary to secondary leak at the SG collector may question the safety function cooling the fuel and
bypass the third barrier in case the SG valves would fail to close.

Although it was not the case in the original design, a break of the steam generator primary collector is
considered in the actual practice of WWER plants operation and many preventive measures have been taken
to reduce the possibility of its recurrence.

It is recognized that the experience of the Rovno event and the preventive measures taken in the plants since
then have reduced the probability of the event occurring again.
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MEASURES PROPOSED IN MEMBER STATES:

1. A new measurement system for the immediate detection of the radiation in the main steam lines
(WAN0T.3.1.[ll]).

2. Following a primary to secondary leakage in a steam generator, the related primary coolant loop can
be isolated using the main coolant loop gate valves (SIR-Mochovce [31], para 3.3.4.4).

3. As at least one of the main coolant loop gate valves might not close, fast decreasing of the primary
pressure by the operator below the setpoint of the SG safety and relief valves should be possible, using
the pressurizer relief or safety valves which must be qualified to do so or using a redundant spray to
be installed on the pressurizer (WANO T.3.1 [11]).

4. Improving the redundancy of the pressurizer spray system so as to be able to bring the pressure in the
RCS down to the pressure on the secondary side: Installation of additional connection permitting to
use make-up pumps of low capacity (6 m3/h) for boron concentrate injection or cold water injection
to the pressurizer ([31], section 3.7).

5. Modification of the ECCS logic so that after identification of the accident as PRISE leakage the flow
of high pressure ECCS would be reduced (WANO T 3.1 [11]). The GRS analysis of Greifswald NPP
stated that in the case of a leakage in a steam generator tube or a collector and simultaneous failure
of the main gate valve, overfeeding of the defective steam generator by the high pressure ECCS must
be prevented by automatic measures ([53], para 6.1.2.6).

6. Assuring additional water reserves for the ECCS (WANO T.3.1 [11]) if shown needed after relevant
safety analyses.

7. Qualification of SG relief valves and - if the analyses show it necessary - safety valves to operate with
water or steam-water mixture flows, so that after initial opening the valves would reclose preventing
an uncontrollable leakage to the environment (see Systems 10).

8. Installation of isolation valves upstream of relief valves. Isolating valves should be qualified for water-
steam flows and for large pressure gradients.

9. Analysis of the large PRISE accidents to determine the requirements for all safety improvement
measures listed above (see Accident Analysis 7) ([31], para 1.6.1.2.1 and section 3.3).

COMMENTS AND RECOMMENDATIONS:

1. A detailed analysis of the transient should be performed so as to determine the possible losses of
primary water (which can lead to core uncovery and fuel melting) and the radiological hazards due
to RCS coolant release with containment bypass.

Suggested measures fully address the issue but they have different priorities.

2. First of all, a primary to secondary leakage detection system should be designed and installed on the
steam generator main steam lines.

3. Fast decrease of the primary pressure below the setpoint of the steam generator safety valves should
be possible. This requires additional spray lines or a pressurizer relief valve of sufficiently high
capacity.

4. Qualification of relief valves and possibly of safety valves on steam generator lines should be decided
on the basis of accident analyses (see Systems 10).
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5. The necessity of modifications to ECCS (possibility to reduce the high pressure injection till the
pressure falls down) or of adding water reservoirs to the ECCS should be analyzed on a plant specific
basis.

REFERENCES:

[10] measure 3.1, [11], [16], [31], [33-35], [53], [62-63], [66], [84]
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REVIEW AREA/ISSUE NUMBER: Systems 3

ISSUE TITLE: Reactor coolant pump seal cooling system

ISSUE CLARIFICATION:

During normal operation the RCP seal cooling water is circulated in an autonomous circuit due to the
pressure difference provided by RCP. Additionally, seal injection water is delivered by the pumps of the
make-up system.

In case of loss of off-site power, in some plants the make-up pumps stop because they are not backed up by
a diesel generator. In this situation, the cooling of the reactor coolant pump seal is provided by circulation
of primary water cooled by the component cooling water (one circulation pump associated to each reactor
coolant pump, this autonomous injection circuit prevents the hot water from reaching the reactor coolant
pump bearing). In the event of failure of one of these circulation pumps, the seals of the corresponding
reactor coolant pump are not cooled. The initial incident might then lead to a primary leak of the seals if
they are not cooled over the long term.

The make-up flow and the component cooling water would be also lost as a consequence either of a
containment isolation signal, or of a random failure. After a containment isolation signal the pump TF 10
in the intermediate circuit of the RCP is shutdown.

Finally, in the case of a total blackout in the NPP, the possibility of cooling the RCP seals would be lost.

If the RCP seal gets damaged, then the primary water leaking through it would spill in the pump motor room
outside the confinement and would therefore be unavailable for the recirculation phase of the ECCS.

In Russia, experimental studies were done for WWER-1000 pump seals. They showed that after 24 hours
of loss of power the leakage does not exceed 50 liters per hour. Since the sealing system in WWER-440/213
pumps is similar, calculations show that this result is also valid for them. However, as the conditions of the
seal qualification tests are not known, it is questionable whether the results are fully representative of DBA
conditions [85].

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Inadequate provisions in the design of the main coolant pump to keep the seal tight affect the first level of
protection of defence in depth. A loss of seal injection flow may damage the seal and lead to an SB LOCA.
The protection of the second barrier is affected. The safety function "cooling the fuel" might be impaired
in the long term for scenarios within the design basis envelope.

MEASURES PROPOSED IN MEMBER STATES:

1. In the plants where the make-up pumps are not connected to diesel generators it is proposed to provide
this connection.

2. In Mochovce, it has been proposed to provide an additional diesel generator, which would assure
reliable power supply to all the pumps needed to maintain efficient cooling of the RCP seals in the
case of a total blackout, i.e. loss of all off-site and on-site AC sources including the three emergency
diesel generators [31].

3. To examine the hermetic compartment isolation logic [43].
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4. To make provisions to drain the primary water from the pump motor room to the sump of the
containment.

COMMENTS AND RECOMMENDATIONS:

1. Characteristics of RCP seal damage in case of loss of cooling should be verified.

2. The make-up pumps should be backed up by diesel generators.

3. The logic of containment isolation and the corresponding measures in the intermediate RCP seal
cooling system should be reviewed to prevent possible loss of RCP cooling.

4. The influence the possible leakage through the RCP seals on the inventory of water in the primary
cooling system should be checked. If this study shows that the problem is significant, an additional
system for evacuation to the sump of the water accumulated in the pump motor rooms should be
designed and implemented.

REFERENCES:

[31], [33], [38], [43], [66], [85]
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REVIEW AREA/ISSUE NUMBER: Systems 4

ISSUE TITLE: Pressurizer safety and relief valves qualification for water flow

ISSUE CLARIFICATION:

Under certain accident conditions, the valves of the pressurizer would operate with water-steam mixture
flow. In the case of failure to reclose, a small break LOCA would occur. However, the probability of
pressurizer valve opening is smaller in WWER-440/213 reactors than in PWRs due to larger water inventory
on the primary and secondary sides.

Besides, in order to have an ultimate means of cooling the core by feed and bleed in beyond DBAs such as
ATWS or loss of secondary side heat removal, the valves of the pressurizer should be qualified for water
flow. It is all the more important to be able to apply a feed and bleed procedure since there is no additional
EFWS outside the turbine hall.

Also, in the case of severe accidents, the pressure in the primary system should be brought down to prevent
high pressure path of the accidents. The results of AGNES PSA showed, that the sequences involving high
pressure RPV rupture contribute about 75% to the total probability of the core melt. This indicates the
necessity to be able to reduce the pressure in the primary coolant system. Finally, in the case of ATWS
events leading to water flow through the pressurizer safety valves, the qualification of the valves for water-
steam flow is important to prevent SB LOCA.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

If the qualification of pressurized safety valves for water discharge cannot be demonstrated, this issue would
seriously affect level 3 of protection of defence in depth insofar as their inappropriate design would make
pressure transients run into SB LOCAs. The safety function "cooling the fuel" would then be impaired in
relevant DBA scenarios.

MEASURES PROPOSED IN MEMBER STATES:

Qualification of the existing pressurizer valves for steam water flow or replacement by qualified ones.

COMMENTS AND RECOMMENDATIONS:

1. Qualification of pressurizer valves for steam, steam-water mixture and water flow should be
performed.

2. The capability of the piping connecting the valves with the pressurizer to withstand the loads resulting
from hot water flow through the valve should be verified.

REFERENCES:

[33-35], [86]
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REVIEW AREA/ISSUE NUMBER: Systems 5

ISSUE TITLE: ECCS sump screen blocking risk

ISSUE CLARIFICATION:

During the loss of coolant accident in the containment, the high power of the steam or water jet could tear
the thermal insulation off from the equipment surfaces. The insulation material (mineral wool) flowing with
the water and collecting on the bottom of the containment could clog the filters of containment sumps. This
could prevent the supply of water to the ECCS pumps in the recirculation phase and result in the
unavailability of the core cooling function.

The sump improvements were sparked off by an event in Sweden in July 1992. A safety valve was
erroneously opened during plant start up and the steam from the valve dislodged piping thermal insulation
which was transported to the condensation pool. Consequently, the ECCS intake strainers were blocked
sooner than expected. Investigations after the event revealed that, when crushed, old mineral wool is brittle
and easily water logged, which adds to its blocking impact [87].

Mineral wool insulation is widely used in WWER units. Insulation behaviour tests during the construction
phase were made with new insulation material. The tests made in Finland and in Zaporozhe NPP Ukraine
confirmed that, in the case of a complete tearing off of thermal insulation, the sumps could be blocked.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: III

JUSTIFICATION OF RANKING:

This issue was identified on the basis of international operating experience. The insufficient design of thermal
insulation of equipment and pipelines inside the containment affects level 1 of protection and can, under
LOCA conditions, lead to a common mode failure by clogging the sump screens or the ECC heat
exchangers. The high risk of losing ECCS recirculation seriously affects level 3 of protection of defence in
depth. An accident starting from a loss of the second barrier (boundary of the primary circuit) could result
in a consequential loss of the first barrier (fuel cladding). The safety function is thus questionable for
scenarios within the design basis envelope.

MEASURES PROPOSED IN MEMBER STATES:

1. To increase the sump screen surface [87].

2. To add pre-filters (traps) and to organize the water flow around the sumps so as to trap the insulation
material before the screens.

3. To install a purification system for the screens, e.g based on periodic gas flow in the direction opposite
to the direction of water flow.

4. To exchange the existing insulation material - mineral wool - for a new one, e.g. glass wool.

COMMENTS AND RECOMMENDATIONS:

1. Appropriate measures have to be implemented to prevent blockage of the sumps.

2. An alternative but more expensive solution would be to change the thermal insulation. The effects of
such a change would have to be studied before a decision is made [88].
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REFERENCES:

IAEA-WWER-SC-77 measures 3.7.[10], Mochovce S.I.R. section 3.6.4 [15], [31], [87],, WANO T.3.4
[11], [88], [67], [62], [34]
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REVIEW AREA/ISSUE NUMBER: Systems 6

ISSUE TITLE: ECCS suction line integrity

ISSUE CLARIFICATION:

The sumps are located in the reactor building at the containment bottom level. The suction lines penetrate
the floor of the containment and lead to room housing borated water storage tanks, situated about 6 m lower.
Then the suction lines penetrate the floor of this room and lead to heat exchangers, situated more than 12
m below the containment floor. This part of each line is equipped with a containment isolated valve.

In the case of any suction line break, the water would be lost outside the containment and the recirculation
of ECCS would fail, leading to core uncovery and severe accident. In most NPPs the suction lines are not
double but single pipe, and there is no possibility of isolating the leak if it appears between the sump and
the first isolation valve.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel
Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Inappropriate design of the ECCS sumps affects level 3 of protection. In the LOCA scenarios with suction
line break, the safety function "Cooling the fuel" would be affected or even lost in extreme situations.
However, such extreme situations would occur only if LOCA were combined with an undetected leak before
the accident or with a leak occurring during the recirculation phase, though the loads on the suction lines
are weak.

High requirements for the design of such pipes, concerning choice of material, design pressure etc., in
connection with a low level of design pressure and low temperature permit to conclude that such an event
is of very low probability, putting it into the range of BDBA accidents.

MEASURES PROPOSED IN MEMBER STATES:

The sump suction line should be built as a double pipe, with leaktight enclosure of the inner pipe along the
whole length of the line from and including the sump isolation flange to the sump isolation valve [20].

For the pipes made of stainless steel with large wall thickness the suitability of the material and welded joints
should be checked and a system of periodic inspections and tests implemented [31].

The design of the system should be checked to make sure that there are no connections to the sump line
which could provide potential threat of a break.

COMMENTS AND RECOMMENDATIONS:

To verify the design of the sump suction line in each NPP to make sure that there are no weak points which
could give rise to the danger of a significant leakage during a LOCA.

To perform full radiographic examinations of the welded joints of the suction line and check the actual state
of the material.
To prepare and implement a system of periodical inspections and testing of the sump suction lines.

REFERENCES: [20], [31], [33], [67]
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REVIEW AREA/ISSUE NUMBER: Systems 7

ISSUE TITLE: ECCS heat exchanger integrity

ISSUE CLARIFICATION:

Residual heat is removed in LOCA conditions through heat exchangers of low pressure safety injection
system. These are cooled by the essential service water system which transfers the heat directly to a spray
pond or cooling tower, depending on the plant. There is no closed loop intermediate cooling system. As the
heat exchangers are continuously fed by raw water, there is a risk of fouling and degradation of cooling.
This may also increase the risk of a leakage in a heat exchanger.

In case of leakage from the ECCS to the outside, the radioactivity might leak to the environment.

Undetected leakage of water from essential service water system to the ECCS side in heat exchangers might
lead to the dilution of the boron and eventually to the formation of clean water pockets in the ECCS side
of the heat exchangers. At the beginning of the recirculation phase, this clean water could get into the core,
resulting in a considerable positive reactivity insertion.

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power
Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

This issue was identified from operational experience. The vulnerability of the ECCS heat exchangers to be
damaged by several mechanisms affects level 3 of protection. Diagnostic tools are not available at all units
to detect at an early stage any damage of the ECCS heat exchangers, which affects level 2 of protection.
Depending on the conceivable scenarios within the DBA envelope, each safety function can be impaired,
either by diluting the primary coolant, degrading the cooling efficiency or by bypassing the third barrier,
thus impairing the confinement of radioactive material.

MEASURES PROPOSED IN MEMBER STATES:

The following measures are under consideration:

Means could be installed to prevent and control the fouling of the heat exchangers, and provisions
should be made to clean them.

To prevent a sudden introduction of large quantities of clean water into the core, the LPIS pumps
should be started on minimum flow, for a time sufficient to mix the whole volume of the low pressure
piping with borated water in low pressure safety injection storage tanks. However the tanks are located
in parallel to the flow line, so the efficiency of this procedure could be limited ([31], section 3.11).

In the case of plants provided with an additional RHR system (Mochovce, Rovno), the following two
measures have been proposed:

The content of boron in the primary fluid could be checked when the primary pressure falls down
below 0.6 MPa (which corresponds to the essential service water system pressure) ([31], section 3.11).

The activity on the side of essential service water system should be monitored when the pressure on
the ECCS side is above 0.6 MPa [31], which can occur when the ECCS heat exchangers are used for
residual heat removal system as in Mochovce NPP or Rovno NPP.
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COMMENTS AND RECOMMENDATIONS:

1. The necessary measures to prevent fouling of the heat exchangers and to detect possible leakage of
clean water into the ECCS must be taken, if not available yet.

2. The proposal of starting the LPIS pumps on minimum flow should be analysed before its adoption.

REFERENCES:

[31], [33], [35], [65]
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REVIEW AREA/ISSUE NUMBER: Systems 8

ISSUE TITLE: Power operated valves on the ECCS injection lines

ISSUE CLARIFICATION:

The lines of active ECCS systems crossing the containment boundary are provided with two power operated
isolation valves in series, one of them situated inside, the other outside containment. The valve inside
containment is closed. Since after a loss of coolant accident it would have to be opened under extreme
environmental conditions, there is a concern that it may fail to open, which would mean losing the
corresponding ECCS injection lines.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

The use of power-operated isolation valves rather than check valves on the ECCS lines inside the
confinement is a departure from recognized international practice.

MEASURES PROPOSED IN MEMBER STATES:

Two alternate solutions are proposed:

1. To exchange the power operated valves for check valves, which should provide higher reliability of
opening under accident conditions [31].

2. To change the position of valves during normal operation. The valves inside containment should be
permanently open, and the valves outside containment permanently closed. This means that the full
pressure of the primary system will act all the time on the section of piping between the valves, but
the line in this region is anyway designed for full primary system parameters. However, neither of
these solutions is in accordance with the Russian regulations as formulated in OPB-88 [35].

COMMENTS AND RECOMMENDATIONS:

The valves inside containment must be qualified for LOCA environmental conditions. Full evidence for their
reliable operation under such conditions should be produced. If this evidence is missing, it is possible to
consider changing positions of valves during normal operation so that the inner valves will be permanently
open and the outer valves permanently closed. This will reduce the probability of any of those valves failing
in a closed position.

In case of pneumatic valves on ECCS injection lines it should be demonstrated that the air pressure is kept
up after an accident including loss of electric power. The valves should be able to take the right position,
open in the case of safety injection, closed in the case of leak of the check valves located downstream. If
the demonstration cannot be provided, it should be necessary to study the possibility to back up electrically
the compressed air system [33].

REFERENCES:

[31], [33], [35], [51], [65]
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REVIEW AREA/ISSUE NUMBER: Systems 9

ISSUE TITLE: Steam generator safety and relief valves qualification for water flow

ISSUE CLARIFICATION:

A relief valve (BRU-A) and two safety valves are installed before the main steam fast isolation valve. In case
of a primary to secondary leak the primary circuit water can quickly fill the SG and the steam line up to the
BRU-A which is not isolatable. The lack of qualification of safety and relief valves to operate with water
or water-steam mixtures can then lead to their failing open. In such an event there is a containment bypass
leakage discharging the primary water radioactivity. Long term cooling may be endangered by losing
primary inventory into the atmosphere.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:
Questionable qualification of relief and safety valves for water flow would affect level 3 of protection as an
insufficient design feature of a safety system. In case of a large primary to secondary leak the long term
cooling will be endangered which could result in damages to the first barrier and high radioactive releases
into the atmosphere. However, the probability of such a scenario is expected to be low.

MEASURES PROPOSED IN MEMBER STATES:

Qualification of SG relief valves and, if the analyses show it necessary, safety valves to operate with
water or steam-water mixture flows, so that after initial opening the valves would reclose preventing
an uncontrollable leakage to the environment.

If the qualification cannot be achieved, replacement of the relief valves and, if proved necessary, of
the safety valves.

COMMENTS AND RECOMMENDATIONS:

Analyses of transients after large PRISE leakage accident should be performed with special attention to the
conditions of operation of safety valves and relief valves. Accordingly, the requirements for their
qualification to work with water-steam mixtures should be formulated. Relief valves and, if analyses show
such a necessity, safety valves should then be qualified to operate with water-steam mixture flow.

REFERENCES

[31], [33], [62], [67]
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REVIEW AREA/ISSUE NUMBER: Systems 10

ISSUE TITLE: Steam generator safety and relief valves performance at low pressure

ISSUE CLARIFICATION:

At most plants, the present design of safety and relief valves does not allow for the decay heat removal
function via steam release to atmosphere at low pressure (below 3 MPa) in case of closure of the main steam
isolation valves. The safety valves open and close at pressures close to 5.7 MPa and 4.7 MPa and using
pressurized air systems the opening pressure can be reduced to about 3 MPa, but not much below that. The
relief valves are motor operated and can be opened at any pressure, but in most plants they are installed on
main steamlines, beyond main steam isolation valves (MSIV), so that they become cut off from the steam
generator under accident conditions which lead to closing of the MSIV. This design limits the cooldown
capability. In particular, the feed and bleed operation in the secondary circuit is not possible at low
pressures, if MSIVs are closed.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Decay heat removal by feeding the steam generators and relieving at the SG safety or relief valves is the
only safe procedure to cool the fuel on the secondary side as the other systems are located in the machine
hall and therefore not protected against common mode failures. The present situation would impair this safety
function in the long term in case of accident because of limitations in the opening range existing in the
present design of steam generator safety valves and of positioning of relief valves (level 1 of protection).

MEASURES PROPOSED IN MEMBER STATES:

To install new safety and/or relief valves which should have the capability to be remotely operated from the
control room at any value of the secondary pressure ([11], measure T3.7).

COMMENTS AND RECOMMENDATIONS:

The proposed measure is adequate.

REFERENCES:

[11], [62], [63-64], [66], [67]
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REVIEW AREA/ISSUE NUMBER: Systems 11

ISSUE TITLE: Steam generator level control valves

ISSUE CLARIFICATION:

The original feedwater control valves caused repeated water level transients in the steam generators (SG)
leading in many cases to a reactor scram actuation. The SG level control valves represent the largest source
of transients in WWER-440/213 reactors. During plant operation, modifications and changes of the feedwater
valves and the SG level control have improved the situation to some extent.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

Steam generator level control valves originally used are below the quality level of the equipment generally
used in NPPs.

MEASURES PROPOSED IN MEMBER STATES:

Replacement of the valves and the SG level control. The new valves will cover an extended range of control
and reduce the need for operator actions during transients ([11], measure T3.8).

COMMENTS AND RECOMMENDATIONS:

The replacement is necessary to ensure the power units' safe stable operation by maintaining the SGs level
and thus preventing equipment damage or transients.

REFERENCES:

[11], [65], [66]
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REVIEW AREA/ISSUE NUMBER: Systems 12

ISSUE TITLE: Emergency feedwater make-up procedures

ISSUE CLARIFICATION:

The total amount of water in the emergency feedwater storage tanks is adequate for more than one day to
remove the residual heat from the core. In the event of loss of the normal cooldown system, operation of
the emergency feedwater system may be required for even a longer time period. Currently there is no
procedure for fast make-up of these emergency feedwater tanks in emergency situations such as extended
loss of normal AC power supply or seism.

In spite of the fact that sufficient water resources are available and there is no time pressure, clear
procedures should be available to safely manage the situation.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

Departure from international practice.

MEASURES PROPOSED IN MEMBER STATES:

In the Slovak Republic it is required that the capacity of EFWS tanks be sufficient for NPP cooling during
72 hours. After that there should be procedures and means available to supply the necessary cooling water
to the system.

COMMENTS AND RECOMMENDATIONS:

Provisions should be taken to allow the supply of water to the emergency feedwater tanks from the
demineralized water tanks or any other water tank, or from mobile means such as fire trucks.

REFERENCES:

[62-64], [65], [66]
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REVIEW AREA/ISSUE NUMBER: Systems 13

ISSUE TITLE: Feedwater supply vulnerability

ISSUE CLARIFICATION:

In WWER-440/213 plants the decay heat removal is performed by the secondary side in all conditions except
LOCA.

After a reactor trip, residual heat is removed by steam exhaust through the turbine by-pass (BRU-K), or
process condenser, or if it is not available, through the relief valves into the atmosphere (BRU-A); the SGs
are supplied by the main or the auxiliary feedwater system.

In the case of loss of feedwater from main and auxiliary FWS, SGs are supplied by the emergency feedwater
system (EFWS).

In the event of loss of off-site electrical power, all the equipment required to cool down the plant is
electrically supplied by the emergency power supply (diesel generators and batteries).

According to the design in the event of main steamline rupture, all the main steam isolating valves are
automatically closed by ESFAS signals and relief valves are always used to remove residual heat. Actually,
the analysis [89] showed that in the case of a main steam header break the ESFAS signal may not be formed
(see Accident analysis 5).

In the original design the EFWS is located in the turbine hall. Because of this, the components of the system
(pumps, valves, piping) are exposed to common mode failure by fire, flooding in the turbine hall, as well
as by earthquake. Additionally, the piping can be affected by the steam and feedwater pipe breaks.

At least two main steam relief paths to atmosphere should remain operational taking into account the single
failure criterion.

Equipment for heat removal, above all electric drives of the valves, are not qualified for increased humidity
and temperatures due to the high pressure line rupture. Water leak can escape into electrical and control
system rooms, (safety class 2 and 3 systems) placed a floor lower, if sufficient precautions against leaking
water are not implemented.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: III

JUSTIFICATION OF RANKING:

The design of the emergency, when it exists, and auxiliary feedwater systems is not common cause failure
proof, which affects level 1 of protection. The safety function "cooling the fuel" would be inhibited or even
lost depending on the potential to lose feedwater supply by common cause failure. Defence in depth is
considered insufficient.

MEASURES PROPOSED IN MEMBER STATES:

To install a new EFWS in a separate building [90] or to remove the existing one from the turbine hall
(measure T3.2 [11]) to protect it from common mode failures.

To redesign the layout of the systems to avoid common routing with high energy pipes (point 3.2 of
[34], [31] page 1.6.4).
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COMMENTS AND RECOMMENDATIONS:

The upgraded system shall meet all the latest regulatory requirements which are applicable to the design,
construction and operation of safeguards systems, in particular the criteria of redundancy, physical
separation, fire protection, seismic resistance and protection against high energy pipe breaks. Operability
of at least two steam relief paths in all conditions has to be verified for all plants.

REFERENCES:

[10], WANO measure T.3.2. [10], [11], [18], [19], [31], [34], [67], [63], [89], [90]
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REVIEW AREA/ISSUE NUMBER: Systems 14

ISSUE TITLE: Main control room ventilation system

ISSUE CLARIFICATION:

In the original design the control rooms of the units were not equipped with a ventilation system capable to
filter the intake air in case of radioactive releases, and potential hazard to breathe the contaminated air in
the control room in cases of serious accidents is possible. The habitability of control rooms must be assured
even for cases of severe accidents.

The habitability and functional separation of emergency control room are discussed in issue I&C 5.

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power
Cooling the fuel
Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Inadequate design of the main air ducts of the control room affects level 1 of protection. In emergency
situations all safety functions may be impaired or even lost in the beyond DBA conditions because control
rooms might be uninhabitable.

MEASURES PROPOSED IN MEMBER STATES:

WANO-Report A.3.3. [11]:

Installation of a ventilation system to the control room, so that staff can avoid extreme radiation exposure
and can work in safe conditions after accident during the reactor cool down. To solve the problem it is
necessary to:

supply the control room with filtered air (free of radioactive isotopes);

prevent containment air intrusion using overpressure in the control room;

keep the air conditioning working.

COMMENTS AND RECOMMENDATIONS:

The ventilation system should be capable to filter the radioactive air in case of radioactive releases.

Furthermore, if the main control room has windows, it is recommended to prove that windows are tight and
proven against contamination and irradiation.

REFERENCES:

[31], section 7.1.2.1 of [5], [15], [53], [54], [67]
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REVIEW AREA/ISSUE NUMBER. Systems 15

ISSUE TITLE: Hydrogen removal system

ISSUE CLARIFICATION:

During and long time after a LOCA, hydrogen is produced by metal water reactions and by radiolysis in
the core and in the sump water because of fission product releases from failed fuel rods. Under DBA
conditions this is a long term process, which, depending on the production rates, leads sooner or later
(within weeks) to hydrogen concentrations exceeding flammability point (> 4%). In the case of a severe
accident the accumulation of hydrogen would occur much faster. One of the larger sources of hydrogen
release is the reaction of water with aluminum covers on RCS insulation. Non- homogenous hydrogen
distribution and pocketing could lead to locally higher concentrations, which reaches the flammability limits
earlier than under homogeneous distribution. In the original design of the plants, there were no provisions
to cope with hydrogen phenomenon inside the containment.

MAIN SAFETY FUNCTIONS AFFECTED: Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Insufficient hydrogen removal systems for use during DBA scenarios and severe accidents may seriously
affect level 4 of protection to avert damage from the third barrier. The safety function to confine the
radioactive material may be impaired in LOCA scenarios or be questionable in case of beyond DBA
emergency situations.

MEASURES PROPOSED IN MEMBER STATES:

To analyze the production rates of hydrogen by radiolysis and metal-water reactions.

Installation of a connection allowing to circulate the gases extracted from the containment atmosphere
through the outer hydrogen recombination system.

In order to decrease the hydrogen production rates, the aluminum cover on the thermal insulation
blankets can be replaced by stainless steel.

COMMENTS AND RECOMMENDATIONS:

1. Reduction of the amount of aluminum which can be oxidized by water under accident conditions is
highly recommended.

2. Installation of recombiners should be realized, and mixing inside the containment should be assured.

3. As far as no final solution to the problem has been found yet, especially to deal with production of
hydrogen in case of Beyond DBAs, further investigation is needed.

REFERENCES:

Issue 4.1 from [10], WAN0-C3.1 [11], 5.4 of [13], [15], [19], [34], [67]
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REVIEW AREA/ISSUE NUMBER: Systems 16

ISSUE TITLE: Primary circuit venting under accident conditions

ISSUE CLARIFICATION:

One of the important lessons learned from the TMI accident in 1979 was that during transient situations with
pressure decrease, non-condensible gases and hydrogen can be generated. In addition nitrogen which is
saturated into the water of accumulators becomes released in case of feeding into the reactor at a reduced
pressure. These gases collect at high points of the primary circuit (high elevation points of loops, reactor
head). Moreover, in the DBA analyses it is presumed that the closing balls of the hydroaccumulators can
prevent the ingress of nitrogen into the RCS after the accumulators are empty. If this assumption is not valid,
a significant amount of non-condensible gases may appear in the upper part of the reactor vessel. The gas
volume can block the circulation of the primary coolant and lead to the core overheating. The problem may
appear during SB LOCAs as for example steam side leak at the pressurizer. The solution to this problem
could be the installation of a venting system to the reactor head and other high elevation points of the
primary circuit.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

The accumulation of non-condensible gases in the primary circuit during transients or LOCAs may impair
the cooling of the fuel. In the case of core uncovery, fuel damage would follow and the first barrier would
be damaged.

Levels 3 (design of safety systems) and 4 (accidents mitigation) of protection are affected and defence in
depth is degraded.

MEASURES PROPOSED IN MEMBER STATES:

1. A venting system is proposed to be installed to vent the reactor head and the steam generator primary
collector high points and possibly from main coolant pumps. The system is operable at the nominal
pressure. There is no automated function: the operator should open it according to the Emergency
Operating Procedure when the saturation margin is less than 10°C ([11], measure T2.3) or when the
ECCS accumulators feed the reactor.

2. To measure the saturation margin and inform the operators, a measurement system is to be installed.
Using the primary pressure and core exit temperature signals, it will calculate the saturation margin
and display it to the operators ([11], measure T2.4).

COMMENTS AND RECOMMENDATIONS:

The installation of venting lines should be implemented.

Measures to determine coolant sub-cooling should also be introduced.

In parallel, the analysis should be performed to determine the basis for taking the decision of venting
by the operator. The present rule based on 10°C sub-cooling does not seem to be sufficiently justified.
Emergency operating procedures should be developed to provide the necessary guidance for the
operators.

REFERENCES: Measures 3.3 and 3.4 [10], [11]
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REVIEW AREA/ISSUE NUMBER Systems 17

ISSUE TITLE: Essential service water system

ISSUE CLARIFICATION:

All safety related equipment and components are cooled by the service water system. In spite of its
importance to safety, it is not sure that, in all plants, it is adequately protected against all sources of
common-mode failure, including internal and external hazards. For example, redundant trains of the service
water system are routed without separation, or are located close to high-energy systems.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

A common cause failure could cause the loss of the essential service water system which is a safety system
insufficiently protected (level 3 of protection affected). The cooling of the reactor coolant pump seals and
other safety related equipment would then not be ensured. The second barrier - at the seals of RCPs - would
be damaged and the improper functioning of safety equipment could impair the safety function "cooling the
fuel".

MEASURES PROPOSED IN MEMBER STATES:

Verification of seismic resistance of the system.

Modification of the system to provide the necessary redundancy and separation of the trains.

COMMENTS AND RECOMMENDATIONS:

1. The proper train separation and protection against all sources of common mode failures (including
earthquakes), taking into account potential leakages should be verified.

2. The consequences of possible loss of service water system should be evaluated.

3. The necessary improvements should be implemented.

REFERENCES:

[33], [35], [63]
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3.5. INSTRUMENTATION AND CONTROL

REVIEW AREA/ISSUE NUMBER: Instrumentation and control 1

ISSUE TITLE: I&C Reliability

ISSUE CLARIFICATION:

I&C reliability involves two aspects:

/. Equipment availability

The I&C equipment used at WWER-440/213 plants date from the technical level of the early 70's in
the former USSR and its reliability is questionable. The causes include poor quality, deterioration with
age, difficulty of maintenance, absence of self-monitoring capabilities and the need for frequent
attention.

2. I&C design

The single failure criterion is not fulfilled everywhere and at some systems physical separation of the
redundant components is inadequate. On the other hand the redundance provided in the circuits
initiating safety actions is very high, which partly compensates for the poor reliability of individual
components.

The panels of reactor trip system (RTS), called in Russian panels of AZ (PAZ), consist of two
redundant trains, which are however situated in one room. This can lead to full loss of the system in
the case of common cause failures, e.g. due to the fire. There is no complete physical isolation of RTS
from the equipment which does not fulfill safety functions.

In some points the cables of all systems run together, e.g.below the main units control room, which
involves hazards due to possible flooding of the cables. The water can fall onto the cables not only
in the hypothetical case of water pipe ruptures, but also due to leakages from the air-conditioning
system, as was actually the case in one of the plants. Flooding or fire constitute common cause events
which could lead to a total failure of reactor protection system.

Since the original cabling was not fire resistant, additional covering layers of fire resistant material
have been laid in some plants. This however increased the weight of cables in the cable trays and
generally prevents any exchange of existing cables for new ones, unless alternative routes for the
cables can be found.

The issue of the qualification of I&C components important to safety is discussed in "General 2".

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power
Cooling the fuel
Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

The I&C equipment plays a major role in preventing and mitigating abnormal and emergency conditions.
Failures of I&C components place high demands on operators' performance, require frequent periodical
testing of the I&C systems and can eventually lead to difficulties in replacing faulty elements, because the
production of those elements has been stopped.
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The defence in depth is degraded. No barriers are directly threatened, but levels 1-4 of defence in depth
strategy can be affected. The issue affects safety functions Controlling the power and Cooling the fuel under
DBA conditions.

MEASURES PROPOSED IN MEMBER STATES:

Replacement of safety-related I&C systems with up to date technology which includes self monitoring,
testability and fault tolerant design.

COMMENTS AND RECOMMENDATIONS:

It is necessary to perform full analysis of reliability of existing safety and safety-related systems, first
of all using the deterministic approach to verify the single failure criterion and common mode failure
possibilities.

It is also necessary to consider possible undetectable failures, which cannot be tested in the process
of reactor operation. This requirement follows not only from IAEA documents, but is also formulated
in Russian regulations, e.g., in OPB 88.

An assessment of existing I&C component failure records is recommended as an additional measure
for the definition of a detailed programme on the upgrading of the safety and safety-related
instrumentation.

Since the reliability problems have two basic reasons: original poor quality and aging, well elaborated
and approved I&C operation and maintenance strategy and strictly followed procedures can have an
essential positive impact on the safe operation. Good practice followed in some WWER-440/213 units
includes for example:

preventive maintenance for safety and safety related I&C systems and equipment;
regular maintenance combined with adequate spare parts equipment management.

Careful implementation of an appropriate maintenance program is highly recommended.

The I&C safety systems should be modified, not only with the exchange of separate parts of
equipment, but also with the change of architecture of the RTS and ESFAS.

Replacement should start on the most unreliable components (trip units, time delay relays)

Physical separation between redundant I&C systems should be analyzed with respect to common cause
events (fire and flooding). Full electrical isolation between control and protection functions should be
checked to avoid that faults in the non-safety related control part might induce failures of safety
functions.

A diagnostic program to check the status of motor operated valves in safety systems should be
established to check valve performance under different process conditions, with particular attention
to the influence of limit and torque switches on valves performance.

REFERENCES:

[15], WANO Report, 0.3.2a [11], Sections 6.3, 8.2.2, A31.4, 6.4 of [38], [53-54], [58], [59], [60-61], [65],
[66], [91-93], [94-95], [96],
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 2

ISSUE TITLE: Safety system actuation design

ISSUE CLARIFICATION:

The safety system actuation consists of 3 independent trains of equipment that correspond to the trains of
the technological safety systems. Within each train, three or six channel sensor redundancy is used
(depending on the number of subsystems within the train) to develop the logic for initiating the safety system
equipment. The logic circuits are designed with a high degree of fault tolerance to prevent failures from
defeating the safety actuations. Remote control of the safety equipment is provided from the main control
room and the emergency control room.

A safety concern here is that the ECCS actuation circuits are based on an "energize to actuate" principle,
i.e. the fail safe principle is not realized. Hardware reliability issues will have a direct impact on safety in
the area. In some cases the "energize to actuate" principle is also applied in western plants, e.g. for the
containment spray system, but the other ECCS sub systems are actuated on the fail-safe principle.

NUSS Design Code advises the use of fail-safe features in the design of safety systems and propose that
"consideration be given to making use of predictably "fail-safe" features of safety system component failure
modes [98, p.25]." The actual approach to the actuation of safety systems in WWER-440/213 plants does
not follow this recommendation. As in several plants the reconstruction of these systems is envisaged, the
possibility of changing the actuation principles should be considered. Since spurious safety features actuations
negatively influence the plant operation and possibly safety, the application of fail safe principle will require
introducing of instrumentation of higher degree of reliability than available in the originally built systems.

The design of safety systems includes two redundant trains for reactor trip initiation (RTS) and three
redundant trains for engineering safety features actuation (ESFAS). During testing of RTS when the plant
is in operation, the tested train is bypassed. If the other train of RTS initiates a scram signal, then the tested
train is automatically returned to operational readiness. However in the case of an unsafe failure of the train
remaining in operation, no AZ1 scram signal would be initiated and the tested train would remain bypassed.

The reactor protection AZ2 and AZ3 would remain operational, which reduces the hazards of such a
situation but the criterion of on-line testability for the AZ1 system is not fully complied with.

An unsafe failure of the train could occur in the case of two simultaneous failures in its 3 parallel channels,
or in the case of a common cause failure, e.g. due to fire or flooding. As of now, it is not known whether
a single failure in any point of the train could be sufficient to lead to its total failure. As the system was
initially designed as single failure resistant, it is not expected, but the verification has not been yet
completed. If the analysis shows that a single failure can lead to the train loss, then the problem of corrective
action will be urgent, for the loss of PAZ means the loss of the RTS. At present doubts persist.

According to the Russian regulations given in OPB 88, p. 17, item 1.2.12, "In separate cases, when the high
reliability level of the considered elements or systems to which they belong has been demonstrated, or during
bypassing of an element for a predetermined time for maintenance or repair, their failure cannot be taken
into account. The allowable time of bypassing an element for maintenance or repair is determined on the
basis of PSA and specified in the design of the plant" [4]. This requirement is met during tests of the reactor
protection system, since the tests last for about 2-4 hours and are conducted every few weeks. The time of
the emergency protection trains testing is determined in the original specification and may not exceed 8
hours.

According to actual western practice and the IAEA safety rules, the reactor protection system should be
single failure proof all the time, also during testing.

86



MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power
Cooling the fuel
Confining the radioactive material

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

The issue represents departure from good international practice. Safety functions can be affected under
conditions of loss of power supply to the ECCS actuation circuits and a combination of additional failures.
Thus level 3 of protection in defence in depth can be affected under BDBA conditions.

The violation of single failure criterion in PAZ during on-line testing could impair the function "Controlling
the power". As the failures occurring during test conditions are not included in the DBA envelope, the
concern is related to BDBA conditions.

MEASURES PROPOSED IN MEMBER STATES:

Improve the common cause failure resistance of the Reactor Trip System. In reviews performed at the
plants it was revealed that in order to prevent failure of RTS to operate, it should have three redundant
trains, so that during testing of one of them, the other two would provide the desired redundancy.

Provide the necessary fail-safe features to the system.

COMMENTS AND RECOMMENDATIONS:

1. Reliability of the current approach should be assessed and compared against a fail safe design where
actuation takes place at loss of power.

2. The possibility of violation of single failure criterion in PAZ during its on-line testing is a serious
concern and requires early clarification. It should also be checked, whether in the case of such a
failure the AZ2 and AZ3 systems are sufficient to provide reliable reactor scram.

3. The reliability requirements of the RTS and ESFAS should be reviewed taking into account the
regulations that are applied in other types of PWRs (for test cycle and repairing time requirements).
If the plant owner decides on a exchange of the reactor protection system (RPS), a reliability of
sufficient degree (failure rate less than 105 to 10"7 per event) is achievable without the necessity of
testing the RPS during operation, if safety systems with self-test routines or fail-safe design and failure
self indicating features, using an adequate redundancy architecture, are chosen. The reliability can
(should) be verified by a quantitative reliability analysis.

REFERENCES:

[4], [38], [62-63], [66], [97]
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 3

ISSUE TITLE: Review of reactor scram initiating signals

ISSUE CLARIFICATION:

The reactor protection system and especially the reactor trip system, is the essential element of the reactor
shutdown. For this reason it must be extensively analyzed to determine whether it should be improved.

Design safety analyses have been performed taking into account the effects of signals of AZ2 or AZ3 type,
initiating power limitation or reduction by means of control rod insertion. In case of failure of the protection
of AZ2 or AZ3 type, the actuation of the AZ1 signal has to be checked.

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

An incomplete set of reactor scram signals would affect the safety function "Controlling the power" during
abnormal operation and DBA conditions, leading to damage to the first barrier. This issue affects levels 2
(control of abnormal operation) and 3 (protection systems) of defence in depth.

MEASURES PROPOSED IN MEMBER STATES:

The GRS-Report stated that the safety report as part of the technical project contained data and findings not
sufficiently well documented and that it should be supplemented with further analyses.

In the GRS report the following criteria for activating reactor scram were proposed to be considered:

activity in the main steam line high;
DNB ratio low;
pressure in the primary system high;
pressurizer level high (sections 4.1.1, 6.3 of [53]).

The WANO-Report proposed to introduce a new reactor protection signal "low level" in two SGs (point
T.2.1 in [13]).

Rovno Riskaudit report stated ([33] p. 11/6):

Change the signal of low primary pressure correlated with a low pressurizer level to anticipate accident
consisting of inadvertent opening of pressurizer safety valve. Examine the need to install the scram
signal on high level in the pressurizer.

According to Gidropress there is a sufficient number of reactor scram signals. However, the application of
the actual international principle of diversity (§ 7.7 50-SG-D3) [98] has to be checked.

COMMENTS AND RECOMMENDATIONS:

1. An analysis should be performed in order to verify the completeness of the list of design basis
accidents considered for WWER-440/213 units. A general re-evaluation of design basis accident
analysis following the IAEA guidelines should be carried out in order to assess the completeness of
scram initiating signals.

2. AZ2 and AZ3 functions should be considered as a limitation, not protection.



3. On the basis of the results of these analyses the decisions concerning possible addition of the scram
initiating signals should be taken and implemented in all WWER-440/213 units.

4. In the frame of the defence in depth, computational analyses which are being performed to identify
the effects of the possible failure of the AZl system to actuate scram on the first scram signal but with
operation on the scram signal generated by the second measured parameter of different physical kind
could be useful to assess the effectiveness of the system under such conditions.

REFERENCES:

[11], [31], [34], [38], [53], [66], [89], [95], [98]
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 4

ISSUE TITLE: Human engineering of control rooms

ISSUE CLARIFICATION:

The WWER-440 control rooms provide the controls and indications necessary for the operator to carry out
actions required during normal and shutdown operations of the plant. There is a classical portioning by
subsystems with an "active mimic" diagram of each subsystem being shown with controls for pumps and
valves in their appropriate functional position on the diagram. This type of organization has led to
operational problems, most notably the Three Mile Island accident in the USA, because the operator's
attention is focused on a specific item and he tends to disregard the interactions between the systems. An
action that is taken at a point to solve a problem may create other problems in related subsystems.
There are also other deficiencies in the human factors design compared to the most modern international
practices. Indicators of differing types of process measurements, for example, flow and pressure, are not
distinguishable except by the engraved legend. Control switches for pumps, valves circuit breakers, etc., all
have handles of the same shape. Indicators that provide data that is important to the operator's evaluation
of the safety state of the plant are not differentiated from those used for normal operations. Some of the most
valuable space on the control panel, that which is directly in front of the operator, is used for infrequent
activities related to plant start-up and surveillance testing.

According to the project the alarm signals are divided into two groups - emergency and warning. These
groups are differentiated by location. They are distinguished by colour and attendant sound. Besides in the
RTS system the first signal activity is determined. Nevertheless, the quantity of alarms in the control room
is excessively high and the prioritization and grouping are not sufficient.

In summary, the design of the information display in the control rooms does not give the operator a rapid
overview of information regarding the current state of the plant and the reactor safety as a whole. It also has
deficiencies that increase the incidence of human error.

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power
Cooling the fuel
Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

This issue was identified as a deviation from OPB-88 [4], IAEA 50-SG-D3 and IAEA 50-SG-D8. The
deficiencies in the design of the main control room and the emergency control room affect levels 1 to 4 of
protection. Due to human errors one or more safety functions may be impaired. These situations can happen
under normal and anticipated operating conditions as well as under DBA and BDBA conditions.

MEASURES PROPOSED IN MEMBER STATES

Improving signalization in the control room for accidents and wrong setting of valves in safety systems
(GRS Report), [53].

Automatic monitoring of the sumps level in the reactor building with signaling to the control room
(GRS Report) [53].

Installation of a Safety Parameters Display System (SPDS) (Paks).

Computerization of information.
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COMMENTS AND RECOMMENDATIONS:

1. 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 plant 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. (See also: Guidelines for I&C design
improvement in WWER-440/230 NPPs [99]).

2. 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 is
practical. More extensive modifications to the control room could be included in the I&C
reconstruction programme. A safety parameter display system should be added to provide the operator
with the rapid overview of the plant safety. This safety parameter display system will be a necessary
step in establishing symptom based emergency operating procedures (to provide the operator with the
information needed to assess the critical safety functions of the plant).

3. A step by step upgrading of the concerned panels in case of upgrading/exchange of I&C systems may
be the best solution. In this case the volume of upgraded equipment can be limited to the extent that
can be installed and commissioned during normal outages. From the safety standpoint this approach
has the advantage of offering the possibility to effect the necessary changes much earlier, without
waiting for a general modernization.

4. Co-ordination of efforts in SPDS design for WWER-440/213 would be very much appreciated. Toward
this, the development of minimal function specifications for SPDS for this type of NPP could be a first
step. Also, since the design of nuclear power plants with WWER-440/213 reactors are basically the
same, there is a good opportunity for common safety functions specification.

REFERENCES:

Sections 6.3, 8.2.2, A.3.1.4 of [38], [34], [53], [66], [91], [93], , [99], [97],[100]
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 5

ISSUE TITLE: Physical and functional separation between the main and emergency control rooms

ISSUE CLARIFICATION:

In the case of events which cause the unavailability of the main control room (MCR), the accessibility of
the emergency control room (ECR) must be assured.

In case of fire or short circuit in the MCR there is a potential hazard that such a failure can be transmitted
to the ECR (or opposite) and that for this reason both control rooms can fail.

