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INTRODUCTION

Background

There are currently 16 units with WWER 440/213 reactors in operation and 4 under
construction in Czech Republic, Finland, Hungary, Russia, Slovak Republic and Ukraine. All these
units, with the exception of Loviisa NPP, are provided with bubbler condenser containments of
Russian design. Loviisa NPP has an ice condenser containment of Westinghouse design.

The WWER 440/213 reactors represent the generation of WWER 440 units which has been
significantly improved from the standpoint of safety requirements in comparison to the preceding
WWER 440/230 model. The design of WWER 440/213 reactors was based on former USSR
regulations of early 70-ties, namely on "General requirements on safety of NPPs in design,
construction and operation" (OPB-73) [1] and on "General safety rules for atomic power plants"
(PBYa-74) [2]. The approach to safety used in these rules is deterministic. The rules stated that the
NPP can be considered safe if the radiation doses inside and outside the plant do not exceed the
admissible values under both normal and accident conditions.

With the introduction of new safety regulations and under the influence of international safety
philosophy several backfittings and safety enhancement measures have been introduced and are under
consideration or planned in all of these plants.

WWER-440/213 safety enhancement measures

The WWER 440/213 reactors provide a significant share of electrical energy production in the
countries of middle and eastern Europe and their operational results, such as high load factors or low
numbers of unplanned shutdowns, show their high value for the economy. The general safety level
of these reactors is close to that of their western counterparts, designed and built at the corresponding
time periods.

According to the present plans of WWER 440/213 owners, the planned lifetime of these
reactors may be even longer than initially designed, so that they will constitute a permanent element
of the middle and eastern European economy long after the turn of the century. It is important
therefore to enhance the safety of these reactors on the basis of the internationally accepted safety
concepts and practices currently applied for PWR units.

The efforts in the field of WWER design safety development in Russia are coordinated within
a national programme, in which the leading roles are played by the main design office of WWER
units, OKB Gidropress, and the organization of plant owners ROSENERGOATOM. In parallel, there
are several international programmes, aimed at improvement of WWER 440/213 reactors, namely:

- WANO programme, prepared on the basis of WWER plant owners proposals, which specifies the
measures being realized in the plants and those which should be undertaken in the future,

- CEC programme, aimed at solving specific technical problems in the area of safety and reliability
improvement of NPPs,

-" Lisbon initiative" programme, aimed at development of operational documentation and personnel
training,

- several international efforts centered at various plants, such as Agnes program at Paks NPP,



Mochovce Safety Improvement Programme conducted with French and German participation, Rovno
international safety study, etc, which provide valuable insight into safety problems of WWER 440/213
units.

Moreover, IAEA has been conducting for several years a regional programme aimed at
developing national potential for accident analyses of WWER 440/213 units in middle and eastern
European countries, and presently the questions of safety issues in these reactors are being addressed
by the Extrabudgetary IAEA Programme on Safety of WWER Nuclear Power Plants.

Meeting objective

The purpose of this Consultants' Meeting held by the IAEA in Vienna from 11-15 April 1994
within the framework of the Extrabudgetary Programme on WWER Safety was to review and analyze
safety issues revealed during operation and through analyses of NPPs with WWER 440/213 reactors.
The initial list of safety issues based on the available reports from various studies had been prepared
by the IAEA secretariat before the meeting, together with indications of safety enhancement measures
proposed in various NPP units. During the meeting, the underlying safety concerns and actual technical
status of the plants were discussed and the ranking of the safety issues was considered.

The results achieved during the meeting should provide further guidance for the preparation
of a technical basis to be used for the evaluation of safety enhancement measures proposed or being
implemented.

The work started at this Consultants' Meeting will be continued throughout the year, with the
final Consultants' Meeting on Safety Issues and Safety Enhancement Measures in WWER 440/213
plants being planned for the end of October 1994. At that final meeting the adequacy and ranking of
safety enhancement measures will be evaluated.

Methodology

The IAEA NUSS standards and the Russian safety rules OPB-88 [3] and PBYa-89 [4] were
used as the basis for the analysis of the safety issues. Modern western safety standards, as far as they
were applicable to safety assessments of WWER 440/213 reactors complemented the basis for analysis.