Physical and functional separation between the MCR and the ECR should be assured taking into account
common mode failure criteria. At present, there is no certainty that such a separation is complete. No
evident faults have been identified, but a comprehensive analysis which would give positive results is
missing.

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power
Cooling the fuel
Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

This issue affects the first level of protection concerning inappropriate design of control rooms in emergency
situations. All safety functions might be affected due to a common mode failure. The issue degrades defence
in depth.

MEASURES PROPOSED IN MEMBER STATES

Analysis of physical and functional separation should be performed.

COMMENTS AND RECOMMENDATIONS:

Full physical and functional separation between the MCR and the ECR should be demonstrated by an
appropriate analysis.

Depending on the results of the analysis, corrective measures should be implemented.

REFERENCES:

Part 1.6.1.2.2 of [31], Section 7.1.2.1 of [33], [35], [53], [54], [63], [66], [97]
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 6

ISSUE TITLE: Condition monitoring for the mechanical equipment

ISSUE CLARIFICATION:

Diagnostic systems are needed to provide the operators with an early warning of the reactor coolant system
(RCS) abnormalities or mechanical equipment degradation in order to avoid sudden termination of safe
operation as a consequence of an equipment failure. Also, condition monitoring systems could be used to
confirm the current equipment status, and thus provide guidance as to the necessity of repairing the
equipment in the case of its poor status.

The original design does not provide for an adequate diagnostic system to control equipment of WWER-440
units.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

The diagnostic system is not adequate. This is a departure from international practice.

MEASURES PROPOSED IN MEMBER STATES:

There are proposals in all countries to develop and introduce diagnostic systems such as Reactor Internals
Diagnostic System, vibration monitoring, noise monitoring and "fingerprinting" of electric power during
valve actuation.

COMMENTS AND RECOMMENDATIONS:

The proposals are endorsed.

REFERENCES:

[10], [11], [38], [66], [72], [101-102],
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 7

ISSUE TITLE: Primary circuit diagnostic system

ISSUE CLARIFICATION:

In the original design of WWER-440/V213 no diagnostic system was foreseen to monitor the potential
danger to the integrity of RCS and to provide an early warning of RCS pressure boundary developing
defects.

Without such a diagnostic system the operators have had very limited possibilities to recognize the presence
of the loose parts in RCS components and of the potential danger of the local overheat in the reactor core
or of loss of integrity of the RCS pressure boundary.

Leak detection systems give an early warning of pressure boundary starting anomalies like RCP seal
deterioration or small leakages.

The existing leaktightness monitoring systems of the primary component main bolted joints have been found
inoperable due to corrosion, clogging, etc., and there is no provision to detect the damage.

Acoustic emission systems are able to indicate the place of material micro defect concentration. Those places
are the origins of cracks and future basic material defects.

Installation of diagnostic systems will make it possible to recognize, at an early stage, the anomalies in the
operation which could lead later to serious accidents.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel
Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

The issue was identified by operational experience. Insufficient monitoring of the status of the RCS pressure
boundary degrades defence in depth, and can lead to impairing the safety function "Cooling the fuel".

Protection levels 1 and 2 are affected in plants where pipe whip restraints or LBB concept application have
not been completed.

MEASURES PROPOSED IN MEMBER STATES:

Introduction of developed diagnostic system for the RCS (issue indicated in the review WWER-SC-77 [10],
and WANOP.3.2 [11]).

There are proposals in all countries to introduce particular diagnostic systems.

COMMENTS AND RECOMMENDATIONS:

1. The implementation of following diagnostic systems should be considered:

Leak monitoring systems on RCS (reactor vessel head, pressurizer, high energy piping) and on
(minimally) non-isolated part of secondary circuit (SG, steam and feedwater piping).

Loose parts monitoring (RPV, SG, MCP).

Acoustic monitoring.
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2. Periodic testing of bolted joints leaktightness monitoring system should be implemented to ensure its
operability.

REFERENCES

[11], [10], [33], [38], [65-66], [101-102]
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 8

ISSUE TITLE: Reactor vessel head leak monitoring system

ISSUE CLARIFICATION:

In the reactor upper block the CRDMs, instrumentation, etc., are attached to the reactor pressure vessel head
penetrations through bolted joints (flanges). Each joint is sealed by two parallel sealing rings (Ni) and there
is leak detection provided based on collection of leaking water in between these two sealing rings. The tube
for leakage water collection is of a very small diameter, can be easily clogged and fail to give reliable
information. The leak detection system is not tested or inspected periodically. The humidity monitoring
system in the upper reactor block is not sensitive enough to provide for detection of leaks in the bolted
joints.

Undetected leaks of primary coolant containing boric acid could lead to severe corrosion of the vessel head
from outside. The vessel head is covered by a steel structure filled with ceramic balls and its outside surface
is therefore not accessible for routine inspection to detect corrosion damage.

Some vessel heads have been repaired due to this corrosion in WWER-1000 units. In view of the similarity
of the original design, the issue requires consideration, although there have been no reports of actual damage
in WWER-440/213 units.

MAIN SAFETY FUNCTIONS AFFECTED. Cooling the fuel

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

This issue was identified by operational experience. Poor engineering of the vessel head design and
insufficient monitoring equipment affecting levels 1 and 2 of protection may lead to degradation of the
second barrier. The reactor pressure vessel as a main element of the second barrier, could be damaged
during normal operation and challenged in accident conditions. Depending on the vessel head damages the
safety function may be questioned.

MEASURES PROPOSED IN MEMBER STATES:

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

2. Consideration should be given to upgrading of the upper reactor block humidity monitoring system
to provide for timely detection of leaks.

COMMENTS AND RECOMMENDATIONS:

Periodic testing of bolted joints leaktightness monitoring system should be implemented to ensure its
operability.

REFERENCES [66]
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 9

ISSUE TITLE: Accident monitoring instrumentation

ISSUE CLARIFICATION:

According to INSAG-3 [7] item 4.2.3.9 "Parameters to be monitored in the control room...ensure
...indication ...of the operation of a safety system or the degradation of the defence in depth". Similar
requirements exist in OPB 88 [4], item 4.4.9 (I&C should ensure monitoring and recording of parameters
in all possible ranges of operation... and provide capability to establish the occurrence and development of
an accident and action of personnel"), and in US 10 CFR 50 , App. A [103] criterion 13 ("Instrumentation
shall be provided to monitor variables and systems over their anticipated ranges for normal operation ...and
accident conditions").

Accident monitoring instrumentation is used to inform the operator of the status of safety related parameters
linked to defence in depth concept. This information is necessary for proper application of emergency
operating procedures, reducing the probability for wrong actions to be taken.

Such instrumentation is not currently available in WWER-440/213 plants.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Means for accident management are not adequate. There is a lack of precise information which impedes
operator from controlling the abnormal conditions. One or both safety functions may be affected because
of insufficient monitoring. The scenario could happen under design basis accident conditions.

MEASURES PROPOSED IN MEMBER STATES:

Definition of criteria for the accident monitoring system and identification of parameters to be
monitored for WWER-440/213.

Installation of new equipment if additional parameters have to be monitored.

COMMENTS AND RECOMMENDATIONS:

1. The process of selection the variables to be monitored should be in accordance with the IAEA Guid-
elines for I&C Improvement in WWER-440/230 NPPs [99].

2. The equipment of accident monitoring should be qualified for design basis accident and beyond DBA
conditions as applicable, taking into account the real conditions of possible accidents in WWER-
440/213 units (parameters within containment lower than in the western NPPs, transmitter rooms
housing sensitive electronic transducers separated from the atmosphere inside the containment, etc.).
The capacity of batteries for this instrumentation should be chosen taking into account the large
thermal capacity of WWER-440 units. Qualification criteria for this instrumentation determined in the
IAEA Guideline [99] should be observed.

REFERENCES:

[4], [7], [99], [38], [66], [103]
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 10

ISSUE TITLE: Technical support centre

ISSUE CLARIFICATION:

Recent international practice is to design an NPP with a room where current plant data and status is compiled
for display to technical experts who will support the operators during the management of an accident. This
room is separate from the control room. Operating plants have been upgraded to add technical support
centres.

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power
Cooling the fuel
Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

This issue was identified as a deviation from current international practice. There is no technical support
centre for WWER-440 NPPs, to control abnormal conditions and for the management of accidents. Levels
3 and 4 of protection and any safety function can be affected.

MEASURES PROPOSED IN MEMBER STATES:

1. Establishment of a technical support centre with displays of critical plant information and up to date
plant design documentation is proposed in all countries.

COMMENTS AND RECOMMENDATIONS:

1. This measure should be implemented in parallel with the upgrading of the control room designs (see
issue I&C 4).

REFERENCES:

[62], [65], [66], [96], [104]
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 11

ISSUE TITLE: Water chemistry control and monitoring equipment (primary and secondary)

ISSUE CLARIFICATION:

An accurate and preferably on-line chemical monitoring system is important to give the operator a possibility
for a timely response to deviations in primary and secondary coolant water-chemical specifications. On-line
chemical monitoring should be preferably installed for secondary water chemistry control because of its
substantially faster response on any change of conditions. The continuous meeting of specified water-
chemical conditions is necessary to avoid corrosion problems in the main equipment. An accurate primary
coolant monitoring is necessary to the boron control system and also to provide for minimum corrosion rate
of the primary structural materials.

The issue is identified from operating experience.

The chemical monitoring system presently used is based on design developed in the 1970's. At each of the
operating WWER-440 units there has been realized an individual program of chemical control improvement,
but the level of these measures is very different. The most common measure consists in providing the control
laboratories with new, better equipment.

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power
Cooling the fuel
Confining the radioactive material

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

The used chemical monitoring system is not fully adequate. It is not at the same technical level as other
control and monitoring systems.

MEASURES PROPOSED IN MEMBER STATES:

The reconstruction of the system is planned in all WWER-440 V-213 units.

COMMENTS AND RECOMMENDATIONS:

1. The implementation of on-line monitoring and control system of secondary water chemistry is
recommended

2. The improvement of primary water chemistry monitoring system based on combination of on-line
monitoring of safety related parameters and periodical control of other (diagnostic) parameters is
recommended.

3. Computer data acquisition including on-line data processing, presentation and recording for primary
and secondary water chemistry monitoring systems is recommended.

REFERENCES:

[63], [65], [66], [67]
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3.6. ELECTRICAL POWER SUPPLY

REVIEW AREA/ISSUE NUMBER: Electrical power supply 1

ISSUE TITLE: Start up logic for the emergency diesels

ISSUE CLARIFICATION:

According to the calculations of the chief designer of WWER-440/213 units (OKB Gidropress) the allowable
time of break of loss of core cooling under LB LOCA conditions should not exceed 17 seconds. The time
of diesel generators start-up was initially 25 seconds. If the diesel were not started after LB LOCA and the
electric power from off-site sources and on-site sources were lost after hydroaccumulators were emptied,
then the time of break in the coolant injection from LPIS would be longer than allowed. On the other hand,
if the initial period of good core cooling from hydroaccumulators (50 seconds) were used to get the
emergency diesel generators started, there would be no break in core cooling. Therefore, the designers
assumed that the external power will be lost under accident conditions, established a sequence of diesels
actuation, and forced change over to diesels generators in case of any accident requiring safety systems
operation.

Thus, by the present ECCS logic, in case of Engineering Safety Feature (ESF) actuation, the 6 kV safety
buses are disconnected from the electrical network independently from the condition of the off-site supply.
Briefly saying, the loss of power event is artificially generated in every case of ESF actuation. This solution
is clearly undesirable. Under some sequences the power would be lost to components important to safety -
e.g. pumps in the intermediate cooling circuits for main coolant pump - and the recovery of power after
start-up of the diesels would require additional operations of the operator.

In addition, this solution requires a very extended test procedure for the diesel which causes a premature
degradation of some diesel components e.g. bearings, increasing the risk of common cause failure.

After the replacement of the controller of the diesel engine by a more efficient one (with run up time: 14
sec) it will be possible to modify this logic.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

Departure from recognized international practice.

The existing ECCS logic induces additional transients having adverse effects on the system reliability. In
addition, this logic requires a complex test procedure increasing the risk of common cause failure of the
diesels.

MEASURES PROPOSED IN MEMBER STATES:

The measure requires first the replacement of the diesel controller, then the modification of the ECCS logic.
By the new solution the diesels will start only in case of loss of off-site power, the ECCS pumps will be put
in operation by the ECCS logic, they will be supplied in normal case from the network via the station
auxiliary transformer (WANO measure T2.2 [11]).
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Advantages of this measure are:

The time needed to start ECCS pumps will be reduced.

The failure rate to start pumps supplied normally is lower than failure rate to start them from the
diesel generators.

Handling loss of power accident does not change.

The need for the operator's intervention is reduced, e.g. if the diesel fails, while the electrical supply
is returned to the normal conditions.

COMMENTS AND RECOMMENDATIONS:

After implementation of the measures, the diesel will not be started following a LOCA, if the off-site power
is still available. The influence of such a design on plant safety should be fully analyzed.

REFERENCES:

[10], [11], [31], [34], [63]
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REVIEW AREA/ISSUE NUMBER: Electrical power supply 2

ISSUE TITLE: Diesel generator reliability

ISSUE CLARIFICATION:

On-site power supply is provided by three diesel powered emergency supply trains, electrically and
physically separated but located in the same building, and connected to essential load buses. Although they
are adequately protected against most common cause failures, the simultaneous loss of probability of 3
diesels cannot be excluded. In addition, on some sites, the operational experience has shown that the diesel
generator reliability was lower than expected [42-43].

It has been determined that in a WWER-440/213 following a station blackout, damage to the core would start
after 5 to 6 hours. 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 5 hours should be
evaluated on each site. If the result is higher than expected at the design stage, there is a safety concern and
measures have to be taken to solve the issue.

Such a study is required in international practice.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

Departure from international practice.

MEASURES PROPOSED IN MEMBER STATES:

1. Improving the reliability of the Diesel generators, including the start-up air supply, the Diesel fuel
injection system, and a revision of the Diesel control system, to prevent damage due to overloading
from arising under any operating condition [53].

2. Installation of an additional diesel generator, either mobile or a permanent one, with the necessary
connections (WANO T.3.6 [11]).

3. Another possible solution is to install suitable connections to a nearby hydro station (WANO

COMMENTS AND RECOMMENDATIONS:

Improvement of the reliability of the existing diesel generators is highly endorsed. 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.

REFERENCES:

[11], [33], [42-43], [53], [62-67], [105]
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REVIEW AREA/ISSUE NUMBER: Electrical power supply 3

ISSUE TITLE: Protection signals for emergency diesel generators

ISSUE CLARIFICATION:

Protection signals are used to trip the diesel generator when the respective parameter setpoints are reached
to avoid heavy damage to the diesel generator. As each single signal can stop the diesel generator, a
conflicting situation occurs. On the one hand, the diesel generator is intended to provide energy for the
safety system in order to prevent severe accidents. On the other hand, it may be stopped by its own
protective circuits. The benefit of the adopted solution, however, is characterized by the fact that heavy
damage to the diesel engine can be avoided and continuation of diesel operation after a prompt and short
repair will be possible.

The trip signals are established within a single chain configuration and each failure either within the sensor
or the related circuit may lead to a trip of the diesel generator. Single failures of sensors which are exposed
to strong mechanical vibration and other influences of the diesel motor are not uncommon.

In current western approaches this influence is ruled out by generating the technological trip signals in a 2
out of 3 configuration leading to a significantly higher reliability of the emergency diesel generator system,
because a single failure of one sensor does not cause a trip signal. Electrical protection signals are considered
to be reliable enough so that a single chain configuration appears to be adequate.

This weakness has been identified from operational experience. The design of the protection signals required
to trip the diesel generator does not include sufficient provisions against spurious trip of the diesel.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

Departure from recognized international practices.

MEASURES PROPOSED IN MEMBER STATES:

Ukrainian NPPs are proposing a three chain structure with a 2 out of 3 configuration for the technological
diesel protection signals to further increase diesel generator reliability.

COMMENTS AND RECOMMENDATIONS:

The proposal made by Ukraine is endorsed.

REFERENCES:

[65], [66], [67]
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REVIEW AREA/ISSUE NUMBER: Electrical power supply 4

ISSUE TITLE: On-site power supply for incident and accident management

ISSUE CLARIFICATION:

Power supply by diesel generators is provided to safety systems that are necessary to cope with design basis
accidents. However, the scope of systems with diesel backed power supply is limited in comparison with
the common international practice, and does not cover some systems that would reduce the severe accident
risk by facilitating management of anticipated incidents.

Examples of safety relevant systems which in some WWER-440/213 units have no diesel backed power
supply are the following:

primary circuit make-up water system (see issue Systems 3);

loading system for batteries that provide non-interrupted DC power to plant process computer and I&C
systems;

cooling system for control rod drives;

radiation control panel;

telephones for communication between the control room and the plant;

pumps for filling diesel generator fuel tanks (tanks have fuel for 8 hours of operation);

DC distribution for safety-related systems in the turbine hall.

All of the above systems would be needed for proper management of incidents that entail complete loss of
off-site power supply and necessitate plant cooldown to cold shutdown states. Specifically, the make-up
system of the primary circuit would be needed for depressurization and for main coolant pump seal injection
(even though the seals are less vulnerable than in western PWR types and withstand without failure a loss
of seal injection for at least several hours). Availability of normal make-up would also speed up boration
of the primary circuit.

Power supply for the above mentioned systems cannot be taken from the existing diesel generators because
their capacity is exhausted by the existing consumers.

This weakness has been identified from operating experience with WWER-1000 plants, notably the accident
at Kozloduy Units 5 and 6 on 22 to 23 September 1992 (fires and short circuits in electrical systems).

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Insufficient diesel backed power supply for the management of emergencies affects levels 3 and 4 of
protection. The safety functions may be affected in scenarios of the DBA envelope and beyond.
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MEASURES PROPOSED IN MEMBER STATES:

In SIR for Mochovce it is proposed to install an additional on-site diesel per unit and to extend the scope
of systems with diesel backed power supply [31].

COMMENTS AND RECOMMENDATIONS:

A generic study should be made to decide which systems need back-up power after loss of off-site power
supplies. The decision concerning the installation of an additional diesel generator should be taken after such
a study is completed.

REFERENCES:

[31], [35], [62-63], [65], [65-66]
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REVIEW AREA/ISSUE NUMBER: Electrical power supply 5

ISSUE TITLE: Emergency batteries discharge time

ISSUE CLARIFICATION:

Batteries are the ultimate energy source in the power plant and a high reliability and adequate capacity of
this device is therefore a prime goal. Each WWER-440/213 unit has three redundant batteries to provide
energy to vital loads. Their designed discharge time is in an order of 30 minutes. This situation is not in
compliance with modern requirements. 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. The extended battery discharge time leads to
larger time margins for operators to decide on further actions, the international trend goes towards an
extension of the battery discharge time in order to better cope with accident management and station blackout
requirements.

The WWER-440 have the positive feature of being able to withstand a long time blackout without core
damage due to large water inventory in the primary and secondary circuit. To take full advantage of this
feature the operators should be able to control the plant for the time necessary to restore off-site or on-site
sources of electrical power. In recognition of this most of the plants have exchanged the batteries so as to
increase their capacity, but this improvement has not yet been introduced in all plants.

A further concern is the lack of battery circuit monitor. Therefore, possible galvanic interruptions within
the battery circuitry will not be automatically recognized, as long as the chargers are in operation. In
addition, the batteries are inadequately isolated from the concrete floor and cannot withstand seismic loads.
An earthquake could lead to a loss of the batteries and consequently to a loss of uninterrupted power supply.

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power

Cooling the fuel

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:
Defence in depth is degraded if the batteries are lost before recovering electrical power to the plant.

The issue concerns total blackout, i.e. a BDBA of low probability, but the consequences are far reaching,
they affect the two first barriers and two main safety functions.

MEASURES PROPOSED IN MEMBER STATES:

1. Perform a study of the battery capacity based on real maximum load.

2. If capacity is not sufficient for at least one hour operation increase the capacity of batteries.

COMMENTS AND RECOMMENDATIONS:

1. Capacity of the batteries should be checked to ensure that the safety functions are fulfilled when
needed. Their capacity should follow the guidelines given in the IAEA document 50-SG-D7 [106].

2. Emergency operating procedures should address reduction of DC users in case of total station blackout
to extend battery discharge time as much as possible.
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3. The proposed measures are endorsed.

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

5. The batteries should be seismically protected.

REFERENCES:

WANO measure T.3.5 [11], [53], sections 1.6.1.2.2. and 3.22 of [31], [63], [106]
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3.7. CONTAINMENT

REVIEW AREA/ISSUE NUMBER: Containment 1

ISSUE TITLE: Bubbler condenser strength behaviour at maximum pressure difference possible under
LOCA conditions

ISSUE CLARIFICATION:

The mechanical design of the bubbler condenser (walls and caps) is unsatisfactory and there is the danger
of metal structure failure in the case of an instantaneous double ended guillotine break of the largest pipe
in the reactor coolant system ([13], [12], [107]).

The effectiveness of WWER-440/213 containment depends on the performance of bubbler condenser. If the
bubbler condenser structure (walls and caps) were to fail in the initial moment of the accident, then the water
would flow out of its shelves into the bubbler condenser tower. This would provide sudden steam
condensation and pressure drop inside the containment, but the water would be lost from the bubbler
condenser shelves and in the subsequent stages of the process the bubbler condenser would not be able to
fulfill its functions according to the design.

Bubbler condenser strength calculations were discussed at the IAEA consultants meeting on containment and
confinement performance [13]. The analyses of bubbler condenser modes of operation, types of beam
fastening, distribution of loads on membrane walls, wall strengthening ribs and load carrying beams and of
resulting stresses performed by Polish and Ukrainian specialists within IAEA programmes have shown that
a number of elements must be strengthened [12].

As the regulations in the domain of strength calculations being in force at the time of bubbler condenser
design did not correspond to western practice and have been considerably changed in Russia itself, the IAEA
prepared "Guidelines for evaluation of bubbler condenser metallic structure". They include proposed load
combinations and admissible stress limits which reflect actual international practice. These guidelines were
used in the recent calculations performed under an IAEA contract by the Russian designers of the bubbler
condenser structure, in parallel with the code of strength calculations presently in force in Russia [107].

The calculations were done to check the strength of chosen nodes of the bubbler condenser structure against
the initial pressure differences after LOCA (design basis value 0.3 bar, which covers the expected load
conservatively.). The results confirmed previous concerns and showed that the strengthening of some
elements of the bubbler condenser is necessary, both basing on IAEA guidance and on Russian codes [107].

The pressure difference taken as the basis for the strength evaluation can appear only in the case of a LB
LOCA which occurs instantaneously. If LB LOCA occurred not instantaneously but e.g. over 1-2 seconds,
the peak pressure differences would be smaller and the integrity of the bubbler condenser structure would
not be challenged.

Since the occurrence of LB LOCA is estimated to be very rare, and a truly instantaneous LOCA is even less
probable, the probability of a situation where the bubbler condenser would fail is considered remote.
Nevertheless, the weaknesses of the design are to be corrected.

The strengthening of the design is also necessary due to the fact that so far it has not been clearly determined
what pressure differences would act in other moments of transients due to LOCA or steamline breaks. This
is addressed in the next issue, Containment 2. Nevertheless, even if exact values of pressure loads are not
known yet, the strengthening of the bubbler condenser structure will eliminate the weak points, which
otherwise might become the failure points under other conditions. Thus, the maximum pressure differences
possible after an instantaneous LOCA can be considered as the envelope of various possible pressure
differences, challenging the strength of the bubbler condenser structure.
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MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

Confining the radioactive material

RANKING OF ISSUE: III

JUSTIFICATION OF RANKING:

The weaknesses identified in the design can lead to significant damage to the bubbler condenser and can
question its safety function. This in turn can lead to the damage of the containment, that is, question the third
barrier against release of the radioactive products. As the second barrier is assumed to be lost in the effect
of the initial event, and the first barrier is threatened, four levels of the defence in depth strategy, from 1
to 4, would be affected.

The scenario would appear only in the case of an instantaneous LB LOCA, with the full rupture occurring
in less than 0.1 second. Although such a case is of very low probability, it belongs to the envelope of DBA
conditions. Thus, the weaknesses in the mechanical design of the bubbler condenser make defence in depth
questionable under DBA conditions.

MEASURES PROPOSED IN MEMBER STATES:

Verification of bubbler condenser strength analysis [31].

Verification of actual bubbler condenser structure, its supports, geometrical correspondence to the parameters
assumed in the strength calculations (implications following bubbler condenser analyses, IAEA-TECDOC-
[12]).

Review of the regulations and adoption of a common basis for bubbler condenser evaluation by the
regulatory bodies in the countries involved [37].

COMMENTS AND RECOMMENDATIONS:

1. Complete up-to-date calculations of bubbler condenser strength should be performed, using as the
design basis the guidelines prepared by the IAEA. In the analyses of bubbler condenser strength the
conclusions drawn in the previous analyses sponsored by the IAEA should be taken into account.

2. The countries operating WWER-440/213 reactors with bubbler condenser containments should
undertake the necessary steps to determine the evaluation principles and to implement the necessary
mechanical changes in the bubbler condenser metallic structure (IAEA, WWER-SC-085, p. 48 [13]).

REFERENCES:

[13], Section 5.2 of [53], WANO, C3.1 [11], issue 4.3 of [10], [12], [31], [34], [37], [66-67], [105], [107]
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REVIEW AREA/ISSUE NUMBER: Containment 2

ISSUE TITLE: Bubbler condenser thermodynamic behaviour

ISSUE CLARIFICATION:

The information about bubbler condenser containment behaviour in transient situations is insufficient
(WANO, C.3.2 [11]) The additional information is essential to define the weak points of the containment
and to make decisions how to upgrade it.

The thermal hydraulic parameters of bubbler condenser operation have been verified in separate effect tests
in reduced scale, which have not indicated any dangerous phenomena. On the other hand, the experience
accumulated in BWR pool tests and actually confirmed by an incident in one of the German NPPs showed
that the process of steam condensation in the pool is accompanied by chugging, which involves strong
pressure oscillations and can lead to the damage of long tubes conducting steam under water.

The geometry of bubbler condenser caps in a WWER is different, and the Russian designers maintain that
their small scale tests and theoretical considerations prove that the chugging will not occur. However, there
have been no large scale tests.

Such tests, to be performed under plant representative conditions, may indicate the existence of pressure
oscillations with significantly high pressure pulses and fluid-metallic structure interactions dangerous to the
integrity and functioning of the bubbler condenser [13].

No such loads have been taken into account for the mechanical design of the bubbler condenser structure
(walls). So, there is the danger of metal structure failure under LOCA conditions ([13], [53]), which would
lead to a the failure of the bubbler condenser to perform its design functions under the design basis
conditions.

Thermal hydraulic full-scale experiments are needed, to ensure that there are no unexpected pressure
oscillations and fluid-metal interactions which could threaten the bubbler condenser integrity during an
accident. Still, the users of WWER-440/213 units point out that the design basis for the bubbler condenser
was determined rather conservatively and they do not expect any phenomena which would seriously affect
the containment operation [65].

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:
Defence in depth may turn out to be degraded. Whether it is so or not can be established only when full
scale tests are completed.

The effectiveness of the containment depends on the performance of bubbler condenser. If the bubbler
condenser structure were to fail during the accident, the maximum pressure will be exceeded significantly
and as a consequence ECCS water can be lost and a larger amount of radioactivity can be released through
the cracks. This means that two safety functions: confining radioactivity and cooling the fuel can be affected
under DBA conditions.

Containment integrity and, consequently, the third barrier can be lost, with eventual threat to fuel integrity
if ECCS water is lost through the cracks.
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Four levels (1-4) in the defence in depth strategy can be affected. The phenomena dangerous to the integrity
of the bubbler condenser can occur during LOCA and steam line break inside containment.

However, there has been no experimental support so far for such pessimistic predictions. All small and
medium scale experiments have had positive results. The doubts are based on the experiments performed
for BWR pools, in which the geometry is different.

MEASURES PROPOSED IN MEMBER STATES:

Verification of experimental support of the thermal-hydraulic relationships used in the safety analysis [53],
[31], [108].

Support the initiation of the programme for large scale experimental investigation of the thermal-hydraulic
phenomena in bubbler condenser.

Review of the regulations and adoption of a common basis for bubbler condenser evaluation in the countries
involved [37].

COMMENTS AND RECOMMENDATIONS:

1. The programmes of full scale experimental investigations of thermal-hydraulic phenomena occurring
in bubbler condenser shelves after LOCA should be supported, both by the interested countries and
by the international community in view of the importance of the containment effectiveness for the
safety of the public.

2. In particular, the experimental programme considered by the OECD Working Group for Bubbler
Condenser Phenomena should be started as soon as possible.

3. The countries operating WWER-440/213 reactors with bubbler condenser containments should initiate
the necessary steps to determine the evaluation principles (IAEA, WWER-SC-085, p. 48 [13]).

REFERENCES:

[13], Section 5.2 of [53], WANO, C3.1 [11], issue 4.3 of [10], [31], [37], [65], [66], [108]
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REVIEW AREA/ISSUE NUMBER: Containment 3

ISSUE TITLE: Containment leak rates

ISSUE CLARIFICATION:

The leak rates of most containments in NPPs with WWER-440/213 plants are about 10% of total volume
per day at the maximum overpressure (0.25 MPa abs.).

Although this leak rate is below the design limit, decreasing its value would improve the plant capability
to protect the environment in the case of accident (WANO C.2.1 [11]). Using more sensible methods and
equipment to detect the leakages during test and increasing the quality of work related to the containment
the leakage rate can be decreased.

MAIN SAFETY FUNCTIONS AFFECTED: Confining radioactivity

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Defence in depth can be degraded under severe accident conditions, because the containment shell does not
provide leaktightness comparable to PWPs. The low total leaks of radioactivity after LOCA are calculated
taking credit for fast pressure decrease inside containment due to action of passive and active sprays.
However, in some severe accident scenarios the effectiveness of sprays can be lost and then the leaktightness
would be of the highest importance.

As excessive leakages mean degradation of the function of confining radioactivity and the containment as
the third barrier, they should be decreased even though they do not exceed permitted values. High leak rates
affect the fourth level of defence in depth strategy, namely accident management including confinement
protection. The issue affects the safety function under DBA and BDBA conditions, although under DBA
conditions the radiological hazards outside the plant do not exceed the allowable values.

MEASURES PROPOSED IN MEMBER STATES:

Containment leaktightness improvement ([31] and WANO C.2.1 [11]).

COMMENTS AND RECOMMENDATIONS:

1. Measures should be taken to improve the leaktightness of the containment.

2. An exchange of experience on leakage measurement and interpretation as well as on leaktightness
improvement is recommended.

REFERENCES:

[10], [11], [31], [66], [67], [72], [109]
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REVIEW AREA/ISSUE NUMBER: Containment 4

ISSUE TITLE: Maximum pressure differences on walls between compartments of hermetic boxes

ISSUE CLARIFICATION:

The stability of the inner walls and ceilings of the hermetic boxes has to be assured. Otherwise safety related
equipment (instrumentation, electric cables, small pipes) may be destroyed by break down of walls. For the
partition wall between bubbler condenser and air traps the specification of a design load is known. Other
load specifications are not known and analyses of pressure differences may not have been performed.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Defence in depth may be degraded if the walls are found to be too weak.

Cooling the fuel may be affected due to possible damage of safety related equipment by breakdown of walls.

Initially no barrier is degraded, but may be degraded as a consequence.

The issue can affect levels 1,2 and 3 of defence in depth strategy under DBA and BDBA conditions.
However, so far there have been no indications of excessive loads to the walls with the exception of issue
Containment 1.

MEASURES PROPOSED IN MEMBER STATES:

To verify the design of ceilings and walls in the containment for differential pressure loads, at first
systematic analyses have to be performed. For each compartment the most adverse case for the
pressure difference (different piping, size, break location) has to be investigated.

After specifying the max. pressure difference load for each wall, the strength of the walls has to be
checked.

COMMENTS AND RECOMMENDATIONS:

1. Perform or make available analyses for pressure differences on each wall.

2. Check wall stability on the basis of the determined loads.

3. If wall stability is exceeded, cross section areas of openings between compartments could be increased
to reduce the resulting pressure differences.

REFERENCES: [66]
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REVIEW AREA/ISSUE NUMBER: Containment 5

ISSUE TITLE: Peak pressure in containment and activation of sub-atmospheric pressure after blowdown

ISSUE CLARIFICATION:

A recent best estimate analysis for peak pressure performed by GRS [89] has shown that the peak pressure
reaches the design pressure without any safety margin. This may be due to more realistic boundary
conditions taken in those calculations, namely a higher flow resistance coefficient for the check valves
DN500 to the air traps and a higher water carry over, than in former analyses. The possibility of exceeding
the max. design pressure is combined with the loss of the containment integrity, which - in the sump region -
leads to a loss of ECCS water. Although other analyses indicate lower pressures, e.g., as indicated below

for Bohunice, the doubts due to GRS results cannot be neglected.

Depending on the efficiency of the spray-system and the further steam release from the break the water
backflow from the shelves might not be activated and the sub-atmospheric pressure after blowdown would
not be reached, as the Greifswald analysis showed. The overpressure would increase the leak rate and thus
the release of radioactivity.

At present however, the analysis of GRS is the only one pointing to such possible effects. The results of all
other analyses show satisfactory safety margins. It should be added, that although the calculated maximum
overpressure in the bubbler condenser containment is 0.15 MPa, the tests of the containment are performed
for the pressure 15% higher, i.e., 0.1725 MPa. This provides a strength reserve which may turn out to be
sufficient to cover the possible area of uncertainty indicated by GRS analysis.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel
Confining radioactivity

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING.

Defence in depth can be degraded due to loss of containment integrity. This would affect two safety
functions: cooling the fuel, confining radioactivity. The third barrier could be lost due to overpressure, then
the first barrier, fuel cladding, could be lost due to eventual loss of ECCS water.

The issue affects levels 1-4 of defence in depth strategy under LB LOCA conditions.

However, the hazards listed above have not been proved yet, there is only doubt that they can occur.

MEASURES PROPOSED IN MEMBER STATES:

Analyses of pressure changes after LB LOCA should be performed.

COMMENTS AND RECOMMENDATIONS:

1. Check assumptions in the calculations performed by the GRS and the accuracy of modelling the
bubbler condenser containment.

2. If justified, support or initiate experimental investigation of the complete check valve flow path to
determine the flow resistance coefficient (in separate effect tests) and, if possible (it is very difficult),
the water carryover through the check valves.

3. Perform analysis of maximum pressure within containment with sensitivity study showing the influence
of assumed boundary conditions derived from their realistic evaluation.
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4. Perform analyses specifically for determining the ultimate pressure capability of the containment
structure. Identify what are the limiting points (walls, floors, ceilings, penetrations, isolation valves,
doors, hatches etc.) and what would be the expected failure mode. This should be done for both
overpressure and negative pressure in the containment

5. If the above reviews show that the damage to containment under DBA conditions is possible, further
actions should be taken.

REFERENCES:

[34], [66], [110-111]
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3.8. INTERNAL HAZARDS

REVIEW AREA/ISSUE NUMBER: Internal hazards 1

ISSUE TITLE: Systematic fire hazards analysis

ISSUE CLARIFICATION:

A fire hazards analysis needs to be performed to verify the location and separation of safety-related
equipment, the required fire resistance of the fire compartment boundaries, the requirements for the fire
extinguishing systems and other features necessary to fulfill the fire protection requirements. For NPPs under
construction, this analysis should be performed before operation. For NPPs in operation, such analyses
should be performed periodically. A systematic fire hazards analysis, as specified by NUSS standards, could
improve and optimize fire safety, thus reducing the risk of damage, and subsequent loss of safety important
systems. This kind of systematic analysis has not been initially carried out at the WWER plants [53].
Presently efforts have been under way in several WWER- 440/213 plants to perform fire hazards analyses
of various level of complexity [11].

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power

Cooling the fuel

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

This issue was identified as a deviation from NUSS 50-SG-D2, Section 3 [112]. To identify the weaknesses
with respect to external and internal hazards including fire a systematic analysis is essential and its lack
affects level 1 of protection. The results of a systematic fire hazards analysis would show the extent to which
the defence-in-depth and the safety functions of the plant can be impaired.

MEASURES PROPOSED IN MEMBER STATES:

Application of Fire PSA based technique to account for fire starting, spreading, suppression,
equipment damages and damage combinations which can cause a core damage accident.

Application of simpler methodologies based on check lists and look-up tables taking maximum
advantage of the existing plant documentation and administrative programmes. An example of such
approach can be application of Fire Induced Evaluation Methodology (FIVE) as especially suitable for
WWER plants to rank the fire vulnerabilities and prioritize plant improvements. The methodology is
described in IAEA document WWER-SC-82 [113].

COMMENTS AND RECOMMENDATIONS:

1. It 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. A systematic fire hazards analysis is
strongly recommended.

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, the NUSS Safety Guide
50-SG-D2 [112] and IAEA WWER-SC-82 [113].

2. The secondary effects of fires and of the operation of fire extinguishing systems should be evaluated
in the fire hazards analysis (see NUSS Safety Guide 50-SG-D2 [112]).
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3. 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.

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

5. A probabilistic approach is a reasonable way to assess the fire risk existing in the various areas of the
plant and rank the planned measures. However, due to the large uncertainties existing in current fire
assessment probabilistic methodologies, the results must be handled very carefully if used to make
decisions on fire protection which are to be installed to reduce the risk of fire propagation between
redundant trains.

REFERENCES:

[11], [15], [16], [17-23], [31], [53], [65-66], [112-116]
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REVIEW AREA/ISSUE NUMBER: Internal hazards 2

ISSUE TITLE: Fire prevention

ISSUE CLARIFICATION:

In accordance with NUSS Safety Guide 50-SG-D2 Section 2 [112], an adequate degree of fire protection is
required to be provided in NPPs. This should be achieved at the design stage by a defence-in-depth concept
with three principal objectives. The first objective in this concept is preventing fires from starting, i.e. fire
prevention.

Safety reviews of WWER NPPs have identified several weaknesses, which, in many cases, are deviations
from the NUSS Safety Guide.

One concern is that redundant equipment, components and cable trains of safety important systems are in
some areas located without sufficient physical separation and are not protected against fire spreading. This
results from deficiencies such as:

lack of qualified fire doors in fire barriers;
lack of fire dampers in ventilation ducts;
redundant cable trains run too close to each other;
lack of qualification of penetrations; and
lack of fire resistance of overlayers covering the cables.

A fire could thus lead to the loss of more than one redundancy of safety important systems. For example,
according to the original design of WWER-440/213 units, the essential parts of the systems required for the
removal of reactor residual heat, such as feedwater pumps, emergency feedwater pumps, isolation and safety
valves of the main steamlines, valves of the feedwater lines were placed in the open space of the turbine hall,
common for both units of the plant and exposed to the hazard of fire in the turboset oil system [90].

Generally, in WWER-440/213 plants there is no strict separation between the cable routes of redundant
trains. In some areas, power cables and control cables of redundant components are located in the same fire
compartment. In these areas the fire would have severe consequences for safety due to common mode failure
of several safety related components. In addition, the cable spreading rooms under the MCR and ECR
contain substantial quantities of safety system control cables which penetrate the ceiling into these control
rooms. The segregation of cables belonging to redundant safety trains is inadequate. This is a serious
weakness, since a fire in one of these areas could potentially lead to the loss of control over all three safety
systems from the affected control room. It is not clear whether a fire affecting cabling in the MCR would
not affect the functioning of the ECR.

Another concern is related to inadequate protection against oil fires. The equipment which are filled with
oil are not always provided with bottom trays to collect oil in case of a leakage. The flange connections for
oil piping do not have gland fixtures and casings. The check valves on the air ducts leading to the oil tank
room were designed without spark protection. In the oil tank room, the heated instrumentation is not
screened and the fire door is not designed against the pressure from an oil explosion. All these are deviations
from the Russian VSN-01-87 paragraphs 1.3, 2.17 and 2.18 [117] and NUSS 50-SG-D2 paragraphs 621,
626 [112] and increase the fire danger.

A specific concern related to oil fires is the oil lubrication of reactor coolant circulation pumps (point F.2.1
in [11]). At the V-213 units the reactor coolant pumps (RCP) and the make-up pumps have a separate oil
system. The oil system rooms (where the oil tanks and oil pumps are located) and the RCP motor room were
not protected in the original design. The possibility of oil leakage and the existence of components at high
temperature create a very high risk of fire. To eliminate the problem a separate fire detection and fire
fighting system is to be installed.
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MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power
Cooling the fuel
Confining the radioactive material

RANKING OF ISSUE: III

JUSTIFICATION OF RANKING:

This issue was identified as a deviation especially from NUSS 50-SG-D2 [112]. Insufficient protection of
common mode failures due to fire in particular by layout considerations, by physical and spatial separation
and structural protections of systems important to safety would seriously affect level 3 of protection. Safety
functions can be questionable depending on the loss of redundant trains during normal operation and in DBA
scenarios.

MEASURES PROPOSED IN MEMBER STATES:

Improvement of physical separation and fire protection of safety important systems, in particular:

Additional safety systems separated from original systems with poor location or separation.

Improving reliability and capacity of other fire fighting systems.
Covering of cables with fire resistant overlayers [114].
The installation of fire doors in the electrical equipment and cable rooms being able to withstand 1.5
h fire (point F.2.2 in [11]).
Installation of fire barriers so as to divide safety related components from potential fire sources and
to divide redundant trains of safety systems.
Rerouting of safety related trains or subsystems to assure space separation.
Introduction of hydro inhibitors into the hydrogen in the turbogenerator cooling system to prevent
hydrogen burning and detonation [115].
Exchange of burnable oil to unburnable medium [115].

COMMENTS AND RECOMMENDATIONS:

1. Based on the results of the fire hazards analysis, the location and types of fire doors should be defined.
Fire doors should be checked to see if they are qualified.

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

3. Redundant equipment, components and cable trains of safety important systems should be separated,
using fire barriers. When this is not feasible, alternative means of protection (e.g. fire blankets) should
be used.

4. 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.

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

REFERENCES:

[10-11], [15-18], [22-23], [31], [33], [62], [65], [67], [90], [112-115], [117-118]
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REVIEW AREA/ISSUE NUMBER: Internal hazards 3

ISSUE TITLE: Fire detection and extinguishing

ISSUE CLARIFICATION:

In accordance with NUSS Safety Guide 50-SG-D2, Section 2 [112], an adequate degree of fire protection
is required to be provided in NPPs. This should be achieved at the design stage by a defence-in-depth
concept with three principal objectives. The second objective in the concept is detecting and extinguishing
quickly those fires which do start in spite of fire prevention measures discussed in the previous issue. Thus
fire detection and extinguishing capability is essential to limit the fire damages.

Safety reviews of WWER NPPs have identified some weaknesses in this area, which represent deviations
from the relevant NUSS standards or from applicable national regulations or standards.

One concern is the functional capability of the fire detection and alarm system under abnormal conditions.
The equipment in the fire detection and alarm system was designed according to conventional industrial
standards without the capability to resist earthquakes, or other abnormal conditions characterized by
mechanical, thermal, chemical and other effects which might arise as a consequence of design basis
accidents. In case of such abnormal conditions, the system may not be able to detect a fire or provide the
alarm. This is not in compliance with OPB-88 paragraph 1.2.21 and 4.1.4 [4] and NUSS 50 SG-D2
paragraph 509 [112].

A second concern is related to the actuation of the fire water supply system. There are three independent
trains of fire water supply system in the WWER-440/213 design. In case of a fire in one train (room) of
safety systems, only one train of fire water supply system is automatically actuated to supply water. If this
train fails to function, the redundant trains have to be manually started. VSN-01-87 paragraph 6.5 [117],
requires the simultaneous actuation of all trains of fire water supply system as well as NUSS 5O-SG-D2
paragraph 519 [112].

A further concern is that in the MCR, ECR and other I&C rooms equipped with electric and electronic
apparatus and having an area more than 20 m2, there are no fixed automatic gas extinguishing systems for
fire extinguishing. This is not in compliance with the Russian requirements VSN-01-87 paragraph 7.5 [117]
or NUSS 50-SG-D2 paragraph 514 [112].

In the original design there was not separate fire detection and fire fighting system for the rooms housing
reactor coolant pumps and make-up pumps (point F.2.1 in [11]).

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

This issue was identified as a deviation from the standards listed above in the issue clarification. The
equipment of the fire detection and alarm system is not qualified to specific environmental conditions
including internal and external hazards (level 1 of protection). In addition, systems important to safety are
not sufficiently protected against fire and this would affect level 3 of protection. Under certain DBA
conditions the fire equipment will fail to operate so that the safety functions can be impaired.
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MEASURES PROPOSED IN MEMBER STATES:

1. The improvements of fire detection and extinguishing systems have been taken into account in the
Russian reconstruction programme of WWER-440/213 plants.

2. In the Russian reconstruction programme SM-90, the design features for the actuation of the fire water
supply system are planned to be improved.

3. Modernization of the system of turbogenerator bearing oil system to ensure forced blowdown of
hydrogen form the generator in the case of a fire [115].

4. The evaluation of installed fire detection and fire fighting system is necessary ([11] point F.3.3).

5. Installation of a separate fire detection and fire fighting system in the rooms where oil systems of
RCPs and make-up pumps are located (point F.2.1, [11]).

COMMENTS AND RECOMMENDATIONS:

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

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

REFERENCES:

[11], [15], [18], [66-67], [112], [114-115], [117]
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REVIEW AREA/ISSUE NUMBER: Internal hazards 4

ISSUE TITLE: Mitigation of fire effects

ISSUE CLARIFICATION:

In accordance with NUSS Safety Guide 50-SG-D2, Section 2 [56], an adequate degree of fire protection is
required to be provided in NPPs. This should be achieved at the design stage by a defence-in-depth concept
with three principal objectives. The third objective in the concept is preventing the spread of those fires
which have not been extinguished, thus minimizing their effect on essential plant functions, i.e. the
mitigation of fire effects.

Safety reviews of WWER NPPs have identified some weaknesses in this area, which represent deviations
from the relevant NUSS standards or from applicable national regulations or standards.

One concern is related to the sources of fire water supply for extinguishing systems within the containment.
In several plants the water supply for these systems comes from the non safety related rather than from the
safety related service water systems. This is a deviation from OPB-88 paragraph 4.8.4 [4], VSN-01-87
paragraph 6.10 [117] and NUSS 50-SG-D2 paragraphs 520, 529 [112].

A further concern is that the rooms with a potential fire danger and the evacuation corridors were not
designed to have provisions to remove smoke in case of a fire. This would detrimentally affect the operating
personnel and would lead to severe problems in the evacuation of personnel. This represents a deviation from
VSN-01-87 paragraph 8.6 [117] and from NUSS 50-SG-D2 paragraphs 601, 602 [112].

The steel roof structure of the turbine hall has a limited capability to withstand the influence of a big fire
in the turbine hall. Under the influence of heat generation the structure will lose its mechanical strength and
the roof can collapse jeopardizing important safety equipment. The accidents with fires in the turbine hall
showed the importance of fire resistance of the steel roof structure. In the turbine hall there is important
safety equipment like emergency feedwater pumps, residual heat removal system (point F.3.1. in [11]).

The corridor at the elevation of 14.7 m where SG safety valves, MSIVs and feedwater control valves are
situated composes a common space with the turbine hall. In case of a fire in the turbine hall there is no
protection for this corridor. In case of fire in the turbine hall the temperature on the 14.7 m elevation
corridor in 10 minutes will rise to 120-140°C due to the high heat flux. Such a high value of the temperature
could lead to the damage of the equipment situated there. This way in case of fire the safety related
equipment also could be damaged which can jeopardize the cooling capability of the reactor (point F.3.2
[11])-

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:
This issue was identified as a deviation from the standards as listed above in the issue clarification. The
equipment for the mitigation of fire effects has not been designed adequately and could fail on demand (level
1 of protection). This may lead to safety functions being impaired under certain conditions.
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MEASURES PROPOSED IN MEMBER STATES:

To exchange the burnable thermal insulation in the roof of the turbine hall with a non-burnable one.

In order to protect the turbine hall roof, two measures were proposed ([11] point F.3.1), namely:

Installation of a spray system to cool the structure in case of fire.
Installation of fire proof isolation to the steel structure.

To protect the rooms where SG safety valves, MSIVs and feedwater control valves are located it was
proposed ([11] point F.3.2) to install a shielding wall in the turbine hall.

COMMENTS AND RECOMMENDATIONS:

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

2. Other proposed safety improvement measures are supported.

REFERENCES:

[4], [11], [15], [18], [66-67], [112], [117]

123



REVIEW AREA/ISSUE NUMBER: Internal hazards 5

ISSUE TITLE: Systematic flooding analysis

ISSUE CLARIFICATION:

At most plants, there is no systematic study of internal flooding. Internal flooding of an area in which safety
systems are installed must not induce a risk of common mode failure to these systems.

Several weaknesses have been identified in some plants, especially in the ECCS pump rooms, due to an
existing draining connection line between the three rooms. Moreover, in the event of a break of a main
steam line or a feedwater line or a cooling water line, the electrical equipment installed below the floor
where such a line is installed might be flooded due to the looseness of the floor of the intermediate building.
The electrical equipment in this building is also vulnerable to damage if the building is sprayed with water
in case of fire fighting in the turbine building. The clean condensate pumps, which can provide water to the
emergency feedwater pumps, can also be flooded since they are located in the lower parts of the turbine hall.

Internal flooding must not induce unacceptable risks. At most plants, internal flooding risk is taken into
account and prevented. However, it needs to be verified whether the evaluation of flooding risks has been
done systematically and the residual weaknesses need to be corrected.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

This issue was identified as a deviation from recognized international practice. A missing flooding analysis
may affect level 3 of protection. Safety and support systems need to be protected adequately against internal
hazards to fulfill the safety function as intended.

MEASURES PROPOSED IN MEMBER STATES:

Performance of a systematic flooding risk analysis and corrections of the possible weaknesses detected.

COMMENTS AND RECOMMENDATIONS:

The proposed analysis is endorsed and this 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
neighbouring 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.

As a next step, a PSA should be carried out using the initiating events identified (see also issue Accident
analysis 10).
The effect of water spray on electrical and I&C equipment should also be addressed.

REFERENCES:

[10], [17], [31], [33-34], [66], [119-120]
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REVIEW AREA/ISSUE NUMBER: Internal hazards 6

ISSUE TITLE: Turbine Missiles

ISSUE CLARIFICATION:

The probability of missiles impacting and damaging items important to safety to the extent of posing a threat
to reactor safety must be limited to a low value.

In WWER-440/213 units the turbines are positioned parallel to the reactor hall, so that the turbine missiles
can threaten the integrity of the containment. Moreover, a lot of safety related equipment is located in the
turbine hall and intermediate building.

Owing to prevention measures, the probability of emission of a missile is low. Moreover, the targets for
which the impact of a turbine missile could compromise the main safety functions are expected to be small,
but it is needed to check this low probability of occurrence and to prevent the failure of the turbine.

Generator rotor break should be analyzed. In view of the large energies involved, its probability should be
so small as to classify it in BDBA category.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

This issue was identified as a deviation from recognized international practice. A missing turbine missile
analysis may affect level 3 of protection. Safety systems and support systems need to be protected adequately
against internal hazards to fulfill the safety function as intended.

MEASURES PROPOSED IN MEMBER STATES:

1. Perform a turbine missile analysis.

2. Check the overspeed protection system reliability of the turbine

COMMENTS AND RECOMMENDATIONS:

It is needed:

To check the low probability of the loss of a main safety function due to a turbine missile. That means
it is necessary to determine the sensitive areas and to verify that the target sections are small;

To prevent the missile generation, by checking the overspeed protection system reliability, the
provisions for in-service inspection and the vibration monitoring system.

Periodic tests of the turbine stop valve should be planned and implemented.

REFERENCES:

Mochovce SIR, Section 3.19 [31], [66]
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REVIEW AREA/ISSUE NUMBER: Internal hazards 7

ISSUE TITLE: Internal hazards due to high energy pipe breaks.

ISSUE CLARIFICATION:

It is assumed that a rupture of high energy pipes (pressure >2 MPa and temperature > 100°C) could have
the following dynamic effects:

pipe whip due to reaction forces;
jet impingement due to thrust forces of the liquid/steam discharged through the break.

Whipping or jet impingement due to a break of a high energy pipe should not aggravate the initial accident
(which is the break) or damage the safety-related equipment designed to cope with the initial accident. To
summarize, the dynamic effects should not hinder putting and keeping the reactor in safe shutdown
conditions following the initial pipe break. The secondary system is particularly exposed to this risk. The
zone situated between the turbine hall and the intermediate building is particularly vulnerable due to the
accumulation of vital equipment (main steamlines, feedwater lines, emergency feedwater piping, SG valves)
at around 14.7 m level and underneath.

There is a risk of multiple failures of safety related systems. Preserving the reactor pressure vessel integrity
and loss of feedwater is one of the major safety issues of WWER NPPs.

To prevent excessive cooldown and the related impact on the reactor pressure vessel and also due to the
possibility of recriticality, it is necessary to study the main steamline break and determine the number of
steam generators which may be affected and will discharge into the initial break. This scenario has to take
into account the impact of the initial break on the other steam lines (pipe whipping effects) or on the steam
isolation valves.

The damage of the emergency feedwater line could lead to the loss of secondary cooling.

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power

Cooling the fuel

RANKING OF ISSUE: III

JUSTIFICATION OF RANKING:
Insufficient protection against multiple failures resulting from high energy pipe breaks could seriously affect
defence-in-depth to level 3 of protection. The safety functions would be questionable depending on the loss
of redundant trains in DBA scenarios.

MEASURES PROPOSED IN MEMBER STATES:

1. Systematic analysis of hazards due to high energy pipe breaks.

2. Introduction of protection again steam line breaks is planned for Mochovce NPP. The necessity of
moving EFWS outside turbine hall, largely due to the steam pipe whip hazard, has been recognized
in several plants.

3. Application of leak before break concept for all high energy piping in the reactor building.
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COMMENTS AND RECOMMENDATIONS

A systematic hazard analysis is necessary to identify weak points in the plant concerning the risk for safety
equipment, components and cables posed by the effects derived from high energy pipe breaks. Therefore,
a pipe whip analysis should be performed not only in the turbine and intermediate buildings but also in the
reactor building.

REFERENCES:

[31], [34], [66]

127



REVIEW AREA/ISSUE NUMBER: Internal hazards 8

ISSUE TITLE: Heavy load drop

ISSUE CLARIFICATION:

It is necessary to prevent possible impacts of heavy load drop on safety related equipment which could lead
to unacceptable consequences.

There is a danger of rupturing the lines of the service water system which removes heat from the component
cooling system. The service water system is situated on the floor of the turbine hall. It is not clear, how
many of redundant lines can be lost in case of a heavy load drop.

At most plants, administrative controls are defined such as restricted operation periods (no loaded crane
travel during reactor operation) and limited lifting heights for loads carried in the reactor hall. There are also
restrictions for the turbine hall. Nevertheless, it is necessary to check if a systematic analysis of load drop
risk has been performed.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

This issue was identified as a deviation from recognized international practice. A missing analysis of the risk
and of the consequences of the drop of heavy loads may affect level 3 of protection. Safety systems and
support systems need to be protected adequately against internal hazards to fulfill the safety function as
intended.

MEASURES PROPOSED IN MEMBER STATES:

Administrative measures to prevent heavy load drops on the reactor core during refuelling.

Reinforcement of the floor of the reactor hall.

Analyses of heavy load drops in the turbine building.

COMMENTS AND RECOMMENDATIONS:

A systematic analysis of this risk is necessary to examine the necessity of additional technical measures such
as additional brakes on the cranes or safety interlocks preventing the load displacement over the reactor and
spent fuel pool, coupling of the crane forks and hooks, and additional administrative procedures for loads
displacement restrictions.

REFERENCES:

[31], [34], [66]
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3.9. EXTERNAL HAZARDS

REVIEW AREA/ISSUE NUMBER: External hazards 1

ISSUE TITLE: Seismic design

ISSUE CLARIFICATION:

The seismic design basis including seismic input parameters is generally not in accordance with current
international practice. The as-built structures, components and distribution systems in some NPPs do not
have sufficient reserve (seismic margin) in the event of an earthquake of the design basis level, according
to the present seismic evaluations of the sites.

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power
Cooling the fuel
Confining the radioactive material

RANKING OF ISSUE: III

JUSTIFICATION OF RANKING:

The plant design does not provide appropriate protection against earthquakes. Consequently, levels 1 to 4
of protection would be seriously affected. All safety functions would be questionable for scenarios within
the design basis envelope for seismic events depending on the site specific conditions.

MEASURES PROPOSED IN MEMBER STATES

1. Analysis of site seismicity.

2. Analysis of seismic resistance of plant structures.

COMMENTS AND RECOMMENDATIONS:

1. 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 0.1 g associated
with an appropriate design response spectra.

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

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

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

REFERENCES:

[34-36], [57], [62], [121-122]
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REVIEW AREA/ISSUE NUMBER: External hazards 2

ISSUE TITLE: Extreme cold

ISSUE CLARIFICATION:

In the case of extremely cold conditions for a longer period of time, the make-up water and EFWS can be
detrimentally affected. The analyses of this issue are not provided in SARs available in most of the plants.
Another possible danger is that of snow blocking the air filters at the inlet to the Diesels, as happened in
Olkiluoto NPP in winter 1994/95 during a snowstorm. Freezing of small instrument pipes or other pipes
leaving the heated buildings is another danger to be prevented. Generally a systematic study of possible
effects of extreme cold should be performed at each NPP.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

Departure from recognized international practice.

MEASURES PROPOSED IN MEMBER STATES:

This issue is considered as an operational problem in most plants.

COMMENTS AND RECOMMENDATIONS:

Evaluation of the effects of cold conditions on NPP systems including e.g.:

1. Analysis of the water intake structures.

2. Analysis of make-up water and EFWS.

3. Check of quality of Diesel oil.

4. Check of instrument lines.

REFERENCES:

[35-36], [62], [66-67]
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REVIEW AREA/ISSUE NUMBER: External hazards 3

ISSUE TITLE: Man induced external events

ISSUE CLARIFICATION:

WWER-440/213 plants are vulnerable to external man-induced events. This is because the monolithic
concrete part of the reactor building is designed for internal extreme events and there is no outer structural
containment which can resist "blast" or "impact" type of loading generated by man induced external events.
The lack of protection against such events represents a deviation from NUSS 5O-SG-D5 [123]. Actually, the
sites of WWER-440/213 NPPs have been chosen so that the hazards of aircrash or external explosions are
very low, but the analyses are not fully completed in all plants. Administrative measures could be needed
to prevent possible increases of the probability of man induced external hazards.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:
In view of the fact that some safety related systems are located outside the monolithic concrete structure,
man-induced external events could lead to levels 1 and 3 of protection being affected. The safety functions
would be questionable for beyond DB conditions.

MEASURES PROPOSED IN MEMBER STATES:

Analyses of external loads due to off-site explosions, determination of aircraft crash probabilities.

COMMENTS AND RECOMMENDATIONS:

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

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

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

4. For sources/events which still remain as potential threat, a refined analysis should be carried out.

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

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

7. However, it is felt that a full upgrading would be extremely difficult to implement. Consequently,
strict administrative measures should be implemented to maintain the sources and event frequencies
under control.

REFERENCES:

[11], [31], [33-34], [66-67], [113], [123-124]
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3.10. ACCIDENT ANALYSIS

REVIEW AREA/ISSUE NUMBER: Accident analysis 1

ISSUE TITLE: Scope and methodology of accident analysis

ISSUE CLARIFICATION:

The accident analysis reports which were originally provided by the plant designer available at the plants
did not correspond to the international practices. The original safety analysis reports were revised in 1991-
1992 in Russia and some other countries. In the work subsequently done in each country there has been a
wide variation in the coverage of the accident spectrum, the assumptions used (initial, boundary conditions)
the acceptance criteria, the quality of analysis and computer codes etc. Presently the scope of the accidents
analyzed is being expanded, the calculation time extended, and the quality of analysis work improved.

Since the changes in conservative assumptions, boundary conditions, application of single failure criteria and
common cause failure concept and other features of the analysis can change the results, e.g., indicating that
a break in secondary steam system can or can not lead to unacceptable consequences, a systematic review
of the safety analysis methods is needed.

The need for accident analysis connected with the safety related modifications in the plants has been
recognized and many corresponding calculations have been performed. Both the design organizations and
the reactor user countries have calculated many accident and transient sequences both with Russian and
western codes, reaching satisfactory agreement. The extent of existing calculations is quite wide. However,
the completeness of these analyses has not been reviewed. Moreover, although the NPPs with WWER-
440/213 reactors are very similar, there are plant specific features in each of them and the analyses
performed in one plant would not be directly applicable for other plants. Thus, a set of plant specific
analyses has to be prepared for each NPP. In each case it is necessary to formulate and present the results
adequately, providing a systematic approach in the whole area of accident calculations.

MAIN SAFETY FUNCTIONS AFFECTED: All (potentially)

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Defence in depth may be degraded and the analysis may fail to show it if the appropriate analysis methods
are not applied.

The effects of the possible deviations in the analysis methods from the conservative approach can influence
all five levels of defence in depth strategy.

As the accident analysis provides the basis for formulating the minimum requirements for safety systems,
for preparation of emergency operation procedures, for protection and signal settings and for personnel
training to cope with the accidents, the lack of systematic accident analysis at the plant has direct impacts
on the plant safety.

All safety functions and barriers can be affected both under DBA and BDBA conditions (although the
methods of calculations should be different in each of these cases).
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MEASURES PROPOSED IN MEMBER STATES:

Development of a guide on accident analysis (Proposal of Slovak NRA to the IAEA).
Application of western practices - e.g., those following US practice as defined in the USNRC RG 1.70
- for SAR preparation.
Development of a new set of requirements for accident analysis ( Russian Federation).
Preparation of a complete set of accident analyses with modern computer codes.

COMMENTS AND RECOMMENDATIONS:

1. 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
methodology (rules) could be used to select accidents to be calculated. The analyses should be
performed and the results presented in a systematic way with the detail sufficient to permit an
independent review.

2. Together with the utility, the regulatory organization is encouraged to agree on the necessary scope
of analysis, in which the following items should be determined concerning anticipated operational
transients and postulated design basis accident analyses of pressurized water reactors (PWR): types of
events to be analyzed; criteria for methods of calculation and assumptions to be used in analyses,
acceptance criteria for results, including criteria for the containment, requirements for quality of
analysis and computer code validation.

3. On request of member countries the IAEA developed a guide on the methodology of accident analysis.
Another report - Guidelines on Evaluation of Bubbler Condenser Structure - has been also prepared.
These documents should be used as a guidance to develop corresponding regulatory documents of
member states.

4. Co-operation of the utility organization with the regulatory body is always beneficial. Based on the
guidance of the regulatory body, the utility or its supporting organization should develop its own, more
detailed rules and QA procedures for performing accident analysis.

REFERENCES:

[8-9], [29], [31], [33-34], [53], [67], [125]
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REVIEW AREA/ISSUE NUMBER: Accident analysis 2

ISSUE TITLE: QA of plant data used in accident analysis

ISSUE CLARIFICATION:

The starting point of all accident analysis is a reliable plant data base. Every accident analysis needs a plant
model or a detailed model of a specific part. These models must be constructed based on reliable data which
is subject to some Quality Assurance programme.

Experience from WWER-440/213 plant owners shows that it is sometimes very difficult to obtain reliable
and verifiable data on the plant construction. It is however mandatory to subject the data to a Quality
Assurance procedure, when performing accident analyses. Therefore all means should be used to collect and
verify all necessary data.

MAIN SAFETY FUNCTIONS AFFECTED: All

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

According to the contemporary international practice, the reliability of all plant data used in the calculations
must be documented. Thus the failures in this respect constitute departure from the international practice.

MEASURES PROPOSED IN MEMBER STATES:

Collect as built plant data.

COMMENTS AND RECOMMENDATIONS:

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

2. 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-build 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.

3. All data collected should be thoroughly documented in a data base.

4. The data must also be related to a specified plant status in time, so that eventual plant modifications
can be traced back in time.

5. 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 eventual modifications to the data
base.

6. An external audit of the QA procedure and the data base in advisable.

REFERENCES:

[53], [65], [117], [126]
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REVIEW AREA/ISSUE NUMBER: Accident analysis 3

ISSUE TITLE: Computer code and plant model validation

ISSUE CLARIFICATION:

Confidence in the result of an accident analysis is only justified if the analysis was performed with code(s)
and model(s) validated for the accident and for the plant under consideration.

Code and model validation cannot be considered separately. A validation necessarily has to be performed
for a given combination of a code (type + version) and a model (constructed according to given procedures).

In order for the code and model combination to be validated, the applicability to the accident under
consideration must be checked and the accuracy of the simulation must be assessed. A code and model are
applicable if all relevant physical phenomena are addressed. Uncertainties of the calculations should be
assessed and either covered by conservative assumptions or taken into account by a bias on the result.

The applicability of the codes currently used in PWR accident analysis will probably pose no problem. The
basic physical phenomena encountered in WWER type PWR are not different from the ones encountered in
western type PWR. The range in which certain correlations are used can however be different between both
types and the validity of the correlations in the WWER operating range should be checked.

There are however several important differences in the construction of WWER type and Western type PWR.
These differences require specific modelling techniques which must be specifically addressed in the
validation.

Some of these important specific items are:

horizontal SG (simulation both under steady-state and transient conditions);
reactor vessel lower plenum (possible stratification problems);
fuel followers in the control rods;
hexagonal fuel geometry;
canned fuel assemblies;
double loop seal (hot and cold leg).

A lot of work has already been done on this topic by the international community, showing that current
codes and modelling practice can be applied to WWER reactors. One can have therefore a certain confidence
in the already existing accident analyses. A continuing effort in this domain remains however necessary.

MAIN SAFETY FUNCTIONS AFFECTED: All

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Defence in depth may be degraded. It is not possible to produce evidence that is not the case, until the
validity of codes used in safety analyses has been demonstrated.

Safety functions affected: possibly all.

Barriers that can be degraded: possibly all.

Levels of protection affected: 1 through 5.

Conditions under which the safety functions are affected:
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Design basis accidents;
Beyond design basis accidents.

MEASURES PROPOSED IN MEMBER STATES:

Integral effect test data is available from the PMK facility and the IAEA organized up to now 4 standard
problem exercises (SPEs) that provide comparisons between calculations and experimental data.

Many organizations also take part in the international standards problem (ISP) programme hosted by the
OECD.

A continuous effort in this direction will increase the available data base for comparison between calculations
and experimental data.

Well documented transients from real plants should however be very useful to assess calculations versus real
plant data.

COMMENTS AND RECOMMENDATIONS:

1. It is recognized that a great amount of work in accident analysis has been performed but a systematic
approach and improved documentation are still needed.

2. All accident analyses should be performed following established procedures for:

code development;
code use;
model construction.

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

3. Any organization performing accident analysis for WWER type 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.

REFERENCES:

[29], [34], [65-66], [127]
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REVIEW AREA/ISSUE NUMBER: Accident analysis 4

ISSUE TITLE: Availability of accident analysis results for supporting plant operation

ISSUE CLARIFICATION:

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 (EOPs) 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 accident analysis reports available at the plants are presenting results of conservative licensing analysis
and do not meet the needs mentioned above. The scope of the accidents analyzed needs to be expanded, the
calculation time should be extended, the quality of analysis work must be improved, and realistic (best
estimate) modelling should be used.

The issue was identified from safety reviews.

MAIN SAFETY FUNCTIONS AFFECTED: Potentially all

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

The accident analysis reports available at the WWER-440/213 NPPs do not meet international practice.

MEASURES PROPOSED IN MEMBER STATES:

1. Some WWER-440/213 plants have decided to perform best-estimate analyses for EOP development
and training purposes.

COMMENTS AND RECOMMENDATIONS:

1. The plant staff should be encouraged to utilize more analyses in supporting their work. It should be
considered to form a group for analysis work at the plant.

REFERENCES:

[62], [65-66]

137



REVIEW AREA/ISSUE NUMBER: Accident analysis 5

ISSUE TITLE: Main steam line break accident analysis

ISSUE CLARIFICATION:

Results of accident analysis on the main steam line break (MSLB) showed that under certain conditions the
reactor may return to criticality after scram. The analysis was made using two assumptions: mixing in
downcomer and no mixing in downcomer. In the latter case, it was assumed that cold water from the
affected loop flows into one part of the core. This resulted in recriticality and increasing of the power level.
In the worst case calculated so far, which corresponds to the initial break of one SG steamline between the
fast acting valve and the main steam header (MSH) with break of the lines to BRU-A valves in the two
neighbouring steamlines and failures of fast acting valves to close in those lines, the core returns to critical
conditions but no coolant boiling in the core and no fuel damage occurs [128].

However, the above mentioned calculations have not been done for all NPPs and the results have not been
yet approved by the regulatory authorities. The shutdown margin at the beginning of the transient is an
important parameter and should be established beyond any doubt to be conservative. The extent of the
consecutive damages in the neighbouring lines after the MSLB is also under question.

According to Russian rules, no breaks of the neighbouring lines due to steam line pipe whip are assumed,
and the recriticality of the reactor is not allowed, as stated in PBJa-89. On the other hand, according to
western practice, the effects of pipe whipping should be taken into account as in the case of analysis [128],
but recriticality is not a limitation, the requirement being that the damage to the core be kept within
admissible limits. Actually, the routing of the steam lines is such, that the pipe whip effect should be
accounted for in the calculations [35].

Thus at present the available analyses give differing results, and the clarification of assumptions to be made
and acceptance criteria is necessary.

Moreover, according to an analysis executed in the Nuclear Research Institute in Rez, with the RELAP5
code, the scram signal was not initiated during most of the MSH leaks when the signal from MSH pressure
drop rate, greater than 0.054 MPa, was being formed simultaneously. The reactor shuts down and safety
system activities are provided by standby protections but operators have to isolate the place of the leak. An
adverse consequence is a high rate of cooling down of the primary circuit. The reactor subcriticality is
ensured by boric acid injection after automatic HP ECCS pump start from the pressurized low level. The
problem is described in [89].

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power

Cooling the fuel

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:
This issue was identified as a deviation from current Russian standards. Recriticality is not allowed according
to PBJa-89. However, according to the western rules recriticality itself is not prohibited, unless it leads to
an unacceptable damage of fuel elements. Thus, detailed analyses are needed to determine the course of the
possible transients and their consequences.
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MEASURES PROPOSED IN MEMBER STATES:

Analyses of the MSLB should be performed, taking into account the possible consecutive failures in the
neighbouring lines and the most dangerous single failure in the system, using conservative assumptions and
validated codes [31].

The acceptance criteria for such a case, in particular the admissibility of recriticality after the break with
successive damages, should be clarified.

COMMENTS AND RECOMMENDATIONS:

The measures proposed are supported [35].

REFERENCES:

[31], [35], [63], [89], [128]
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REVIEW AREA/ISSUE NUMBER: Accident analysis 6

ISSUE TITLE: Overcooling transients related to pressurized thermal shock (PTS)

ISSUE CLARIFICATION:

Overcooling transients related to pressurized thermal shock have been of great concern all over the world
already for more than one decade. However, no analysis of any kind dealing with these cases was found
at the plants in the original TOBs. Later on, some plants have performed some of these analyses.

If this kind of overcooling transients takes place under circumstances where reactor vessel has a high value
of fluence and primary pressure is considerably high, there is a possibility that cold water may cause a
thermal shock in the pressure vessel downcomer weld and as a consequence the pressure vessel integrity
would be endangered because of embrittlement.

The hazards due to PTS increase with plant age and RPV embrittlement.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Defence in depth may turn out to be degraded or later in NPP lifetime insufficient. In the case of RPV break
the possibilities of cooling the fuel would be very limited, with the hazard of fuel uncovery and melting. The
analyses can show that additional safety measures can be needed for later stages of RPV embrittlement.

Barriers that can be degraded: The boundary of the primary circuit.

Levels of protection affected: 1,2,3.

Safety function "Cooling the fuel" can be affected.

MEASURES PROPOSED IN MEMBER STATES:

Perform the analyses, taking into account the whole spectrum of possible initiating events.

COMMENTS AND RECOMMENDATIONS:

1. The extent, completeness and conservatism of analyses of PTS performed so far should be reviewed
and the additional analyses undertaken as required.

2. Analysis results should be made available to the NPP operators.

3. It is very important for the plant to initiate (or obtain) an overcooling transient study immediately to
find out what kind of situations may cause danger of 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;
primary-to-secondary side leakage;
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opening of turbine bypass and then closing it in hot standby conditions;
keeping turbine running after reactor scram.

This information should be included in the operator training programme.

4. Based on the study, particular emergency operating procedures should be prepared to prevent
occurrence of PTS events and to mitigate their consequences.

REFERENCES:

[33-34], [65-66]
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REVIEW AREA/ISSUE NUMBER: Accident analysis 7

ISSUE TITLE: Steam generator collector rupture analysis

ISSUE CLARIFICATION:

There is a concern of the steam generator collector rupture based on operating experience as described in
issue Systems 3.

The accident was analyzed within IAEA TC RER/9/004 Project for Bohunice NPP with BRU-A stuck open,
but the possible collapse of steam lines which were not designed for water loading was not taken into
account.

A steam generator collector rupture is an accident of high safety significance for two main reasons in case
the BRU-A valve fails to close:

bypass containment leakage to the environment via a BRU-A valve;

the long-term cooling threat to the core in case of loss of primary water inventory via a BRU-A valve.

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:
Defence in depth may turn out to be insufficient because the confinement function would depend on BRU-A
values which are not qualified for water and consequently should be expected to fail.

The ECCS would fail to cool the core due to a loss of water through the break.

Safety functions affected: Cooling the fuel, Confining the radioactive material.

All three barriers can be lost: the boundary of the primary circuit due to the initiating event, the
containment due to bypass via BRU-A valves and the fuel element cladding due to eventual core uncovery
and overheating.

Levels of protection affected: 1-5.

Conditions under which safety functions are affected: The accident was not included in DBAs in the original
design, but it has occurred at Rovno NPP.

The issue is ranked as II (and not III) because all plants have addressed the issue in some degree, thus
decreasing the probability and possible severity of this accident.

MEASURES PROPOSED IN MEMBER STATES:

The necessity of analyses of this accident has been recognized in a number of plants (Loviisa [84,16],
Mochovce [31] and Rovno Riskaudit report [33]).
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COMMENTS AND RECOMMENDATIONS:

1. A detailed study of the steam generator collector rupture accident should be performed with the
consideration of possible collapse of main steam lines and justification of the break size.

Single failure criterion should be applied.
Influence of possible failures of BRU-A valves to reclose after pressure drop should be
analyzed.
The analysis should be conducted for sufficiently long times, until steady state conditions
are reached.
Possible operator actions, including intervention into ECCS operation, should be taken into
account.

2. The results of the study should be utilized to improve plant safety systems and emergency operating
procedures.

REFERENCES:

[16], [31], [33-35] [66], [84], [129]
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REVIEW AREA/ISSUE NUMBER: Accident analysis 8

ISSUE TITLE: Accidents under low power and shutdown conditions

ISSUE CLARIFICATION:

When a reactor is shutdown for maintenance and refuelling, some safety systems are switched off or isolated.
Moreover, a great number of operator actions are required under this situation for different purposes. From
the safety point of view, there are less barriers and protections to prevent an event from developing to an
accident.

Analyses concerning shutdown and refuelling situations are not available or only partially available in
WWER-440/213 NPPs.

Accidents which take place during low power and shutdown conditions have been under extensive study all
over the world for several years. Results have shown that the risk for an accident to initiate during shutdown
and refuelling phase is high. Important contributors to the risk are boron dilution, loss of residual heat
removal with reactor cooling system in reduced inventory conditions, loss of primary coolant, loss of off-site
power, fires, and human errors.

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power
Cooling the fuel
Confining the radioactive material

RANKING OF ISSUE: II

JUSTIFICATION OF RANKING:

Defence in depth may turn out to be insufficient.

Barriers that can be degraded:

the fuel element;
the boundary of the primary circuit;
the containment (due to the bypass).

Levels of protection affected: 1,2,3,4.

Safety functions controlling the power, cooling the fuel, and confining the radioactive material may be
affected.

The issue is ranked II (and not III) because in WWER-440/213 units a lot of time is available for remedial
actions if there is the danger of a loss of cooling the fuel.

MEASURES PROPOSED IN MEMBER STATES:

Preparation of shutdown PSA.

COMMENTS AND RECOMMENDATIONS:

1. An extensive study concerning accidents during low power and shutdown conditions should be initiated
as soon as possible. The possible hazards should be evaluated using deterministic approach. Then a
PSA study should be performed to determine the priorities of corrective actions.

2. Measures should be taken to solve the specific plant vulnerabilities found in the study.
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3. Technical specifications addressing administrative and equipment requirements for low power and
shutdown conditions should be developed or revised.

REFERENCES:

[33], [62-63], [65-67]
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REVIEW AREA/ISSUE NUMBER: Accident analysis 9

ISSUE TITLE: Severe accidents

ISSUE CLARIFICATION:

OPB-88 requires analyses of severe accidents. These analyses are not available to many of the NPPs. The
absence of these analyses will affect the appropriate actions to be taken during the course of an accident. The
analyses are needed to identify possible weaknesses in the existing preventative and mitigating measures.

MAIN SAFETY FUNCTIONS AFFECTED: All

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

Defence in depth may be affected under BDBA conditions by the lack of appropriate analyses. All safety
functions, and all barriers can be affected.
Levels of protection affected: 3,4,5.

MEASURES PROPOSED IN MEMBER STATES:

All plants have decided to perform the severe accident analyses.

COMMENTS AND RECOMMENDATIONS:

The work on severe accident analyses should be continued.

REFERENCES:

[14], [29-30], [62-63], [66-67], [130-132]
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REVIEW AREA/ISSUE NUMBER: Accident analysis 10

ISSUE TITLE: Probabilistic safety assessment (PSA)

ISSUE CLARIFICATION:

The deterministic approach is used to reach an acceptable safety level. The probabilistic approach is used
to complement the safety demonstration and to identify possible complementary weaknesses.

The probabilistic approach is used to evaluate the probability of the accidents. It takes into account the
probability of occurrence of initiating events that might turn up into accidents and the probability of success
or failure of the protection and mitigation systems. So, it is necessary to have confident reliability data,
detailed design of improvement measures, and detailed emergency operating procedures. Under these
conditions, the realization of a PSA is instrumental in developing a good understanding of the plant safety,
in order to supplement the deterministic approach and to bring in the light some possible weak points to be
improved. The work on PSA is pursued at several WWER plants, but not completed yet and the results
differ significantly from one plant to another.

MAIN SAFETY FUNCTIONS AFFECTED: All

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

Lack of PSA is a departure from recognized international practice.

Defence in depth may turn out to be degraded.

MEASURES PROPOSED IN MEMBER STATES:

PSA studies at different stages are being performed for all WWER-440/213 users.

COMMENTS AND RECOMMENDATIONS:

1. PSA level 1 should be performed as a minimum for all WWER-440/213 NPPs.

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

REFERENCES:

[62-67]
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REVIEW AREA/ISSUE NUMBER: Accident analysis 11

ISSUE TITLE: Boron dilution accidents

ISSUE CLARIFICATION:

Among many possible scenarios, there are two initiating events which may result in boron dilution
phenomenon during power operation:

small break LOCA;
Steam Generator Tube Rupture (primary-to-secondary side leakage).

In small break LOCA and ATWS events the liquid level in pressure vessel may decrease below hot leg
elevation. As a consequence, steam begins to flow to the steam generator and condenses there. Because
steam contains practically no boron, the boron concentration in the cold leg loop seals begins to decrease.
Depending on how long time a situation like this lasts, the boron concentration in the loop seal may decrease
down to a very low value. If for some reason this water plug with very low boron concentration begins to
flow towards core and enters there without any major mixing on the way, the power increase of the core
may be dramatic.

During a SGTR event, this is a concern if the primary pressure during accident decreases rapidly below the
ruptured steam generator pressure reversing the break flow. In this case, water with low boron concentration
flows from the ruptured steam generator to the primary circuit and further to the core. The situation becomes
even worse if feedwater isolation has failed.

These specific accident scenarios have not been found at WWER-440/213 NPPs in TOB report.

Although the potential severity of the occurrence of this type of event could be severe, emergency operating
procedures can be written to make the probability of this event to be very low. Some factors exist which may
limit the severity of the transient which could occur.

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

Defence in depth may turn out to be degraded under very special accident scenarios of very low probability
of occurrence.

Safety function affected: Controlling the power. For in the case of a slug of unborated water entering the
core the power of the reactor could suddenly be increased.

Barriers that can be degraded: the fuel element, since the power increase could lead to exceeding the critical
heat flux.

Levels of protection affected: 1,2,3. The degree to which they would be affected has not been determined
yet.

Conditions under which safety functions are affected: BDBA.

MEASURES PROPOSED IN MEMBER STATES:

Analyses of possible boron dilution sequences, including possible violations of existing administrative rules
due to personnel errors.
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Probabilistic evaluation of the risk of uncontrolled boron dilution under various possible scenarios.

Experiments and analyses to study the possibility of formation of a slug of diluted water under ATWS and
other accident conditions.

COMMENTS AND RECOMMENDATIONS:

1. Early studies of this type of accident have identified that severe consequences would be expected. A
systematic study of boron dilution accidents should be performed.

2. The operating and emergency procedures should be written or reviewed with the possibility of this type
of event in mind to assure that the conditions which could lead to this type of event would be
prevented.

REFERENCES:

[11], [31], [34], [65-66]
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REVIEW AREA/ISSUE NUMBER: Accident analysis 12

ISSUE TITLE: Spent fuel cask drop accidents

ISSUE CLARIFICATION:

The spent fuel cask drop accidents were not analyzed in the WWER-440/213 design. The cask operations
in the WWER-440/213 units can be at a height of over 9 m. It is an international practice to analyze the
radiological consequences of the release of fission products from irradiated fuel in a spent fuel cask that is
postulated to drop during cask handling operations according to NUSS 50-SG-D11 [133].

MAIN SAFETY FUNCTIONS AFFECTED: Confining the radioactive material

Cooling the fuel

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

This issue was identified as a deviation from current standards and international practice.

MEASURES PROPOSED IN MEMBER STATES:

Analysis of cask drop during spent fuel transport should be made.

Analysis of strength of roofs and structures on which the container with spent fuel may fall should be
made.

Determination of the optimum route for fuel transport is needed.

COMMENTS AND RECOMMENDATIONS:

1. Proposed measures are endorsed.

2. The decisions on the necessary administrative and technical measures can be taken when reliable
estimates of the possible frequency of a spent fuel cask drop accident and of its possible effects are
available.

REFERENCES:

[34], [65-66], [133]

150



REVIEW AREA/ISSUE NUMBER: Accident analysis 13

ISSUE TITLE: Anticipated transient without scram (ATWS)

ISSUE CLARIFICATION:

International practices requires that the reliability of the scram system be analyzed in detail. The probability
of a failure should be estimated and there are limits established, above which the failure of the scram system
should be considered in the plant design (e.g. USNRC limit is 10~6/demand). The analysis of emergency
protection (AZ1, AZ2, AZ3) system reliability showed in one of the plants (Dukovany NPP) that the total
failure probability is 2.105 per reactor year. Thus, the possibility of emergency protection failure should be
considered.

Even when reliability of scram system is considered adequate, it is a common practice to analyze selected
group of accident with the assumption of a failure of the scram, in order to investigate plant behaviour. In
some plant this has lead to some plant modifications or development of new plant procedures.

Although it is not a licensing requirement in all countries, international practice requires that a limited
number of transients be investigated assuming failure of the scram system.

No ATWS analyses were included in the original safety analysis reports (TOB) provided by the WWER
reactor supplier. Some plants have performed ATWS studies, which has led to improved guidance to the
operator.

MAIN SAFETY FUNCTIONS AFFECTED: Controlling the power

Cooling the fuel

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

Departure from recognized international practice.

Barriers that can be degraded: The fuel element, the boundary of the primary circuit.

Levels of protection affected: 1,2,3.

Safety functions Controlling the power, Cooling the fuel can be affected under BDBA conditions.

MEASURES PROPOSED IN MEMBER STATES:

Perform a limited number of analyses of ATWS cases. (See tentative list in the Appendix on Plant Specific
Status issue: Accident analysis 1.)

COMMENTS AND RECOMMENDATIONS:

The reliability of the scram system should be evaluated.
Perform an additional analyses of ATWS cases.
Develop the corresponding emergency operating procedures or plant modifications if necessary.

REFERENCES:

Item - 6.1.3.10 of [53], item - 7.3.1 of [83], item - 1.6.2.4.2 of [23], [31], [34], [66], [67]
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REVIEW AREA/ISSUE NUMBER: Accident analysis 14

ISSUE TITLE: Total loss of electrical power

ISSUE CLARIFICATION:

The total loss of the electrical power supplies, which constitutes a beyond design basis accident, results in
a situation where:

the primary water inventory cannot be maintained and there is potential risk of a primary break caused
by rupturing the primary pump seals;
residual heat cannot be removed, since the steam generator auxiliary and emergency feedwater systems
and the steam relief valves are dependent on electrical power supplies;
the reactor cannot be controlled after the batteries have discharged.

Consequently, it is necessary to determine:

means to maintain integrity of the primary circuit, especially for the primary pump seals;
means of injecting borated water into the primary circuit;
means of refilling the SG;
means of maintaining the operation of BRU-A after the batteries have been discharged;
means of supplying I&C parameters to enable reactor control;
means of recovering a power source.

The means and procedures to cope with a station blackout (power supply to minimum vital instrumentation,
means of supplying the SGs, means of using the BRU-A, means of replenishing feedwater tanks, etc.) are
not available at all WWER-440/213 units.

This issue was identified from the safety review of the Rovno NPP by Riskaudit [33].

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

Confining the radioactive material

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:
The lack of compensatory measures in the case of a station blackout affects level 4 of protection of defence
in depth. The safety functions will be questionable for BDBA scenarios.

MEASURES PROPOSED IN MEMBER STATES:

1. A guide for accident management, including some beyond design basis accidents, has been developed
by the Kurchatov Institute. Based on this, some Russian utilities have written the corresponding
procedures.

2. The use of feed and bleed procedures is under consideration for some plants.

COMMENTS AND RECOMMENDATIONS:

1. 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;
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means to inject borated water;
means to continue decay heat removal by the secondary side;
means to recover electrical power for needed equipment.

REFERENCE: [33]
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REVIEW AREA/ISSUE NUMBER: Accident analysis 15

ISSUE TITLE: Total loss of heat sink

ISSUE CLARIFICATION:

In the event of a loss of heat sink, e.g. the spray ponds will lose their cooling function in the case of a
hurricane, the safety systems with which it is possible to control the water inventory and remove the decay
heat would be unavailable.

An analysis should be carried out to determine:

the availability of the reserve basins of the service water system in the case of a loss of the make-up
system which refills these basins;
the behaviour of the primary pump seals when their cooling is lost;
the design of the cooling of the make-up system pumps and of the emergency feedwater system for
the steam generators.

The design of the water reserve in the spray ponds under normal operating conditions is based on the fact
that the volume of water must be sufficient to maintain the plant in operation for 30 hours without reaching
the temperature limit of 33°C. Nevertheless, no thermohydraulic study is available to justify this result.

The means and procedures to cope with a total loss of heat sink are not available at all WWER-440/213
units.

This issue was identified from the safety review of Rovno NPP [33].

MAIN SAFETY FUNCTIONS AFFECTED: Cooling the fuel

Confining the radioactive material

RANKING OF ISSUE: I

JUSTIFICATION OF RANKING:

The lack of compensatory measures affects level 4 of protection of defence in depth. The safety functions
will be questionable for BDBA scenarios.

MEASURES PROPOSED IN MEMBER STATES:

1. A guide for accident management including some beyond design basis accidents has been developed
by Kurchatov Institute. Based on this, some Russian utilities have written the corresponding
procedures.

COMMENTS AND RECOMMENDATIONS:

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

REFERENCE: [33]
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4. OPERATIONAL SAFETY ISSUES

4.1. OPERATING PROCEDURES

REVIEW AREA/ISSUE NUMBER: Operation 1

ISSUE TITLE: Procedures for normal operation

ISSUE CLARIFICATION:

Operating procedures exist for start-up, shutdown and system operation. These procedures are formatted to
contain: description; limits; alarms; alarm setpoints and alarm response; preparation for operation; operation;
disconnection for repair; and restart after maintenance. Procedures are written in a step-by-step format but
contain many deficiencies such as: single steps containing many actions; lack of checklists for initial lineup
of system valves; and lack of place keeping aids such as initial, signature, or checkmark blanks (even for
procedures 50 pages long). Lack of such human factors features can result in omitted steps. The format of
procedures and the guidelines provided for writing of procedures greatly influence the useability of
procedures and ultimately the assurance of consistent and correct operation of the equipment. The plant
operating procedures are clearly not in accordance with international practices for procedure writing. It is
presumed that the existing guidelines are either inadequate or not complied with. Additional procedures
might be necessary to consider the results of the latest analysis (e.g. boron dilution in shut-down state, drop
of heavy loads).

MAIN SAFETY FUNCTIONS AFFECTED: All

MEASURES PROPOSED IN MEMBER STATES:

To develop user friendly format type of operating procedures especially for start up and cooling down
of the plant.

To take into account the results of deterministic and probabilistic analyses during the revision of the
operational documents (TechSpec, procedures). It is also essential to revise similarly the limiting
parameters of reshuffling calculations and to investigate the accuracy of the core monitoring system
that signals the actual values of these parameters [34].

To check the completeness of procedures and add new sections or new procedures where appropriate
(e.g., boron dilution, heavy load drop) [34].

COMMENTS AND RECOMMENDATIONS

1. Guidelines for procedure writers should be developed. 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 more consistent and safe
operation of the plant.

REFERENCES:

[34], [41-43], [48], [62], [64], [66], [134-135]
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REVIEW AREA/ISSUE NUMBER: Operation 2

ISSUE TITLE: Emergency operating procedures

ISSUE CLARIFICATION:

In the original approach the emergency operating procedures were event oriented and the list of events
considered was developed in accordance with the safety analysis report, including DBA. Alarm setpoints,
symptoms and possible causes were included, only to varying degrees in the appropriate operating
procedures. The generic weak point of the event oriented approach is that the operating personnel in control
room have to identify the event first, then select a proper procedure, and perform actions in compliance with
it. In case of difficulties in identifying the event or in selecting the inadequate procedure, actions required
might not be carried out in time and the event might proceed to more serious consequences. In most cases
the event oriented procedures are "one way" oriented toward the success. This approach does not take into
account unforeseen events. Symptom-based procedures are needed for support especially in non-clear
situations. Besides promoting effectively the management of complicated accident scenarios there is a need
to cover as widely as possible the prevention of sequences leading to core melting (e.g., by introducing
accident management procedures).

The importance of proper EOPs can be illustrated by the sequence following small break LOCA with pipe
breaks less than 45 mm equivalent diameter. The thermal hydraulic study for Dukovany NPP showed that
in such a case the pressure at the end of the ECCS injection phase would be higher than the low pressure
ECCS pumps injection setpoint of 0.7 MPa [41]. Under recirculation conditions the low pressure ECCS
pumps would then provide water into the low pressure ECCS tanks unless an operator action takes place.
If the operator takes no action, either opening manually the valves on the suction lines below the low
pressure tanks or switching off the low pressure pumps, the water will spill into the ECCS compartments,
while the ECCS suction line will be emptied and the ECCS pumps will get damaged due to the cavitation.
The analysis of this event showed that there is no procedural guidance or training for the operator to
perform the necessary actions [41].

MAIN SAFETY FUNCTIONS AFFECTED: All

MEASURES PROPOSED IN MEMBER STATES:

The NPPs are encouraged to acquaint themselves with the procedures of western plants and use those
elements which may be applicable ([34], section 12.4.3).

Actual procedures should be reviewed to eliminate inconsistencies and errors and establish a clear
picture of the system. The process should include the review of the experience feedback based on
personal experience and on the acquired know-how of the personnel in the plant ([34], section
12.4.3).

As a second step, the information present in each actual procedure should be reorganized into a series
of procedures addressing e.g., normal operation, periodic testing, maintenance, incidents and their
remedies in such a way that no superfluous information is given for each task and operation to be
carried out. This will highly improve the used friendliness of the procedures ([34], section 12.4.3).

To develop symptom-oriented emergency operating procedures for V-213 reactors.

To identify precisely the necessary tasks including the development of a monitoring system for critical
safety functions and its introduction into the operator training.
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The emergency operating procedures should include provisions prescribing that the operator should
consider the vessel parameters during localization of breaks and leaks [34].

COMMENTS AND RECOMMENDATIONS:

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.

Development of separate alarm response procedures can be considered as well to provide information
such as: cause of alarm, alarm setpoints and corrective actions required.

Experience from the development of symptom-oriented EOPs for V-230 units in the frame of Lisbon
initiative should be utilized.

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.

REFERENCES:

[26], [34-35], [41], [48], [63-64], [66], [134-135]

157



REVIEW AREA/ISSUE NUMBER: Operation 3

ISSUE TITLE: Limits and conditions

ISSUE CLARIFICATION:

The documents "Limits and Conditions" (Technical Specifications) at some plants lack detailed bases
(justifications) or explanations for quantitative values determining both physical parameters and requirements
on safety trains operability when checking and cross-checking the compliance with limits and conditions.
They also lack the bases for quantitative values related to the actions of operating personnel in case of
violations of a limiting condition. In case the justifications of parameters, requirement and operator's actions
are available, their presentation is not clear enough.

Comparison of Technical Specifications of the V-213 units has been performed in the frame of the IAEA
Regional Technical Cooperation Project (RER/9/004). In this comparison several differences have been
pointed out between the Technical Specifications of the Bohunice, Paks and Rovno plants and the
technological regulations for Rovno units are admitted to have a number of deficiencies.

Presently available documents containing operational limits and limiting conditions for operation are
burdened with much additional information and are not designed to be used in the control room. The
information needed for operators should be extracted from them into a more user friendly document ([34]
section 12.6.3).