The topics relevant to safety were selected based mainly on the methodology proposed initially
by the IAEA and adopted by G-24. The review comprised the following safety functions and areas:

1. Controlling the power
2. Cooling the fuel
3. Preserving primary boundary integrity
4. Confining radioactivity
5. Instrumentation and control
6. Electric power supply
7. Internal hazards
8. Accident analysis

For each area, specific topics were discussed during the meeting.

For these topics the results of safety analyses and the conclusions following from the
operational experience of WWER 440/213 reactors were compared with national and international



standards and practices in order to identify the safety issues which are generic for WWER 440/213
reactors.

The safety issues were ranked according to their safety significance. To judge the impact of
issues on safety, the internationally accepted approach based on degradation of defence in depth and
critical safety function performance was used. The impact of safety issue was assigned to one of 3
categories as follows:

3 Issues that have a major impact on plant safety.
Urgent actions have to be taken to improve safety as applicable to each specific NPP until the
issue is fully resolved.

2 Issues that have a significant impact on plant safety
Short term actions are necessary to improve safety as applicable to each specific NPP, until
the issue is fully resolved.

1 Issues that have a small impact on plant safety
Actions are desirable to improve the defense in depth, if practicable and effective from a
cost/benefit point of view.

Based on this methodology, the technical notes given in the Appendix A were prepared during

the meeting according to the following structure:

Issue number
Issue title
Related area or safety function
Issue clarification
Category of issue
Justification of ranking
Measures proposed in the reference documents
Status of measures
Recommendations
References

Report structure

The report is structured in three parts: introduction, short summaries of each area analyzed
with main findings and recommendations, and conclusions which include a summary list of safety
issues with the appropriate ranking.

Appendix A to this report provides the technical notes in each area analyzed, and Appendix
B attaches the papers presented during the meeting by the invited experts, reflecting the actual situation
in each of the NPPs with WWER 440/213 reactors.



1. CONTROLLING THE POWER

The review in the area of power control has focused mostly on low leakage core refuelling
scheme and modifications to power distribution monitoring system.

The hazard of uncontrolled power increase due to boron dilution has been judged to be very
remote.

1.1 FINDINGS

1. In view of the problems with reactor pressure vessel (RPV) embrittlement due to high fluences
of fast neutrons accumulated over the reactor lifetime, the core neutronic parameters have been
changed in most WWER 440/213 units so as to reduce the fluence at the wall of the RPV.
According to the current evaluations, the strategy consisting in replacing the outer row of fuel
assemblies with dummies can decrease fast neutron fluence 3-4 times. The fuel management
consisting in systematic placing of low enrichment fuel assemblies at the core periphery is less
effective, but also should be sufficient to avoid RPV annealing during the planned NPP
lifetime.

2. Power distribution monitoring is performed with the Hindukush data collection system and
Complex Uran 2 computerized evaluation system, which are very slow and not very reliable,
so that the system is not used to initiate any automatic actions. In Loviisa and Paks NPPs new
second generation of plant computer systems have been installed and other, more limited
improvements have been carried out at other plants. The matter is significant for safety as the
power density characteristics should be included in the automatic power limitation and reactor
scram systems.

3. Generally WWER 440 /213 core performance has been very good and fuel elements have
shown their good operational characteristics. An extensive programme of in-pile investigations
under operational conditions has been carried out and the post-irradiation studies in hot cells
in various countries confirmed WWER fuel resistance to burnup induced damages. There
remains however to conduct in-pile investigations of fuel behaviour under LB LOCA, SB
LOCA and heat transfer crisis conditions. This question is discussed further in chapter 4.1

4. The possibility of undetected leakage of clean unborated water through ECCS heat exchangers
or of clean water accumulation in the cut-off loop of the RCS with its subsequent flow into
the core is judged remote due to strict procedural rules prohibiting such situations. However,
in Loviisa NPP some changes have been introduced into the plant interlocking system to
prevent possible personnel errors. Similar measures are considered in Mochovce NPP.
Although the probability of a boron dilution accident is small, its consequences can be far
reaching. Therefore relying only on administrative procedures is not indicated.

1.2 CONCLUSIONS/RECOMMENDATIONS

1. The practice of limiting neutron fluences at the RPV walls by conducting fuel management
so as to obtain low leakage cores should be maintained at all WWER units.