MAIN SAFETY FUNCTIONS AFFECTED: All

MEASURES PROPOSED IN MEMBER STATES:

Each NPP has to check its Technical Specifications and upgrade it if necessary.

The Technical Specification should include a provision requiring that reactor instrumentation be used
to search for potential fuel loading errors after refuelling operations (AGNES).

A specific document should be created which clearly defines the operational limits and limiting
conditions for each unit and that would be used as an operational document in the control room ([33],
section 12.6.3).

COMMENTS AND RECOMMENDATIONS:

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

REFERENCES:

[26], [33-34], [48], [134-135]
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4.2. MANAGEMENT

REVIEW AREA/ISSUE NUMBER: Operation 4

ISSUE TITLE: Need for safety culture improvements

ISSUE CLARIFICATION:

Safety culture embodies a top to bottom approach to plant operation from a safety perspective as detailed
in INSAG-4 and it addresses the appropriate individual and collective attitude to create and maintain for
ensuring required safety levels in all circumstances of operation. The role of safety culture is already
internationally recognized as an important element of operational safety. Although the implementation of the
programmes related to safety culture at many plants of the world can be improved. Many of the elements
of safety culture are already in place at the WWER plants, however a systematic activity and well-defined
programmes are not established at most plant to communicate effectively the principles of safety culture to
all station personnel including the role of procedure usage, the self-critical attitude, an attitude that refuses
to accept second best in accomplishing safety goals.

MAIN SAFETY FUNCTIONS AFFECTED: All

MEASURES PROPOSED IN MEMBER STATES:

Incorporate safety culture for prevention of incidents in training and qualification programmes,
including acquaintance with rules and regulations, vigilance in performance of duties and active
feedback from plant operational events.

Develop an effective programme to detect weaknesses of personnel proficiency and to encourage
promoting safety culture, including management vigilance to monitoring and analyzing personal errors
without using punishments.

COMMENTS AND RECOMMENDATIONS:

1. Proposed measures are endorsed.

2. Plants are encouraged to invite Assessment of Safety Culture in Operation Team (ASCOT) seminars
and ASCOT missions.

REFERENCES:

[33], [42-43], [48], [134-135]
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REVIEW AREA/ISSUE NUMBER: Operation 5

ISSUE TITLE: Experience feedback

ISSUE CLARIFICATION:

In spite of the good operational record of V-213 units some concern may rise from insufficient efficiency
of feedback from the operating experience. In particular, the ASSET missions have identified the inadequate
system of feedback as being a contributor to the root cause of such failures. There are great differences
between the reporting criteria on level of operational events. In most cases the on-site impact criteria are not
clearly defined and reporting criteria are included as part of a larger document containing a lot of
information not relevant to safety. The root cause analysis methodology is only partially applied and the
communication channels of corrective actions in many cases are not clearly identified. Most of the safety
related problems, solved at a particular plant and lessons learned could be important for other plants as well.

MAIN SAFETY FUNCTIONS AFFECTED: All

MEASURES PROPOSED IN MEMBER STATES:

Creation of special teams for feedback of operational experience.

Exchange of information on operational experience is realized within WANO and the club of directors
of WWER-440/213 units.

Improvement of the incident reporting system.

COMMENTS AND RECOMMENDATIONS:

1. 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.

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

3. The procedure, specifying criteria for event reporting, should include the limits and conditions in
accordance with the IAEA NUSS standards.

4. Plant reporting criteria should be reviewed to streamline the levels of reporting of operational events
and develop formal procedures for reporting events.

5. Root cause analysis methodology should be consistently and comprehensively applied.

6. Multi-discipline engineering support groups should be set up to solve specific problems by using the
wealth of the plant internal expertise and knowledge available.

7. Co-operation with other WWER-440/213 plants should be continued to mutually improve the exchange
of operating experience.

REFERENCES:

[11], [33], [42-43], [48], [134-135]
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REVIEW AREA/ISSUE NUMBER. Operation 6

ISSUE TITLE: Quality assurance programme

ISSUE CLARIFICATION:

The objective of quality assurance (QA) programmes is to ensure consistent and verifiable support of nuclear
plant operation and safety. In case of WWER plants such programmes were not supplied by the equipment
vendors and the main designer. Therefore, the development of these programmes remained with the
operating organizations including an allowance for sufficient staff to implement the programme. After the
implementation stage, an independent assessment of programme effectiveness should be considered as well.

In the frame of the IAEA Technical Cooperation Project RER/9/004 a detailed review of the QA activities
at the Bohunice, Dukovany and Paks NPPs has been performed. During this review the QA documents of
the plants have been compared with the IAEA code and guides on quality assurance. The analysis showed
that all important elements of a QA system are covered by the plants, although each plant has built its own
QA system, documentation and requirements based on national rules and standards. On the other hand all
plants need further improvements to comply fully with the IAEA safety standards.

MAIN SAFETY FUNCTIONS AFFECTED: All

MEASURES PROPOSED IN MEMBER STATES:

Review and improve the plant QA programme to determine department responsibilities and to maintain an
independent system for verification and approval of all procedures prior to implementation and to monitor
that procedures are followed.

COMMENTS AND RECOMMENDATIONS:

1. A quality assurance programme should be implemented. To this end, adequate quality standards should
be established and then imposed over the plants.

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

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

REFERENCES.

[26], [33], [42-43], [48], [62], [66], [134-135]
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REVIEW AREA/ISSUE NUMBER: Operation 7

ISSUE TITLE: Data and document management

ISSUE CLARIFICATION:

Records and data are not stored in such a way that they are easily retrievable and can be of use.
Consequently, they cannot be used for configuration management to support different plant activities such
as maintenance, surveillance tests, backfitting. At some plants there is a particular need for improvement
of the recording system related to training and qualification of staff. This deficiency can degrade human
performance and result in many deficiencies.

MAIN SAFETY FUNCTIONS AFFECTED: All

MEASURES PROPOSED IN MEMBER STATES:

Improvement of document management using computer systems.

Improve fire protection of the files.

COMMENTS AND RECOMMENDATIONS:

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

2. A central system should be established for all training records for any one individual to provide a
facility for ensuring that all staff have received appropriate training. This should include a file for each
employee for essential paper records and a computer system to record all training activity for each
employee in order to easily check whether an individual had received specific training, and to plan
refresher training as appropriate.

REFERENCES:

[33], [42-43], [48], [134-135]
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4.3. PLANT OPERATIONS

REVIEW AREA/ISSUE NUMBER: Operation 8

ISSUE TITLE: Philosophy on use of procedures

ISSUE CLARIFICATION:

The plant operating philosophy is heavily oriented to operator knowledge, training and educational
background. Procedures are used to varying degrees and in some cases used only for operator training (such
as the EOPs). The current internationally accepted philosophy recognized that the highest level of safety is
assured by having highly trained and qualified operators consistently using and following well written
procedures regardless of whether operators are graduate engineers. The philosophy of WWER operation on
the use of procedures does not consistently require personnel to use and follow procedures. This is
inconsistent with today's standards and creates a likelihood of human error. These conclusions concerning
plant philosophy are based on: the absence of step-by-step EOPs; the fact that EOPs are not used during
events; the lack of separate alarm response procedures.

MAIN SAFETY FUNCTIONS AFFECTED: All

MEASURES PROPOSED IN MEMBER STATES:

Rewriting and improvement of operational procedures.

Introduction of step-by-step philosophy in procedures.

COMMENTS AND RECOMMENDATIONS:

1. Senior plant management should evaluate the plant philosophy on procedure use 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.

2. Each department should evaluate their existing procedures against the new requirements for procedure
use and identify and correct 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 setup with the involvement of the 'owners' to improve procedures.

REFERENCES:

[65-66]
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REVIEW AREA/ISSUE NUMBER: Operation 9

ISSUE TITLE: Surveillance programme

ISSUE CLARIFICATION:

The surveillance programme provides the guidance on how surveillance tests are tracked, trended and
scheduled. Special attention should be devoted to the system which is subject to neutron irradiation, thermal
and pressure cycling and ageing as a normal consequence of use. Because different departments at the plant
have responsibilities for the surveillance test programme, there are difficulties in scheduling the tests and
in collecting the results (e.g., tests with shorter intervals, unsuccessful test, unavailability of equipment
during the performance of the test). At most plants there is no single group or individual who has an
overview of the complete programme or who is able to coordinate and check the performance of the
programme in all areas such as maintenance, I&C, electrical and in-service inspection testing.

Personnel should be provided with detailed instructions and acceptance criteria for tests which verify
important safety parameters and functionalities of systems and trains. These procedures often do not include
all data necessary to determine the operational performance of plant safety equipment and systems. They lack
the specified measurement limits and their format does not allow the operator to initial, sign or checkmark
the steps.

MAIN SAFETY FUNCTIONS AFFECTED: All

MEASURES PROPOSED IN MEMBER STATES:

Development of QA procedures that determine responsibilities of personnel for surveillance
programmes.

Introduce surveillance programme questions into personnel training programme.

COMMENTS AND RECOMMENDATIONS:

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

2. Test intervals should be considered carefully in order to ensure the functionality of equipment and to
avoid unnecessary tests which could result in decreasing the equipment availability.

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

4. The organization of the complete surveillance test programme should be unified so that all surveillance
tests results should be recorded, verified and analyzed.
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5. Consideration should be given to use 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 limiting values of each parameters. These procedures 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 were followed and in reducing the probability of human
errors.

REFERENCES:

[33], [42-43], [48], [66], [134-137]
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REVIEW AREA/ISSUE NUMBER: Operation 10

ISSUE TITLE: Communication system

ISSUE CLARIFICATION:

The existing communication systems are mainly using telephone operators on duty. Some of the systems
(paging) do not provide sufficient effectiveness even in normal operating conditions (insufficiency of
speakers). The effectiveness of the systems in emergency and severe accident conditions is questionable.

MAIN SAFETY FUNCTIONS AFFECTED: All

MEASURES PROPOSED IN MEMBER STATES:

1. Upgrade the existing communication system.

COMMENTS AND RECOMMENDATIONS:

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

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

REFERENCES:

[62-64], [65], [66]
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4.4. RADIATION PROTECTION

REVIEW AREA/ISSUE NUMBER: Operation 11

ISSUE TITLE: Radiation protection and monitoring

ISSUE CLARIFICATION:

Radiation protection regulation should be kept up-to-date with the international recommendations. Similarly,
strict implementation of proper measures is required by all personnel. The radiation protection practices
should be directed towards minimizing radiation dose in accordance with the ALARA principles according
to the ICRP-60 recommendations. Generally the radiation protection practices at the WWER plants are good,
the collective doses of the personnel is kept low. According to the calculations of the Hungarian AGNES
project, not even the most threatened group of population living in surroundings is exposed to doses
exceeding reference values in case of accident but additional measures might be necessary in the reactor hall
during a large break LOCA. However, the radiation monitoring instrumentation originally designed and
supplied needs upgrading to cover the whole range of parameters including accidental conditions.

MAIN SAFETY FUNCTIONS AFFECTED: Confining radioactive material

MEASURES PROPOSED IN MEMBER STATES:

Installation of new improved measurement systems including detectors qualified for LOCA conditions.

Introduction of ALARA principles as formal obligations.

Installation of automatic radiation monitoring systems outside the NPP.

COMMENTS AND RECOMMENDATIONS:

1. 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.

2. The measures can be identified after performing the review recommended.

REFERENCES:

[42-43], [63-66], [87], [105]
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4.5. TRAINING

REVIEW AREA/ISSUE NUMBER: Operation 12

ISSUE TITLE: Training programmes

ISSUE CLARIFICATION:

It is widely recognized that the role of operators in WWER nuclear power plants is especially high in view
of comparatively low level of automation. In the last few years considerable efforts have been made to
improve the training of operational personnel by strengthening the training centers or departments and
providing new equipments. On the other hand this created a shortage of qualified and experienced
instructors. At the same time less attention was paid to the comprehensive and systematic training of
maintenance personnel. The operating personnel is not aware of the importance of adherence to written
procedures and instructions and has difficulties coping with the stress during rare or critical situations. The
monitoring of personnel proficiency is not always used as a feedback source in periodic modifications of
training programmes.

The preparation of training programmes requires good availability of safety analysis and EOPs. The initially
provided SARs are difficult to use and incomplete. Some important insights into the required behaviour of
the operators under accident conditions are being reached only now, as the PSA and updated SAR documents
are elaborated. An example of this can be the question of operator training to cope with SB LOCA
sequences, which have been shown to provide important contribution to the overall core damage frequency.
The initial SAR did not include the necessary analysis to elaborate the EOPs and to conduct the appropriate
training. PSA for Dukovany NPP [41] showed, that the elimination of operator failure to re-align low
pressure ECCS pumps after SB LOCA would provide a 42% reduction in the CDF at Dukovany NPP. This
illustrates the safety significance of having proper basis for the operator training.

In several plants there are no simulators so that the operators cannot realize full training programmes without
going abroad. Similarly, the arrangements to demonstrate the competence of the plant staff are not always
sufficient.

MAIN SAFETY FUNCTIONS AFFECTED: All

MEASURES PROPOSED IN MEMBER STATES:

Individual training programmes for reactor operators.

Installation of full scope simulators for operator training.

Improvements in monitoring of personnel proficiency.

COMMENTS AND RECOMMENDATIONS:

1. 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 and ensure there are
adequate numbers of suitably qualified and experienced personnel.

2. Enhance personnel consciousness to perform all tasks in adherence to written procedures or
instructions, including provisional instructions. Make plant personnel aware of the consequences of
violating procedures.
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3. Train operating personnel, particularly, shift supervisors to handle stress during rare or critical
situations, e.g., rapid plant transient or following an error to take corrective actions.

4. Event sequences dominating the risk and their prevention should be included into the training
programme of operational staff.

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

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

7. 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.

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

9. Ensure the availability of plant simulators for operator training and of appropriate arrangements to
demonstrate the competence of the plant staff.

REFERENCES:

[33], [41-43], [48], [63], [65-66], [134-135], [138]
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4.6. EMERGENCY PLANNING

REVIEW AREA/ISSUE NUMBER: Operation 13

ISSUE TITLE: Emergency control center

ISSUE CLARIFICATION:

A permanently equipped emergency control center should be available off the site for emergency response
and a similar center on the site for directing emergency activities within the plant and communicating with
the off-site emergency organization. Relevant data on all units at a site should be available in these centers,
including technical documentation and on-line information on safety related physical parameters and
equipment status. The centers should be adequately equipped with data transfer equipment and reliable
communications. However, the emergency control centers have not been uniformly organized and in most
cases, it would be difficult to adequately organize accident management for a unit having an emergency.

MAIN SAFETY FUNCTIONS AFFECTED: All

MEASURES PROPOSED IN MEMBER STATES:

To provide an on-site emergency control center with the necessary documentation and computer
network.

To establish on-site and off-site emergency centers.

COMMENTS AND RECOMMENDATIONS:

1. The emergency control centers should be fully equipped with necessary documents including
procedures and design documentation.

2. Necessary drills and exercises should be regularly carried out.

REFERENCES:

[42-43], [48], [65-66], [134-135]
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APPENDIX

COUNTRY/PLANT SPECIFIC STATUS OF SAFETY ISSUES IN WWER-440/213 NPPs

The safety issues of the WWER-440/213 NPPs are described in the main report. They are generic
in nature and have been determined either by comparing the original design with current safety practices or
as a result of operational experience. These safety issues may not necessarily concern all operating plants
in the same way or may not concern some units at all. All Member States operating or constructing WWER-
440/213 plants have established safety improvement programmes and corrective measures have either been
implemented already or are planned to be implemented. It is therefore of utmost importance to determine
to which extent the generic safety issues have been already resolved in order to decide which corrective
measures need to be further implemented.

Some of the COUNTRY/PLANT SPECIFIC STATUS has been compiled on the basis of a limited
number of IAEA missions and other review activities. However, most of the information was provided by
experts from the concerned Member States during meetings, in reply to IAEA request. They do not
necessarily reflect the national position.

The information compiled under COUNTRY/PLANT SPECIFIC STATUS is incomplete, uneven with
regard to the degree of detail, and mostly not verified by the IAEA. Therefore, it is included as an
Appendix, arranged according to the safety issues. This material has been also introduced in the IAEA
Database on the safety issues for WWER NPPs and will be periodically updated as new information becomes
available. This information will be provided upon request to all interested parties.

The source of information is indicated in parentheses.

Whenever the information in the report is given without reference to a specific published document
it should be understood that it is based on the direct input that the IAEA consultants provided during or after
the meetings.
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GENERAL

REVIEW AREA/ISSUE NUMBER: General 1

ISSUE TITLE: Classification of components

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: New Nuclear Regulatory Authority regulations are being prepared.

Dukovany: Division into safety classes has been completed.

Kola: A new classification is under consideration.

Loviisa: Safety classification of NPP systems structures and components was introduced by Finnish
Centre for Radiation and Nuclear Safety, STUK Guide YVL - 2.1 in 1982 and later twice
revised. The principles applied in that guide correspond closely to the IAEA Guide 50-SG-
Dl [50]. The interdependence between safety class and quality assurance is defined by the
licensee in the quality assurance documents required under STUK guide YVL 1.4 [49].

Mochovce: As in Bohunice.

Paks: Classification in progress.

Rovno: A new classification has been prepared following the regulations in force in Ukraine. It has
been submitted for consideration to the regulatory body. The deviations from the actual
regulations and their importance are being reviewed to determine the necessity for further
actions.
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REVIEW AREA/ISSUE NUMBER: General 2

ISSUE TITLE: Qualification of equipment

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice:

Dukovany:

Kola:

Loviisa:

Mochovce:

Paks:

Evaluation of existing I&C is underway as part of PHARE EC/ENE/15 project financed by
the EC. Environmental and seismic qualification is being addressed as part of the evaluation.
Conceptual design activities are underway, implementation will be realized in planned steps
depending on the equipment safety classification. The evaluated length of the process of I&C
exchange is 5 years, but the starting date has not been determined. It is expected, that the
analysis and determination of requirements will last for about 3 years and the actual ex-
change can be started in 1997 [62].

Dukovany NPP has begun the qualification programme for equipment fulfilling safety
functions. This programme includes electrical and control systems, engineering equipment
as well as rooms and buildings in which this equipment is placed.

The I&C has been divided into safety classes according to the regulations of the Czech AEC.
The discussions with the design organization have shown that there are no documents which
could indicate the status of qualification of I&C equipment. In the period of 1994-1997 the
analysis of needs for qualification will be done and the preferred way of implementation will
be established. Initial comparisons show, that buying new equipment may be comparable
from cost benefit standpoint to requalification of the existing units. The actual exchange will
be realized in planned steps starting from 1998 until 2003 [63].

According to the information received, the design of Russian NPPs considers the
qualification of equipment for conditions under which the plant will operate. This has been
carried out by the manufacturer. However, there is no data on the qualification of some
equipment. Such work is being planned [64].

I&C has been qualified at the stage of NPP construction and is being continuously
supplemented as needs arise on the basis of current safety analyses of the plant. The early
tests showed many faulty elements, e.g., some hundreds of valves had to be replaced
because they failed during qualification process. See also the comments on I&C reliability,
issue I&C 1 [65].

ESFAS system has been replaced with a modern system of Siemens production. Cable
penetrations across containment walls have been exchanged for modern French ones,
providing better characteristics.

Technical activities to check the operability of some I&C equipment (pressure sensors and
differential pressure transducers) have already been started according to the IEEE standards.

A methodology was also developed for laying down technical requirements about existing
equipment and systems before publication of decree 436/90 (Selection of selected equipment)
which describes the general method for assessing the consequences of the new safety-related
classification of existing equipment which results from application of the decree 436/90 [66].

Technical activities for the qualification of I&C equipment, cables and penetrations inside
containment for LOCA conditions are underway. The Hungarian Regulatory Authority has
issued permissions for pressure transmitter replacements in safety systems (400 pieces) and
the replacement has been carried out.
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The classification of functions, systems and equipment according to the IAEA safety guides
is in progress [34].

Rovno: Pressure sensors and differential pressure transducers have been exchanged to transducers
of "Saphire 22" type. Part of penetrations for RCPs and the heaters in pressurizers have
been also exchanged. The process is being continued within the framework of plant up-
grading program [15].

The equipment in Reactor Protection System has been upgraded to the most modern digital
hardware system available within the CIS ([33] p. 5/8).

Basing on the existing data on-site seismicity there is no need to revise the level of
seismicity. The majority of systems and elements important to safety have been produced
as resistant to seismic events and environmental conditions after LOCA. Only some types
of equipment require confirmation of their qualification by manufacturers or by special tests
in the plant, if the certificates from the manufacturers are not available [67].
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REVIEW AREA/ISSUE NUMBER: General 3

ISSUE TITLE: Reliability analysis of safety class 1 and 2 systems

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: All systems important to safety are taken into account in the current PSA level 1 model,
with the only exception of confinement systems. As soon as the new regulations concerning
equipment classification and I&C qualification are issued by the regulatory body, additional
reliability analyses in the required extent will be carried out. PSA level 2 is under
consideration [62].

Dukovany: Reliability analyses for all safety important systems and systems of normal operation
modelled in level 1 PSA (PSA-1) were executed in 1994 by the Nuclear Research Institute
in Rez within the scope of Dukovany NPP Internal Technical Audit and PSA-1. Reliability
analyses are very detailed and are based on specific data of Dukovany NPP equipment,
human mistakes and CCF. The contributions of all systems and components to risk have
recently been calculated within PSA level 1 [63].

Kola: The analysis of reliability of some systems important to safety was fulfilled within the
framework of the design. Full reliability analysis of all systems and elements belonging to
Safety Class 1 and 2 will be performed within the programme of safety improvements in
Kola NPP [64].

Loviisa: A considerable number of reliability analyses of class 1 and class 2 safety systems and other
safety-related systems have been performed during the design and construction phase of
Loviisa [65].

Rovno: In the Ukraine, the safety analysis reports (TOB) for WWER NPPs include the reliability
analysis of safety class 1 and 2 systems based on generalized data. It is planned to check
these analyses at a later date on the basis of data obtained from operating experience [67].

175



REACTOR CORE

REVIEW AREA/ISSUE NUMBER: Reactor core 1

ISSUE TITLE: Prevention of uncontrolled boron dilution

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Technical and organizational measures have been taken.

Dukovany: Boronmeters are planned to be exchanged. Presently they are not installed in the ECCS
tanks. The monitoring of boron acid concentration is realized by means of chemical analysis
of water samples.

Kola: The work has been started in cooperation with IVO-International (Finland) [64].

Loviisa: The following measures have been applied:

(a) Improvement of operational procedures to reduce the risk of uncontrolled boron
dilution.

(b) Implementation of automatic protection measures to prevent uncontrolled boron
dilution:

Prevention of erroneous loop restart: an interlocking prevents complete opening of
the stop valve of the cold leg until this valve has been slightly opened for a certain
time. An additional interlocking prevents the start-up of the primary pump before
complete opening of the valve.

Diluted make-up water supply is stopped after loss of coolant forced flow and after
loop isolation.

Make-up water supply is stopped if excess dilution is detected.

In case of large breaks in the steamlines, the feedwater supply to the damaged SG
is stopped.

(c) Passive protection, consisting in using slightly borated water for the dilution process
during the first half of the operating cycle [16, 65].

Mochovce: The drawing up of the refill and start-up procedures for isolated loops is under way. RPS
(AZ1, AZ2) and ESFAS (earthquake) closes a set of valves which isolate the charging pump
suction from the pure condensate system [66].

An interlocking closes a set of valves which isolate the charging pump suction from the pure
condensate system if more than 3 RCPs are lost [35].

Analyses using a probabilistic approach will be conducted for all the above mentioned cases.
Based on them, additional interlockings will be considered.

Paks: Further investigation is planned.

Rovno: Boron concentration is measured by automatic instruments and by chemical analysis of
manual samples. This is done twice per shift or more frequently if required. The operator
decides on the action to be taken ([33], p 6/32).
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During normal dilution before restarting the unit it is totally forbidden to isolate one loop.

If the number of the RCP in operation is reduced, all the arrivals of water from
demineralized water tanks are isolated and disconnected.

In the event of disconnecting RCPs the two serial valves on the distillate feed line of the
make-up system are closed.

Special procedures are provided to avoid spurious dilution by the water system used to clean
the RCP seals.

A boron meter is installed with a response time of 5 minutes. However, this boron meter
is not capable to measure isotope BIO ([33] p 11/8).

There are procedures specially introduced to avoid entry of clear water into the core after
deaeration of resin filters of the treatment system directly connected to the RCS. There are
also measures provided to prevent the dilution through make-up system ([33] p 11/10).
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COMPONENTS INTEGRITY

REVIEW AREA/ISSUE NUMBER: Components integrity 1

ISSUE TITLE: Reactor pressure vessel integrity

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice

Dukovany

Kola

Loviisa

Mochovce

Paks

Rovno

Low leakage
core

yes

yes

no

yes

planned

yes

unit 2

Dummies

not required

not required

not required

yes

not required

not required

unit 1

Heated ECCS
water

implementation
under way

yes

yes

yes

yes

planned

yes

Supplementary
surveillance

implementation
under way

planned

planned

implemented

planned

implemented

9

Bohunice:

Dukovany:

Kola:

The RPV surveillance programme is carried out as specified in the design. Neutron fluence
is monitored with Fe, Cu, Nb and Co foil detectors placed in irradiation capsules along the
core axis in both units (No. 3 and No. 4). The accuracy of neutron fluence estimation is
20%. The irradiation temperature is determined by lattice parameters, changes of diamond
powder which is irradiated together with samples in irradiation capsules, but the results are
not satisfactory. Therefore, corrections are calculated.

The surveillance samples have been prepared from the base metal, weld metal and heat
affected zone material. Each RPV is provided with 6 twin chains of surveillance capsules,
located vertically from the RPV nozzles region down to the core region. The samples have
been withdrawn ©very year from 1984 to 1990. The results of material tests have shown that
the RPV can work over the design lifetime without the need for annealing. The objective and
scope of the supplementary surveillance programme are defined and under implementation.

Water in hydroaccumulators is heated by warm air to 50°C. The water in ECCS tanks is
heated by periodical operation of recirculation pumps [62].

The RPV surveillance programme is carried out as specified in the design. The objective and
scope of the supplementary surveillance programme is to reduce uncertainties from older
surveillance programmes, mainly in measurement of irradiation temperature in capsules and
in the relationship between neutron flux and the embrittlement of RPV metal.

The temperature of 50 °C is maintained in hydroaccumulators by filling the tanks with hot
water and then having hot air flowing around the tanks. It is planned to install flexible tape
electric heaters of 82 kW power. In 1991 the operating ECCS tanks were provided with
electric tubular heaters of the overall power 270 kW, which maintain temperature of the
boric acid solution in the range of 57 to 69 °C [70].

The RPV surveillance programme is carried out as specified in the design. To assure the
correspondence of specimens temperature to the temperature of the reactor pressure vessel
wall in the beltline region, the containers are cooled with water of the primary reactor
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cooling system, flowing through the channels. To provide for better heat removal from the
specimens to the coolant, the inserts of aluminum alloy are placed in the containers in such
a way as to provide for temperature difference between specimens and coolant of more than
15°C and between the specimens and the wall of not more than 5°C. There is a rather high
gradient in fast neutron flux along each of the chains. The ratio of the maximum neutron
flux to the minimum within the core height does not exceed 2.4, with the main gradient of
neutron field observed near the core edges at a distance of 40 cm. In the azimuthal direction
the difference between the maximum neutron flux in the specimens and the average is about
10%. Besides, Kola NPP purchased from Siemens the systems of the vessel surveillance
allowing the performance of automatic non-destructive testing of metal from the inside using
the ultrasonic method. The system is under commissioning.

According to the conclusions drawn by the reactor designer (OKB Gidropress) and the RPV
producer (P.O. Izhorskyie zavody) the embrittlement of the RPV in Kola NPP will not
exceed the admissible values during the NPP operation period. The design determines the
programme of RPV control both from inside (once per 4 years) and from outside (once a
year).

The specialists of Kola NPP have stated, that the reliability of the data which are obtained
from the surveillance samples is satisfactory. The problems with the reliability of these data
are, according to them, mainly related to the evaluation of the embrittlement in the RPV of
WWER-1000 units [64].

Loviisa: The RPV surveillance programme is carried out as specified in the design, complemented
by considerable additional efforts. The objectives of the supplementary surveillance
programme were to get more data using weld made from different melt (the surveillance
specimens of weld material were not from the same heat as in the vessel). The work
included the effect of fluence rate, annealing of base and weld metal, embrittlement of
cladding, the development of testing methods and the interpretation of test results. The scope
has so far been limited to several chains of samples. For the annealing of Loviisa 1 RPV a
new surveillance programme will be implemented.

In the safety analysis the transition temperature shift is based on the Russian norm, which
gives a more conservative value than surveillance test results. TKQ (Charpy-V curve) and
impurity contents are based on QC results during RPV manufacturing [65].

In Loviisa 1 active ECCS feed tank is kept at the temperature of about 55°C owing to the
steam heated heat exchanger. In Loviisa 2 the temperature is 45°C. The hydroaccumulators
are electrically heated from outside. The temperature is between 100°C and 110°C [71].

Mochovce: The RPV surveillance programme is carried out as specified in the design.

Heating of water both in ECCS tanks and hydroaccumulators have been implemented.
Prevention of pressurized thermal shock to the RPV in the case of steam line breaks is under
consideration. It is assumed that the break of one steam line can lead (due to pipe whip) to
the subsequent rupture of relief valve lines of the neighbouring steam lines. If the results of
the analysis show that this involves excessive cooling of the primary coolant, which would
create hazards of PTS to the RPV wall, then additional measures will be introduced to
prevent of limit the effects of the steam line breaks [31].

The objective and scope of the supplementary surveillance programme is similar to the one
in Bohunice. This programme was developed with close co-operation with the Research
Institute Trnava (VUJE). The objective of this programme is to decrease the uncertainties
of the present programme [66].
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Paks: The RPV surveillance programme is carried out as specified in the design.

In Paks complete PTS analyses performed within the framework of AGNES project have
shown that even with very pessimistic assumptions, without use of low leakage core, the
behaviour of all RPVs under PTS conditions would be satisfactory for 24 years of RPV
irradiation. Therefore, the heating of ECCS tanks and hydroaccumulators has not been
introduced yet. It will be considered only later to cover the 40 years lifetime of the plants.

The irradiation surveillance programme is similar to the one in Bohunice NPP. The lead
factor (ratios of embrittlement between the specimens and the RPV wall is 11.7 for forged
rings and 18 for the most exposed weld in the belt line region of the vessel. A new set of
specimens has been prepared and placed into the surveillance positions. There is no need for
annealing [34].

Rovno: Information was provided that out of the six sets of surveillance samples four were tested
for both units (in 1982, 1984, 1986 and 1991 for Unit 1 and in the period 1983 to 1989 for
Unit 2). Based on the results of the evaluations made it is claimed that the vessels could be
operated for 45 years without annealing [72,15].

This information needs to be further clarified, since:

(1) The surveillance specimens of Unit 1 weld metal were loaded to Armenia unit 2 and
it is not clear which material was used in Rovno plant for the evaluation;

(2) The results of tests of these specimens above indicate Tk of 150°C at fluence of
1.9 x 1020 n cm2, E>0.5 MeV and Tk of 215°C at fluence of 4.9 x 1020 n cm2,
E>0.5 MeV.

The value of accumulated neutron fluence for Rovno Unit 1 was reported 1.1 x 10'9 n cm2,
E>0.5 MeV at the end of the 12th fuel cycle and for Unit 2 4.8 x 1019 n cm2, E>0.5
MeV at the beginning of 1994. These values seems to be lower than expected.

In Rovno NPP the safety injection tanks of the active ECCS have been electrically heated
since 1991. The tanks with the solution of low boric acid concentration are heated with
electric heaters of overall power of 270 kW and in the tanks with high boric acid
concentration, the power of electric heaters is 90 kW. An automatic control system keeps
the solution in the tanks at a temperature between 57 and 60°C. The hydroaccumulators are
heated indirectly, by means of heat transfer from the air, which is maintained in the
containment at a temperature of 55-60°C. In the case of maintenance and hydroaccumulators
voiding, they are refilled from the tanks of active ECCS with a hot solution of boric acid
at a temperature of 55-60°C. In the future the hydroaccumulators will be heated directly with
electric heaters [15].
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REVIEW AREA/ISSUE NUMBER: Components integrity 2

ISSUE TITLE: Non-destructive testing

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Generally, 100% non-destructive examination of the sections required for the in-service
inspections is completed every four years. The frequency is increased when it is deemed
necessary on the basis of the experience of the plant or due to other reasons.

Each main component or system has its individual in-service inspection programme which
defines the NDT method to be used as well as the scope of the control.

The NDT examination programme of the RPV covers all welds in the cylindrical body of
the vessel, beltline forgings, nozzles, and safe-end welds to nozzle and to primary piping.
The NDT methods used are ultrasonic inspection from the inside and outside of the vessel
and eddy currents examination of the cladding. The safe-end welds are covered by
radiographic examination. Manual ultrasonic examinations are performed in the vessel head
where some zones are not accessible. Primary piping welds are inspected by ultrasonic and
dye penetrant examinations. Steam generator tubes are inspected by eddy current. The same
method is used for the threaded holes.

During hydrotests acoustic emission testing is performed [62].

Dukovany: The main components of the primary circuit are tested according to the special in-service
inspection programme every four years. The frequency is increased when it is deemed
necessary on the basis of the plant experience or due to other reasons. Each in-service
inspection programme defines NDT methods being used as well as the scope of control. The
welds of cylindrical body RPV are tested by ultrasonic inspection from inside and outside
the vessel. TV inspection and eddy current examinations are used for cladding. Welds of
nozzles to primary piping are covered by radiographic examination and dye penetrant
methods. The main circulation pump and the main isolating valves are controlled with dye
penetrant and visual methods.

Steam generator tubes are inspected by the eddy current method. Hydrotests are performed
at the pressure of 16.34 MPa every 4 years [63].

Kola: The NDT is carried out in line with the original Soviet Union requirements, "Procedure for
in-service inspection of base metal and weld metal in the primary circuit of the NPPs with
WWER-440 reactors AIUE-2-81", mostly using domestic equipment. The ultrasonic
examination of the vessel is carried out from outside only. The lack of state of the art
equipment is considered the main problem.

Loviisa: The minimum requirement level for the determination of the extent and selection of
examination items has been established in the standard ASME Boiler and Pressure Vessel
Code, Section XI, Rules for In-service Inspection of Nuclear Power Plant Components;
Division 1. RPV inspection is completed every 8 years from inside using ultrasonic and eddy
current examinations. Inspection includes all circumferential welds, primary loop nozzles and
beltline internal surface to a depth of 30 mm. In addition, visual inspections including
internal core support structures are carried out every 4 years. The steam generator's primary
collector welds and collector upper parts are inspected every 8 years. The steam generator
heat exchange tubes are inspected using eddy current examinations. The required primary
piping ultrasonic and dye penetrant examination is completed every six years [65].

Mochovce: The in-service inspection is similar as in Bohunice NPP.
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Paks : The in-service inspection is similar as in Bohunice NPP.

In Paks NPP the original ultrasonic testing system has been modified in a Spanish-Hungarian
co-operation supported by the IAEA. It permits the performance of tests from the outer side
of the RPV. In parallel, inside ultrasonic testing is carried out using a Swedish designed
central mast-type manipulator with remote control and very sensitive ultrasonic probes.
Ultrasonic testing covers all the circumferential welds, nozzle-to-safe end and safe end-to-
pipe welds, more than 40% of the cladding and undercladding area and the forged rings in
the core region and the nozzle area.

Besides ultrasonic testing, visual inspection if the inner surface with remote controlled TV
cameras, radiographic testing of the nozzle welds and eddy current testing of threaded holes
are carried out.

Initially hydrotests were carried out at 19.12 MPa (while the operating pressure is
12.3 MPa) in 4 year intervals. In view of the negative effect of such tests on the lifetime of
the RPV, the hydrotests are now performed at 8 year intervals and at reduced pressure.
During hydrotests acoustic emission testing has been performed with positive results [34].

Rovno: The NDT is carried out in line with the original Soviet Union requirements, "Procedure for
in-service inspection of base metal and weld metal in the primary circuit of the NPPs with
WWER-440 reactors AIUE-2-81", mostly using domestic equipment. The ultrasonic
examination of the vessel is carried out from outside only.

The elements of the RPV most exposed to the neutron irradiation are controlled by visual
and ultrasonic method in 100% with the frequency once every 4 years. The elements subject
to such control are: the base metal in the cylindrical part of the RPV at the height of the
core; the internal surface of the RPV lining in the region of the core; and the circumferential
welded joints in the region of the core.

The RPV control is realized by means of equipment USK-213 which includes apparatus for:

ultrasonic test (UT) defectoscopy of the RPV metal from outside;
visual test (VT) of the outer surface;
visual test (VT) of the inner surface.

All category I welds are also inspected by:

dye penetrant test (PT);
magnetic particle test (MT);
radiographic test (RT).

According to the opinion of Ukrainian specialists, ultrasonic control from outside is better
for RPVs with inner lining than the internal control since in the later case, the ultrasonic
signal largely gets lost due to signal scattering on the large grained metal of the stainless
steel lining [67].

Further improvements of the inspection system in Rovno NPP will leave the mechanical part
of the system without changes, while the electronic part will be modernized to improve its
sensitivity and apply computerized means of data acquisition and processing.

In the region of the RPV header there are locations where access is very difficult. The
inspection is realized after RPV head removal and positioning on a special stand in the
reactor hall. Then the inspection from inside is complete, the inspection from outside is
limited.
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It is planned to upgrade the electronic part of the equipment to improve its sensitivity, and
apply computerized means of data acquisition and processing while the mechanical part will
remain as it is now, e.g. manipulator for vessel ultrasonic examination from outside [15,
67].
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REVIEW AREA/ISSUE NUMBER: Components integrity 3

ISSUE TITLE: Primary pipe whip restraints

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: The LBB concept application is completed.

Dukovany: The LBB concept application is underway.

Kola: The LBB concept application is planned.

Loviisa: Whip restraints have been completed during the construction of the plant.

Mochovce: The LBB concept application is underway.

The pipe whip restraint structures were found to be incomplete. The objective is to supply
missing spacers [66].

Paks: The application of LBB concept is not considered necessary.

Rovno. The RCS main component supports are designed to withstand the loads due to the
combination of thrust forces due to the DEGB and the SSE. No information is available on
the as built status. Lateral supports against earthquake are provided for steam generators,
pump's and pressurizer ([33] p 4/17). The criteria to design the main component supports
comply with the western requirements ([33] p 4/17). The study of possibility of LBB
application is planned in the programme of safety improvement [67].
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REVIEW AREA/ISSUE NUMBER: Components integrity 4

ISSUE TITLE: Steam generator collector integrity

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: All proposed measures are being developed. The radioactivity measurements have been
installed at blowdown pipes, 7-activity in steamlines, 18 in turbine vacuum ejectors [36].

Dukovany: In Dukovany NPP a system of N-16 activity detection is being installed on the main
steamlines. A programme of quality control of SG header cover screw is implemented [63].

Kola: In Kola NPP new procedures have been written and implemented for collector integrity
control, the leaktightness monitoring system has been changed and mechanical elements are
planned to be installed to limit the possible opening of the collector cover.

For ECT of heat exchanging tubes of the SG and the collector ligaments an automatic
inspection system was purchased from Siemens.

Loviisa: N-16 monitoring will be implemented in 1995-1996 [65].

Mochovce: In Mochovce NPP measures 1,2, 3, 4, and 5 are planned. However, the valves are not
classified as safety-related equipment and are not classified for isolation in case of failure
"break of SG primary collector" because this event was not considered as DBA [66].

Paks: See issue Systems 2.

Rovno: The procedure to tighten studs and nuts fastening the primary collector cover in the steam
generator was modified and the stud lubricant was changed from molybdenum sulfide to
copper-graphite (1986). More stringent limit for chloride content in the secondary side water
was implemented (from 500 to 50 ppm). The water level excursion inside the steam
generator is controlled within more strict limits [33].

In Rovno NPP the Commission, which analysed the accident in 1982, determined that the
rupture of the flanges of primary circuit collectors occurred as a result of corrosion assisted
trans-granular cracking, provoked by chloride or caustic cracking. However, as such a
phenomenon occurs very rarely, it has been postulated that the additional tensioning stresses
due to the pressure of the bolt against the bottom of the bolt hole could provoke additional
stresses leading to cracking. These defects have been removed by exchanging the upper parts
of the primary collectors in all steam generators of Rovno NPP. Fission product activity is
monitored in both the primary and secondary systems, the latter done to monitor for
damaged steam generator tubes. There is an activity meter for each turbine ejector and a
gamma monitoring system is installed at each SG outlet ([33] p 11/53).
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REVIEW AREA/ISSUE NUMBER: Components integrity 5

ISSUE TITLE: Steam generator tubes integrity

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice:

Dukovany:

Kola:

Loviisa:

Mochovce:

Paks:

Rovno:

Eddy current test (ECT) inspection of SG tubes was started in 1989. Up to now all six steam
generators of Unit 4 have been 100% inspected and five steam generators of Unit 3 have
also been inspected. The scope of future ECT inspections will be modified according to the
number and severity of indications in each steam generator (minimum 20% of tubes). Tubes
are inspected by bobbin-coil from the cold and hot collectors to cover 100% of tube length.
The scope of the secondary side inspection programme covers all shell welds (VT, MT, UT)
and connecting welds (DP) every four years. UT thickness measurements are performed on
the feedwater "T" zone and remote visual inspections are also performed in the feedwater
header nozzles area (RD-078, p. 3-6 [36]).

Limited steam generator tubes degradation has been detected at Bohunice Unit 3 where 115
out of 33,216 tubes have been plugged to date.

Proposals for qualified tube plugging criteria based on ECT inspection results have been
prepared but not introduced in practice yet.

Eddy current technique is used for non-destructive testing. Plugging of defected tubes is
provisionally based on 80% thickness reduction of the wall. This requirement may be
lowered in special cases. Up to now 145 tubes from the whole number 132864 tubes have
been plugged. Tubes are inspected usually from the hot collector, because the largest number
of damaged tubes was found in this region.

The secondary side of the steam generator is inspected using VT, MT and UT methods
every 4 years [63].

As foreseen in the design, the inspection of the integrity of SG tubes is conducted by means
of hydraulic methods. Presently the NPP has bought from Siemens company an installation
for eddy current control of the tubes. It will be used starting in the reactor maintenance
period in 1995 [64].

The justified plugging criteria and the non-destructive method will be similar to the one in
Bohunice [66].
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REVIEW AREA/ISSUE NUMBER: Components integrity 6

ISSUE TITLE: Steam generator feedwater distribution pipe

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: One FWD pipe designed by Eneryovyzkum and Vitkovice from Czech Republic was
installed and tested in August 1994.

In September 1994 another "upper feedwater collector to SG" No. 35 of NPP V-2 was
installed. The feedwater collector was designed and manufactured by the NPP Bohunice
maintenance department and it was made from stainless steel. The water is fed from
distribution chambers via special jets, which provides a better mixing of the feedwater with
boiled water in the SG. The operation of this prototype FWD pipe is under observation and
evaluation. In case of positive results the feedwater collectors on the other SGs will be
changed step by step [62].

Dukovany: 16 FWD-pipes have been replaced [81].

Kola:

Loviisa: In 1989-90 a program of repairs of T-connections was successfully carried out Later on after

finding extensive damages to FWD nozzles, a decision of FWD pipes replacement was
taken. The first FWD pipe has been replaced. The replacements will be continued in the
next years [82].

Thinning and some holes in FWD were found, but no loss of nozzles nor large through
holes close to the primary collector occurred. The experimental study in 1:1 scale, with full
temperature difference between feedwater and heat exchanger tubes was realized in the
PACTEL test facility and showed no damages of heat exchanger tubes would follow for
several days. Thus the negative effects of cold water impact on heat exchanger tubes can be
considered to be small [65].

Mochovce: An upper feedwater collector to the SG modification is under consideration. No changes
planned yet [63].

Paks: Extensive damages to FWD nozzles were found. Many nozzles are missing. Replacement
is being prepared. Experimental investigations done for Paks by OKB Gidropress confirmed
that the damaged FWD pipes may be kept in operation until replacement pipe is ready [79].

Rovno: FWD nozzles were exchanged according to Gidropress technology.
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SYSTEMS

REVIEW AREA/ISSUE NUMBER: Systems 1

ISSUE TITLE: Primary circuit cold overpressure protection

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice:

Dukovany:

Loviisa:

Mochovce:

Rovno/Kola:

Paks:

Both proposed measures are implemented. There is a relief valve of capacity equal to Vi of
that of a safety valve. Procedures for shutting off ECCS pumps are included in the newly
developed symptom based procedures [62].

The design and administrative procedures prevent HP ECCS pumps from actuation when the
RCS coolant temperature is below 180°C. When the temperature falls down below 100°C,
the personnel disassembles make-up pumps electrical connections [21]. It is presently under
design [63]. Overpressure protection is planned as a part of the I&C system of a new
pressurizer relief valve.

Make-up pumps have a protection signal (stop) when the temperature of the primary circuit
is low. A new isolatable safety valve for cold overpressurization will be installed in 1996
[65].

It is planned to have an automatic control on the opening setpoint of the pressurizer relief
valve depending on the primary coolant temperature ([31], page 1.6-5 and section 3.13).

Prevention of cold pressurization is attained by administrative procedures, an independent
automatic system is not provided as back-up for the operator. The protection of the RCS
from cold overpressure is realized as follows:

When the temperature of the primary coolant has fallen down below 145°C the high
pressure pumps of the ECCS can not be switched on.

When the temperature of the primary coolant has fallen below 100°C the operators
disconnect electric driving systems of ECCS pumps.

High pressure ECCS pumps are tested after maintenance periods using a special test
bypass line, with closed down cut-off valves on the delivery lines leading to the
RCS. The make-up pumps are automatically disabled when, with a primary system
temperature below 80°C, the primary system pressure exceeds 30 bar ([33], para
11.2.4).

It is planned to modify the safety and relief valves system on the pressurizer, which was
calculated to open at parameters below nil ductility point ([15], para 3.5.1.1.6).

The measures are under design and the implementation is scheduled for 1995.

As a short term measure, an interlock has been introduced to shutdown the make-up pump
when the pressure exceeds 2.5 MPa [34].

188



REVIEW AREA/ISSUE NUMBER: Systems 2

ISSUE TITLE: Mitigation of a steam generator primary collector break

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice

Dukovany

Kola

Loviisa

Mochovce

Paks (point
3.2.(3) [34])

Rovno

Measure 1

planned

under design

under design

ready-95

planned

underway

planned

Measure 3

planned

under design

under design

ready-96

no dec. yet

under design

under
consideration

Measure 5

under
consideration

under
consideration

under design

-

no dec. yet

under design

under
consideration

Measure 6

under
consideration

under
consideration

?

ready-96

no dec. yet

planned

under
consideration

The analysis of steam generator tube ruptures and primary collector ruptures have been undertaken for
Bohunice NPP within the IAEA regional project TC RER/9/004. They will be continued to evaluate the
effectiveness of all proposed safety enhancement measures.

Bohunice: Radioactivity measurements have been installed at blowdown pipes, ^-activity in steamlines,
13 in turbine vacuum ejectors. Analyses of the accident are included in the new SAR. A new
design of the SG collector head has been successfully tested (larger thickness, special
provisions against lifting-up).

Measure 9 is underway, 1,3,4 and 7 are planned, 5 and 6 are under consideration, 8 is not
planned [62].

Dukovany: A system of N-16 activity detection is being installed on the main steam lines. According
to the results of PSA level 1, the issue of additional water resources for ECCS is under
consideration. It is proposed to be solved by a new emergency operational instruction,
involving draining of the bubbler condenser tower in case of necessity. Accident
management is developed jointly with Westinghouse, based on symptom based operational
procedures. This system will involve measures to control ECCS operation [63].

Kola: The leaktightness monitoring system has been changed.

Loviisa: Mitigation measures include N-16 detection of leaks, automatic isolation of the leaking steam
generator from the secondary side, spraying the pressurizer with high pressure safety
injection pumps (new pipelines) and a new additional water tank for emergency cooling
water [16, 84].

Mochovce: Measures 1, 2, 3, 5, 7, 9 are planned, and measure 8 is under consideration. Before
deciding about measure no. 6 accident analyses will be performed [66].
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Rovno: Fission product activity is monitored in both the primary and secondary system, the latter
done to monitor for damaged steam generator tubes. There is an activity meter for each
turbine ejector and gamma metric system is installed at each SG outlet ([33] para
11.2.8.2.1). A special procedure of accident management in the case of PRISE has been
implemented.
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REVIEW AREA/ISSUE NUMBER: Systems 3

ISSUE TITLE: Reactor coolant pump seal cooling system

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice:

Dukovany:

Kola:

The power supply for RCS sealing system includes off site power from 2 different power
distribution lines, 3 DGs and connection to hydroplant.

The risk connected with the consequences of potential reactor coolant pump unsealing has
been evaluated according to PSA-1 results as very important. There are no verified data
available which could be used to evaluate the time period until seal damage occurs under
coolant loss conditions. In the PSA study two hours were assumed.

Suggested precautions:

(a) To determine experimentally the period until the reactor coolant pump unsealing in
the case of coolant loss.

(b) Modification of the logic for closing quick-acting valves at the RCP intermediate
cooling circuit upon signal "large accident". In case of accidents connected with an
overpressure in the hermetic zone this signal actuates closure of quick acting valves
(QAV) at the intermediate cooling circuit. This results in the loss of the RCP
cooling, even if the intermediate cooling circuit is fully functional. After reduction
of the overpressure it is possible to open the QAVs and start the intermediate circuit
again. The closing of the QAVs is reasonable only in the case of the LOCA accident
when tightness of the intermediate cooling circuit piping in the SG sealed
compartment is broken. The proposed solution is to link up the signal "large
accident" with the condition that the level in the TF 10 system buffer tank is
changed. This requirement also results from the level 1 PSA study as necessary for
the reduction of the risk of an RCP sealing break.

(c) Assessment of the installation of the motor operated valves or check valves at the
drainage line from the RCP board A, B 301 to the SG room. In the case of medium
leakage to the reactor coolant pump deck the check valve will be opened by the
medium column or motor operated valves automatically. In the case of leakage from
the reactor coolant pump seal coolant the leakage from the deck will be prevented
by the valve opening and the valve closing on the primary circuit floor drainage, so
the coolant from the reactor coolant pump deck will pass into the SG box.

Water make-up pumps are fed from the emergency bus sections according to the original
project. In the case of the loss of AC power (black out) and diesel generator start up, they
are not automatically started but the operator has to start them. This problem is satisfactorily
solved in the operating procedures [66].

In Russia, experimental studies were done for WWER-1000 pump seals. They showed that
after 24 hours of loss of power the leakage does not exceed 50 liters per hour. Since the
sealing system in the WWER-440 pumps is similar, the designers performed a calculation
of the temperature fields in the WWER-440 pump sealing for Kola to see if they are the
same as in WWER-1000 units. The results were positive. This indicates that the pump
sealing system used in WWER NPPs is superior to that used in western plants. However,
although the test results are positive, the company which had performed the tests admitted
that during the tests the environmental conditions had not been representative of DBA
conditions [85]. The documents on the tests were sent to EDF and IPSN which are currently
analyzing them.
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Loviisa: The power is supplied from diesel generators and from a battery set. Provisions have been
made to drain the water from the pump motor room to the sumps.

Mochovce: The RCP sealing system is supplied with electrical power from DGs. Measure (2) is under
consideration. There are also additionally installed back-up cooling lines to each autonomous
circuit from make-up pumps. A system to collect the leakages and reinject them into the
sump is being designed. No decision has been taken yet as to the need of its implementation
([31], section 3.9).

Paks: Measure (1) is under consideration.

Rovno: The probability of blackout for 1 hour is evaluated at 102/year. The utility intends to install
an additional diesel and to back-up automatically the make-up pumps. Also, the isolation of
the make-up system is no longer done in case of high pressure in the containment ([33],
page 11/15). The results of the tests done for Russian WWER-440 units are applicable to
Rovno NPP. As they showed that the damage to pump seals even after 24 hours loss of
power is small, the safety significance of the initiating event is much reduced. Concerning
the risk of losing water outside the confinement, the utility considers that the pressure raise
following a large leak in the motor room will break the seal between the two compartments
(external seal along the primary pump shaft) and that the water will consequently flow to the
hermetic compartment ([33], page 11/14).
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REVIEW AREA/ISSUE NUMBER: Systems 4

ISSUE TITLE: Pressurizer safety and relief valves qualification for water flow

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Safety and relief valves are considered as qualified for steam-water mixture and water flow.
The manufacturer of the valves for the pressurizer (both safety and relief) confirmed in
technical specification their qualification for steam water flow.

Dukovany: Qualification of pressurizer valves for steam-water flow should be performed during the
ongoing overall qualification programme.

Loviisa: The valves will be replaced by ones qualified for steam-water flow in 1996.

Mochovce: The qualification of pressurizer safety valves for steam-water mixture and water flow is
expected to be confirmed by the manufacturer.

Paks: The conclusions of AGNES project are that the pressurizer safety valves should be qualified
for water-steam flow. The relief valves existing in Paks are of such a low capacity that they
can not be effectively used for RCS depressurization.

Rovno: There are two safety valves on the pressurizer, designed to carry water, but no proof of their
qualification has been shown ([33] para 11.2.4). It is planned to exchange the valves for
ones which will be qualified, and to perform analyses of piping strength in case of steam-
water flows.
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REVIEW AREA/ISSUE NUMBER: Systems 5

ISSUE TITLE: ECCS sump screen blocking risk

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

The status of the first three measures in the plant is are follows:

Bohunice

Dukovany

Kola

Loviisa

Mochovce

Paks

Rovno

Measure 1

no decision yet

under design

under design

done

no decision yet

under design

Measure 2

no decision yet

under design

under design

done

no decision yet

under design

Measure 3

no decision yet

under design

under design

done

no decision yet

under design

?

Bohunice:

Loviisa:

Mochovce:

Paks:

New insulation material (glass wool) with more resistant construction is used. Testing of the
behaviour of this material under LOCA conditions is under preparation. The actual surface
of the filter is about 25 m2 [62].

The water collecting at the floor of the containment building is directed to two sumps from
which it is pumped back to the reactor and spray nozzles after the emergency make-up tank
is drained. After the event in Sweden, a decision was promptly made in Finland to increase
the screen surface of sumps at the Loviisa units. The entire sump structure of both Loviisa
units was re-designed. The sumps are now fitted with hundreds of filtering units through
which the flow to the sumps is passed. The sumps have been divided into two compartments:
water which cools down the containment building is recirculated via one compartment and
water which cools the reactor via the other. Both coolant circulations have their own,
independent filtering units. The filtering units are cleaned of crushed insulation material
collecting on their surfaces by flushing with pressurized nitrogen. Performance of the new
filtering units and of their cleaning flow has been examined experimentally. These
modifications made the new filtering surface about 20 times larger than the old filtering
arrangement [87].

The sump houses are partly protected by the geometry of the building. There are three
sumps, interconnected so that, in the case of clogging one of them, the other one or two can
supply the water to the ECCS intake lines. The overall capacity of the sumps is chosen with
a large safety margin, so that even if two other are lost and third operates only at 50% flow
the ECCS can work successfully. The system of sieves is designed to stop the particles
which could clog the narrowest passages in the core, i.e. particles of 2.5 mm diameter. The
outer sieve has a 10 by 10 mm mesh with wire of 2 mm diameter and the inner sieves have
2 by 2 mm mesh with 0.6 mm diameter wires. Results of tests and calculations are necessary
to judge the situation.

Measure (4) has been rejected, others are being implemented (point 3.2 (5) of [34]).
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Rovno: It is planned to construct protective sieves on containment sumps. According to the design
prepared by the chief designer, the protective house will include three sieves, the outer
having holes of 3 mm diameter, the middle one - holes of 2 mm and the inner sieve
provided with holes of 1 mm diameter. The height of the housing will be 530 mm from the
floor of the containment [15]. The replacement of the insulation material on the primary
circuit is being considered.

The possible supplementary improvements of filters construction are being considered. In
accordance with the programme of safety improvement, the replacement of insulation of
systems of primary circuit with the use of material which does not break into fine fractions
under LOCA is being considered [67].
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REVIEW AREA/ISSUE NUMBER: Systems 6

ISSUE TITLE: ECCS suction line integrity

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: The sump suction line is a single pipe. So far neither design changes (installation of a double
line) nor extended non-destructive periodical controls are planned. Based on available
information the probability of a large break of the suction line is considered very low - in
the range of beyond design basis accidents.

Dukovany:

Kola: No special control is needed according to Russian regulations. The pipes are made of
stainless steel.

Mochovce: The sump suction line is made as a double line, which however does not include the sump
flange nor the isolation valve. In view of its robustness ( 630 mm diameter and 8 mm
thickness of the wall of the inner pipe), high quality of material and small pressure
differences acting during LB LOCA (short time overpressure of 0.15 MPa) it is agreed that
the programme of periodical inspections and tests can be accepted as sufficient. However,
the existence of a small diameter pipe connected to the large diameter sump suction line in
the lowest point creates hazards. This small diameter line was constructed in the effect of
design changes introduced to provide alternative after cooling system for the core and as far
as known exists only in Mochovce NPP. The decision as to the way of preventing the
potential hazards due to the existence of this pipe has not been taken yet ([31], section 3.5).

Paks: It is the opinion of Paks specialists is that the pressures and temperatures are so low that no
break is possible.

Rovno: There are three parallel lines from the containment sump to the ECCS LP pumps. The non-
isolatable sections are provided with a double jacket ensuring leaktightness of the
containment up to the body of the isolating valve. However, the main aim of this is to avoid
significant thermal expansion. There is no monitoring of leaktightness of the main suction
pipe during normal operation. Moreover, small pipes are connected to the main suction pipe
but they are not provided with double envelope ([33] p 11/20).

According to the opinion of Rovno NPP the high requirements to the design of the piping
(materials, design pressure, etc.) in connection with low pressures and temperatures expected
during an accident indicate that the probability of the piping being damaged is small [67].

In other NPPs the sump suction lines are periodically controlled during testing of the ECCS.

196



REVIEW AREA/ISSUE NUMBER: Systems 7

ISSUE TITLE: ECCS heat exchanger integrity

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice:

Dukovany:

Mochovce:

Loviisa:

Paks:

Rovno:

No measures have been implemented yet.

Measures have been taken to reduce the possible fouling rate and therefore the plugging
probability. The boron content in the ECCS side of the heat exchanger is monitored and
recorded once per shift. The level of water in ECCS tanks is also monitored. Since both
these parameters would be very much changed in the considered cases, the risk of unnoticed
leakage is of very low probability. (No system modifications have been decided yet.)

There are intermediate cooling circuits, which cool the heat exchangers of the low pressure
safety injection system. Due to the safety significance of the systems they are equipped with
adequate instrumentation to detect possible leaks during operation [65].

Improvements are planned.

There is no reliable device to detect loss of the heat exchanger leaktightness. As service
water system is a semi-open system with spray pools, the option of detecting easily leakage
by measurements of the decrease of water level in tanks is not available ([33] p 11/9).

The NPP conducts monitoring of activity in the technical water periodic control of changes
of pressure drop in the heat exchangers on service water side. Water dump from the system
of spray pools is not planned.
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REVIEW AREA/ISSUE NUMBER: Systems 8

ISSUE TITLE: Power operated valves on the ECCS injection lines

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice/Dukovany:
There are two quick-acting air operated isolation valves on each injection line. The valves
are reported to be designed for LOCA conditions.

Kola: Both the valves inside and outside the containment are closed, which is required by Russian
standards. The tests of the reliability of opening of those valves are regularly done [65].

Loviisa: The inner valves are check valves, and the outer valves are normally open.

Mochovce: The proposal of exchanging positions of closed and open valves was formulated by the utility
[35]. No decision has been taken yet ([31], para 1.6.1.2.1 and section 3.8).

Paks: The isolation valves are believed to be reliable enough and resistant to LOCA environmental
conditions.

Rovno: Active equipment as pneumatic valves are located on the two ECCS injection lines of each
stream inside the containment. The pneumatic valves are closed during the normal operation.
The compressed air system is not backed up by diesel generators. Every channel of
compressed air is equipped with a receiver which maintains the pneumatic operated valves
in necessary position during 48 hours. In the case of a total loss of off-site electrical supplies
the availability of the valves is not ensured after emptying of the compressed air reserves
([33] p 11/21).
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REVIEW AREA/ISSUE NUMBER: Systems 9

ISSUE TITLE: Steam generator safety and relief valves qualification for water flow

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Analyses of transients are under way within the IAEA regional project RER/TC/9/004.
Analyses of PRISE are included in the new SAR. Qualification of safety and relief valves
is under consideration.

Dukovany:

Kola:

Loviisa:

Mochovce:

Paks:

Rovno:

The exchange of valves on SG for ones qualified for water or water steam mixture is under
design.

Analyses are done. Another approach was implemented.

The qualification of relief valves or installation of isolating valves upstream of them is
planned.

The replacement of the relief valves by more reliable and qualified ones is being considered
[67].
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REVIEW AREA/ISSUE NUMBER: Systems 10

ISSUE TITLE: Steam generator safety and relief valves performance at low pressure

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice:

Dukovany:

Kola:

Loviisa:

Mochovce:

The possibility of a modification of control units of SG safety valves is currently analysed
by their manufacturer but no information is available so far. In the future each SG is to be
equipped with one steam dump to the atmosphere. Both of these two measures should
provide for depressurization of SGs below 3 MPa [62].

Reconstruction of the signal logic "main steam header break" is being prepared in Dukovany
NPP.

According to the new solution of this signal in the case of a main steam header rupture only
the defective half of the main steam header will be separated and heat removal through the
steam generator safety valve will not be necessary (see Accident analysis 5).

The given problem was already solved by design organizations in the commissioning stage
of the Dukovany NPP. The technical solution for closing valve bypass on the SG steamlines
for the eventual connection of the selected SG to the operating part of the main steam header
and heat removal was worked out. Realization of this solution is planned [63].

Implementation underway.

In order to provide residual heat removal in the case of loss of all systems of feeding water,
a technical design has been prepared for a system of emergency feedwater which involves
exchange of relief valves on steam generators. The new valves are designed to operate at
required pressure with steam, steam-water or water flow, etc. [64].

Completed.

Each of the 6 main steamlines is equipped with a secondary pressure control system which
consists of:

Three safety valves which protect against exceeding the permissible pressure on the
secondary circuit side:

total output 450 t/h;
opening pressure, 5.66 MPa resp. 5.77 MPa;
closing pressure, 4.71 MPa resp. 4.90 MPa

Control: pneumatic - automatic from the pressure in the steamlines.

Two relief valves which secure the heat removal from the SG by a steam exhaust
into the atmosphere. One automatically controlled relief valve on an SG is sufficient
for heat removal. The second relief valve which is remotely controlled by an
operator is initiated to function in case only one SG is available for cooling down
or according to the needs when the automatically controlled valve fails.
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Any of the relief valves can be switched over to the automatic mode:

output pressure, 200 t/h;
regulated pressure, 4.62 MPa (adjustable);
closing pressure, 4.52 (adjustable) [66].

Paks: Implementation underway.

Rovno: Measure under consideration in relation to the qualification aspect (S10 [67]).
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REVIEW AREA/ISSUE NUMBER: Systems 11

ISSUE TITLE: Steam generator level control valves

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Replacement of feedwater control valves already done.

The control valves in the feedwater system have been exchanged in 3 out of 4 units.Dukovany:

Kola:

Loviisa:

Mochovce:

Paks:

Rovno:

To improve the operation of the control valves in the period of the unit shutdown for
refuelling, the inspection of the power supply controls is performed as well as preventive
repair in order to assure design characteristics of the controls.

To reduce the number of actuations of protective interlockings of emergency protections
under transients as the SG level increases, the range of the boiler water level control was
expanded by the results of the experiments performed on measurements of steam moisture
at the steam generator outlet.

It has been planned to exchange the control valves during the exchange of the whole system
of steam generator water level control [64].

There have been no problems with the feed water control valves [65].

There is essential modification of SG level control and feedwater supply control. There are
two SG water level controllers, the basic one and the start-up one, which are used depending
upon SG operation conditions. The feedwater pump hydro-clutch controller has a capability
to operate in two modes:

To maintain the most open SG feedwater control valve at the settled position.

To maintain the pressure difference between the main feedwater and the main steam
manifolds. This modification enables the decrease of delta P on the main feedwater
control valves and the increase of more reliable operation of these valves [66].

Planned.

The installation of an improved control valve is planned.

202



REVIEW AREA/ISSUE NUMBER. Systems 12

ISSUE TITLE: Emergency feedwater fast make-up procedures

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Procedures for replenishing emergency feedwater storage tanks under conditions of extended
loss of AC power or after a seismic event will be prepared within the accident management
procedures whose evaluation should be started by the end of 1995. Currently the volumes
of stored water available for residual heat removal are considered sufficient for all design
basis accidents [62].

Dukovany: The situation is solved by operating procedures, the time for handling is long enough. At
present, new EOPs according to Westinghouse methodology are elaborated [63].

Kola: According to the design the reserve of feedwater consists of two tanks of 1000 m3.
each.There is a line of water supply to these tanks from the tank of demineralized water.

According to the new design of emergency feedwater system two more tanks of feedwater
for EFWS are provided. There is also a provision of water supply from the demineralized
water tank and from clean condensation tanks to the EFWS tanks. The new system is
spacially separated, has an independent power source and will be sufficient for heat removal
from the core during 24 hours. The analysis of the situation which will exist after
implementation of the new desion has confirmed that the foreseen measures are sufficient
to provide reliable residual heat removal [64].

The problem of the possibility of the reactor plant cooldown for the case of loss of normal
power supply is being studied taking into account the relevant changes and amendments to
the design.

Loviisa: The total volume of water in emergency feedwater storage is sufficient for decay heat
removal during several days after reactor shutdown. Emergency feedwater storage tanks
have connections to the demineralized water system [65].

Mochovce: There are three super emergency feedwater systems for each unit, each of them supply water
to the steam generators by separate feed lines from demineralized water tanks, 3 x 700 m3

for each unit. Current storage tanks capacity enables the unit to be brought to a state of safe
shutdown in all operating conditions where the super emergency feedwater system is called
into service.

The different means of resupplying the tank were defined in descending order of priority:

2 x 700 m3 from the tanks of the other system trains;
4 x 710 m3 from demineralized water tanks located in the demineralized water
station;
4 x 6000 m3 of raw water close to the demineralized station (e.g. by fire fighting
truck) with the help of flexible fire coupling connected to the station common to all
tanks [66].
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REVIEW AREA/ISSUE NUMBER: Systems 13

ISSUE TITLE: Feedwater supply vulnerability

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Same as Mochovce, except number of pumps: 2. However, the change of routing is not
decided yet.

Dukovany: According to PSA-1 study results of Dukovany NPP, the consequences of flooding, pipe-
whipping and internal missiles in the case of pipe rupture in the longitudinal building on
floor 4-14.7 m are of dominant influence. The risk of these events exceeds by one order of
magnitude the risk of all other initiating events. The following measures are planned:

(a) Moving the section header of the emergency feedwater pumps and feedwater
pipelines to other rooms.

(b) Stress analyses of piping, calculations of reactions in case of a line break and
proposal of remedial measures (whip, limiters, supports, intermediate wall between
reactor units, etc.).

(c) Calculations of environmental parameters upon an accident and exchange of the
unqualified parts of equipment for those resisting an accident environment in case
of break of some pipelines at this place (equipment qualification).

(d) Measures against water leakage into the rooms of the electrical and control systems
(safety class 2 and 3 safety systems). In the case of water leak in the longitudinal
building onto the floor +14.7 m a water leak into the safety class 2 and 3 safety
systems room can occur due to the lack of leaktightness of the floors. This could
lead to the failure of a part of the electrical and control system equipment. This
situation is solved, on an interim basis, by the installation of the roof above the
switchboard.

(e) Quick acting valve and steam generator safety valve protection against mechanical
effects [63].

Kola: Additional EFWS will be installed in a separate building (3 pumps for 2 units feeding 3
steam generators per unit).

Loviisa: EFWS is placed in its own building. It has its own water supply, two diesel-driven pump
units and its own separate pipelines direct to the steam generators of both units. If
necessary, water can be fed both to Loviisa 1 and 2 by using either diesel pump. At both
units, the EFWS water is fed to four steam generators via the drainage nozzles in the bottom
of the steam generators. The required water is drawn from the already existing pure
condensate storage tanks near which a separate back-up emergency feedwater pump station
has been built [90].

Mochovce: EFW pumps (3) and tanks (3) are physically separated. They are located outside the turbine
hall. Feedwater pipes run in the turbine hall (14.7 m level) in close proximity to the steam
lines but components for 2 groups of 3 SGs are separated by distance. Therefore, the
damage of the whole normal FWS by steam line break is prevented. However, EFWS lines
are located together and are thus in danger of break after the steam line break and pipe-
whip. Piping layout will be changed so that the EFWS is fully separated from high energy
systems ([31], page 1.6-4).
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Paks: Rerouting of EFWS is under design (point 3.2. (1) of [34]) and will be ready for
implementation in Units 1-2 in 1996, in Units 3-4 in 1997. The new location of pumps is
at - 6 m level, under bubbler condenser tower. The system should be seismically resistant,
with 2 separate lines, with additional water inlet from clean condensate tanks in auxiliary
building.

Rovno: At present the different alternative designs of siting the emergency feed pumps in the reactor
compartment and the organization of closed circuit of cooldown are being considered [67].
According to one of the proposals three EFW pumps will be relocated inside the reactor
building and take suction from a new condenser and recirculate water in closed loop.
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REVIEW AREA/ISSUE NUMBER: Systems 14

ISSUE TITLE: Main control room ventilation system

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: The same situation as in Dukovany NPP.

Dukovany: There is a ventilation subsystem which maintains slight overpressure in both MCR and ECR.
No installation of filters for halogens or radioactive particles is planned, since such filters
would be needed only under severe accident conditions and their probability is considered
very low.

The glass panes in the windows are just ordinary glass, without any special measures taken
for the improvement of their resistance to external hazards.

Kola: Planned

Loviisa: Done

Mochovce: A complete filtering system will be connected to the main control room as a protection
against an external radioactive contamination, the system will include intake iodine filters
and high efficiency particulate aerosols filters and provide clean air both to the main and
emergency control rooms ([31], para 1.6.1.2.2).

Paks: Planned

Rovno: In the case of a fire in the turbine hall or in adjacent rooms, the smoke can not get into the
control room due to the permanent air overpressure of about 25-28 Pa. This overpressure
is kept up due to the inlet air flow being higher than the outlet air flow of the ventilation
system. This has been achieved by changing the construction of ventilation lines and
modifications in the system of air supply and distribution in the main control room and the
adjacent rooms [15].

Similarly after creation of unfavourable radiological situation there will be no penetration
of aerosols into the MCR.

Installation of filters is planned [67].
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REVIEW AREA/ISSUE NUMBER: Systems 15

ISSUE TITLE: Hydrogen removal system

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Appropriate measures will be taken after completion of beyond DBA analyses.

Dukovany: Design with catalytic hydrogen recombiners has been completed.

Loviisa: Containment is connected to the gas treatment system so that gases can be circulated through

hydrogen recombiners. In addition there are many igniters for burning. Catalytic
recombiners are under consideration.

Mochovce: Aluminum covers on thermal insulation blankets of the RCS have been replaced with
stainless steel covers.

Paks: In unit 4 the insulation cover has been made of stainless steel since the start-up, the
exchange of cover material in other units is going on. Installation of passive catalytic
recombiners is planned.

As stated in AGNES project conclusions (p 17 [19]), hydrogen generation was not taken into
account in the plant design. In view of the possible generation of gases in the RPV the
establishment of a gas removal system in the RCS is necessary. Moreover, since a
considerable amount of hydrogen develops in the containment in LOCA conditions a
hydrogen removal system should be established there as well. This measures is categorized
by the project as absolutely necessary (point 3.2 (4) [34]). The measure is in the stage of
tendering.

Rovno: The design for hydrogen recombination has been prepared. It has not been implemented due
to the fact that the plant could not buy catalytic hydrogen recombiners [15].

Compensatory measures to remove the medium from the confinement to the existing system
of hydrogen ignition are envisaged [67].
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REVIEW AREA/ISSUE NUMBER: Systems 16

ISSUE TITLE: Primary circuit venting under accident conditions

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice

Dukovany

Kola

Loviisa

Mochovce

Paks

Rovno

Measure 1

under design

implementation underway

completed

completed

completed

under design

completed

Measure 2

completed

completed

completed

completed

completed

under design

completed

The "front end" of the system, i.e. the connections to the RPV and SG collectors are the same in all plants
(WANO, T.2.3 [11]).

In the selection of input measurements for saturation margin determination there are some differences. Some
plants prefer to use the in-core monitoring system temperature signals, other will use hot leg temperatures
(WANO, T.2.4 [11]). In Hungary, studies are underway to determine the optimal actuation signal.
Preliminary results indicate that a sub-cooling type signal would open the vent unnecessarily early. It is
under investigation whether a low primary pressure signal (close to the value where hydroaccumulators are
emptied) would be satisfactory. In Finland the venting is actuated when the hydroaccumulators start to
deliver water to the RCS.

Kola/Mochovce:
The vents are also connected to the pressurizer relief tank.

Loviisa: The venting is actuated by the operator when the hydroaccumulators start to deliver water
to the RCS.

Paks: The regulatory authority requires to elaborate the concept of hydrogen treatment inside the
containment prior to the authorization.

Rovno: The system of emergency gas removal from the reactor upper plenum uses the deaeration
line of control assembly ARK 12-43. The system of emergency gas removal from primary
collectors of steam generators is based on the deaerators foreseen in the original design. The
lines from both these subsystems are connected to one pipe, leading into the relief tank of
the pressurizer. The operation of the system can be initiated by the following signals: reactor
pressure drop below 85 bar; pressure increase in the steam generator compartments above
0.1 bar; water level drop in the pressurizer below 2750 mm:

The capacity of the blow out line is 0.01 kg/s [15].
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In order to measure the saturation margin, the temperatures in the hot legs of the RCS are
measured by means of thermocouples and the corresponding signals are transferred together
with the signal of RCS pressure to the reactor protection system based on the system of
technological control of reactor parameters. The value of saturation margin is shown
graphically and numerically on a computer display visible to the operator. The frequency
of margin measurements is 0.1 s. If the saturation margin drops below the pre-established
value, a signalization lamp is switched on the control panel [15]).
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REVIEW AREA/ISSUE NUMBER: Systems 17

ISSUE TITLE: Essential service water system

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Measures under design

Dukovany: Seismic resistance of the system has already been checked. Modifications will be performed
within the framework of the equipment qualification programme [63].

Kola: To check (but seismic risk negligible)

Loviisa: No seismic risk.

Mochovce: Service water system has 3 fully redundant and separated trains, seismically qualified [35].

Paks: The analysis of separation and redundancy is completed except for seismic protection. The
evaluation of seismic resistance has been performed for preliminary assumed pessimistic
earthquake level.

Rovno: The system includes 3 parallel trains with 2 pumps in each train, while the operation of 1
train with 1 pump is sufficient. The pumps are located in one common building, and divided
with fire proof partition walls.

Thus the system is resistant to common cause failure due to fire and flooding, but can be
lost due to earthquake or airplane crash.

The spray pool is common for both units. Its capacity is 4500 m3. A make up system (two
channels) common to the three streams is used to compensate for the losses due to
evaporation. The water intake is 3 km away from the plant and the make-up pumps are not
backed up by diesel generators. In case of loss of the make up system the spray pools ensure
the heat removal during 30 hrs under extreme summer conditions without exceeding a
temperature of 33°C (max. allowed) ([33] p 11/48).
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INSTRUMENTATION AND CONTROL

REVIEW AREA/ISSUE NUMBER: Instrumentation and control 1

ISSUE TITLE: I&C reliability

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Evaluation of existing I&C is underway as part of PHARE EC/ENE/15. I & C replacement
extent, control room upgrading and actuator upgrading is being addressed as part of the
evaluation. Implementation will be done in planned steps during 5 years.

Dukovany: Evaluation of existing I&C as part of PHARE EC/ENE/15 same as Bohunice. Implementa-
tion will be done in planned steps starting 1998 until 2003. PSA-level 1 has shown that the
I&C does not give significant contribution to core damage.

Kola: An international team has prepared plans for replacement and modification of architecture
to fulfill the new Russian requirements and to follow the international practice.This analysis
was performed within the framework of a TACIS-92 program jointly by EDF, Merlin Gerin
and Russian organizations, namely Gidropress, Rosenergoatom and Atomenergoprojekt. A
digital system is proposed to replace the old analog one. One of the main modifications pro-
posed is integration of the reactor trip system (AZ) and the ECCS actuation system (ESFAS)
in the same set of equipment and providing them with three independent trains with 2 out
of 3 logic. Replacement of electrical part of RTS, replacement of neutron flux monitoring
and improvements of computer system are planned.

Loviisa: I&C equipment are western technology products except RTS components. Redundant I&C
systems are physically and electrically separated from each other but they exist in the same
fire department. In order to make the RTS more reliable its limit value monitors and time
relays and transmitters were replaced. Also, other reactor scram switches were added and
placed in another fire department. The cables of these switches have been separated from
RTS rooms. Reactor scram with new switches is realized manually in the main control
room. LOCA resistant cables, sensors and motor actuators were installed inside the
containment instead of the original low quality equipment. Containment penetrations have
also been replaced for safety-related objects [65].

Mochovce: Replacement of I&C equipment including ESFAS has already been done. A comprehensive
assessment of reliability will be done of a new reactor trip system after additional
adjustments are completed at PAZ [66].

Paks: Evaluation of the extent of replacement of the overall I&C is planned for medium term.

Replacement of a large part of sensors, among them of pressure and pressure difference
sensors for Rosemount transmitters.

Rovno: The relay scheme of safety signals generation has been dismounted and replaced with a new
system. The main features of the new system are:

Transmission and acceptance of signals from operational sensors in the form of
frequency signals, which practically prevents any influence of industrial disturbances
on measuring channels.

The units of storing, logical processing and display of parameters are built on semi-
conductor basis, using integral microcircuits and process the measured parameters
in numerical mode.

211



The system ensures:

Presentation of information on margins to emergency settings in analog mode.

Numerical presentation of information about the actual value of the controlled
parameter and the corresponding value of the emergency setting.

Generation and display on the operator control panel of the signals of failures,
verification and excessive values of controlled parameters for each unit of
parameters storage and processing.

The system provides logical processing, temporary storage, interlocking of initial signals and
generation of signals for reactor scram [15].

Presently it is being considered whether the system ASUTP should be reconstructed using
the new equipment developed in Ukraine.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 2

ISSUE TITLE: Safety system actuation design

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice:

Dukovany:

Kola:

Loviisa:

Mochovce:

Paks:

Rovno:

ECCS actuation circuits do not comply with the fail-safe principle. Nevertheless, PSA
proves that the core damage contribution due to the failure of these circuits is not significant,
due to the 300% redundancy of the ECCS. The requirement of applying a fail-safe logic
could be considered only within (or after) an overall upgrading of I&C with a significant
improvement of the reliability of components, because of the necessity to avoid spurious
ECCS actuations. Existing design is in this respect more tolerating [62].

There are two subsystems within each train of safety systems actuation and three independent
trains, which provide six redundant channel sensors. The NPP Dukovany experts observe
that the principle of "energize to actuate" used for ECCS logic should not be considered as
a shortcoming, since spurious ECCS actuations due to the "fail safe principle" would not be
good for safety either [97].

Reliability analyses of the RTS systems, ESFAS and steam generator protections were
executed in the scope of a PSA project. The systems fulfill demands given in point 3 of the
recommendations. Their reliability is by one or two orders higher than the reliability of
technological systems being started and contribution to the risk is negligible. However, PSA
study conclusions concerning hazards and operational experiences show the possibility of
failures because these systems are placed in rooms exposed to the danger of internal flooding
and fire. Also the criterion of one mistake in the AZ1 chain was analysed in detail and an
improved arrangement was suggested (the results were presented at a PSA technical
committee in 1994 at Szentendere and are given in publication of lectures). This solution will
probably not be realized first of all because the reliability of the RTS system as a whole is
sufficient when AZ1, AZ2 and AZ3 are considered [63].

A proposal for the replacement of all I&C equipment has been prepared by Russian and
French specialists.

There is prepared a complete design of the exchange of all safety related equipment for a
new structure with three parallel redundant and fully independent trains of RTS.

RTS is under evaluation. Modifications are assumed in the section PAZ in view of a
physical separation; providing a power supply independence of AKNP, AKTP and ALOS
trains. Modifications are also proposed for switcher construction in the RTS [66].

Evaluation of proposals for the replacement of the RTS is under way.

The exchange of elements of the system for RTS actuation mentioned has been realized
without changing the structure of the system. Thus, the previously existing concerns about
the architecture of PAZ and generally RTS have not been removed.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 3

ISSUE TITLE: Review of reactor scram initiating signals

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

New reactor scram signal "low level" in two SGs has been introduced in all NPPs with WWER-440/213
reactors.

Bohunice:

Dukovany:

Kola:

On-going revision of SAR (from 1994) triggered by the change in methodology of analyzing
accidents and redefining the success criteria from the part of the regulatory body, has
already revealed a necessity to include additional scram signals AZ1 provided AZ2, 3 and
4 are no longer taken credit for. The new methodology adopted is in accordance with the
draft methodology of analyses, prepared by the IAEA expert group in the frame of
RER/09/004 project. Revised SAR has not been completed so far [62].

Steam activity will be continuously measured by means of N16 activity, but the resulting
measurements will be provided to form an alarm, not the reactor scram signal.

Introduction of DNBR criterion seems unnecessary in view of the difficulties in calculating
DNBR and of large safety margins inherent to WWER-440 units in this respect.

The AZ2 and AZ3 functions are considered as protection functions by the original Soviet
designer (LOTEP). It is considered to remove AZ2 signals and to add to AZ3 signals the
provision, that in the case of AZ3 signal persisting for a predetermined time the AZ1
protection signal will be generated.

A change in the criterion of reactor trip in the case of "last operating turbogenerator trip by
the stop valve closing" was realized in 1994 such that the reactor shutdown would follow
if the reactor power before the turbogenerator trip was above 55% and not above 30% as
until now. The change was approved by the Czech State Office for Nuclear Safety.

Two more changes in trip signals are considered. One is connected with unallowed water
level increase in the steam generator which initiates the trip of the turbines and in
consequence the trip of the reactor. This has been the reason for many unnecessary reactor
trips. The other is connected with protection of the primary system against excessive cooling
at high steam consumption. The analyses are under way [97].

Inadequacy of the signal of steam header rupture has been indicated [89]. Modification of
this signal is considered.

Reliability analyses of RTS, ESFAS and SG protections were executed (for results see I&C
2). According to the thermohydraulic analyses at least two emergency signals operate after
every initiating event. According to the results high pressure protection in the main steam
header will be added and some other corrections will be introduced [63].

The list of PIE and the list of reactor scram signals are being analyzed within the framework
of TACIS-92 programme. It has been proposed to add the following signals to initiate the
reactor scram of AZ1 kind:

pressure increase in the RCS coolant at the outlet from the core;
RCS coolant temperature increase;
decrease of saturation margin (difference between saturation temperature and the
maximum RCS coolant temperature);
increase of steam activity.

214



The list of these additional signals will be finally determined after the computational analyses
have been performed.

Loviisa: High primary pressure scram signal has been introduced. A new reactor scram and steamline
isolation signal has been introduced on low steam collector pressure [65].

Mochovce: The proposals of additional reactor trip signals are under consideration and could only be
implemented after a general re-evaluation of postulated initiating events of accident analyses
(parts 1.6 and 1.2.1 of [31], [66]).

Paks: On the base of the results of safety analyses performed within the framework of AGNES
project, a set of additional analyses is now under way to define the missing scram
parameters for each PIE. AGNES project was performed on the assumption that AZ2, AZ3,
AZ4 signals are neglected and all PSA results are based on the assumption that only AZ1
is available.

The following supplementary protection were proposed, based on DBA analyses:

introduction of the "high pressure in the primary system" signal (according to RIA
analyses, in certain control assembly withdrawal cases only the 110% power level
gives an AZ1 signal which is not satisfactory);

the "pressure difference between steam collector and steam generator > 5 bar"
signal does not fulfill the steam generator isolation task assuming single failure and,
moreover, the signal is not generated in case of feedwater line or smaller steamline
breaks. It is not a reactor scram signal, but it fulfills a protective role. Since the
protection signal from the pressure gradient of the steam collector is not generated
in any case mentioned above, it is suggested that a supplementary signal be
introduced from the "low pressure of steam collector" which would provide the
steam side isolation of every steam generator.

The diversity of protection signals was analyzed by supplementary investigations. It seems
to be necessary to introduce an additional protection signal, besides the high pressure in
primary system signal:

DNB signal, providing an additional, diverse protection signal for certain incidents,
based on the appropriate evaluation of primary system temperature increase, caused
by the active core [34].

Rovno: After completion of a safety re-evaluation report for Rovno NPP the necessity of additional
signals of emergency protection will be considered [67].
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 4

ISSUE TITLErHuman engineering of control rooms

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: SPDS have been installed in units VI (with 230 reactors) but the units of the V2 group with
213 reactors are in a similar situation as Dukovany. EOP have been already reoriented on
symptom oriented procedures.

Dukovany: The assessment and proposal for the reconstruction of the process computer based
information system is being carried out within the scope of the Phare programme. It is
planned to be accomplished within the framework of modernization of the whole I&C
system.

In the beginning of 1989 the requirements were formulated to the basic operator support
systems, which must operate in real time and could be utilized by the main control room
operators. The first phase of project resulted in the development of system for monitoring
the nominal operation and the "unit shutdown" software product. Both are intended for the
reactor unit manager.

The project on building up an all-plant information system, including the operator support
systems and features of technical support center, is in progress.

Information collecting and recording system URAN fulfills its tasks satisfactorily, with only
one failure of both computers in one unit during all the time of operation of Dukovany NPP.

SPDS is planned to be installed within the framework of modernization of the whole plant.

Emergency operating procedures (EOP) are being reworked, will be based on symptom
oriented procedures of Westinghouse [97].

Kola: A number of important decisions were taken in Russia, promoting the implementation of
SPDS on all WWER units, including Kola 3,4.

The "Concept of Information Support for the Main Control Room Operator on Operating
NPP" was released by the Russian National Utility Organization concern ROSENERGO-
ATOM in 1993. Currently, the next document on the basic requirements to SPDS is being
prepared.

According to the national utility crisis center concept, SPDS is considered as key source of
information on three levels of crisis management system: on the power unit level, NPP level
and crisis center level.

Along with the creation of a national utility crisis center, SPDS development is stimulated
by the implementation of symptom based emergency procedures on Russian NPPs. A
decision on this was taken by ROSENERGOATOM in 1990.

As SPDS development and creation of a national utility crisis center go in parallel, common
requirements for man-machine interface and functional specifications for SPDS are being
developed.

Loviisa: All proposed measures have been implemented.
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Mochovce: In Mochovce NPP the information is presented to the operator using modernized and
computerized means. The man - machine interface is well organized and provides good
presentation of information to the operator. The emergency operating procedures are being
prepared.

Rework of the EOPS is being decided upon. Within a planned scheme of an emergency
automated information system (EAIS), introduction of a safety parameters display system
is planned for the needs of the MCR operators, and the emergency control center (ECC).
The following standards will be applied IEC 960, NUREG-0835, IEC 880 [66].

Paks: The units at Paks are equipped with a VERONA type SPDS based on a Hungarian computer
and two CRT displays. The six global parameters are shown at the six apexes of a hexagon.
They are:

reactivity;
primary coolant inventory;
primary coolant pressure
core cooling;
primary/secondary side heat transfer;
steam pressure [100].

The original version of VERONA core monitoring system has been upgraded recently on
units 2 and 3. The basic incentive of upgrading the system was to develop a completely new
system which is highly modular and open to other interfacing systems and for further
developments. Its modularity makes it easy to replace or modify the internal core monitoring
algorithms and graphics interface.

The inherent services of the VOX system, incorporated in the new version VERONA-u,
allows to integrate SPDS functions quite easily. An advanced operator support system should
incorporate the on-line core monitoring, the SPDS, the transient management support, on-
line operational manual, maintenance scheduling and management, etc. Since the whole plant
information system is based on a consistent environment, OSS will form an organic unity.

The VERONA-u system will be extended by a strategy generator module in the very near
future. Such system will include the pre-calculation of a planned transient providing the
operator with the necessary control actions as function of time. The system is also planned
to assist the operator in finding the optimum control sharing between the control rods and
the boration/dilution.

The next step will be a real safety parameter display, which could be realized on the actual
VERONA operator's interface or on dedicated screen, as well. The high reliability and
flexibility of the operating system will provide a good environment for such system [34].

Rovno Installation of SPDS is considered within the framework of the future programme of ESFAS
modernization.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 5

ISSUE TITLE: Physical and functional separation between the main and emergency control rooms

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice:

Dukovany:

Kola:

Loviisa:

Mochovce:

Paks:

Rovno:

The analyses done within the framework of PHARE programme showed that the separation
of the MCR and ECR is a safety issues. It was proposed to install in the ECR switches,
which could turn control of signals to the ECR. This is important in the case of fire. The
ECR is needed in case of fire in the MCR, or if the electrical switching room below MCR
is lost. There is no need to protect the control rooms against a radioactive cloud.The rooms
should be separated, but not necessarily provided with filters at the inlet.

The intakes of air to each control room are separate, but situated close to each other, so in
the case of fire both control rooms can be subject to loss of habitability. The MCR and the
ECR are situated close to each other, so a fire could be a common hazard to both. The
feasibility study of the control rooms separation improvement is being prepared [97, 63].

The work is being done. The separation of electric power supply for valves between the
main and the emergency control rooms is being completed.

The ECR of Loviisa 1 is located at Loviisa 2 MCR and vice versa. Physical separation is
assured. In the original design control signals were going the same routes. New control
cables had to be installed.

The analysis is underway. The emergency operations can be conducted from the ECR, e.g.
spray operation, until the total cooling down of the reactor. But Slovak Regulatory Authority
requires only protection against fire [66].

The MCR and ECR have common ventilation and if MCR were on fire ECR could be filled
with smoke ([33], p 6/35). The fire in MCR was analyzed. Assuming that after the fire the
personnel is obliged to leave the MCR and go the ECR, the analysis showed that there
would be no false signals which could reduce the safety of the plant.

There has been a design decision to separate ventilation systems of MCR and ECR. This
decision is now being implemented. The analysis showed that owing to that the common
cause failure due to the fire will be excluded. The analysis showed also that the flood can
not simultaneously endanger MCR and ECR.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 6

ISSUE TITLE: Condition monitoring for the mechanical equipment

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice:

Dukovany:

Kola:

Loviisa:

Mochovce:

Units 3 and 4 were equipped with vibration and loose parts monitoring systems since the
commissioning stage. Recently the following systems have been installed:

Vibration monitoring for main components (RPV internals, SG, main isolating
valves, RCS piping).

Vibration monitoring for main circulation pumps.

Neutron noise monitoring system.

Fatigue monitoring system.

Systems for vibration and loose parts monitoring were installed and operated on all units
since the plant's commissioning. Further upgrading of these systems is under consideration.

Systems MVI for core barrel vibration monitoring was installed and it is now in the
operating stage. The system uses safe and reliable connection to ex-core chambers of
standard system AKNP-2, under the plant QA programme with approval of the Czech State
Nuclear Safety Office. The system MVI was originally developed and installed by NRI, Rez.

High level diagnostic systems are implemented and operated.

The following systems have been designed:

vibration monitoring of the reactor internals, the core barrel motion, the SG and the

reactor pressure vessel (PC SUS - Siemens);
monitoring of RCP vibration (a VUJE system);
monitoring of acoustic fields in the reactor shaft, the RCP service room and the SG
containment room (a SKODA system).

The new Siemens control system allows the diagnosis of the following; at rotary machines:

control voltage trip of a drive;
power supply trip of a drive;
restoration of control and power supply;
malfunction of 6 kV switcher mechanic controller;
revision position of switcher;
action of an over current protection.

At two position servo drives:

power supply trip and restoration;
valve seizure;
uncontrolled resetting the drive [66].
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Paks: Diagnostic systems are implemented and operated to diagnose primary and secondary main
equipment. At Units 1 and 2 there are vibration diagnostic systems and at Units 3 and 4
vibration and acoustic emission systems.

VERONA follow-up system for reactor core diagnostic has been put into operation as a
result of a long term research and development work conducted by KFKI Atomic Energy
Research Institute. This reactor core diagnostic system functions focuses on monitoring of:

(1) vibration of internal components reactor pressure vessel as fuel rods, fuel
assemblies, control rods, etc.;

(2) core barrel motion;
(3) hot regions of fuel assemblies;
(4) core coolant propagation;
(5) validation of in-core neutron detectors and thermocouples.

Rovno: In Rovno NPP an improved system of vibrations detection in rotating mechanisms was
implemented in 1991. It monitors 450 mechanisms and provides two levels of monitoring,
the first covering all mechanisms and the second providing detailed control of chosen units
[72].
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 7

ISSUE TITLE: Primary circuit diagnostic system

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Units 3 and 4 were equipped with loose parts monitoring system since the commissioning
stage. Recently the following systems have been installed:

leak detection system (ALUS) on RCS (RPV - head, pressurizer, high energy
piping);

leak detection system (humidity monitoring) in SG - compartment;

acoustic emission system;

main steam piping and feedwater leak detection system DAKEL (SGs, main steam
and feedwater pipelines).

Leak-rate monitoring system sensitivity is based on the threshold of 4 1/min leakage
detection. This value is based on the LBB (leak before break) methodology.

Kola:

Loviisa: There are advanced diagnostic systems for vibrations, pressure pulsations, reactor noise and
water chemistry. Reactor discontinuities are monitored by real-time fatigue crack growth
analysis. Leak monitoring for pipes with whip restraints complies with US RG 1.45 [65].