2. Reconstruction of core monitoring systems should be planned and realized as possible in view
of the available resources.



3. In-pile investigations of WWER fuel behaviour under accident conditions should be conducted
and the results made accessible to all countries operating WWER units.

4. Analyses of possible boron dilution transients should be performed on plant specific basis,
taking into account existing measuring systems and procedures. On the basis of the results,
the changes in the plant systems can be proposed, as needed.

2. COOLING THE FUEL

In this area the experts reviewed the design of the systems which fulfil at least a part of the
safety function "cooling the fuel" in normal and accident conditions.

The first part deals with cooling the fuel under all conditions except LOCA, the second part -
with fuel cooling under LOCA conditions.

2.1. COOLING THE FUEL IN ALL CONDITIONS EXCEPT LOCA

In all conditions except LOCA, the core cooling and decay heat removal is realized through
the secondary side systems.

In emergency conditions this function is performed by the emergency feedwater system
(EFWS) in cooperation with the steam safety and relief valves to atmosphere.

2.1.1 FINDINGS

1. In the original design the whole 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 steam or feedwater pipe breaks.

2. At some plants, the decay heat removal via steam release to atmosphere is not possible at low
pressure (below 30 bar).

3. A systematic analysis of the adequacy of redundancy and protection against common-mode
failures has not been performed in all plants for the service water system (including the
ultimate heat sink) and the component cooling system. The first system cools all the safety
related equipment of the plant. The second one cools some of the safety related equipment
of the plant to prevent contamination of service water in normal operating conditions. The
failure of either system could prevent the cooling of the fuel. If the analysis shows some weak
points, the priority of the improvements to be implemented will be determined on a case by
case basis as far as the redundancy or the defense in depth are affected.

2.1.2 RECOMMENDATIONS

1. The additional EFWS which is installed or planned to be installed in all V-213 outside the
turbine hall should meet the single failure criterion and the latest requirements concerning
protection against all potential common-mode failures (see IAEA Safety Practices no. 50, [5]).



2. It should be checked in all plants that at least 2 main steam relief paths to atmosphere remain
operational after an initiating event, so that the single failure criterion can be taken into
account.

3. Steam generator safety or relief valves should have the capability to be remotely operated
from the control room and should be operable down to a steam generator pressure close to
atmospheric (at least on three steam generators).

4. The service water and the component cooling systems should be systematically checked
concerning the compliance with the single failure criterion and the adequacy of protection
against potential common-cause failures.

2.2. COOLING THE FUEL IN LOCA CONDITIONS

2.2.1 FINDINGS

1. 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. There is also a danger of clogging of emergency core
cooling heat exchangers. This could prevent core cooling in the recirculation phase. Even if
the probability of it is small the consequences could be very large.

2. Leakage from raw water to the boron solution side in an ECCS heat exchanger could lead to
dilution of the boron solution and eventually to the formation of clear water pockets in the
ECCS side of the heat exchanger. If this is undetected, then following a LOCA clear water
might be introduced into the primary circuit in the recirculation phase and result in a reactivity
insertion in the core, since the ECCS side volume of a heat exchanger is quite large.

3. Following a LOCA, nitrogen which saturates the coolant of the ECCS accumulators would be
injected into the core and then concentrate at high points of the primary circuit. The
accumulated gas could then block the circulation of the primary coolant.

4. In the original design of the V-213, a large primary to secondary leakage (PRISE) at the steam
generators was not taken into account and no counter measures were defined. The experience
showed this hazard to be significant ( Rovno accident) and the analysis for Loviisa [6]
indicated that it gives a large contribution to the possible core melt sequences.

5. The sump suction line, used in the recirculation phase of LOCA, in most plants has only a
single pipe, which is therefore subject to leakage according to single failure criterion. If such
a leakage occurred, it would mean the loss of primary water outside containment and the
leaking part of the line would not isolatable. The consequences could be significant, up to the
failure of the ECCS to keep the core covered.
The robustness of the sump suction pipe and the fact that the loads which can act on it are
comparatively small decreases the hazards. Most experts present at the meeting hold the view
that this hazard is negligible.
The threat to containment integrity is much increased if there are any other pipes connected
to the sump suction line between the sump and the isolating valve. The joints of such
connections are potentially the weak points subject to failures under accident conditions.
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6. In HP and LP injection lines of ECCS penetrating across containment walls there are sets of
motor driven isolating valves and check fulfilling two functions:
- to provide leaktight boundary of the primary system and the reactor containment under all
conditions except LOCA
- to open and let the injection from the ECCS to reach the primary system in case of LOCA.