Mochovce: The following systems have been designed:

monitoring system of loose elements of control assemblies drives, pressure vessel
bottom, RCP shell, hot reactor coolant piping at inlet into SG (KUS - 86 M
Siemens);
leak monitoring system for the reactor head, pressurizer spraying, SG shell, cold
reactor coolant piping downstream an RCP (ALUS - 86 M Siemens) [66].

Dukovany: Systems for vibration and loose parts monitoring were installed and operated on all units
since the plant commissioning. Further upgrading of these systems is under consideration.

Paks: At Units 3 and 4 acoustic emission system is operated.

Rovno: Primary circuit leak monitoring is based on the level in the steam generator which drops
quickly in case of leakage. In the case of 0.2 m3 loss in 24 hours reactor shutdown is
required ([33] p 6/3 10).
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 8

ISSUE TITLE: Reactor vessel head leak monitoring system

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: A reactor vessel head leak monitoring system exists and operates according to the original
design.

Dukovany: As in Bohunice.

Kola: As in Bohunice.

Loviisa:

Mochovce: The new leak monitoring system of the reactor head has been designed (ALUS - 86 M
Siemens) [66].

Paks:

Rovno: As in Bohunice.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 9

ISSUE TITLE: Accident monitoring instrumentation

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Implementation under way.

Dukovany: High range radiation monitoring equipment has been installed inside the containment.

Kola: Planned.

Loviisa: Implemented. Post accident monitoring instrumentation has been determined and introduced,
qualified for LOCA conditions. BDBA instrumentation is under design.

Mochovce: A selection and additional requirements on accident and post accident measurement have
been done according to RG 1.97 based on NUREG/CR-5513 within a planned concept of
the emergency automated information system (EAIS) [66].

Paks: Design in progress for high range radiation monitoring inside the containment.
Implementation not decided yet.

Rovno: Accident monitoring instrumentation is planned to be installed within the framework of the
future programme of ESFAS modernization.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 10

ISSUE TITLE: Technical support centre

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: A common Technical Support Center for V-l and V-2 NPPs has been constructed on the
V-l NPP site. The experts and management officials convened to the TSC will have
available all the information presented to the operators in the control rooms by the plant
computer system. The connection of the TCR to the V-2 plant computer should be realized
in 1995-1996 in the frame of a major plant network upgrading [62].

Dukovany: The information obtained at the plant level by the I&C system will be transmitted to the
technical support centre. Presently, diagnostic and prediction software is being prepared for
technical support centre on the NPP level. It will include:

accident information system ensuring the acquisition, processing and transmission
of technological, radiation and other safety important parameters;

system for monitoring the state of the NPP based on the evaluation of critical safety
functions, being prepared on the basis of French and OECD projects [96].

Kola: According to the program GARANT prepared by Kurchatov Institute, every NPP will be
equipped with a well protected local crisis centre, equipped with analyzers of emergency
situations at the NPP level and in the environment. The mathematical models and software
and hardware for the system are under development.

Concern Rosenergoatom is preparing a normative document on SPDS of an NPP for the
crisis centre [104].

Loviisa: The on-site emergency management centre also serves as a technical support centre. The
plant information is transmitted and displayed by a process computer terminal. From about
2000 measurements and some 5000 equipment status information, alarm lists, trend curves,
system displays and history data are provided. The system also monitors the critical safety
functions.

There is also a room next to the control room available for technical support personnel with
plant documentation and communication equipment.

In addition, some analyses can be made at the company headquarters by the engineering staff
who have print outs of selected plant data through a data transmission line [65].

Mochovce: A prepared concept of the EAIS involves a technical support centre (TSC) incorporation into
the emergency control centre (ECC). The major task of the ECC is to help the MCR
personnel, co-ordination and control of working groups inside an NPP in mitigating an
accident. A bound is ensured to an external evaluation centre (see Operation 13) [66].
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REVIEW AREA/ISSUE NUMBER: Instrumentation and control 11

ISSUE TITLE: Water chemistry control and monitoring equipment (primary and secondary)

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice 3,4: Advanced methods and instrumentation for laboratory control of primary and secondary
water chemistry is implemented. On-line monitoring of some parameters (conductivity, pH,
Si) is implemented with output on-line recording. Manual input of laboratory measured data
into PC and their presentation and recording is implemented.

Dukovany: Present state
Continual monitoring of primary and secondary coolant chemical regime is based on projects
for NPP commissioning. Technical level, respectively state of continual analyzers and also
of total continual monitoring used in Dukovany NPP is a consequence of projects, age and
the technical level equipment of that period.

Primary circuit:
In the period of commissioning pH meters and boric acid content meters of Russian, resp.
Polish production were installed in RCS. Because of the high failure rate, unreliability and
maintenance difficulties these meters were put out of operation and were not used for
chemical regime monitoring. Chemical regime inspection and correction is based on discrete
samples manually processed.

Secondary circuit:
Continual analyzers for measuring of specific conductivity, cation exchange conductivity,
oxygen, silicon and sodium concentration were installed in single selected technological
nodes of the secondary circuit. Conductivity measurements are reliable. Silicon measuring
is not used because of its total unreliability. The disadvantage of all continual analyzers
installed in the secondary circuit consists in the impossibility of their connection to a data
collection system. A system of continual monitoring of SG blowdown quality is at present
installed (measuring specific conductivity, cation exchange, conductivity and sodium) with
connection to a technological computer. Besides measured data collection and processing it
also enables diagnostic inspection of analyzers operation (sample temperature and sample
flow inspection). Installation of the systems in all Dukovany NPP reactor units will be
finished by the end of 1995.

Planned improvements
Based on the conclusions of an OSART mission in 1989, the design of a post accident
sampling system is being prepared. This system would be used for routine continual
monitoring of the chemical regime.

Continual measuring of hydrogen and oxygen contents in RCS is considered and it is
proposed to apply continual monitoring of the final ammonia and potassium contents.

In the long term future on-line installation of an ion chromatograph for continual
determination of trace impurities in RCS coolant is foreseen.

Application of continual monitoring of active water treatment in RCS using ion exchangers
in H + , resp. OH- cycle is also considered. It is connected with the measuring of specific
conductivity, eventually cation exchanger conductivity, sodium and silicon concentration.

Secondary circuit:
Design for total reconstruction of sampling and samples processing in the secondary circuit
is prepared (express laboratories reconstruction). Substantial simplification of sampling
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Kola:

Loviisa:

Mochovce:

Paks:

system and applying of continual monitoring of practically all conclusive parameters
influencing the chemical regime is considered (specific conductivity, cation exchanger
conductivity, hydrazine, oxygen, silicon). The new instruments will enable the processing
of measured results. The system of samples processing (cooling, temperature and flow
inspection) is also new.

The measured data of all continual analyzers will be processed and recorded through a
chemistry computer system which will also record and process manually measured values
of chemical parameters, contemplation of executed analyses quality included.

These plans will be implemented step by step according to the amount of available finances
[63].

Primary and secondary water chemistry is maintained in accordance with the requirements
of regulations.

A design has been prepared for the automatic chemical control of the secondary system.It
will be implemented step by step.

Automatic chemical control has been implemented for:

condensate feedwater subsystem- electrical conductivity, sodium content, oxygen
content, pH are measured;
RCS: hydrogen and boric acid content are measured.

It is planned to implement automatic chemical control of blow down water from SG.

Full implementation of the design is being delayed by the lack of a part of instrumentation
for automatic chemical control, which are not produced in the Russian Federation [64].

Laboratories are well equipped with modern instruments and most of the equipment needed
for analysis in nuclear power plants are present.

Over 70 continuously or periodically operating on-line monitoring systems are installed in
primary and secondary circuits and in some of the auxiliary systems.

In the primary circuit, pH, conductivity, boric acid, ammonia, hydrogen and activity are
monitored on-line. In the primary circuits of both units there are installed high temperature
and pressure monitoring systems for pH, conductivity and electrochemical potential (ECP).

The secondary circuit is monitored and controlled by an impressive range of on-line
monitors for conductivity, pH, sodium and hydrazine concentrations. Parameters are
followed in main condensate, feedwater and in the steam generator blowdown system.

The measuring data of on-line monitors is recorded by the process computer of the plant.
Hourly data from the on-line monitors are printed in the main control room once per day.
Laboratory data are listed by the laboratory assistants into the laboratory computer system
and printouts are distributed once per day to the main control room and to the operational
group [65].

On-line measurements of the primary and secondary chemical mode design up to date are
planned to be reconstructed [66].
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Rovno: At present the system of the control of water chemical regime of I and II circuit with use
of measurements of parameters and laboratory control has been realized on NPP.

The introduction of an automated system is planned [67].
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ELECTRICAL POWER SUPPLY

REVIEW AREA/ISSUE NUMBER: Electrical power supply 1

ISSUE TITLE: Start up logic for the emergency diesels

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Completed.

Dukovany: Completed. PSA-1 study results showed that this measure is of high priority (in comparison
with deterministic evaluation) and therefore was realized preferentially [63].

Kola: Under implementation.

Loviisa: Not relevant.

Mochovce: Completed [31].

Paks: Diesel generator control replacement and start-up time shortening planned.

According to AGNES investigations [34], the removal of the artificial high voltage switch-
off is an obviously correct objective. The corresponding core melt frequency contribution
was low compared to other especially high contributions in the PSA. After executing the
most important measures the contribution of this measure would become significant.

Rovno: Diesel controller replaced, start-up time shortened. At present the technical solution for the
change of the logics of diesel start is planned for later, when the reliability of diesel
generator start-up has been confirmed.
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REVIEW AREA/ISSUE NUMBER: Electrical power supply 2

ISSUE TITLE: Diesel generator reliability

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Reliability of DGs is regularly checked, no problems are indicated. As an additional
measure, independent power supply is provided from the hydroplant. The diesels are from
different producers (Russian, Polish), so common cause failure probability is much reduced
[62].

Dukovany: PSA 1 results have shown that the reliability of the diesels must be increased. Moreover,
a possibility of connection to Dalesice hydroplant or to another NPP unit exists.

Dukovany NPP consists of 4 reactor units and 8 turbo generators while each reactor unit has
3 DGs. There is a very small probability that during possible grid disintegration not a single
turbo generator could control its power on the level of home consumption and at the same
time the DGs could not start, so the power supply of a reactor unit can also be used for
other units. Furthermore, it is possible to use the near DaleSice pumping storage plant. For
necessary abnormal manipulations detailed operating procedures were elaborated and
operating instructions of Czech dispatching centre were published [63].

Kola: Measure 1 done, measure 2 under design [64].

Loviisa: There are 4 reliable diesel generators per unit and independent hydro power connection for
replacing possibly damaged diesels [65].

The diesel generators are housed in a separate building in the site area and they are
separated from each other both physically and functionwise.

Mochovce: Measure 1 is planned, measure 2 is under consideration [66].

Paks: Measure 1 planned, measure 2 under consideration. Actually the Diesels in units 1 and 2
have been manufactured in Russia, in units 3 and 4 - in Hungary. Their reliability is not
high.

Rovno: Implementation of measures 1 and 2 planned.

The information presented by Riskaudit specifies that according to the original design,
Russian manufactured Diesel engines used in the plant are those initially used for nuclear
powered submarines. As the engine was not designed for NPP operation, in the range of
output rating between 1.2 and 1.6 MW the exhaust gas air compressor turbine does not
deliver full power. This leads to an incorrect fuel to air ratio mix and to uneven running of
the engine. The anticipated full load is 1.4 MW, right in the middle of the problematic
operating range ([33], p 5/7). According to Ukrainian specialists this information is not
grounded enough and should be excluded [67].
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REVIEW AREA/ISSUE NUMBER: Electrical power supply 3

ISSUE TITLE: Protection signals for emergency diesel generators

COUNTRY/PLANT SPECIFIC STATUS OF MEASURES:

Bohunice:

Dukovany:

Kola: According to the existing design, Diesel protection signals are switched on only during

planned testing. When the diesel is switched on due to the signal of loss of off-site power,
automatic protection of diesels is overruled by the signal initiating diesel operation and the
diesel can not be switched off by its own automatic protection system.

Presently the design aimed at full replacement of the automatics and technological
protections of the diesels is being developed. [64].

Loviisa: The Loviisa diesel generators have seven protection signals while they are in emergency use.
Only one of these signals is a process signal (high cooling water temperature), the others are
electrical signals, which can be deemed reliable [65].

Mochovce: Reliability enhancement of machine protections by selection 2 of 3 and of electrical
protections in selection 1/1 is under consideration [66].

Paks:

Rovno: The proposed measure is in progress in Ukrainian NPPs.
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REVIEW AREA/ISSUE NUMBER: Electrical power supply 4

ISSUE TITLE: On-site power supply for incident and accident management

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: The list of systems not provided with diesel generators back-up of power supply, listed in
the item "Issue clarification" is not relevant for Bohunice NPP, all mentioned systems are
powered from the DG. Nevertheless, within the framework of the PHARE programme 2.7a
"Severe accident management" the necessity of additional power sources will be analysed
[62].

Dukovany: All the equipment mentioned in issue clarification is supplied with power either from diesel
generators or from batteries. Diesel generators power is very large, providing possibilities
to add further consumers, but it is not needed.

The capability of existing systems for unit after cooling by emergency unit shutdown was
tested during the first commissioning of the NPP and is verified by repeated tests every year,
besides it was verified in real situation by the grid break down. Based on these tests the
supply of the additionally installed NPP security system was changed.

In the case of power supply for systems ensuring emergency shutdown, no changes were
needed. A number of shortcomings in the supply of the systems needed for normal shutdown
were identified. For these reasons the so called fourth system of emergency busses was
doubled - at present it is supplied from two batteries and two DGs [63].

Kola: The analysis of the necessity to actuate additional mechanisms above those foreseen in the
design in the case of loss of the off-site power will be performed within the framework of
the Safety Improvement Project for Kola NPP.

Presently Kola NPP has obtained from Norway a mobile emergency diesel generator and
develops the design for its utilization, etc. [64].

Loviisa: Loviisa has four diesel generators in both units. The power of one diesel generator is enough
to supply all necessary users in emergency situations [65].

Mochovce: The electric power of each DG - 2.8 MW is sufficient and the system meets requirements
for back-up, separation and independence (see [35]).

DG power supply of the above systems is provided for:

primary circuit make-up water system;
loading system for batteries that provide uninterrupted DC power to plant process
computer and I&C systems;
cooling system for control rod drives;
radiation control system;
DC distribution system in the turbine hall.

The electrical power supply of a telecommunications system is provided from autonomous
batteries for 2 hours. A part of the telecommunications system is made up of a high
frequency network [66].
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REVIEW AREA/ISSUE NUMBER: Electrical power supply 5

ISSUE TITLE: Emergency batteries discharge time

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice

Dukovany

Kola

Loviisa

Mochovce

Paks

Rovno

Measure 1

completed

completed

completed

completed

being reviewed

completed

to be done

Measure 2

completed

completed

under design

completed

according to measure 1
conclusions

completed

under design

Dukovany: The capacity of original batteries is sufficient, therefore no additional measures are necessary
[63].

Rovno: Presently the capacity of batteries corresponds to 30 minutes discharge time.
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CONTAINMENT

REVIEW AREA/ISSUE NUMBER: Containment 1

ISSUE TITLE: Bubbler condenser strength behaviour at maximum pressure difference possible under LOCA
conditions

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: No work done as yet.

Dukovany: Analysis of bubbler condenser is conducted within PHARE-93 program, point 4.2.8.

Kola: The existing SAR includes the following calculations:

mass flow rates of steam-air mixture at the inlet into the bubbler condenser;
determination of required quantity of water in the bubbler condenser trays;
hydrodynamic analysis of tray behaviour;
strength analysis of bubbler condenser metallic structure, without taking into account
the dynamic phenomena in the initial period of the accident.

Loviisa: Not applicable, ice condenser containment.

Mochovce: Under consideration [66].

Paks: No work done as yet. The conclusions to AGNES project include the statement that it is
desirable to continue the containment strength analyses. The project did not deal with these
calculations; difficulties were caused because the results of these complicated calculations
were not available (AGNES Summary, page 37, [34]).

Rovno: No work done as yet. Ukrainian specialists do not agree with the initial statement in the
issue clarification. They see the problem as the need for individual reinforcements of
elements of the bubbler condenser [67],
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REVIEW AREA/ISSUE NUMBER: Containment 2

ISSUE TITLE: Bubbler condenser thermodynamic behaviour

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: No work done as yet.

Dukovany: Analysis of bubbler condenser containment is conducted within PHARE-93 program, point
4.2.8.

Loviisa:

Kola:

Mochovce:

Paks:

Not applicable, ice condenser containment.

See previous point, Containment 1.

IAEA recommendations for an international experimental programme are supported [66].

The conclusion of AGNES project states, that it would be very desirable to validate the
containment thermal hydraulic models on the basis of a full scale experiment. As a result
the thermohydraulic functions of the containment and the bubbler condenser system could
be assessed and the interaction between the flow and the structural elements within the
containment could be tested (AGNES Summary, page 36 [34]).

Rovno:
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REVIEW AREA/ISSUE NUMBER: Containment 3

ISSUE TITLE: Containment leak rates

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Leaktightness improvements are continuously under way, main problems are connected with
steel liners. The average value of leak rates is 14% per day, maximum admissible value -
16.3% per day.

Dukovany: The leak rates in each unit are different, ranging from 2 to 13% per day. According to the
design limits and conditions the admissible value of leak rates is 13% per day.

Kola: In Unit No 3, which is the oldest unit with bubbler condenser containment, the leak rates
reach 68% per day at 0.13 MPa overpressure. The plant operates with special permission
from the Russian Nuclear Regulatory Authority and every opportunity is taken to improve
the leaktightness of the containment. During each refueling liners are exchanged,
penetrations sealed etc. In Unit No. 4 the leak rates are 12% per day.

According to information provided by Russian experts on containment leak rate testing, in
Kola Unit No. 3, the leakage rate at DBA maximum overpressure equals to 160%/day and
in Unit No. 4 it is 25%/day [109].

Loviisa: This plant has an ice condenser containment, i.e. its leakage rate under DBA conditions and
the parameters of pressure decrease are different than in bubbler condenser containments.
The allowed leakage rate in the Technical Specifications is 0.2% per day at maximum
overpressure. On the other hand, the underpressure characteristic for bubbler condenser
containments is not reached.

Mochovce: Hermetic penetrations of cables were replaced with ELOX penetrations of French
production, providing better characteristics concerning leaktightness, seismic resistance and
lifetime. Containment tightness is planned to be reviewed and deficiencies to be removed
prior to unit start-up [66].

Paks: The average value of leakage rate per unit is 10% per day at the design pressure, while the
maximum allowed value is 14.7% per day.

Rovno: Improvement of containment leaktightness is pursued by closing the inner lining, welding
of all defects in welded joints, injections of epoxy resin under lining, and repairs of
penetrations, hermetic doors and hatches. This work has made it possible to decrease
leakage rates from 378 and 540% per day in 1988 for Units 1 and 2 respectively, to 110 and
142% per day in 1991 and finally to 100% per day for each unit in 1995. Taking into
account the curves of design changes of maximum pressure within the containment after
DBA it has been shown, that if the safety systems operate according to the design, then the
achieved leak tightness of the containment corresponds to the overall leakage of less than
0.4% of gas mass from each unit after LB LOCA. The calculations of radiological hazards
after DBA have shown that such leakages are allowable according to the actual requirements
for radiological protection [67].

In order to remove the gases leaking into the containment after the accident from outside,
and to maintain sub-atmospheric pressure inside the containment, in Units 1 and 2 an
additional gas removal system has been installed [72].
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REVIEW AREA/ISSUE NUMBER: Containment 4

ISSUE TITLE: Maximum pressure difference on walls between compartments of hermetic boxes

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: No work done so far.

Dukovany: No work done so far.

Kola: According to the declaration of the Russian experts, all the loads on internal walls which can
appear after any accidents have been taken into account in the design and are available.

Loviisa: Pressure differences have been determined for the ice condenser containment used in

Loviisa.

Mochovce: Under consideration [66].

Paks: No work done so far.

Rovno: No work done so far.
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REVIEW AREA/ISSUE NUMBER: Containment 5

ISSUE TITLE: Peak pressure in containment and activation of sub-atmospheric pressure after blowdown

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice:

Dukovany:

Kola:

Loviisa:

Mochovce:

Paks:

The available analyses are based on the original Russian designers' assumptions. In answer
to a recent question concerning flow resistance coefficients, VUJE provided coefficients of
flow resistance confirming the original Russian calculations. Moreover, recent calculations
performed with TRACO 5 and CONTAIN codes have given similar results, indicating
maximum pressure much lower than the design pressure.

The available analyses give the same conclusions as at Bohunice NPP.

Not applicable.

Analysis of LB LOCA combined with leak through 1% and 10% of SG tubes proved that
maximum pressure of 210 kPa is not higher that the one of LB LOCA classical scenario
[66].

Analysis of LB LOCA combined with SG leak has been performed with respect to evaluation
of pressure and temperature loading of the hermetic zone based on Mochovce design input
data. At this hypothetical combination of these accidents a maximum pressure value would
climb up to 232 kPa. (VUJE Report No. 202/94, Nov. 1994 [110]) .

DBA calculations have been performed with the CONTAIN code [93]. The range of the
initiating events included six different breaks of the RCS up to the 492 mm line break in
cold or hot legs and the steamline break. For LB LOCA (500 mm cold leg) conditions the
maximum pressure was 0.214 MPa, well below the design pressure. The main steamline
break case produced higher value, 0.24 MPa, but still below the design pressure. It was
noted however that if the operator does not prevent the blowdown of the intact steam
generators within 2000 seconds, then there is a risk of exceeding the design pressure values
(AGNES Summary, page 16, [34]).

According to the investigations coordinated by Paks NPP, the reinforced concrete structures
of the containment building are able to withstand the pressures occurring at the RCS break.
The box compartment can withstand at least a pressure of 0.25 MPa, although some
elements at the walls and ceilings generally withstand only 0.2 MPa for shear loads (in the
plane of the shear and sometimes for the shear load in the perpendicular direction). The
walls and ceilings of the localization tower with the exception of the end walls - withstand
even a pressure of 0.36 MPa. The end walls are overloaded even for 0.2 MPa pressure to
a limited extent. The investigations are continued (AGNES Summary, page 8 [34]).

Rovno:
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INTERNAL HAZARDS

REVIEW AREA/ISSUE NUMBER: Internal hazards 1

ISSUE TITLE: Systematic fire hazards analysis

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

A systematic and comprehensive fire hazards analysis was not available to the consultants except for a
document [114] prepared for Bohunice NPP within IAEA Project TC RER/9/004 and [116] describing the
evaluation of potential sources, consequences and mitigation of fires done under AGNES project for Paks
NPP.

Bohunice V2: The fire analysis was performed on a fire area by fire area basis. The results are presented
in [54]. All fire sources were identified, then compartments where safety related systems are
located were determined. Fire protection measures and propagation characteristics of fire
areas and compartments were examined, fire barriers mapped, fire induced initiation events
identified, fire frequencies determined for each fire compartment and models of fire damage
were developed. Finally, the core melting frequencies due to fires were calculated [114].

Dukovany: Completed. The same fire analysis has been performed as in Bohunice V2 by VUPEK from
Slovak Republic.

Kola: Systematic fire analysis is not done by the NPP but by fire prevention authority, and the
results are issued as recommendations to the plant [18].

Loviisa: The original passive fire protection concept at the Loviisa NPP was inadequate due to out-
dated functional layout design of the plant (original and modified), deficiencies in the
physical separation of the equipment and lack of fire zones for systems and components.
Several plant modifications to improve fire safety at the Loviisa NPP units have been made
over the past years, some are still under consideration. After the commissioning, the most
important fire safety problems of the plant concerned residual heat removal through the
secondary circuit and the electrical AC power supply. For ensuring the main safety
functions, many structural improvements and also layout modifications concerning safety
systems have been completed, as well as comprehensive fire extinguishing systems and fire
fighting arrangements added. The fire risk analysis is part of Loviisa 1 risk assessment
(PSA) evaluating reactor core damage risks. Fire risk PSA in the control building of Loviisa
has not yet been completed [65].

Mochovce: In reference document [31] a methodology to analyze fire risk is summarized.

Certain improvements listed in [22] have been implemented. These, however, are not based
on a systematic fire hazards analysis.

The fire hazard analysis shall provide a comprehensive assessment of the fire protection
concept, i.e. confirmation of acceptability, or definition of an area requiring further
improvements. Some clear deficiencies, however, may be dealt with without waiting for the
results of the analyses (e.g. deficiencies in fire protection of the RCP service room) [66].

Paks: On the basis of single failure and PSA analysis the compartments containing components
important to safety were determined, possible modes of failure were identified, all common
points of redundant trains were found, the fire fighting adequacy was analyzed using Fire-
Simulation-Technique computer code and deterministic time dependent solutions were
obtained [116]. Judging from the basic conclusions of fire safety evaluation in the AGNES
project [34] the fire sections are well equipped with fire detectors but, lacking plant-specific
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detector sensitivity data, it is hard to assess the quality of fire detection. The studies pointed
out the deficiencies of specific safety design principles in certain handling corridors, cable
rooms, and in some parts of the turbine hall. The scope of the fire safety evaluation did not
include fires in the turbine hall: these were investigated by Paks NPP Co. independently
of the project. The activity of Paks NPP Co. covered the upgrading of fire resistance, i.e.
reducing the time required for fire localization and extinguishing and preventing damage to
the turbine hall structures. Oil is the most dangerous flammable material in the turbine hall.
As a result of the investigations, it was recognized that the present level of fire resistance
is not satisfactory; improvements are currently being carried out [17].

Rovno: A fire analysis was performed by Energoprojekt Kiev with participation of specialized
organizations. Specific features of the WWER-440/213 unit were identified, namely:

Utilization of gravitational flow of oil to turboset bearings, which increases the time
of oil flow into possible fire zone.
The pump delivering the oil is driven by the turbine shaft, so that in the case of fire
the oil will be delivered during all the time of turbine coast down.
There is a system of oil tank emptying in the case of fire.
The strength of the construction of NPP buildings has been calculated without taking
account of possible fires.
There is no system of smoke removal. However, in the case of a fire in the turbine
hall or neighbouring compartments, the main control room is protected against
smoke by an overpressure of air, equal 25-28 Pa. This overpressure is assured by
keeping the air flow rate in inlet ventilation system higher than in the outlet branch,
achieved after the reconstruction of the ventilation system (point 7.2.1 in [15]).
In the case of turbine hall roof break down during fire, the auxiliary feed water
systems of two units can be damaged.

Several measures to improve fire protection of the turbine hall in Rovno NPP were proposed
(Point 7.7 in [115]. A design of the stationary water system for fire extinguishing has been
prepared and will be implemented in 1996 (point 7.2.3 in [15]).

Presently there are activities aimed at following objectives:

preparation of a systematic fire hazard analysis within the framework of the re-
evaluation of the safety of the plant;
detailed design study of measures aimed at improving fire safety characteristics of
the plant, according to a special programme of work;
development of concrete solutions concerning proposed measures and additional
studies (point 7.7 in [115]).
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REVIEW AREA/ISSUE NUMBER: Internal hazards 2

ISSUE TITLE: Fire prevention

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:
(See also Table A-I)

A PSA including fire analysis is being performed or is planned for some plants.

Bohunice: The fire hazards study for Bohunice showed [114] that there is no strict separation between
the cable routes of redundant trains of safety systems. It has been found that the high
quantity of PVC insulation with high ignitability and rate of flame propagation presents high
fire risk in the cable channels and cable rooms. The cable junctions used in 0.4 kV and 6
kV cables are potential ignition sources, which increase the expected fire frequency in the
cable channel. In order to solve these issues, all fire penetrations in cable channels have
been covered with fire resistant overlayers [23]. In the future all cables of safety equipment
will be covered with fire resistant overlayers [62].

Dukovany: The same situation as in Bohunice.

Kola:

Loviisa:

A complex of measures has been already implemented. They include: .

Covering of cable trains with fire resistant materials.
Installation of fireproof sealings of cable penetrations in cable rooms and fireproof
belts in cable boxes.
Exchange of floor coverings in staircases.
Installation of fireproof partition walls in the corridors, staircases, cable tunnels of
the main reactor building.
Sealing of control room compartments in order to provide air overpressure of 20 Pa.
Installation of systems providing air overpressure in staircases [18].

The anti-smoke partition walls have been installed [64].

Based on the results of the fire risk analysis, several improvements have been made at
Loviisa NPP, e.g. in late 1992 several cables of systems important to safety were protected
or rerouted. Improvement of the fire safety of the hydraulic oil units of turbine bypass
valves is the most important of the above backfits and was realized in 1993-1994. Other
improvements are planned [118].

The safety related components located in the turbine hall are without adequate fire
protection. Installation of protective structures is being considered.

Independently from PSA, a fire wall was constructed in the turbine hall, separating the
steamline safety and isolation valves and feedwater valves from the turboset areas [16].

Moreover, the new emergency feedwater system with diesel motor driven pumps and their
own water tanks was added, completely independent of the turbine hall.

The structural fire protection separating structures and cable penetrations was improved. A
110/6 kV transformer was transferred outside the postulated fire area in the HOkV
switchyard [65].

The hydrogen stations of the generator cooling system were moved from the postulated fire
area to a safer place.
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An automatic sprinkler system for all transformers in the main transformer yard was
constructed [90]. Also a new fire pumping station and the renewing of the whole fire water
piping system was completed [65].

Mochovce: The initial design provided subdivision of diesel generator building into fire compartments
consistent with redundancies (3 x 100%). The cable runs in the basement of the turbine
building are provided with fire resistant lining and equipped as fire cells. Certain areas are
constructed as fire compartments [22]. However, many deficiencies have been identified. It
has been decided to cover all cables with a non-fire spreading substance (Dexaflamm). In
case of parallel runs or crossings of safety systems, the cables will be covered with a
mineral mat Sibral which restricts fire spreading. In case of parallel runs 1 of 2 or 2 out of
3 trains will be covered. Further measures will be taken when the systematic fire analysis
is completed (SIR 3.1 [31]).

The assessment of fire impact on a probability of the reactor core damage is assumed within
the level 1 PSA study, a project which has been approved within the PHARE programme.
This project, however, has been stopped recently.

Paks: Installation of a shielding wall in the turbine hall is planned to eliminate the possible heating
of the corridor where SG safety valves, MSIVs and feedwater control valves are installed
[17]. For other measures - see Table A-I.

The cables are covered with fire resistant overlayers. Fire doors are installed with required
fire resistance. A system for quick draining of the oil is installed on every turbine set.

Rovno: The vinyl plastic oversheath for the cables is not of a fire retardant nature. The quality of
a fire retardant "paste" which has been applied onto the cables has not been checked by the
NPP staff. The value of life protection for the effectiveness of the paste is 8 years and the
plant is 20 years old [33].

Presently the plant conducts work on exchange and reconstruction of the fire protective
doors, and on application of special additional covering materials on the cables in zones of
high potential for fire. In principle, the cable routes for redundant channels are separated,
but there are some regions where they are situated close together. An analysis of existing
cable routes is under way, aimed at determination of the most fire hazardous areas. It is
foreseen that in those areas additional fire protection measures will be introduced.

The final list of measures will be determined as a part of the safety improvement programme
[67].
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TABLE A-I: SAFETY UPGRADING OF FIRE PROTECTION MEASURES
Present status of plants

Bohunice

Paks

Mochovce

Rovno

Dukovany

Kola

Turbine hall roof

Planned (1)

Planned (1)

Concept (2)

Done (3)

Under way (4)

Done

RCPs oil
(SC-77, 5.2) [10]

Planned

Done

Done

Done

Under way

Done

Electrical rooms doors
(SC-77, 5.4) [10]

Done

Under way

Done

Done

Done

Done

Fire fighting system
re-evaluation
(SC-77, 5.4) [10]

Done

Under way

Done

Done

Done

Done

Protection of valve
rooms (MSIV, SG
safety valves
(SC-77, 5.5) [10]

Done

Concept

Done

Done (5)

Done

Concept

(1) Water guns installed and protective coating of metallic structures planned.
(2) Safety related equipment not installed in turbine building. Super emergency feedwater pipes will be rerouted outside the building.
(3) The following measures have been implemented:

- installation of water guns inside the building;
- installation of water spray system outside the building on top of the roof;
- installation of flaps on the roof and protective coating of metallic structures.

(4) Flaps installed on the turbine hall roof. Water guns also installed.
(5) The measures implemented are aimed at detecting and extinguishing the fire in the area of the main oil tank which represents the main fire load in the building. There are

plans to construct barriers around the tank and drains to prevent oil spreading. Details regarding these barriers are presently not know.
(6) The present state of the above listed problems at Mochovce cannot be considered as a final state because based on the results of a fire hazard analysis some changes in the

electrical room doors may be introduced. The fire fighting system and fire protection concept in intermediate building on +14.7 m floor could be changed [66].



REVIEW AREA/ISSUE NUMBER: Internal hazards 3

ISSUE TITLE: Fire detection and extinguishing

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES: (See also Table A-I)

Bohunice: The efficiency of water sprinkler system is not sufficient. It is planned to be increased.

The bus cabinets and control panel need local extinguishing equipment. It is planned to
be installed.

The TESLA EPS fire detection system is to be replaced with a new, more reliable
system [114].

Kola: The following measures have been implemented:

Mounting of a separate outer ring of fire fighting water under high pressure.
Reconstruction of the water system for fire fighting int he main reactor building
with its separation from the network of water for in-plant needs.
Installation of fire cocks on the outside wall of turbine hall in row A so as to
facilitate connections of fire fighting equipment.
Construction of a station of fire extinguisher charging.
Construction of a fire fighting equipment storage room.
Installation of a fire fighting system on turbine oil systems [18].

A system of fire signalization has been installed in control rooms [64].

Loviisa: Several improvements concerning passive and active fire protection have been made
including fire separation, additional and improved fire extinguishing systems and
operational fire fighting capabilities.

Mochovce: Eventual improvement of the fire suppressing systems will be done based on the results
of the fire hazards analysis, if necessary. However, the originally designed fire detection
system TESLA-EPS is planned to be replaced with another one, irrespective of the
results of the analysis [66].

Paks: An appropriate fire extinguishing system and also a fire detection and monitoring system
is installed with a display in the control room in each unit.

A new building was built for the fire brigade at the Paks NPP. The new site station is
well equipped with state of the art extinguishing equipment.

Rovno: According to the original design the compartments containing oil systems for RCPs in
Units 1 and 2 are provided with automatic fire suppression systems. In each of the
compartments there is a fire detection unit and a dry pipe with sprinkling equipment.
If any of the detectors indicates fire, the signal is sent the panel of fire signalization in
the main control room. This actuates sound and light signals and the automatic
protection system generates the signal to open the valves in fire water system. If the
valve does not open, a bypass can be opened manually for water delivery.

A system of water fire suppression in the RCP compartments has been prepared and is
planned to be implemented in 1996 [15].

The final list of measures will be determined as a part of the safety improvement
programme [67].
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REVIEW AREA/ISSUE NUMBER: Internal hazards 4

ISSUE TITLE: Mitigation of fire effects

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

The status of the measures is shown in table A-I.

Besides that the following measures have been implemented:

Kola: Mounting of movable high pressure fire fighting hoses in turbine hall to cool the roof
metallic structure with water from below in the case of a fire.

Mounting of empty pipes on the roof for its covering with water from above in the case
of a fire.

Installation of outside fire ladders with intermediate staircases reaching up to the roof
of the turbine hall [18].

Mochovce: The fire protection suppression system of the containment is a safety one (200%
redundancy, seismic resistant and the pumps are supplied for DGs). Particular measures,
if any, to minimize fire consequences in the turbine hall have not yet been defined [66].

Paks: The ultimate solution of the turbine hall fire problem consists in moving all safety-
related equipment out of the turbine hall. According to this concept, the EFWS will be
removed from the turbine hall. This is now under design.

The steel columns of the turbine hall are already covered with fire proof isolation. Fire
protection of the turbine hall roof is elaborated: fire proof coating for the roof steel
frames is tested.

Rovno: Several measures indicated in Table 3.8.1. Besides that fast reactor scram is to be
introduced in the case of fire in the main control room. The chief designer was given
the task to design a system for switching off the electrical power supply to the main
control room at a predetermined signal. As a secondary measure, there was determined
a system of organizational and technical measures aimed at cutting off the electrical
power supply to the reactor protection system racks [15].

The final list of measures will be determined as a part of the safety improvement
programme [67].
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REVIEW AREA/ISSUE NUMBER: Internal hazards 5

ISSUE TITLE: Systematic flooding analysis

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Most of the following information has been obtained from the experts' presentations and on the basis
of discussions with them reflected in [10].

Bohunice: An internal flooding analysis has been performed under a PSA 1 study. Water level
indicators have been installed in the ECCS rooms and other rooms in the reactor
building in order to have water level signalization in the control room.

Dukovany: Implementation ongoing, including PSA 1 study. The extent of work and the results are
similar as in Rovno.

Kola: The analysis has been performed only for flooding of raw water pumps for condenser
cooling. The other possible flooding hazards are under consideration.

Loviisa: PSA study including flooding has been performed. Many improvements have been
fulfilled.

Mochovce: Reference document [31] includes a summary of the methodology for the internal
flooding analysis to be performed in Mochovce NPP. One of the potentially weak points
is the location of the EFWS pumps, which are just under EFWS tanks. In case of a
EFWS water storage tank break, the pumps would be flooded (Mochovce SIR, section
3.14 [31]).

An assessment of the internal floods impact on the reactor core damage is assumed
within the level 1 PSA study [66].

Paks: In the rooms studied from the point of view of internal flooding in the framework of the
AGNES project [34], the floodings do not lead to events which would affect the
availability of the technological components of the investigated systems. In case of
redundant systems it means that the systems are physically separated; flooding of one
system does not influence the availability of the others. The studies pointed out
deficiencies of specific safety design principles concerning instrumentation and control
(I&C) and electric components of systems in certain rooms (ECCS compartments, rooms
of boron control system pumps, rooms of oil systems in the make up water pumps,
pump rooms of the make-up water and boron control systems, rooms containing control
and measuring equipment of the steam generator box, pump and cooling system room
of the spent fuel storage pool, room of intermediate cooling systems, room containing
the electric engines of certain ventilation motors, the steam generator letdown room)
(page 7, [34]).

Water-proof floors have been provided for all areas where the spray systems are
provided for fire fighting purposes [17].

Rovno: A systematic study of flooding hazards has been performed for the plant, with special
attention to the main reactor building, turbine building, electrical building, circulation
pump room, service water room and emergency diesel station. The results showed, that
the flooding can not lead to reactor core damage, in the worst case it leads to reactor
scram and ECCS actuation. The estimated probability that the initiating event (flood)
will lead to ECCS actuation was 103 per reactor year, and the probability of a pipeline
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breakage causing the flooding was evaluated at 104 per reactor year. The total
probability of ECCS actuation was then at the level of 107 per reactor year.

A programme of work to reduce possible negative effects of NPP flooding was
prepared. It includes means such as:

provision of additional water level indicators in a number of rooms;

installing thresholds preventing ingress of water from outside to some I&C and
electric power supply rooms;

damp-proofing tests in the rooms above the I&C and electric power supply rooms;

preparation and implementation of special procedures to inspect the possible sources
of flooding and the partitions among the compartments.

With respect to the possibility of water entering the intermediate building where
electrical equipment is located in case of fire fighting in the turbine building, Paks,
Bohunice and Kola NPPs have made water-proof the floor where fire fighting water can
be sprayed. This measure is planned in Mochovce and Dukovany NPPs, and is under
way in Rovno NPP.

In the case of service water system for responsible users it has been shown, that a
failure of pipe work can lead only to the loss of one compartment. Due to segregation
the redundant trains of component cooling system would not be affected. The failure of
pumps is prevented by locating the pump motors above the highest possible water level
in the cooling pond ([33], p 8/34).
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REVIEW AREA/ISSUE NUMBER: Internal hazards 6

ISSUE TITLE: Turbine missiles

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice

Dukovany

Mochovce

Paks

Measure 1

underway

underway

planned

underway

Measure 2

done

done

planned

done

Bohunice: Turbine missile analysis is included in the new SAR, mostly phenomenologically.
Impact on secondary tubing is in principle possible, more detailed analysis is requested.

Kola: According to the plant the turbine is sufficiently protected to prevent missile hazards.
No analysis of such an accident has been performed.

Loviisa: Analysis has been performed. The turbine layout is different from other WWER-440s.

Mochovce: An analysis will be done of the turbine generator missiles formation process and the
event occurrence probability. Furthermore, possible consequences on safety-related
equipment will be assessed including the hazard probabilistic assessment. Measures will
be defined, if necessary, to minimize the hazards, e.g. improvement of a turbine
generator overspeed protection reliability.

The assessment of internal generator missiles impact on the reactor core damage is
assumed within the level 1 PSA study [66].

Rovno: Analysis will be performed within the framework of safety re-evaluation of the plant.
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REVIEW AREA/ISSUE NUMBER: Internal hazards 7

ISSUE TITLE: Internal hazards due to high energy pipe breaks

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: A systematic hazard analysis has not been preformed for this plant; however, some
critical points have been identified on the basis of engineering judgement. One of such
weak points is, for example, the area located in the intermediate building where main
steam, feedwater and emergency feedwater lines run in parallel and where the SGs
valves and main steam isolation valves are located.

The leak before break concept is planned to be applied to some pipes: RCS pipes
(including pressurizer surge line), some pipes connected to the RCS, main steam pipes
up to main steam isolation valves and feedwater pipes up to the first closing valve.
There are no plans to remove safety related equipment from the turbine building.

Dukovany: A systematic hazard analysis has not been performed for this plant. Presently, it is
underway and scheduled to be finished by 1997.

Plans exist for a very extensive application of the leak before break concept in this plant
including main steam and feedwater lines in the turbine building and all the high energy
pipes inside the reactor building.

Kola: A systematic hazard analysis has not been performed for this plant.

Loviisa: Hazard analysis has been performed, additional supports installed. Emergency feedwater
system is space separated from other systems.

Mochovce: A systematic hazard analysis has not been performed for this plant; however, some
measures are planned for the areas where risk has been identified on the basis of
engineering judgement, e.g. the area at elevation 14.7 m where main steam pipes,
feedwater and emergency feedwater lines run in parallel. An alternative layout of the
emergency feedwater pipes is planned (Mochovce SIR section 1.5.1.2 , 1.6.1.2 and
section 3.3. accident studies [31]).

A system analysis is assumed to be done for Mochovce NPP of a possible impact of
high power piping rupture on safety-related equipment and improvements will be
defined, if necessary. An assessment of a broken pipe line whipping impact on the
reactor core damage is assumed within the level 1 PSA study [66].

Paks: The AGNES high energy line break analyses [34] were started by identifying the
important sensitive locations. It was possible to state without any detailed analysis that
the main steamline break at 15 m elevation may lead to the complete loss of feedwater.
The analyses stated that:

the breaks of hydroaccumulator injection lines may lead to the failure of subsystems
belonging to safety systems (emergency core cooling system low pressure injection
system (ECCS, LPIS) and injection line of the other hydroaccumulator) as a
dependent failure;

in case of a break of the main circulation line at the elbow below the steam
generator, the outflowing water jet may lead to the failure of the circumferential
spray distribution line;
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the force of the jet through the break of the junction of ECCS LPIS line in the main
circulating line may destroy the injection lines of the hydroaccumulators.

The investigations also covered the ECCS LPIS and HPIS line junctions and the line
connecting the pressurizer with the hot leg, the break of which does not lead to further
failures. Analysis of the high energy line break scenarios has to be completed for the
further identified locations (pages 7, 8 [34]).

As regards the turbine building, plans exist to remove all the safety equipment from it.
If this measure is implemented a hazards analysis would not be required in this building.

Rovno: It is planned to relocate the pumps of the EFWS so that they will be situated within the
reactor building. Full systematic hazards analysis has not been performed yet.
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REVIEW AREA/ISSUE NUMBER: Internal hazards 8

ISSUE TITLE: Heavy load drop

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Assessment and probabilistic studies have been performed for spent fuel container
transport in the reactor hall. As a result, administrative measures during refuelling have
been implemented. A similar study for the turbine hall is needed, especially with respect
to service water lines and transport of generator stator. Due to geometrical configuration
of the lines and of transport routes, a considerable impact is improbable.

Dukovany: The same situation as in Paks.

Kola: The same situation as in Paks. The floor of the reactor hall has been reinforced.

Loviisa: Risks of spent fuel transport are being analyzed, shock absorbers are added. Analysis
of other heavy loads transport will be ready in 1995 for areas inside containment.
Turbine hall analysis is ready.

Mochovce: No decision yet, but similar administrative procedures as in Bohunice (Mochovce SIR,
section 3.18. [31]).

In order to optimize procedures of heavy loads transport in the reactor hall and turbine
hall, a study will be made of every single crane construction specification and of loads
carried by each of them [66].

Paks: Systematic analysis is completed. Two studies were done:

re-evaluation of the design of the crane and the lifting equipment according to the
NUREG-0612;
analysis of the consequences of the spent fuel transport cask drop into the transport
shaft, on the floor of the reactor hall and onto the transport corridor.

Findings:

The floor slabs, the transport shaft bottom slab and the transport corridor floor cannot
withstand the impact load, the cask and the fuel in the cask remain safe after the drop,
the fuel in the pool and the gates of the pool will not be damaged due to hydraulic and
shock effects.

To mitigate the consequences of the fuel cask drop several measures were taken, such
as: the transport path with minimum risk is determined, special energy absorbing
equipment is used to mitigate the consequences of the impact on the most important
point of the reactor hall as well as in the transport corridor.

The ultimate solution of the problem will be the appropriate modification of the lifting
tackle to ensure the required level of safety of load lifting. In this case, the load drop
can be excluded as an event with probability below screening level.

Rovno: Cranes, slings and lifting tackles at Rovno are designed and operated in accordance with
the Rules for Design and Safe Operation of Load Handling Cranes. No detailed hazards
analysis for dropped loads performed. It is foreseen to introduce additional
organizational and technical safety measures during operations with spent fuel and in
case of movements of the main crane in the reactor building.
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The accident of spent fuel cask drop has been performed, taking into account possible
radiological consequences. An additional evaluation is under way to determine the
necessity of strengthening structural elements of the building. It is planned to analyze
the consequences of spent fuel cask drop into the spent fuel pool. This will be done
within the programme of safety re-evaluation at the plant.
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EXTERNAL HAZARDS

REVIEW AREA/ISSUE NUMBER: External hazards 1

ISSUE TITLE: Seismic design

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: The earthquake level has been determined for the site as being 8 MSK for safe shutdown
earthquake. Operability of individual components was verified, strengthening measures
have been proposed. The evaluation is considered for approval by NRA.

The plant seismic evaluation and upgrading consists of the following tasks:

seismic hazard evaluation (SSE, SL-2 level) of the site - finished
(PGASSE = 0.25 g, site dependent ground response spectra almost similar to the
well known Newmark's median + one sigma spectra used);

identification of safety related structures and safe shutdown equipment, making of
the special database - finished;

methodology of seismic evaluation and upgrading of structures and equipment
components - finished (based on the adopted and modified two American
procedures - SMA and GIP);

special seismic walkdowns - almost finished;

seismic evaluation of safety-related building structures - almost finished;

seismic evaluation and verification of safe shutdown active and passive mechanical
equipment components and pipes including the reactor and other NSSS components
- finished;

seismic evaluation and verification of electrical equipment components, cable
structures and I&C equipment - about 60% already finished;

seismic upgrading of the main safety-related building structures - still under
preparation;

seismic upgrading of the safe shutdown mechanical and electrical equipment
components - still under preparation;

seismometric instrumentation and procedures for post-earthquake activities - still
under preparation.