In WWER units under normal operating conditions the isolation valves inside containment are
closed, and the valves outside containment are open. The reliability of opening the inside
valves in the case of a LOCA has been questioned and it has been proposed to replaced them
with check valves, which give higher guarantee of opening in case of need. Such an approach
is based on reactor practice, safety analyses and regulations in some leading countries of
Western Europe.
Another possible approach consists in keeping the inside valves open and outside valves closed
during normal operation. This would greatly reduce the probability of injection failure, but it
has the disadvantage of moving the containment boundary to the closed isolating valve, i.e.
outside the containment. Such an approach is not in contradiction to the designer's rules nor
the regulations of the American standards.

7. In the case of a loss of on-site and off-site electric power there is a possibility of losing power
supply to the pumps of the intermediate and makeup systems, which provide water and
cooling for the seals of the MCPs. Under original logic of diesel generators actuation such
situations would occur every time a reactor safety system is actuated. The pumps can be
provided with power from diesel generators, but they are not included in the automatic start-up
sequence and will be provided with backup power only on operator's intervention. This can
lead to the loss of seal cooling and to the seal damage.
The situation is much worse in the hypothetical case of total blackout, with failure of all diesel
generators. In such a case the water to pump bearings would be lost, and the leakage from the
primary system across the damaged seals would not go to the containment sump. The leaking
water would be lost outside containment. Then even in the case of electric power recovery,
the recirculation could eventually fail due to loss of water from the primary system.
In order to avoid the installation of an additional electric power source has been
recommended.

2.2.2 RECOMMENDATIONS

1. Either change the thermal insulation of the primary circuit or implement the following
measures:

• increase the filter surface of the containment sumps
• install purification system for the filters
• add pre-filters.
It should be demonstrated that the adapted measures are sufficient to prevent clogging of
sump filters and of ECCS heat exchangers.

2. Perform an analysis to check if the introduction of clean water into the core in the
recirculation phase due to ECCS heat exchanger leakages following a LOCA, may pose any
problems. Then define the appropriate measures, if necessary.

3. A venting system should be installed to vent the reactor head, the steam generator primary
collector and the other high points of the primary circuit. The corresponding emergency
operating procedure should also be established.
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4. To face a large primary and secondary leakage at the steam generators, the following measures
should be implemented:

perform an analysis of the course of PRISE leakage accident, including the evaluation
of the radiological hazards to the environment,

• install N16 activity measurements for proper identification of the leaking steam
generator.
determine whether an increase of the ECCS tanks capacity is needed
determine whether changes in the ECCS logic are needed to make it possible to stop
ECCS pumps one after another manually from the main control room even when the
demand exists,
requalify relief valves for operation with water-steam mixtures, or install upstream of
relief valves isolating valves qualified for steam-water flow and large pressure
gradients.

5. The design of the sump suction lines should be reviewed . If there are any pipes connected
to the sump suction line between the containment sump and the isolating valve, they should
be removed. The quality of materials, the results of non-destructive-testing and of in-service
inspection should be considered. If they are positive, then an in-service-inspection programme
should be prepared to minimize the hazards of sump suction line failure under LOCA
conditions.

6. It is recommended to keep the inside valves on the ECCS injection lines open and the outside
valves closed. This improves water injection probability without significantly decreasing the
reliability of having the containment boundary protected.

7. The possibility of losing MCP seal water is a significant safety concern and should be
addressed by the plants. A review of the logic of containment isolation actuation is needed to
make sure that no vital lines needed for the purpose are lost in the effect of containment
isolation. A PSA study of core melt sequencies should be made and the contribution of the
MCP seal failure determined. This should be used as the basis for decisions concerning
possible additions to emergency power sources.

3. PRESERVING PRIMARY BOUNDARY INTEGRITY

In the area of primary boundary integrity, the reactor pressure vessel (RPV), the steam
generators (SG), and the primary piping have been discussed and reviewed in the meeting.