Within the framework of LBB study, the seismic margins have been evaluated for
primary circuit. Since Bohunice NPP is situated on sand ground, the floor response
spectra have been found to show dominating frequencies at 2 Hz. The primary circuit
can stand horizontal acceleration up to 0.1 g with the exception of the pressurizer,
which is to be upgraded [62].

Dukovany: Within the framework of LBB study, the seismic margins have been evaluated for
primary circuit. Since Dukovany NPP is situated on rocky ground, the floor response
spectra have been found to show dominating frequencies at 4-5 Hz. The primary circuit

252



Kola:

Loviisa:

can stand horizontal acceleration up to 0.16 g with the exception of the pressurizer,
which is to be upgraded.

The earthquake level has been determined for the site as being 6 MSK with peak ground
acceleration PGA = 0.1 g for safe shutdown earthquake according to IAEA 50-SG-D15
guide [57]. Operability of individual components was verified, strengthening measures
have been proposed. The evaluation is considered for approval by NRA.

No changes needed. Both the design considerations and later additional studies have
shown that the site of Kola NPP is seismically stable [64].

Not relevant. The plant is in a seismically stable region, but from the very beginning
all safety important systems and structures were designed for maximum horizontal
ground acceleration of 0.1 g.

Mochovce: A detailed review of the seismic input and seismic design will be performed, in
accordance with USNRC RG 1.60, [121].

Paks: The plant was not designed for earthquakes and, based on the present knowledge of the
site seismicity, the maximum design earthquake is higher than supposed in the actual
design.

Site seismic hazard revaluation will be completed by the end of 1995. The present
pessimistic acceleration value under SL-2 conditions is 0.35 g, more realistically it is
evaluated at 0.2-0.25 g.

The plant seismic evaluation and upgrade tasks:

determination of the parameters of the maximum design earthquake;
identification of seismic safety related structures, equipment and components list
(SSEL) - done;
procedure for safe shutdown, cooldown and long term cooling - ready;
seismic margin assessment for items in SSEL - done;
principal design solutions of fixings for preliminary input - ready;
easy-fixes: 70% ready (mainly electric, I&C equipment and cabinets, masonry
walls, batteries);
seismic instrumentation with automatic scram possibility - ready.
determination of limiting seismic loads for safety-related structures and components,
elaboration of principal solutions for earthquake resistance reinforcement - to be
completed in 1995 (AGNES project, page 9 [34]).

Rovno: The seismicity of the site was defined according to normative documents that were in
force at that time. The estimated intensity was V for Design Earthquake (SA) and VI
for Maximum Earthquake (S2). This does not meet present day international
requirements (50-SG-S1, [122]).

The plant was designed taking into account seismic events. The seismicity of the site had
been determined during NPP siting by the responsible specialized Soviet organizations
according to the regulations in force at that time. These evaluations showed, that the
seismicity does not exceed 6 deg in MSK scale.

After adoption of new regulatory documents a review of the data on the seismicity of
the NPP site was made. This review showed that it can be stated, that the seismicity of
the site will not be changed.

253



It is necessary to perform additional studies for reaching the documentation status
required by the actual regulations.

The reactor building and systems provide the necessary strength and resistance to
seismic events. Seismic strength is also provided for basic equipment.lt is necessary
only to conduct review of some specific types of auxiliary equipment (ventilation
systems, ESFAS etc).

In view of the fact that the turbine building and secondary systems were not designed
against SSE, it is foreseen to move EFWS pumps from the turbine hall to the reactor
building and to perform analysis of the strength and possibilities of damage to the
systems in the turbine hall from the standpoint of their consequences to the safety
important systems.
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REVIEW AREA/ISSUE NUMBER: External hazards 2

ISSUE TITLE: Extreme cold

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: A study has shown that water capacity of cooling towers is sufficient to cool NPP for
several days. Besides that there are 2 independent water intake structures. This, in turn,
gives the opportunity to take necessary measures in case of disturbances. Safe EFWS
water supply is ensured by heating of the EFWS tanks [62].

Dukovany: No special measures foreseen, the issue is considered as a normal operational problem.

Kola: Kola NPP is situated the furthest north of all WWER plants and this safety issue is
applicable to it. The design of the plant was developed taking into account its location
in the far north. The operation of the systems needed for heating, ventilation, heating
of tanks etc. proceeds according to the design.

Additionally, in the turbine hall there has been a bypass mounted between the steam
collectors 1 and 2 in order to provide heating in emergency situations. [64].

Loviisa: A check list for cold conditions has been developed.

The effects of extreme cold is studied in the weather risk analysis. All the items
presented in the check list have been taken into account in the plant operation.

Mochovce: An evaluation of this type is announced in the Safety Improvement Report [31]. The
following studies are planned to be done to assess extreme meteorological conditions
impact on the NPP safety:

impact of extreme cold on safety-related equipment (including a technological water
system, super emergency feedwater system and diesel generators) [66].

Paks: Cooling water is taken from the Danube and recirculated to the inlet, so that the pumps
are protected from ice. All essential equipment and communications between buildings
are underground. The issue is considered as a normal operational task.

Rovno: The frozen depth for make-up water and intake structure was analyzed and found to be
satisfactory. The design values are clearly given in the TOB.
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Within safety analysis the extreme weather conditions (including extreme temperatures)
were taken into account according to the regulations in force. These questions are
described in the TOB (SAR) of the plant. Within the water systems the system most
vulnerable to extreme cold is the feedwater system. The location of piping in this
system, including water intake structures, was determined taking into account the depth
of freezing of water [67].
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REVIEW AREA/ISSUE NUMBER: External hazards 3

ISSUE TITLE: Man induced external events

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: A systematic study of potential sources of external explosions and associated hazards has
been performed and the results have been presented within IAEA TC Project
RER/9/004. The study showed that the possible breaks of oil and natural gas lines in the
vicinity of the plant do not threaten its integrity, similarly as explosions of loads which
can be transported by rail or roads. The conclusion was that the plant does not have to
be protected against any external explosion. However, the risk of gas cloud explosion
was not taken into account [124]. An analysis of aircraft crashes showed, that the
probabilities of an air crash are small, namely 5.108/year for air traffic corridors,
3.3.10 Vyear for the arrival routes to the neighbouring airport and 7-9.108/year for free
military traffic. It was concluded that due to very low values of aircraft crash probability
it is not necessary to protect the plant against the aircraft crash [124].

Dukovany:

Kola: External hazards are reported by Russian experts to be negligible.

Kola NPP is situated in a region of very small density of population. There are
practically no industrial establishments within a radius of 30 km from the plant. The
air corridors are also situated far away from the plant. Therefore the risk of external
hazards due to human activities is considered negligible. [64].

Loviisa: The risk of an aircraft crash was studied during the construction of Loviisa NPP. The
probability of an aircraft crashing into one unit of the plant was calculated to be
4 x 107/year.

Mochovce: Preliminary analysis of explosion loads showed (SIR p.3.16 [14]) that off site sources
do not present any problems as NPP is situated upon a hill about 60 m above the
surroundings and the nearest main roads are 5 km away, the nearest railways 7 km away
and there is no nearing factory handling hazardous gases.

The analysis of on-site sources showed that because of their proximity to the hydrogen
store the diesel generator building and possibly the control room building could sustain
pressure loads exceeding the design loads. Shifting hydrogen store to a greater distance
was proposed [31].

The probability of an aircraft crash was evaluated by comparison with other European
NPP and was found sufficiently low to be considered under the rules of the French
safety authority (SIR point 3.17 [31]). Further analysis is planned.

Nevertheless, the results of pre-studies show that the hydrogen storage is not a concern
for the nearest safety-related building: the diesel supply building.

The reason is that this building is partially underground [66].

Paks: The NPP Paks studied the consequences of external events and found that among those
due to human actions only aircraft crashes had to be studied in detail. It was found that
Paks NPP was not designed against external events. The scattered location of plant
buildings over a large area decreases the risk of an aircraft crash, but the plant
vulnerability is increased by the twin unit arrangement and the limited spatial separation
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of redundant systems. Various buildings and parts shield one another significantly which
is important from the standpoint of protecting the reactor and the spent fuel storage
pool.

The risk calculated for the entire plant using a very conservative approach is
106 events/year. Although this value is higher than the target event/unit/year screening
value, the reviewers of the study have stated that due to the conservative approach the
aircraft crash frequency value obtained in the study can be accepted and no further
refinement is needed (page 9 [34]).

Rovno: The risks of explosions and air crashes are described by Ukrainian experts as low, but
no analysis was available to demonstrate it. (Rovno Riskaudit Report, points 9.3.3 and
9.3.4, [33]).

The analysis of the site showed that the external events of human origin which could be
dangerous for the plant are:

possible accidents on railway trains;
results of an air crash.

According to the national regulations in Ukraine, the latter effect does not have to be
considered in view of low probability of such a crash.

The Ukrainian specialists believe that there will be no necessity for any major
reconstruction of the plant due to these events.

It is proposed to make a probabilistic analysis of effects of external hazards in the course
of safety re-evaluation. If the probability of such events were high, additional
organizational measures would have to be taken [67].
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ACCIDENT ANALYSIS

REVIEW AREA/ISSUE NUMBER: Accident analysis 1

ISSUE TITLE: Scope and methodology of accident analysis

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:
(See Table A-II)

Czech Republic:

Finland:

Hungary:

A new SAR for Dukovany NPP is being prepared. Also a programme of audits
is realized under PHARE programme. The internal audit was completed in
1993, the external audit performed by western companies will be completed in
May 1995.

A comprehensive regulatory document on accident analysis methodology is
available in Finland (YVL Guide 2.2, [125]).

Independent analysis has been performed for Loviisa NPP for all events
deemed necessary by the Finnish utility and the regulatory body. At present
Loviisa reactor power upgrading is planned and bounding cases of analyses
will be repeated [65].

In Hungary within the AGNES project [34] the task of the accident analyses
was to assess plant safety on the basis of internationally recognized systems of
requirements by using generally accepted state-of-the-art tools. The set of
initiating events used in AGNES project covers every initiating event
considered world-wide to affect plant safety and also specific cases occurring
in WWER-type reactors. In the reactor safety studies advanced computer codes
were applied.

Since the plant was licensed on the basis of Soviet norms adopted at that time,
special attention was devoted in the AGNES project to defining the acceptance
criteria. The acceptance criteria were elaborated by taking into account the
regulations in the USA, Germany, France and Finland and they correspond to
the European level of expectation (AGNES Summary, page 10, [34]).

The initiating events were divided into three groups, namely Anticipated
Operational Occurrences (AOO) which are expected to occur during the
lifetime of the plant, less frequent Postulated Accidents (PA) and very rare
severe accidents (SA).It was shown by the analysis that the frequency of PAs
was below 102/unit/year and that the core melt frequency and the likelihood
of the accidents leading to catastrophic consequences are acceptable (point
3.3.(3) of [34]).

The regulatory approval of the acceptance criteria used in AGNES has not yet
taken place.

The complete set of analyses executed for Paks NPP within the framework of
AGNES project is shown in the table below. However, this is not a SAR. The
Safety Analysis Report in Hungary is to be renewed every 10 years and the
SAR for units at Paks will be prepared according to this requirement.

However, as the authors of [34] have stated, the preparation of a modern SAR
will be possible only after the authorities have made the acceptance criteria
clear (AGNES Summary, page 35 [34]).
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Russia:

Slovak Republic:

Ukraine:

The Russian authority is developing equivalent regulatory guidelines, which are
expected to be enforced in 1995. A list of initiating events to be analyzed and
the recommendations on how to perform the analyses are included in the
Russian documents TS TOB RU-87 and TS TOB AS-85 (Typical Content of
Technical Justification) [8-9].

In Kola NPP the analyses made at the design stage cannot meet the regulatory
requirements presently in force. In 1987 the Russian Regulatory Body (GAN)
issued a document specifying a new list of initiating events to be taken into
account. Since the units of Kola NPP had been designed before that, the list
was not the same as the original one used in the TOB. The approach used in
western plants consisting in supplementing the SAR in the course of the plant
operation with required analyses was not used in Russia. The analyses were
done as separate booklets. Nevertheless, they were done. Now the approach
is similar as in the western countries. A program of analyses is established for
each plant, and the plant must fulfill it in order to get permission for further
operation. A new SAR is required for each plant.

From 1991-93 a new set of accident analyses was prepared for Kola NPP using
modified regulatory codes similar in the approach to RG 1.70 and an enlarged
list of initiating events was drawn. Gidropress made analyses with Russian
codes and some western codes, in particular with RELAP, ATHLET and for
some cases with CATHARE. The results showed good agreement. In all cases
the safety of the plant was shown to be satisfactory.

Based on the IAEA draft guide, the Slovak regulatory authority is preparing
equivalent national guidelines to be published in the near future. Regulatory
requirements on updated (or new) safety reports for Bohunice and Mochovce
plants are harmonized with guidelines under preparation. A new SAR for
Bohunice NPP was prepared in summer 1994 and will be submitted for
approval to the regulatory authority after the safety analyses have been
improved according to the recommendations of IAEA Safety Review Mission.

A new set of accident analyses was prepared for Rovno NPP in 1991-1992
similarly as in the case of Kola NPP. This list does not include some expected
initiating events, such as:

Inadvertent loading and operation of a fuel assembly in an improper
position, control rod misalignment, blockage of one or more core
subchannels.

Moreover, the accident of unsealing the steam generator collector cover was
assumed to be a beyond-design-basis accident, although some assumptions for
its analysis were chosen conservatively as for a DBA ([33], section 10.3.1).

The analysis of leaks in the CVCS outside containment and in LPIS are
missing. No accidents under shutdown conditions are included in the TOB.
([33], section 10.2 and 10.3).

The programme of safety re-evaluation in Rovno NPP foresees continuation of
accident analyses using both Russian and foreign computer codes. Additional
analyses of initial events will be also performed.
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The list of analyses will be created taking into account existing analyses
included in PSAR (TOB) and additional initial events which are not covered
in the PSAR.

In Rovno NPP it is planned to use the results of DBA analyses performed
within the framework of the IAEA project RER/9/004 [67].

The Table A-II presents a list of the accidents analyzed at the various plants in addition to the analysis
in the initial PSAR.

[Note: No attempt is made here to evaluate the appropriateness of the analysis or the acceptability of
the results. It should be kept in mind, that each analysis should take into account the effects of the
accident analyzed on fuel, primary coolant circuit and reactor containment, as applicable and in many
cases the analyses of an accident should be done twice or more choosing the approach which will be
conservative with regard to the calculation's objective.]
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to
TABLE A-II: SCOPE OF ACCIDENT ANALYSIS.2
ADDITIONAL ACCIDENT ANALYSES CARRIED OUT FOR WWER PLANTS

1. Reactivity Accidents

1.1 Uncontrolled withdrawal of a control
group during start-up

1.2 Uncontrolled withdrawal of a control
rod group during power operation

1.3 Inoperability of control rods:

(1) one CR stuck in the bottom
position

(2) one CR stuck in the top
position

(3) an inadvertent insertion of a
CR into the core from a
stuck position.

1.4 Cold coolant supply to the RCS either
by loss of preheaters or inadvertent
connection to the reactor of a cold
RCS loop, or of a loop with a lower
boron concentration

1.5 Control rod ejection in consideration
of unfavorable initial states with
regard to power distribution and
reactivity supply

1.6 Drop of one control rod into the core
at full power

1.7 Control rod withdrawal during
refuelling

LO

+

+

+

+

+

KO

+

+

+

RO

+

+

BO

0%, 2%

+

+

*

DU

+

+

+

full p.
zero p.

+

MO

+

full p.

+

full p.
zero p.

+

PA

+

+

full p.
zero p.

+

Remarks



to
as

1.8 Uncontrolled decrease of the boron
concentration in the reactor coolant

1.9 Sudden release of the boron deposited
on reactor internals

1.10 Inadvertent loading and operation
of a fuel assembly in an improper
position

2. Loss of Flow Accidents (LOFA)

2.1 Inadvertent closure of one main
isolation valve

2.2 Seizure of one main circulation pump
(MCP)

2.3 Break of the shaft of one MCP

2.4 Coastdown of different number of
MCPs from most unfavorable
operating status

2.5 Loss of power supply to all MCPs
from most unfavorable initial
condition

2.6 Blockage of the coolant flow through
the fuel assembly at full power.

3. Loss of Coolant Accidents (LOCA)

3.1 Complete rupture (2A-break) of the
main circulation line in cold leg and
hot leg

+

+

+

+

1/6
2/6
3/6

+

+

+
(partly)

+

+

+

+

+

+

+

+

+

+

+

+

+
+

+

+

+

+
3/6
2/5

+
6/6,5/5,

4/4

+3

+

+
full p.
zero p.

+
full p.
zero p.

+

+

+

+

+

+
+

+ '

+

1 loop
2 loops

+

+

6 of 6
3 of 6

6 of 6
3 of 6

+

+
+

+
full p.
zero p.

+

+

+

+

+

+

+

+
+



to

2 3.2 Accumulator line rupture (to the
downcomer, to the upper plenum)

3.3 Pressurizer surge line rupture

3.4 Partial cold leg ruptures

3.5 Partial hot leg ruptures

3.6 Leaks from the pressurizer steam
dome and valves

3.7 Leaks from the primary to the
secondary side of the steam generator
- one steam generator tube rupture
- several steam generator tubes

rupture
- primary collector head rupture

3.8 Reactor venting line rupture and
steam generator collector venting line
rupture

3A Forces on Reactor Internals.
Components (e.g. Valves) and Piping
During Specific Accidents

3A. 1 Medium and large break LOCAs

3A.2 Pressurizer safety valve stuck
open, with two phase or liquid
flow through the valve

3A.3 Anticipated transient without
scram leading to opening of the
safety valve

+
+

+

+

+

+

+

+

+

+

+

+

+

+

+
only with
blackout

+

+

+

+
only with
blackout

+

+

+

+

+

+

+
+

+

+

+

+
+

+

+

+

+ 13

+

+
+

+

+

+

+
+

+

+

+

+

+

+

+

+
+

+

+

+

+

+

+

+
+

+

+

+

+

+

+

+



to
ON

3A.4 Large primary to secondary
system leaks with steam lines
filled by liquid

3A.5 Loads imposed by concurrent
occurrence of the earthquake and
large break LOCA

3A.6 Large steam line breaks in the
secondary circuit

3B. Cold Water Impact on the Reactor
Vessel Material During Overcooline
Transients

3B.1 Small and medium size LOCA
Fluid-fluid mixing in primary loops
and in the downcomer
impact of the cold tongues on the
vessel material
(for different number of cold tongues)

3B.2 Opening of steam valves (SG
safety, steam by-pass, steam
relief)

3B.3 Large steam leaks from the
secondary circuit

fluid-fluid mixing
impact on the vessel material

3B.4 Starting of the ECCS due to false
signal during operating at
minimum power

4. Interfacing System LOCA
(Loss of coolant from reactor pressure
boundary to low pressure part of the
system)

+

not
valid

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

optional

optional

+

+

+

+

+

+



ON 5. Loss of inteeritv of secondary circuit

5.1 Main steam line rupture (at zero
power, at full power)
- inside hermetic compartments
- in the turbine hall

5.2 Main steam line rupture coincident
with steam generator tube rupture

5.3 Main steam header rupture (at zero
power, at full power)

5.4 Feedwater line rupture
- between SG and the check valve
- between the check valve and

feedwater header

5.5 Main feedwater header rupture

5.6 Emergency feedwater line rupture

6. Loss of Power SUDDIY

6.1 Change of grid frequency

6.2 Loss of AC external power

7. Primary Circuit Malfunctions

7.1 Reactor scram due to the false signal

7.2 Start-up of the ECCS due to false
signal

7.3 Pressurizer spraying by normal make-
up system due to the erroneous action

+ 
+

+

+ 
+

+

+

+

+8

+8

+8

+ 
+

+

+

+

+ 
+

+ 
+

+

+ +

+ 
+

4-

•

+

full p.

full p.

+

+4

+5

+

+

+ 
+

+

+

+

+ 
+

+

+



7.4 Inadvertent pressure increase due to
inadvertent operation of pressurizer
heaters

7.5 Pressurizer safety valve stuck open at
nominal operation

7.6 Pressurizer safety valve stuck open
after its correct opening during
corresponding regimes

8 Secondary Circuit Malfunctions

8.1 Loss of one feedwater pump and
failure of the stand-by pump

8.2 Inadvertent full opening of one
feedwater control valve

8.3 Inadvertent opening of one by-pass
valve of the high-pressure preheaters
Loss of HP preheaters

8.4 Inadvertent opening of one steam
relief valve to the atmosphere

8.5 Stuck open of one steam by-pass
valve to the condenser after its
required opening

8.6 Stuck open of several steam by-pass
valves to the condenser after its
required opening

8.7 Stuck open of SG safety valve after
its required opening

8.8 Inadvertent closure of the feedwater
isolation valve

+

+

+

+

+

+

+

+

+

+

+

+9

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+ "

+ "

+ "

+ "

+ "

+ "

+ "



oo 8.9 Inadvertent opening of one SG safety
valve which fails to close

8.10 One and two turbine trips:
- with by-pass available
- with by-pass blocked

8.11 Fast load rejection to the house
load with closure of fast isolating
valves of one or 2 turbines

8.12 Inadvertent closure of the main
steam line isolation valve

8.13 Fast turbine load increase by 10%
above nominal value

8.14 Malfunctions of the secondary
pressure controller

- Steam flow reduction
- Steam flow increase

8.15 Loss of condenser vacuum

9 Anticipated Transients Without Scram
(ATWS)
Turbine trip

9.1 Failure of the main heat sink, e.g. as
a result of a loss of condenser
vacuum and/or a closure of the main
steam gate valves with station service
power supply intact.

9.2 Failure of the main heat sink with
failure of station service power supply

+

+

+

+

+

+ 10

+ 10

+

+

12

+

+

+ 
+

+

+

+ 
+

+

+ 
+

+

+

+

+ »

+

+ »

+ "

+

+



9.3 Maximum increase in steam
extraction, e.g. as a result of an
opening of the turbine bypass station
or of the main steam safety valves

9.4 Complete failure of the main
feedwater supply

9.5 Maximum reduction of the coolant
flow rate.

9.6 Maximum reactivity gain as a result
of a withdrawal of control assemblies
or control assembly banks proceeding
from the basis of the full load and the
hot standby state.

9.7 Depressurization as a result of an
inadvertent opening of a pressurizes
safety valve

9.8 Maximum reduction of the reactor
inlet temperature caused by a
malfunction of an active compound of
the feedwater supply system

10. Fuel Handling Accidents

10.1 Erroneous loading to the core of a
fuel assembly with maximum
enrichment

10.2 Flooding of the fresh fuel tank
with clean water

10.3 Flooding of the spent fuel pool
with clean water

10.4 Erroneous loading of the fresh fuel
assembly with maximum
enrichment to the spent fuel pool

+

+

+

+

+

+

+

+

+ 17

+

+

+

+

full p.

zero p.

+

+

+7

+

+

+

+

+

+

+



25 10.5 Flooding of the transport container
for spent fuel with clean water

10.6 Erroneous loading of the fresh fuel
assembly with maximum
enrichment to the transport
container for spent fuel

10.7 Inadvertent withdrawal of a fuel
assembly from the spent fuel pool

10.8 Loss of cooling of the spent fuel
pool

10.9 Loss of water from the spent fuel
pool

10.10 Reduction of cooling cases with
damaged fuel assemblies

10.11 Drop of the spent fuel assembly in
the air and under water

10.12 Drop of the box with fresh fuel
assemblies under water

10.13 Drop of the container with fresh
assemblies in the air

10.14 Drop of the container with spent
fuel assemblies under water

11. Accident in Auxiliary System

11.1 Rupture of the tube in the gas
removal or in the radwaste
treatment system

11.2 Hydrogen explosion in the
hydrogen treatment system

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+



11.3 Leak from the liquid radwaste
system and from the special
drainage.

12 Accidents due to External Events

12.1 External and internal missiles
- internal missiles (e.g. turbine)
- aircraft crash

12.2 External explosions and release of
toxic gases

12.3 External and internal fires

12.4 Earthquakes

12.5 Flooding (details to be provided)

12.6 Other external effects (tornado
lightning, soil setting).

+

+

+

+

+

+

+ 14

+ 15

+(PSA)

+(PSA)

+ .6

+

+

+

+(LBB)

+ 18

+

+

PSA

+

+

+

+

+

+

(1) Decrease of boron concentration in effect of inadvertent operation of ECCS, or CVCS malfunction, or operator error, resulting in increasing reactor coolant inventory.

(2) Coolant flow decrease as a consequence of low grid frequency.

(3) LOCA sequences for Bohunice NPP have been analyzed within the framework of the IAEA project RER TC/9/004.

(4) Spectrum of steam piping ruptures: 0.5A, 0.1 A.

(5) MSLB in coincidence with break of BRU-A lines of 2 neighbouring steam lines.
MSLB in coincidence with the failure of MIV.

(6) In short term and in long term.

(7) Design basis fuel handling accidents in the containment and spent fuel storage buildings - Fuel assembly mechanical damage and drop.



(8) At full power.

(9) After inadvertent opening.

(10) Only for one turbine trip.

(11) Only for one MSLIV.

(12) Going on.

(13) Done, but not included yet in the new SAR.

(14) Only partly.

(15) Analyzed within the framework of IAEA project TC RER/9/004.

(16) Results from new SAR for V-2 (1944).

(17) Are completed in frame of re-construction of spent fuel pool.

(18) In framework of PSA 1 ( + 14,7 m).

(19) Conservatively covered by other analyses.

Paks: In the framework of the AGNES project [93] the analyses covered every initiating event considered world-wide as affecting plant safety as well as specific cases
occurring in WWER-type reactors. In some cases the computer calculation was not performed, but it was demonstrated that the case is covered by a similar, more dangerous
transient. The most advanced computer codes were applied in the reactor safety studies.

Mochovce comment on the table:
The scope of accident analysis for Mochovce cannot be considered as a final state. The list of events for accident analysis for a new POSAR is under discussion and has
not yet been approved by the nuclear regulatory authority {66].



REVIEW AREA/ISSUE NUMBER: Accident analysis 2

ISSUE TITLE: QA of plant data used in accident analysis

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Within RER/9/004 all design and operational data used in DBA calculations were
collected, cross checked and confirmed at the plant. Set points and response times were
verified at the site. The collected data were documented in an "Engineering Handbook",
then data base for calculations with RELAP code was prepared and published as another
volume. A quality assurance procedure was put into place, each data was independently
verified and a modified editions of both documents was published. An external audit was
performed.

Dukovany: Implementation ongoing. An internal audit has been completed, an external audit will
be completed in May 1995.

Kola: Implementation under way.

Loviisa: QA procedure for plant data used in accident situations is implemented by the utility.

As regards the Technical Research Centre of Finland (VTT), which performs accident
analyses, the QA policy is as follows:

VTT is a consulting company, and as such considers itself liable to guarantee that the
accident analysis model constructed by VTT represents the documentation provided to
VTT as closely as possible. If not otherwise agreed, the data used in the accident
analyses are provided to VTT by the customer. Reliability of the plant data, i.e. how
well the documentation describes the plant itself, will be usually controlled by the
customer.

The analyses themselves are subject to standard QA procedures practiced at VTT. They
include:

(1) Analysis report will always be produced.
(2) The person(s) responsible for analyses sign(s) the report.
(3) The report will be checked by the group leader or by an expert appointed by the

group leader. An approval is confirmed by a signature.
(4) The head of the research field finally approves the research report and confirms this

by a signature.

Four originals of the report will be produced on VTT's regular research report forms
[65].

Mochovce: A plant data base is foreseen in Mochovce project.

Paks: A detailed collection of plant data was performed within AGNES project for Paks NPP.

Rovno:
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REVIEW AREA/ISSUE NUMBER: Accident analysis 3

ISSUE TITLE: Computer code and plant model validation

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Within the framework of the IAEA's TC Regional Programme "Computer Aided Safety Analysis"
carried out until 1990 and then within the next IAEA project "Evaluation of Safety Aspects of
WWER-440 Model 213 NPPs", a large number of codes have been implemented to WWER
calculations. In the field of DBA calculations the RELAP4/MOD6 and RELAP/5/MOD2 were
implemented in all participating countries, followed by systematic methodological and practical
training.

In parallel to adaption of western codes, many codes were developed in participating countries. The
full account of the actual status of the problems is presented in the draft TECDOC "Computer Codes
used in safety analysis of WWER-440 model 213 NPPs".

Generally however the task of code validation is difficult. The user countries, like Hungary, have
little information about the Russian codes originally used for WWER analyses. Western codes are not
validated for WWER calculations. For example, CATHARE code has been validated against such
phenomena, as were of interest to French reactor designers, but this does not fully cover the spectrum
of problems of interest to WWERs.

For the last 3 years the GRS and IPSN have been developing a test matrix for code validation for
WWER calculations. It has been shown that further work is necessary. It will be more effective, if
it is done on the basis of international cooperation. Presently the validation of codes is not sufficient
from the standpoint of requirements of regulatory bodies.

Finland: Validation of the thermal hydraulic codes has mainly been done through
participation in OECD/CSNI international standards problems. A summary of
the validation cases calculated at the Technical Research Centre of Finland
(VTT) with thermal hydraulic codes RELAP5, SMABRE, and APROS during
90's is collected in Table A-III. All the recent cases have been conducted with
integral test facilities [65].
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TABLE A-III: VALIDATION OF THERMAL HYDRAULIC CODES IN FINLAND AT VTT
Recent integral test calculations and issue Accident analysis 3

VALIDATION CASE

REWET-II
reflood

REWETT-II
natural calculation

Loviisa
overcooling transient

PACTEL
small break LOCA

CSNI/ISP-22
loss of feedwater

CSNI/ISP-25
LOCA reflood with
nitrogen

CSNI/ISP-26
small break LOCA

CSNI/ISP-27
small cold leg break

CSNI/ISP-33
natural circulation

IAEA/SPE-3
primary-secondary leak

IAEA/SPE-4
secondary side bleed &
feed

LOFT L3-6
small break LOCA

LOFT LP-SB-03
small break LOCA

LOFT L5-1
medium LOCA

LOFT L2-5
large break LOCA

CODES USED

RELAP5/MOD2
RELAP5/MOD3

RELAP5/MOD2
RELAP5/MOD3

RELAP5/MOD2
APROS

RELAP5/MOD3

SMABRE

RELAP5/MOD2

RELAP5/MOD2.5
SMABRE

RELAP5/MOD3
APROS

RELAP5/MOD3
APROS

RELAP5/MOD3

RELAP5/MOD3

apros

APROS

APROS

APROS

REFERENCE

Hamalainen 1993
Banati 1994a

Hyvarinen 1992
Tuomisto 1992

Yrjola 1992
Puska et al. 1994

Lomperski et al.
1993

De Thoma et al.
1990

Holmes 1991

Kuklta et al. 1992
Kuklta et al. 1992

Clement et al. 1992
In progress

Purhonen & al 1994
Ahvone 1994

IAEA 1991

Banati 1994b

Al-Falahi et al.
1994b

Al-Falahi et al.
1994b

Al-Falahi et al.
1994a

Hanninen & Al-Falahi
1994

CALCULATION
TYPE

post test
post test

post test
post test

post test
post test

post test

blind & open

blind

open
open

blind & open
post test

open
open

blind & post test

blind & post test

post test

post test

post test

post test
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Hungary

Russia :

Slovak Republic:

In Hungary, an extensive code validation activity was performed during the
past ten years based on integral test results of the PMK-NVH facility.

The validation of the three-dimensional dynamics programmes were carried out
in the frame of AER (Atomic Energy Research) cooperation, established by the
WWER users. Three currently used hexagonal 3D kinetic benchmark are
existing, all of them were defined in the AER.

Within the AGNES project [34] Paks NPP also made benefit of the assessment
results of the ATHLET and RELAP5/MOD3 codes available via the respective
users' clubs, but in addition special code validation cases based on measured
plant data have been calculated as well.

In former USSR, there was no formal requirement to validate computer codes
for safety analyses. In reality, the codes were verified, but from the legal
standpoint. In 1991 Russian Regulatory Body (GAN) introduced the legal
requirement for certification of codes by GAN. Presently Russian design
organizations compare codes of Russian and western origin within the
framework of bilateral and multilateral cooperation. Many assessment have
shown that the calculations made according to Russian codes are satisfactory.

Presently, the normal procedure for code validation is as follows:

The code is developed, trial calculations are made and the code is described
according to the standard format of presentation of the code for verification.
The methods of calculation are described, the programme and the results of
experiments are given together with the solutions of standard tests. The whole
material is summarized in one report, submitted to GAN, and after several
years of review it becomes eventually approved. One of the western codes used
in Russian for comparison with the Russian codes is ATHLET. It has been
modified to reflect the main features of WWERs and is in use in Gidropress,
Kurchatov Institute and GAN Scientific Centre. Its modified version (with a
new SG model) is being validated using experimental results and
commissioning test results. A report will be submitted to GAN for approval.

Advanced codes recently used for thermohydraulic calculations of WWER
reactors are adapted mainly from western countries. Some codes were
developed in the former Czechoslovakia or were adapted from the former
Soviet Union. Process with code verification started at the end of the 1970s
and continues until now.

Progress in code verification has been made in the frame of the IAEA TC
regional programmes "Computer Aided Safety Analysis" participating in
several SPE calculations. Experimental data of SPE-1, SPE-2, SPE-3 and
SPE-4 from PMK facility have been used for verification of RELAP5 code
versions.

Participation in ISP 27 (experiment on facility BETSY) and ISP (PACTEL)
programmes contributed to RELAP code verification. The experience gained
during the above mentioned verification process has been enlarged in the field
of advanced code application for WWER reactors during the IAEA project
RER/9/004 "Evaluation of Safety Aspects of WWER-440 Model 213 NPPs".
Recently the Slovak Republic joined the CAMP programme and the
contribution of the countries involved in this programme means additional
sources for code validation.
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The Slovak Republic, as participant of programmes to formulate a WWER
specific verification matrix or PHARE regional project for T-H code validation
has access to the advanced codes validation for WWER reactors.

Besides the versions of RELAP5 code, the CATHARE2 code is available for
accident and transient analyses. Applications of this code allow the comparison
of process behaviour prediction by different advanced codes of similar quality.
The internal instructions accepted in Slovak organizations and guidelines in the
field of QA increase the confidence in results of performed analyses.

The Slovak Republic is involved in the programme AER (Atomic Energy
Research) for validation of three dimensional dynamic codes. Code DYN30
submitted to Slovak organizations in the frame of the IAEA project is tested
during this AER programme [66].
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REVIEW AREA/ISSUE NUMBER: Accident analysis 4

ISSUE TITLE: Availability of accident analysis results for supporting plant operation

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: New SAR has been prepared jointly by VUJE and the plant. Its format and content is
similar as that required in US by RG 1.70. The report is available at the plant but it has
not been approved yet by the Slovak Nuclear Regulatory Authority. It is planned to be
used for EOP preparation and operator training.

Accident analyses in the currently revised SAR (part 15 - Accident analysis) meet all
basic criteria set by the USNRC, because as a guideline in their preparation, RG 1.70
was used as a basic document. Another source of international know how in the area of
accident analysis was the guideline for accident analyses WWER-440 reactors, prepared
in the frame of the IAEA programmes [62].

Best estimate analyses are currently used as a background for event and symptom based
EOPs, as well as for PSA model construction and upgrading. In the future best estimate
analyses of extended scenarios will have an even more essential role in procedures
preparation and improvement [62].

Dukovany: The complete set of safety analyses has been prepared and reviewed at the plant within
the framework of Internal Audit programme. Presently External Audit is under way.
The analyses and results are available at the plant.

Kola: Safety analyses available at present at Kola NPP were performed to confirm the fact that
NPP design completely meets the safety requirements stated by the regulatory bodies
(GAN) and presented in the regulations and guidelines.

Russian organizations have begun modifying operating procedures based upon best-
estimate analyses. This program is continuing.

Loviisa: Studies performed with the Loviisa full scope training simulator (LOKS) have been used
in working out the EOPs of Loviisa NPP. Results of conventional accident analysis have
been used as support in this work. The use of LOKS in assessing the best estimate
behaviour of the reactor plant is based on comparison studies with the results of state
of the are computer codes. The other reason is the fact that the main thermal hydraulic
model of LOKS is essentially the SMABRE code, which is verified against relevant
separate effect, integral experiments and Loviisa NPP transient data [65].

Mochovce: Although the issue of the emergency procedures concept is still open, it is considered
in any case to make a "best estimate type" study for the needs of the emergency
procedures [66].

Rovno As in Kola.
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REVIEW AREA/ISSUE NUMBER: Accident analysis 5

ISSUE TITLE: Main steamline break accident analysis

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Czech Republic:

Finland:

Hungary:

Russia:

Slovak Republic:

A proposal for modification of the logics of formation of reactor scram signal
after main steam header break has been formulated and is going to be realized
in Dukovany NPP [63].

In Loviisa NPP the main steamline break analysis has been performed to study
the recriticality and radiation doses. Recriticality was calculated to happen if
one control rod sticks up during reactor scram and the main circulation pumps
remain running. The hottest fuel rods do not experience DNB and the radiation
doses remain below regulatory limits.

Steamline breaks were studied within AGNES project by IVO International. It
was found that recriticality can occur only if the steam side isolation valve does
not close and the main circulation pump does not stop. The minimum value of
DNBR was found to be 3.59 for the break occurring at full power conditions
and more than 5 for zero power conditions. As the acceptance criteria
established in AGNES project were specified that DNBR should be above 1.33
for anticipated operational occurrences, while for the postulated accidents the
acceptability depended on the radiation consequences of the accident, it was
concluded that the results are acceptable

The analyses are made for the case of MSLB assuming only the break of one
steam line, with the application of single failure criterion. In Russian rules the
requirement is stated for the systems of the reactor shutdown to bring the core
into subcritical state with regard to the possible reactivity release. Breaks of
several steamlines, according to Russian rules, may be referred to beyond
design accidents. The only conservative criterion, applied to this class of
accidents, is confirmation of the absence of fuel cladding damages due to
DNB. The results of calculations done by Gidropress showed that there is no
danger of core recriticality, so that the requirements of Russian regulations are
satisfied.

In case of possible loss of leaktightness of the fuel rod, it is important not to
exceed the criteria for radiological consequences accepted for accidents.

The following should be included in the development of the given problem:

probabilistic analysis for quantitative estimation of frequency of damages
as a result of a tube whipping effect;

estimation of damages of high-energy pipelines within the containment and
turbine compartment.

The work on this problem is being planned at Kola NPP.

The analyses have been performed both for Bohunice V-2 and for Mochovce
NPP. The range of initial conditions included various power levels, various
initial shutdown margins, various situations of pump operation in the RCS and
FWS and very conservative assumptions for the initiating events, including loss
of steam from three neighbouring steam lines. The results of calculations done
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with RELAP5/MOD3 and with DYN3D/MOD2 codes were in good agreement
and showed that in no case reactor coolant boiling occurred, although the
recriticality was reached and maintained for a considerable time. As there was
no damage to the reactor fuel, the analysis is concluded with the statement that
the main steam line break is not a vital problem and the reactor core is not
endangered [128]. The calculations have not been yet approved by the
regulatory body.
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REVIEW AREA/ISSUE NUMBER: Accident analysis 6

ISSUE TITLE: Overcooling transients related to pressurized thermal shock

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: An analysis of overcooling transients after breaks of the secondary circuit has been
performed within the framework of the actual SAR. The initiating events included steam
line breaks at full reactor power and under hot shutdown conditions and several cases
of main circulating pumps operation in the RCS were considered. The results showed
that the transients do not lead to the RPV break. The SAR has not been yet approved
by the Nuclear Regulatory Authority of the Slovak Republic.

Dukovany: Analyses of cold thermal shocks including formation of "cold tongues" were done in
1986-1987 and presented on a seminar in Hungary.

Kola: An experimental validation of the code for PTS calculations was performed during pre-
operational tests by using HPIS pumps to inject cold water into one nozzle of the RPV.
The influence of the "cold tongue" formed in the effect of this injection on RPV wall
temperature was studied using thermocouples embedded in the RPV wall. Gidropress
performed the analysis of PTS and showed that it does not threaten the integrity of the
RPV. The cases analyzed included errors in the operation of HPIS, errors in
hydrotesting procedures, SB LOCAs of 25 mm, 73 mm and LB LOCA of 500 mm
break, inadvertent opening of the safety valve with failure to close or with later closing
at any moment of the process and with the accompanying pressure rise. The results are
available at Kola NPP.

Loviisa: Both probabilistic and deterministic PTS analyses have been performed for the reactor
pressure vessels of Loviisa NPP. Sixty-five scenarios have been analysed in the
probabilistic PTS study. Limiting scenarios of the probabilistic study have been selected
for deterministic analyses. Thermal hydraulic experiments have been performed in a
plexiglass facility to support the analyses in calculations of cold ECC mixing. The goal
of the deterministic analyses has been to determine the acceptable lifetime of the reactor
pressure vessels taking into account the irradiation embrittlement of the pressure vessel
steel and the size of the cracks, which can exist in the wall of the pressure vessel. It has
been decided to anneal the reactor pressure vessel of Loviisa unit 1 in 1996 [65].

Mochovce: Analyses of the effects of the main steam line break have been performed. The analyzed
cases included simultaneous rupture of the steam line leading from the steam generator
to the steam collector and the damages to the two neighbouring steam lines. The
analyses were limited to the determination of the water temperature at the entrance to
the reactor pressure vessel downcomer.

Analyses of pressure thermal shock for selected initiating events are considered for the
new safety analysis report (SAR). However, a lost of the initiating events for the new
SAR has not yet been approved by the nuclear regulatory body (NRA SR) [66].

Paks: Within Agnes project, 19 cases which could lead to PTS have been investigated, among
them the cases of:

inadvertent opening of pressurizer safety valves;
LOCA spectrum, including 200% break of the cold leg;
steamline break, with MISV failure to close or operable with loss of off-site power;
inadvertent ECCS operation;
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opening of the steam generator cover, the steam generator is isolated after 3600 s,
flow stagnation is assumed.

The acceptance criteria were:

Safety factors for an axial crack postulated in base material according to ASME
standards or for shallow circumferential crack postulated in weld material shall be
above 1.1.
Peak pressure during the transients shall not exceed the permitted value for a given
temperature.

The limiting case turned out to be the LB LOCA. It has been found, that the PTS can
become a hazard requiring extra measures such as heating water in the ECCS tanks in
the second half of the NPP lifetime [34].

Rovno: No specific analysis was performed. Generic analyses performed seem to be quite
simple, aimed to define the maximum allowable transition temperature at the end of life.
In the result of calculations made with reference to actual properties, measures were
suggested for each reactor vessel: to insert 36 dummy elements and to increase ECCS
water temperature to 55°C in unit 1, and to increase ECCS water temperature to 55°C
in unit 2. It was said that under such conditions calculated design life time was 40 years
(Risk-audit Report No.7, Vol.1, p.4/12, [33]).
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REVIEW AREA/ISSUE NUMBER: Accident analysis 7

ISSUE TITLE: Steam generator collector rupture analysis

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

The updated TOB added the analysis of a steam generator collector cover separation accident, but the
information included is quite simple.

Activities on investigating the causes of steam generator damage and improving their reliability and
safety have been conducted in Dukovany, Kola, Loviisa, Paks, Rovno as described in issue
Systems 2.

This event has been studied in Russia for new reactor designs. The analysis has demonstrated that,
with automatic system actions, the steam generator overfill condition can be prevented. It is possible
that a similar method could be applied with WWER-440/213 plants, however, this would require a
verification process to assure its applicability.

Emergency procedures have been developed for this type of event.

Other measures are described in issue Systems 2.

Bohunice: Long term analysis of the accident were made within the framework of IAEA
RER/9/004 project, both for the case with BRU-A sticking open and for the case of
BRU-A reclosing. The reduction of ECCS flow rates in such an accident was proposed.
The study has not been formally reviewed yet.

Loviisa: An analysis of steam generator collector failure was performed [84] and its results were
used for implementation of several safety improvement measures as described in the
safety issue "Systems 2".

Mochovce: Steam generator collector break was treated as a BDBA event.The IAEA mission
recommended to consider it as a DBA and to take the necessary measures as would be
indicated by analyses ([35] section 2.2.1)

Analyses of a failure related to an SG header lifting is assumed for the new SAR. A
manner of the failure solving (whether as a design basis or beyond design basis one)
needs to be discussed with the NRA SR. In any case, hardware modifications are
planned to mitigate consequences of such failure [66].

Paks: Within the AGNES project [34] the event was investigated assuming a single failure and
stuck open steam generator safety valve, however operator action to reduce primary
pressure and collapse of steamline was not considered. The Paks NPP has initiated a
project to address the long-term aspects of the problem.

Rovno: An analysis of unsealing steam generator collector cover was performed, but only for
the first 160 seconds of the transient. The case was treated as a BDBA event, but
thermohydraulic assumptions were taken conservatively. Further work is in progress.
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REVIEW AREA/ISSUE NUMBER: Accident analysis 8

ISSUE TITLE: Accidents possible under low power and shutdown conditions

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Shutdown PSA is due to be performed in 1995-1996. All vulnerabilities, depending on
their severity, will be addressed in the following steps [62].

Dukovany: Shutdown PSA will start at the end of 1995 or the next year (after finishing of
probabilistic fire analyses) [63].

Kola: The TOB includes the analyses of violations possible during fuel handling under
refuelling (drop of assembly into the reactor and cooling pond, drop of the container
with spent fuel, dilution of the primary coolant with pure condensate during refuelling
and power operation, erroneous connection of inoperable loop).

The work on broadening the list of violations in operation of the reactor plant equipment
during refuelling and operation at low power is being extended with regard to
international practice.

Loviisa: The following analyses have been completed for hot shutdown conditions:

small and large leaks;
loss of decay heat removal;
loss of off-site power

Analyses of primary to secondary leaks during hot shutdown is being carried out.
Results of the analyses will be used in a shutdown PSA study, which is currently on-
going, and in further development of Technical Specifications and EOPs for low power
and shutdown conditions [65].

Mochovce: An assessment of the event occurring during reactor low power and shutdown is
assumed in the level 1 PSA study within a PHARE programme. The concern is that
there have been no thermal hydraulic analyses performed for the events [66].

Paks: Partial analyses have been made with deterministic approach. Shutdown PSA level 1 was
started.

Rovno: Accident analyses typical of refuelling, such as the loading and operation of a fuel
assembly in an improper position, are not performed. Only the usual administrative
procedure is used to verify the correct position of the assemblies. The in-core control
system enables the plant to detect an incorrectly loaded assembly by high value of power
peaking factors at low power level (30% Nom). This kind of occurrence has not ever
happened [33].

The analyses are envisaged to be performed as a part of the report on safety
reassessment [67].
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REVIEW AREA/ISSUE NUMBER: Accident analysis 9

ISSUE TITLE: Severe accidents

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

All WWER-440/213 users are performing severe accident analysis at different stages.

Bohunice: Within the framework of the IAEA Regional Programme on Computer Aided Safety
Analysis the methodology for severe accident studies was developed and later
implemented under the IAEA TC Project RER/9/004 to analysis of Bohunice NPP. The
computer codes STCP and MELCOR were adopted to WWER-440/213 specific
conditions and used for scenarios with core melt. The RELAP5 code was used for
evaluation of accident management measures. The BDBA accidents analysed within the
project include a spectrum of LOCAs, from 20 mm to 500 mm break with simultaneous
failures of electric power supply or of ECCS subsystems, and loss of electric power
simultaneous with failures of PORV or pump seals in the RCS. The behaviour of the
bubbler condenser containment under severe accident conditions was also studied. The
analyses were conducted for the whole time period up to reaching stable conditions, and
included evaluation of radiological consequences of the accidents. All phases, namely
in-vessel phenomena, (core failure , core melt progression , core relocation and the RPV
failure), in-cavity phenomena (melt relocation and cooling, concrete ablatyiona and gas
generation), and containment phenomena (containment thermodynamics, combustion of
inflammable gases, leakage and threats to containment function) were covered. Fission
product transport and releases were studied with STCP package, using ORIGEN for
estimation of core inventory, CORSOR code for releases of radionuclides form fuel,
TRAP-MELT for fission product transport within RCS and VANESA for core-concrete
interaction in the reactor cavity. Finally NAUA-M code was used to analyze the aerosol
behaviour in the containment and estimate the environmental source term [62].

Dukovany: The NRI Rez participated actively in the IAEA TC project TC RER/9/004 performing
several severe accident analyses as a part of this project. Besides that, Czech Republic
participated in several research programmes on severe accidents organized by USNRC
and recently has initiated the development of severe accident simulator for the Dukovany
NPP, based on the work done within RER/9/004 project. The codes available for severe
accident studies include STCP-M, MELCOR, ESCADRE, CONTAIN, CORCON,
SCDAP/RELAP and ICAR2. The accidents analyzed include full spectrum of LOCAs,
total loss of electric power and failure of SG feed water systems [63].

Kola: Russian experts say that a set of initiating events similar to that used for Rovno has been
evaluated, and guidelines are established, for the Russian plants.

Loviisa: Severe accidents have been studied for all important accident scenarios with MAAP code
and checked with new code versions (MELCOR, SCDAP/RELAP). Presently analysis
efforts are focused on key phenomena/actions of severe accident management plans. The
analyses are supported by experimental activities. The four high-level actions determined
for Loviisa plant include:

primary system depressurization;
external cooling of the RPV to retain the molten core within the RPV;
hydrogen control (72 glow plugs installed, mixing studied);
containment pressure control by an external spray (implemented) [130].

(The distribution of hydrogen in the Loviisa containment was studied using code
CONTAIN, tested in ISP-29, hydrogen distribution in the HDR containment facility)
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The studies of pool heat transfer from the lower head of a WWER-440 pressure vessel
were initiated in facility COPO, presently being upgraded.

Mochovce: Analyses of selected severe accidents are considered to be incorporated into the new
SAR. However, a list of the initiating events for the new SAR has not yet been
approved by the NRA SR [66].

Paks: The AGNES project covered the following four parts of the severe accident analysis:

in vessel phase;
containment phase;
radioactivity releases;
accident management (safety objectives and tools for prevention and mitigation of
accidents).

Severe accidents were assessed using Source Term Code Package STCP. It was found
that the loads larger than the design pressure occur in the containment during hydrogen
combustion and in the case of ECCS spray system failure. Maximum releases of fission
products from the core and from the containment have been determined for the most
dangerous accidents [131].

Rovno: Ukrainian NPPs have developed together with Ukrainian regulatory organization
(GANU) a list of initiating events resulting in severe accidents. These events have been
analyzed in Russian institutes and thereafter guidelines have been made together with
Russian institutes. The list includes 14 initiating events:

total station blackout;
- small break LOCA, with ECCS failures;

medium size LOCA, with ECCS failures;
- large break LOCA, with ECCS failures;
- large break LOCA (HPI & LPI switched on in 20 min);

large break LOCA (containment failure);
decay heat removal system pipe line break outside containment;
primary-to-secondary leakage;
total station blackout as a result of earthquake;
steam line break including decay heat removal system failure;
steam header break without HPI, LPI and feedwater;
total loss of feedwater;
fire analyses;
flooding.

The final list of analyses will be determined within the development of the report on
safety reassessment [67].
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REVIEW AREA/ISSUE NUMBER: Accident analysis 10

ISSUE TITLE: Probabilistic safety assessment (PSA)

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice:

Dukovany:

Kola:

PSA study level 1 has been completed in October 1994. Broad exchange of experience
was assured during its development mainly in the framework of the IAEA RER/9/005
project (Bohunice, Dukovany, Paks, Kola included). LOCAs, transients, internal
flooding and fires considered as initiating events, only during full-power operation.
Independent peer review is done currently by the SAIC experts and will be performed
further by an international IAEA peer review in January 1995.

Partial shutdown risk study is under preparation in the framework of the PHARE 1993
programme [62].

Level 1 PSA has been completed. It considers only operation at full power, internal
initiators and loss of off-site power, internal floods and influences of high energy pipe
line break, fire analyses are being completed, external events are not yet included.

On the basis of elaborated PSA-1 model and executed reliability analyses of all modelled
systems the priorities of modifications are presently evaluated through PSA methodology
[63].

PSA is conducted and used as a living PSA.

Loviisa: Level 1 PSA has been completed as follows:

- level 1 PSA (internal initiators) 1989;
fire risk analysis 1992;
flood risk analysis 1994;
seismic risk analysis 1992;
weather risk analysis 1994.

Shutdown and low power risk analyses are in progress. Level 2 PSA is in progress. The
Loviisa PSA study has been performed in-house in order to make the personnel
understand the risk topography of the plant, to reveal the weak points in design
procedures and equipment, to understand the physical and temporal progress of
accidents and to make the personnel understand the timely measures to prevent and
mitigate the consequences of accidents. Peer review of the Loviisa PSA has been made
by the Finnish regulatory body (STUK [65]).

Mochovce: In 1993, Mochovce NPP was making efforts to include the level 1 PSA study into the
PHARE programme. This study has to be used as a reference study for WWER-440/213
type rector as a reference study for the purpose of harmonizing a methodology and to
reach high level of art of the PSA studies for these types of NPPs. The scope of the
study also covers low power and shutdown events, including assessment of dominant
internal hazards (fire, floodings, missiles, pipe whipping and explosions). The study
shall also confirm that planned design safety enhancements resulting from a deterministic
approach are able to bring the plant to a required safety level. The output of this study
should also be a "living" model which is planned at Mochovce NPP to be used for
future plant systems and equipment modifications and technical conditions optimization.
This project was agreed in 1994, but is delayed at present. The reason for that, as far
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as we are informed, is an unclear situation about the plant completion. Bohunice and
Dukovany NPPs should also be co-beneficiaries of this project [66].

But in view of the existing situation at Mochovce, IPSN-GRS does not consider that
there is a pressing need to perform a PSA which would not be specific and
representative enough of the exact status of this plant. If a PSA were now performed it
would not be representative of the Mochovce situation, and may influence some
decisions in the wrong way. Realization of such a global PSA by the utility could be
worthwhile, once all relevant information is available, after start-up of the units.

Paks: Within AGNES study level 1 PSA has been completed, with the range similar as in
Dukovany.

Full power operational mode and 53 internal initiators were treated. Consequences of
most important high energy pipe breaks and floods were considered. Post-accident
human interactions were modelled in details using simulator-based operator reliability
experiments. Shutdown PSA activity is being initiated.

Rovno: The analyses are envisaged to be performed as a part of the report on safety
reassessment [67].
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REVIEW AREA/ISSUE NUMBER: Accident analysis 11

ISSUE TITLE: Boron dilution accidents

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Kola Russian experiments (including experiments on the Kola plant) have been performed
which are primarily oriented to thermal shock effects. These experiments provide also
information permitting evaluation of the lower plenum mixing characteristics. Additional
experiments of the lower plenum mixing characteristics are continuing.

Loviisa: The following events have been studied as possible causes for internal boron dilution:

- ATWS;
small leaks from the primary circuit;
leaks from the primary to the secondary side;
severe situations in which the overheated core is recovered at a late stage with
strong cooling through the secondary sides of the steam generators.

According to these studies the formation of a diluted slug in ATWS situations cannot
be ruled out. Based on the analyses, the EOPs will be drawn to take into account the
existence of a diluted slug in the primary circuit. In small leaks and leaks to the
secondary side the formation of a dangerously diluted slug is much less probable [65].

Mochovce: In order to systematically assess the events related to an undesirable decrease of the
boron concentration in the primary circuit, analyses are assumed to be done under
Mochovce NPP safety improvement programme, with the following purposes:

to define possible scenarios resulting in an undesirable decrease in boron
concentration in the primary circuit;
assessment of such events consequences and occurrence probability.

Based on the above analyses, eventual improvements are defined in operational
procedures, in automatics and in the possible potential improvement of boron
monitoring in the primary circuit [66].

Paks: Investigations conducted for Paks under AGNES project have shown several scenarios
important to the safety of the plant. According to AGNES systems analyses [93], in the
shutdown state or when connecting an inactive loop, one cannot fully exclude the
possibility of the formation of a diluted boron slug. Similarly, after reactor shutdown,
during several hours after the switch-off of the last RCP, pure condensate may flow
from the still operating control assembly cooling circuit to the driver cases of control
assemblies. During cleaning procedures, pure condensate may flow to the primary
circuit via water purification system No.2, when the water of the reloading pool is
purified. Though these events may occur only as a consequence of a serious violation
of administrative rules, the study of introducing further administrative and/or technical
measures is necessary (AGNES Summary, page 30, [34]).
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REVIEW AREA/ISSUE NUMBER: Accident analysis 12

ISSUE TITLE: Spent fuel cask drop accidents

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Assessment and probabilistic studies have been performed for spent fuel container
transport in the reactor hall. As a result, administrative measures during refuelling have
been implemented. A similar study for the turbine hall is needed, especially with respect
to service water lines and transport of generator stator. Due to geometrical configuration
of the lines and of transport routes, a considerable impact is improbable.

Dukovany: The same situation as in Paks.

Kola: The same situation as in Paks. The floor of the reactor hall has been reinforced.

Loviisa: Cask drop during spent-fuel transport is analysed. Cask handling in the reactor
containment was analysed before construction. Reanalysis of cask and heavy load
handling is on-going during 1995 [65].

Paks: The frequency of the initiating event connected to the failure of the crane moving the
transport container is presumably less than the screening value used in analyses,
107/unit/year. Its justification and also the reliability analysis of lifting structures are in
progress. Since the spent fuel is transported in operating units in accordance with
present practice, the dropping of the transport container to the box roof and to the fuel
manipulating pond was analysed (under the co-ordination of Paks NPP Co.). The
strength analyses showed that the roof is damaged when the transport container TK-6
is dropped. At the same time a route exists where the critical part (from the point of
view of strength problems) can be protected by using bridges and collision energy
damping structures, if the lifting height is minimized.

A decision can be made on the safety enhancement measure and on the necessity of
maintaining the valid technical and administrative measures when a reliable estimate of
the initiating event frequency becomes available (AGNES Summary, page 30 [34]).

Mochovce: An analysis of a failure related to fall of a spent fuel container was contained in an
original SAR. The event considered in the report was a 15 m fall of the container into
a transport container shaft when taking it from the shaft. The failure, of course, will be
considered in the new SAR [66].

Rovno: Cranes, slings and lifting tackles at Rovno are designed and operated in accordance with
the Rules for Design and Safe Operation of Load Handling Cranes. No detailed hazards
analysis for dropped loads have been performed. It is foreseen to introduce additional
organizational and technical safety measures during operations with spent fuel and in
case of movements of the main crane in the reactor building.

The accident of spent fuel cask drop has been performed, taking into account possible
radiological consequences. An additional evaluation is under way to determine the
necessity of strengthening structural elements of the building. It is planned to analyze
the consequences of spent-fuel cask drop into the spent fuel pool. This will be done
within the programme of safety re-evaluation at the plant.
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REVIEW AREA/ISSUE NUMBER: Accident analysis 13

ISSUE TITLE: Anticipated transient without scram (ATWS)

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: New safety analysis report will follow USNRC RG 1.70 requirements.

Dukovany: ATWS analyses were missing in 1993, when the PSA-1 level study was performed. This
resulted in conservative assumptions concerning the effects of ATWS scenarios.
Presently, thermohydraulic analysis of ATWS for several indicators are being conducted
and results are modeled in a current living PSA-1. The analysed cases were:

loss of feedwater;
trip of both turbines;
loss of off-site power;

- trip all of the MCPs.

Kola:

Loviisa: Several ATWS cases have been analyzed. In addition to this, an extensive scoping study
on ATWS phenomena is under way. In this study the sensitivity of calculations is
examined for the parameters which deal with natural circulation, reactivity coefficients,
steam generator modelling, initial and boundary conditions. Also, the use of point
kinetics, ID and 3D core model are compared [65].

Mochovce: Three ATWS cases have been analyzed for the safety improvement report: loss of
power, loss of feedwater and control rod withdrawal. Additional cases will be analyzed
for the pre-operational safety analysis report, namely:

failure of the main heat sink, with power supply intact or lost;
maximum increase in steam extraction due to turbine bypass station or safety valves
opening;
depressurization due to inadvertent pressurizer safety valve opening;
maximum reduction in reactor coolant inlet temperature.

Reliability assessment of reactor emergency protections is assumed within the I&C 1
[66].

Paks: According to the requirements set by the AGNES project, either the frequency of an
ATWS sequence can be shown to be below 10 Vunit/year and the fulfillment of criteria
for postulated accidents should be proven without conservatism, or the fulfillment of
these criteria should be proven by applying the usual measures ensuring conservatism
(AGNES Summary, page 34, [34]).

Analysis of 5 ATWS cases have been performed within AGNES programme. The basis
for analysis was RG 1.70. The analyzed cases were:

withdrawal of control assembly;
loss of feedwater;
loss of off-site power;
trip of both turbines, being more severe than the cases of loss of condenser vacuum
and loss of electric power;
inadvertent closure of main steam isolation valves (MSIV).
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Generally, no major problems were found. The pressure in the RCS did not exceed 14.9
MPa and the temperature of the cladding remained in all sequences below 620°C
(AGNES Summary, page 18, [34]).

Rovno: The analyses are planned to be performed as a part of the report on safety reassessment
[67].

292



REVIEW AREA/ISSUE NUMBER: Accident analysis 14

ISSUE TITLE: Total loss of electrical power

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Within the framework of PSA prepared for Bohunice NPP the possibility of a
simultaneous loss of off-site and on-site power including all diesel generators failure
have been considered. It has been found that the sequences with Small Break LOCA
(equivalent break size below 20 mm) and diesel generator failure to start give the largest
contribution to the total probability of core damage (1.1 x 10'5). However, means to
maintain RCS 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 have not been systematically studied. The latter concern has been partly
addressed by the plant, because there is an agreement with the nearby hydroplant
assuring that the latter can always provide independent power supply to the NPP. [62].

Dukovany: In the list of fault trees considered in PSA for Dukovany NPP, failure of uninterruptible
power supply is mentioned (sequence no 26, symbol PU). However, no results can be
traced back to total blackout case. This neglect can be due to the fact, that NPP
Dukovany has large diversity in electric power sources. Besides having 4 units with 8
turbo generators and 4 x 3 diesel generators in the NPP, Dukovany can get additional
power from the nearby Dalesice pumping storage plant. Detailed operating procedures
and instructions of the Czech dispatching centre have been prepared and published [63].

Kola:

Mochovce: Safety Improvement Report for Mochovce NPP [31] prepared by EDF discusses
blackout and lists measures needed for maintenance of reactor coolant inventory,
secondary side heat removal and resumption of fuel pool cooling. The case of blackout
during reactor refueling is also considered. However, the discussion has a preliminary
character. It is stated that in order to avoid serious consequences in case of a station
blackout an additional power supply is imperative, but the final solution has not been
chosen [31, section 3.26].

Paks: In the PSA for Paks NPP, failures in electric power supply systems are listed, but no
case of total blackout is clearly singled out for consideration although the frequency of
an initiating event leading to the loss of all 6 kV busbars is rather high (above 3 x 102

per year).

Rovno: As total blackout of the station is not included in the design basis for Russian NPPs, it
is not included in the PSAR for Rovno NPP. The review made by Riskaudit indicated,
that according to western approach, the application of single failure criterion should be
supplemented by analysis of total failure of the function of those safety systems which
are frequently demanded or permanently in operation. This includes total loss of the
engineered safety feature electric power supplies (11. A. 1/66, [32]).
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REVIEW AREA/ISSUE NUMBER: Accident analysis 15

ISSUE TITLE: Total loss of heat sink

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Loss of two trains of service water system is assumed in the PSA for Bohunice, but the
total loss of heat sink is not considered. Procedures for replenishing emergency
feedwater storage tanks under conditions of loss of AC power or after a seismic event
will be prepared within the accident management procedures, whose evaluation will be
started by the end of 1995 [62].

Dukovany: Failure of service water system is considered in the PSA for Dukovany NPP (sequence
31, symbol SW) but not in the safety analysis report presently available. New EOPs are
elaborated according to Westinghouse methodology [63].

Kola: See measures listed in issue Systems 12.

Mochovce: In view of the large capacity of emergency feedwater tanks and diversity of means of
resupplying them with water (see issue Systems 12) the question of total loss of heat
sink has not been considered.

Paks: Rerouting of EFWS including provision of additional water inlet from clean condensate
tanks is under design (point 3.2 (1) in [34]).

Rovno: As total loss of heat sink is not included in the design basis for Russian NPPs, it is not
included in the PSAR for Rovno NPP. The review made by Riskaudit indicated, that
according to western approach, the application of single failure criterion should be
supplemented by analysis of total failure of the function of those safety systems which
are frequently demanded or permanently in operation. This includes total loss of the heat
sink or the systems carrying heat to it (11. A. 1/66, [32]).
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OPERATING PROCEDURES

REVIEW AREA/ISSUE NUMBER: Operation 1

ISSUE TITLE: Procedures for normal operation

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: The historical reason for not using procedures consistently was a general confidence in
the well educated and well trained operators, the absence of adequately detailed
procedures and the lack of a background in the area of human engineering. Better access
to information sources during the last few years has helped to develop a new approach
to writing surveillance procedures and a new generation of operating procedures is under
preparation. A new guideline for writing procedures has been developed which closely
corresponds to those used in western PWRs. The availability of procedures and various
check lists has been improved. Additional insight and improvement of procedures will
be provided by a human engineering expert who will participate in analyses of
operational events [62].

Dukovany: Implementation ongoing.

Kola: The operation is conducted taking into account the international practice. A special
engineering group has been convened to realize the tasks connected with the preparation
of procedures. The format and content of procedures for plant start-up and shutdown
have been developed [64].

Loviisa: Completed.

Mochovce: There is a new structure of operating documentation established at Mochovce NPP
which was applied within the QA programme implementation. This structure solves the
basic deficiency of the old operating documentation by defining a new type of
procedure, so-called, manipulation card.

These cards are created for all operating systems individually as well as for the unit in
a form of a check list. In addition, there are also manipulation cards created for alarms
in the control rooms (MCR, ECR).

Every single manipulation card was created according to a manual for their writing,
which was written based on experience gained from the training and documents at
Siemens KWU AG [66].

Paks:

Rovno:
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REVIEW AREA/ISSUE NUMBER: Operation 2

ISSUE TITLE: Emergency operating procedures

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: A new generation of surveillance procedures and tests is being prepared. PSA insights
and needs will be applied to the optimization of test intervals, pinpointing systems and
equipment not adequately tested and improved co-ordination of the surveillance
programme from the point of view of nuclear safety.

Dukovany: Dukovany NPP has closed contract with Westinghouse for symptom oriented EOPs,
according to Westinghouse methodology. The project was divided into two phases.

Phase 1 was a preliminary one, where "plant compensation document" and "strategy
report for Dukovany NPP" were developed. Five basic accident analyses were
developed as a starting point for procedure writing. It was proved that Westinghouse
methodology is feasible for Dukovany NPP.

PSA for Dukovany NPP showed the accident sequences which are the dominant
contributors to the total CDF. The first of them was the sequence following SB LOCA
with the failure of the operator to re-align the low pressure ECCS pumps during
recirculation phase. This would result in sucking the sump water to the low pressure
ECCS tanks. The ECCS pumps would then cavitate and the core damage would follow.
The necessary guidance for the operators has been prepared and then introduced into the
operator training [41]. Installation of an interlock that would automatically open the
valves on the suction line below the low pressure tanks during the switch over to ECCS
recirculation phase to allow the flow from the tanks to the ECCS common suction
header is considered. [41].

The impact of operator actions on the total CDF is substantial. Operator actions are
represented in cutsets that account for 82% of the CDF. After implementation of
symptom based EOPs the Dukovany CDF could be expected to be reduced from its
current value of 1.7 10"4 to a value in the range of 5.5 105 ([41], section 1.5).

Phase 2 implementation phase is ongoing [63].

Kola: Symptom oriented procedures are being developed [64].

Loviisa: Completed.

Mochovce: An EOP development programme was initiated in 1992 by close co-operation between
the Research Institute of Nuclear Power Plants (VUJE) based in Trnava and Mochovce
NPP (EMO). This programme was based on the Westinghouse approach. This work was
stopped mainly because the EDF became involved in the activities at Mochovce and
presented new technical proposals for implementation of the EOPs.

There is no decision made yet but the decision for development of symptom based EOPs
should be reached as soon as possible because all EOPs should be available at the time
of start-up [66].

Paks: The AGNES project showed, that among the factors determining the core damage, the
effect of eventual human failures is the most significant. The contribution of those
scenarios which include human failures or erroneous human interventions is higher than
90% This is much higher than in the NPPs with western types of reactors (AGNES
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Summary, page 27 [34]). It was found that the contribution of high pressure sequences
in severe accidents was much higher than in western PWRs and should be decreased.
The development of feed and bleed procedures of accident management which prevents
the high pressure path of severe accident core melt was included among the high priority
tasks specified by the AGNES project (AGNES Summary, page 30, [34]). It was stated
that the development of symptom oriented emergency operational procedures requires
carrying out first the necessary analyses and establishing a critical safety function
monitoring system (AGNES Summary, page 36, [34]).

Rovno: The set of emergency operating procedures for Units 1 and 2 (with 440/213 reactors)
is a bound volume edited in 1988 and contains all EOPs. Symptom based procedures are
in the preparation phase, developed in Russia.
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REVIEW AREA/ISSUE NUMBER: Operation 3

ISSUE TITLE: Limits and conditions

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Justification of limits and conditions was done in large extent in the new safety report
and several research projects. Completeness of such justification should be further
studied.

Dukovany: Developed taking into account western approaches.

Kola: Limits and conditions are determined in the design ("TOB" equivalent to SAR in

western plants) and listed in the Technical regulations on NPP operation [64].

Loviisa: Limits and conditions are well determined and operable.

Mochovce: Limits and conditions will be determined within the SAR.

Paks: Developed taking into account western approaches.

The validity range of a performed safety analysis is outlined by the enveloping values
of the reactor core characterizing the allowed initial states of the reactor before the
transients (power peaking factors, etc.). These enveloping values are prescribed in the
Technical Specifications as core design limits, and most of them are measured by the
on-line core monitoring system VERONA at Paks NPP. Consequently, more attention
should be paid to the evaluation and comparison of the different core design limits, on-
line monitoring systems and their accuracy [34].

Rovno: As a new loading pattern in the refuelling is not considered a new core, the accident
analysis is not carried out. The justification is in the conservative approach adopted in
the first and equilibrium core design, in which the reactivity coefficients and safety
margins are calculated using large margins [33].

The technical specifications for operation contain comparable basic information as can
be found in western technical specifications. However, as the documents include many
additional operational requirements, they are not designed as an operational document
for use in the control room (Riskaudit report for Rovno NPP, section 12.6, [33]).

Preparation of updated technical specifications is postulated by Riskaudit [33].
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MANAGEMENT

REVIEW AREA/ISSUE NUMBER: Operation 4

ISSUE TITLE: Need for safety culture improvements

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: ASCOT seminar has been organized in 1994. Training of personnel is provided by
qualified organizations. Safety culture measures are continuously being implemented.

Dukovany: Implementation ongoing.

Kola: Work is under way [64].

Loviisa:

Mochovce:

Paks:

Rovno: New organization for the NPP Rovno has been proposed, with clear division of
operational and maintenance activities. It will be a change from a pure hierarchical
system to one in which the importance of the function and the performance of the
individual is better taken into account. However, the social and safety impacts of this
reorganization will be far reaching.

Once per month a "nuclear safety day" is organized, with the discussion of top
management of all important nuclear safety problems.

Since spring 1993 the NPPs in Ukraine have obtained the status of "operating
organizations", which involves delegation of responsibilities to the plants, including the
responsibility for qualifying the subcontractors. This has been a problem in Rovno due
to the lack of qualified personnel to carry out this duty, lack of technical codes, and
difficulties in getting agreements with the manufacturers (section 12.2.1 [33]).
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REVIEW AREA/ISSUE NUMBER: Operation 5

ISSUE TITLE: Experience feedback

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Special team for feedback of operational experience is presently being established.
Independent evaluation is carried out by the Nuclear Power Plant Institute. A national
system is under preparation.

Dukovany: Completed.

Loviisa: A special team exists and there is good co-operation between the WWER- 213 plants.

Kola: The work is under way. An intensive exchange of experience is realized within the
framework of international cooperation among NPPs (WANO, Club of directors of
WWER-440/213 units etc. [64]).

Mochovce: As in Bohunice.

Paks:

Rovno: The incident reporting system involves indication of the person responsible for the
defect, elimination of the defect and implementation of the preventive action. It is
probable that defects are not reported in view of possible punishments. This practice
hinders objective reporting of defects or human errors, thereby obstructing the aim
which is to learn from experience and take the necessary corrective actions (Riskaudit
Rovno Report, section 12.7 [33]).

Rovno NPP receives reports from VNIIAES containing information about operating
experience with mechanical equipment, electrical and I&C equipment in other NPPs
with WWER units. The plant also receives special documents from the manufacturers,
designers and constructors, containing information about the necessary modifications in
maintenance work or operating procedures. The external experience information is
received by the chief engineer who passes it on to different plant departments (Riskaudit
Rovno Report, section 13.2.1 [33]).
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REVIEW AREA/ISSUE NUMBER: Operation 6

ISSUE TITLE: Quality assurance programme

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: General QA system has been established, executive QA procedures are being developed
and implemented at present. Broad cooperation with foreign institutions is under way.
Appropriate organization for QA system has been established, reports on the QA system
operation are regularly issued, document and design control is implemented according
to QA requirements. Procedures for procurement control, control of items, process
control and inspection and test control are worked out and being implemented. The
procedures for cases of non-conformance and for corrective actions have been
established. The rules for collecting and storing records are worked out [62].

Dukovany: Completed, similarly as in Bohunice.

Kola: A program of QA has been worked out taking into account the recommendations
following from the international practice. A special group on documentation
development has been convened [64].

Loviisa: The QA programme and procedures are routinely followed.

Mochovce: The QA department was established in 1992. Based on 50-C-QA, Rev. 1, national
regulations and in co-operation with IVO International Ltd., a QA programme for
operations has been developed.

Since 1994, consequent QA procedures have been developed and internal auditors have
been trained in co-operation with BAG-ISAR 2.

Internal audits have been started. The QA procedures, systematic performance of the
internal audits, non-conformance identification and performance of corrective actions are
expected to be completed in 1995 [66].

Paks: The QA department in Paks NPP was established at the time of commissioning Unit 1.
Initially, the focus of the work was on the mechanical components, such as pressure
vessels, pipes and safety valves. After 1987 the NPP succeeded to update its QA system
on the basis of IAEA 50-C-QA Code and related Guides. In 1993 the implemented QA
system was developed following the changes in the organizational structure of the plant.
The concept of Total Quality Assurance was introduced, covering not only the technical
processes affecting safety but also all managerial and financial processes in the plant.
The structure of QA system has been changed and now follows the IAEA 50-C-QA rev.
2 final draft requirements. Full characteristic of Paks QA system is given in [26].

Rovno: A draft QA code was prepared by GANU and the NPPs of Ukraine. A draft QA guide
(a second level document) was prepared by GANU and sent to the NPPs for comments.
The Rovno NPP has been indicated as the leader for developing a QA programme. The
first documents have been prepared. The planning for the development of all the high
level and lower level documents for QA programme is under development. The NPP
management has not yet received the training in QA matters (Rovno Riskaudit report,
section 12.3. [33]).
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REVIEW AREA/ISSUE NUMBER: Operation 7

ISSUE TITLE: Data and document management

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: The situation is declared to be acceptable. Improvement is ongoing.

Dukovany: Implementation is ongoing.

Kola: Work is under way to improve document management using computer systems. A

computer network has been implemented in the NPP [64].

Loviisa: Situation acceptable.

Mochovce: Under development.

Paks:

Rovno: The NPP has a procedure that controls the establishment, verification, approval
distribution, modification and storage of various types of documents use in the NPP.
The responsible person is always indicated. The filing system is well known and up-to-
date. Modifications of documents are indicated on an additional page within the
document and a new revision is issued every 3 years ([33], section 12.2.1.5).

Documents and records are stored in different places. The departments have on file all
documents and records they need for carrying out the work. In the archive room the
originals of some controlled documents are found, mainly reports. The filing system is
well known and up-to-date.

Modifications are laid down in a modification plan. A technical description of proposed
modification is prepared by the department owning the equipment. The main designer
performs the design calculations and indicates the list of needed equipment. GANU
inspectors are available on the spot and approve any proposals and the new design. The
manufacturer of equipment has to be licensed by GANU. After the work and the
completion of tests, a commission is set up for acceptance of modifications. Spare
elements are ordered and verification that all actions have been carried out is made.

The fire protection of the archive room is rather problematic. The files are stored in
open racks, close to each other,and a fire could easily destroy the whole content of the
archive room.

The system for plant status surveillance seems to work and the modification process
seems to be well under control (Riskaudit Rovno Report, 12.2.2 [33]).

302



PLANT OPERATIONS

REVIEW AREA/ISSUE NUMBER: Operation 8

ISSUE TITLE: Philosophy on use of procedures

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice:

Dukovany: Dukovany NPP current approach is knowledge-oriented with regard to procedure usage.
The future intent is a step by step philosophy taking into account operator knowledge.

Kola: The work has been started. The step-by-step programme of unit start-up and shutdown
has been developed. The work on rewriting and improvement of other operational
documents is under way [64].

Loviisa: All activities at the plant are covered by procedures. Operators are trained to use
procedures in all operating measures [65].

Mochovce: All manipulations processed in a manipulation card must be performed, by service
personnel, exclusively according to single steps described in the particular manipulation
card.

If manipulations need to be performed which are not described in the manipulation card,
a special programme for such manipulations must be developed.

The manipulation cards were developed for all manipulations of a normal operation
(start-up, operation, shutdown) as well as for emergency signalling [66].

Paks:

Rovno:
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REVIEW AREA/ISSUE NUMBER: Operation 9

ISSUE TITLE: Surveillance programme

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: All measures are adopted.

Dukovany: Surveillance programme is adequate.

Kola:

Loviisa: Surveillance programme is adequate.

Mochovce: Under development.

In the frame of IAEA recommendations (50-SG-08, Rev. 1, 50-SG-02, etc. [136-137]),
a QA procedure was developed at Mochovce NPP that determines responsibilities of
personnel for surveillance programmes in the following areas:

in-service inspections;
requirements on inspections by limits and conditions;
requirements on fire safety inspection;
other periodical inspection activities.

The whole system for surveillance programme will be created in the course of
approximately two coming years, including consideration of the following:

QA programme;
maintenance programme;
personnel training programme;
summary schedule of tests [66].

Paks:

Rovno: Plant operational surveillance is the duty of the Operating Departments. Plant
operational status is controlled with the help of log books that are used in the control
room. If the corrective action is needed the request is notes in the maintenance log
book. The unit shift supervisor notes the most important points also in his own book.
After approval by the Chief engineer and approval of the procedure the work is carried
out. A work control system exists ([33], section 12.2.1.66).
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REVIEW AREA/ISSUE NUMBER: Operation 10

ISSUE TITLE: Communication system

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: The communication means available to the shift personnel are adequate: all main work
areas are covered by a public communication system; all workplaces are equipped with
telephone sets; the most important technicians have pagers; the shift supervisor, the
control rooms and the leading technicians on the shirts have portable radio transmitters
with a connection to the control room and to the shift supervisor. Portable radio-
telephones for the shift supervisor and the unit supervisors are under consideration [62].

Dukovany: Dukovany NPP uses 3 types of communication systems:

telephone communications (using public telephone network), main system;
local paging system in the NPP area and two towns, Tfebiic and Moravsky
Krumlov;
inside the public communications system (radio) in the NPP area.

Upgrade of the paging system is planned from the local system for the regional system
which will reach approximately 30 km. Besides that, the plant shift supervisor and all
shift personnel are equipped with transmitters and the emergency car as well.

For off-site emergency situations the NPP uses:

1. "System for population warning" - a system of mass remote control and warning
signalization.

2. Siren systems [63].

Loviisa: There are several communication systems which are partially interconnected for both in-
plant and off-site communications. These include:

The normal internal telephone network has several communication points all over
the plant. The telephone exchange has 1000 extension lines.
The loudspeaker system can be heard in all places where work can be done during
normal operation. The loudspeaker system is redundant in the controlled area.
The paging system is based on radio transmission.
A control room telephone system which can be used and is interconnected with
several systems used at the plant including the local battery and central battery lines
of the plant operation.
The emergency control room has its own telephone connections to critical selected
points at the plant.
A fixed direct telephone line from the control rooms and the emergency centre to
the off-site emergency centre and to the regulatory body.
A plant radio communication system (UHF frequency).
A local (municipal) fire and rescue radio communication system.
A telephone system of the power company for external contacts [65].
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Kola:

Mochovce: Under development.

At present, a telecommunication connection is done through: a telephone exchange,
radio connection, dispatching telecommunications equipment that is to be innovated;

Procedures following QA programmes are being developed [66].

Paks:

Rovno:
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RADIATION PROTECTION

REVIEW AREA/ISSUE NUMBER: Operation 11

ISSUE TITLE: Radiation protection and monitoring

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice:

Dukovany:

Kola:

Loviisa:

Measures have been identified by several missions to the plant as well as by plant
personnel. Existing system is considered as basically satisfactory. ALARA system will
be formally introduced in 1995.

In the hermetic zone there is a new continuously working system for gamma-dose rate
measurement (8 detectors per unit), for air activity measurement (aerosol, noble gas and
iodine concentration) and for temperature, and pressure measurement has been installed.
All detectors are LOCA accident qualified.

Ionization chambers have been combined to form 2 rings (27 detectors in the first ring,
7 in the second one) around the power plant Dukovany.

Automatic individual dosimetry system (9500 pcs electronic dosimeters) is installed in
Dukovany NPP for application of the ALARA principle [63].

The Loviisa NPP has a radiation protection programme which describes the
organization, procedures and equipment. This programme includes the ALARA
principles, dose limits and measures which are compatible with the ICRP-60
recommendations. The Finnish Radiation Act (592/92) and the Radiation Decree
(1512/91) are in accordance with the ICRP-60 recommendations.

The procedures cover the following areas, for example:

a general description and aim of the health physics programme;
personal radiation protection;
periodical inspection and maintenance of radiation protection equipment;
radioactive waste management;
environmental and release monitoring.

For personal dosimetry both TLD and real time electronic personal dosimeters are used.
When leaving the controlled area personal contamination monitoring is used. There is
a whole body counter for measuring internal radiation exposure of the workers.

For radiation monitoring there are portable detectors which can measure external
radiation (gamma, beta, neutron), surface contamination (beta, alpha) and airborne
contamination. Samples can be analysed in a radiological laboratory.

Fixed radiation monitoring includes air concentration and several area monitors. Most
of them are capable of monitoring radiation levels in normal and accident conditions.
There are process monitors and equipment to measure liquid and airborne radioactive
releases. In the stack there are special monitors for emergency situations. Special fixed
monitors are available to measure extremely high dose rates in the reactor hall.

The environmental radiological surveillance programme has been formulated to ascertain
the population doses evaluated using measured release and meteorological data [65].

307



Automatic radiation monitoring system is installed in the vicinity of the Loviisa NPP to
provide against severe accidents. The monitoring stations have been placed along two
perimeters around the NPP, the inner perimeter is in plant vicinity at 2 km distance
from the plant and the outer at about 5 km distance from the plant.

The detectors are two Geiger-Mueller tubes which together cover a close rate range
from 0.01 Sv/h to 10 Sv/h. The data are recorded and accessible to Finnish Centre for
Radiation and Nuclear Safety (STUK-B-YTO 109 p 22 [87]).

Mochovce: Under development.

ALARA systems formal introduction has been prepared, and ICRP-60 and Basic Safety
Standards - 1994 have been applied to operational documentation. A radiation situation
monitoring system in case of an accident has been planned in the power plant
completion project [66].

Paks:

Rovno:
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TRAINING

REVIEW AREA/ISSUE NUMBER: Operation 12

ISSUE TITLE: Training programmes

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Training is provided by qualified organizations in accordance with all mentioned rules.
For monitoring of personnel proficiency plant internal decisions are prepared.

Dukovany: Measures 1-3 completed, 4-5 implementation ongoing. A very comprehensive training
programme is implemented in Dukovany NPP. This training is provided by qualified
external organizations in accordance with the above mentioned recommendations. Basic
training for engineering staff consists of about one year of daily classroom lessons
including practice; for operators it is two years including simulator training. There is
continuous training in Dukovany NPP on special "training days" and two weeks of
simulator training each year. The project for our own full-scope simulator was just
started [63].

Kola: All candidates have to pass qualifying exams then undergo a special training. The
training of the operating personnel takes 8 to 10 years. The plant has a training unit, and
professional upgrading takes place in the training centre at Novovoronezh. The training
centre has a wide range of training equipment ( functional, analytical, sectional and full
scale simulators), qualified instructors and designers of methodology. The plant has a
laboratory providing psycho-physiological support for the personnel. Expansion of the
training centre at Kola is under consideration [138].

Loviisa: The training programmes contain all the features recommended above. A full scope
training simulator (LOKS) is available at the plant site for operator training [65].

Mochovce: Under development.

The basic training is provided by a qualified organization licensed by the NRA SR. A
project is prepared for maintenance personnel practical training enhancement, and a
programme of implementation of an approach to the personnel training as per
international standards.

The training will be supported by a full scope analytical simulator that shall start in
1995 [66].

Paks:

Rovno: Individual training programmes are established for reactor operators, based on their
abilities and preparation. Simulator training has been given in Novovoronezh, with
special courses in Obninsk. Presently sending operators to Russia is more difficult due
to the independence of Ukraine. There is no training centre, the training is conducted
in each department according to the programmes developed for each position. A new
training centre is planned. The problems with salary contribute to the high turnover in
the plant personnel, which makes the problem of training new personnel very important
([33], section 12).
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EMERGENCY PLANNING

REVIEW AREA/ISSUE NUMBER: Operation 13

ISSUE TITLE: Emergency control center

COUNTRY/PLANT SPECIFIC STATUS OF THE MEASURES:

Bohunice: Measures are implemented with continuous improvements.

Dukovany:

Kola:

Loviisa:

The project for an emergency control center is under discussion. The intent is to build
a fully equipped on-site emergency center and the strategy for the development of the
emergency center has been prepared. With regards to data transfer, there is a connection
to the internal audit project which is ongoing [63].

The on-site emergency control center is located in the civil defence shelter in the
basement of the plant office building. The shelter has a filtered ventilation system and
a diesel generator for back-up electricity supply. The center consists of four rooms: a
management room, a communications room, an operational support center and an
auxiliary radiochemistry laboratory.

There is a terminal of the plant process computer which provides on-line process,
radiation and weather information and equipment status. Furthermore, there is a
microcomputer for dose estimations and another for processing meteorological data from
the meteorological tower. In addition, there are terminals of the plant computer network.
Plant documentation, personal protective equipment, audiovisual equipment, etc. are
available in the center.

There is a local off-site emergency control center especially planned and equipped for
management of off-site operations. In addition, the regulatory body has an emergency
center on their premises. There are redundant communications from the on-site center
to the off-site centers [65].

Mochovce: Under development.

A prepared concept of the emergency automated information center (EAIS) involves a
planned establishment of the external evaluation center (EEC). The purpose of the EEC
is: to co-ordinate and control activities of monitoring groups and individuals in
monitoring and assessment of a radiation situation around the NPP; to make decisions
and co-ordinate of activities of all groups according to the external emergency plan in
co-operation with an emergency control center; to simulate an accident and emergency
situation in order to be able to study the possible course of the real ones; to provide
recommendations on the public health protection and protection of property of citizens
and organizations.

The center will be equipped with corresponding technical and documentation devices.
A link to the emergency control center will be provided (see I&C 10), and the EEC will
be a back-up for the emergency control center at the same time [66].

Paks: Completed.

Rovno:
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ABBREVIATIONS

AC
AEC
AER
AF
AFWS
AGNES
ALUS
ASCOT
ASSET
ATWS
AZ
BDBA
BRU-A
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BRU-TK
BWR
BWST
CCF
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ESFAS
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FWS
GAN
GANU
GRS
HPIS
ICCS
I&C
IEEE

alternating current
Atomic Energy Commission (formerly in the USA)
Atomic Energy Research
auxiliary feedwater
auxiliary feedwater system
Advanced General and New Evaluation of Safety of Paks NPP
leak detection system manufactured by Siemens
Assessment of Safety Culture in Operation Team
Assessment of Safety Significant Events Team
anticipated transients without scram
protection system signal (Russian abbreviation)
beyond design basis accident
steam dump valve to the atmosphere
steam dump valve to turbine condenser
steam dump valve to technological (process) condenser
boiling water reactor
borated water storage tank
common cause failure
core damage frequency
Commonwealth of Independent States
control rod
control rod drive
chemical and volume control system
design basis accident
direct current
double ended guillotine break
diesel generator
decay heat removal system
departure from nucleate boiling
departure from nucleate boiling ratio
European Community
emergency core cooling
emergency core cooling system
emergency control room
Electricité de France
external evaluation centre
emergency feedwater
emergency feedwater system
Energoproekt (Bulgaria)
emergency operational procedure
engineered safety features
emergency safety feature actuation system
essential service water
essential service water system
emergency feedwater system
feedwater system
Russian Nuclear Regulatory Authority
Nuclear Regulatory Authority of Ukraine
Gesellschaft für Anlagen und Reaktorsicherheit mbH
high pressure injection system
intermediate component cooling system
instrumentation and control
Institute of Electrical and Electronics Engineers
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INSÅG
IPSN
ISI
ISP
IVO
KFKI
LBB
LB LOCA
LOCA
LOFA
LPI
LPIS
LPS
MCP
MCR
MFWC
MFWS
MIV
MOV
MSC
MSIV
MSK
MSLB
MSLIV
NDT
NPP
NUSS
OECD
OSART
PC
PMK
PORV
PRISE
PRZ
PSA
PSAR
PTS
PWR
QA
QAV
RCP
RCS
RHR
RIA
RPS
RPV
RTS
SAR
SB LOCA
SC
SDHR
SDHRS
SG
SGTR
SPAES

International Nuclear Safety Advisory Group (of the IAEA)
Institut de Protection et de Sûreté Nucléaire
in-service inspection
International Standards Problem
Imatran Voima Oy, Finland
Hungarian Nuclear Research Institute
leak before break
large break LOCA
loss of coolant accident
loss of flow accident
low pressure injection
low pressure injection system
low pressure system
main coolant pump
main control room
main feedwater collector
main feedwater system
main isolation valve
motor operated valve
main steam collector
main steam isolation valve
Medvedev Sponheuer Karnik (scale of seismic intensity)
main steamline break
main steamline isolation valve
non-destructive testing
nuclear power plant
Nuclear Safety Series (of the IAEA)
Organization for Economic Co-operation and Development
Operational Safety Analysis Review Team
personal computer
experimental facility in KFKI
power operated relief valve
primary to secondary system leakage
pressurizer
probabilistic safety analysis
preliminary safety analysis report
pressurized thermal shock
pressurized water reactor
quality assurance
quick acting valves
reactor coolant pump
reactor coolant system
residual heat removal
reactivity initiated accident
reactor protection system
reactor pressure vessel
reactor trip system
safety analysis report
small break LOCA
safety class
secondary decay heat removal
secondary decay heat removal system
steam generator
steam generator tube rupture
Russian regulations determining radiation limits for NPPs
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SPDS safety parameters display system
SPND self powered neutron detector
SRM safety review mission
STUK Finnish Nuclear Regulatory Authority
SV safety valve
SWS service water system
TOB Russian equivalent of PSAR
TMI Three Mile Island
TC Technical Co-operation
USNRC US Nuclear Regulatory Commission
WANO World Association of Nuclear Operators
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Components integrity 6 58, 187
Containment 1 108, 233
Containment 2 110, 234
Containment 3 112, 235
Containment 4 113, 236
Containment 5 114, 237
Electrical power supply 1 100, 228
Electrical power supply 2 102, 229
Electrical power supply 3 103, 230
Electrical power supply 4 104, 231
Electrical power supply 5 106, 232
External hazards 1 129, 252
External hazards 2 130, 255
External hazards 3 131, 257
General 1 44, 172
General 2 46, 173
General 3 48, 175
Instrumentation and control 1 84, 211
Instrumentation and control 2 86, 213
Instrumentation and control 3 88, 214
Instrumentation and control 4 90, 216
Instrumentation and control 5 92, 218
Instrumentation and control 6 93, 219
Instrumentation and control 7 94, 221
Instrumentation and control 8 96, 222
Instrumentation and control 9 97, 223
Instrumentation and control 10 98, 224
Instrumentation and control 11 99, 225
Internal hazards 1 116, 238
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Internal hazards 2 118, 240
Internal hazards 3 120, 243
Internal hazards 4 122, 244
Internal hazards 5 124, 245
Internal hazards 6 125, 247
Internal hazards 7 126, 248
Internal hazards 8 128, 250
Operation 1 155, 295
Operation 2 156, 296
Operation 3 158, 298
Operation 4 159, 299
Operation 5 160, 300
Operation 6 161, 301
Operation 7 162, 302
Operation 8 163, 303
Operation 9 164, 304
Operation 10 166, 305
Operation 11 167, 307
Operation 12 168, 309
Operation 13 170, 310
Reactor core 1 49, 176
Systems 1 60, 188
Systems 2 62, 189
Systems 3 65, 191
Systems 4 67, 193
Systems 5 68, 194
Systems 6 70, 196
Systems 7 71, 197
Systems 8 73, 198
Systems 9 74, 199
Systems 10 75, 200
Systems 11 76, 202
Systems 12 77, 203
Systems 13 78, 204
Systems 14 80, 206
Systems 15 81, 207
Systems 16 82, 208
Systems 17 83, 210
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