The main findings and recommendations related to primary boundary integrity are given
below. A detailed description is provided in the Appendix A part 3.

3.1 FINDINGS

1. Embrittlement of the reactor pressure vessel is one of the key factors determining the lifetime
of reactor operation. Realizing the importance of preventive actions, all owners of NPPs with
WWER 440/213 reactors except for Kola NPP have introduced measures to reduce fast
neutron flux at the RPV wall. The annealing of the RPV has been judged not to be necessary
in any of WWER 440/213 plants with the exception of Loviisa, in which the RPV base and
weld materials are more susceptible to embrittlement.
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However, the accuracy of the judgement quoted above is not known. There are large
uncertainties in the evaluation of the fast neutron fluence expected at the RPV wall (due to
high neutron flux gradient at the positions where the surveillance samples are located), and
there are no information about validation of the correlations used to calculate the shift of nil
ductility point in RPV material due to neutron irradiation. Thus, some open questions remain.

In particular, the information from Kola NPP is that no low leakage core fuel arrangement is
needed at units 3 and 4 of that plant, while in other plants built much later, such as Dukovany,
Paks, Rovno and Mochovce, the low leakage core strategy is being implemented.

In parallel, all NPPs have introduced various forms of heating of water in hydroaccumulators
and in active ECCS tanks (directly with electrical heaters or pumps or indirectly by keeping
high air temperature in the containment).

This decreases the risks connected with pressurized thermal shocks (PTS).

Prevention of overpressurization of the RPV during reactor cooling after shutdown is realized
with various degrees of automatization, ranging from manual operation and administrative
procedures in Kola NPP to fully automatized relief valve opening in function of coolant
temperature planned in Mochovce NPP.

Most analyses indicate that it should be possible to open relief valves in the reactor cooling
system (RCS) even at low pressures, which means that the existing valves should be
requalified or exchanged.

2. The system of in-service inspection of the RPV includes periodical visual and ultrasonic
control once every 4 years of those elements which are most exposed to neutron irradiation,
namely :

Base metal in the cylindrical part of the RPV
Internal surface of RPV lining in the region of the core
Circumferential welded joints in the region of the core

The inspection of the RPV upper head is realized after head removal in a special inspection
stand in the reactor hall. The access to some points is very difficult, however the efforts to
find ways to improve the inspection techniques have so far brought no results.

3. The "Leak Before Break" (LBB) system was not foreseen in the original design of the WWER
440/213 reactors. The sensors which are installed are insufficient in number or sensitivity, e.g.
the humidity sensors in the upper reactor cavity are not sensitive enough to detect leakages.

The only plants where the LBB systems are being introduced are Dukovany NPP and
Bohunice NPP. In Dukovany, about 200 noise detectors will be installed in the RCS and other
systems important to safety. In Bohunice a system of acoustic monitoring is under
implementation for the RCS and for secondary system.

In other plants the LBB measures are under consideration, but the decisions have not been
taken yet. It is stressed that the safety systems of these plants can cope with the DBA
including LB LOCA, so the LBB is of less importance than in WWER 440/230 plants, where
the LB LOCA could lead to unacceptable radiological hazards in the vicinity of the plant.
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4. The risk of possible steam generator collector break is seriously considered in all plants with
WWER 440/213 reactors. After Rovno NPP accident the new procedures for leak tightness
checking have been implemented both in Rovno and in KolaNPPs. A system of leak detection
based on N-16 activity is being installed in NPP Dukovany.

3.2 RECOMMENDATIONS

1. The problem of RPV embrittlement is of high safety significance in most WWER 440/213
units. The measures being taken, namely the core management so as to reduce fast neutron
leakage outside the core, water heating in the hydroaccumulators and in the active ECCS water
tanks and the measures to prevent overpressurization in cold conditions have been sufficient
to prevent the hazards of RPV embrittlement. Further work in this direction should be
supported.

2. In some units the RPV materials have been judged to be so good as not to require any special
measures to decrease fast neutron irradiation. As the full experimental and analytical support
for these judgements is not known, the experts are unable to comment on the accuracy of such
statements. It would be highly desirable to re-evaluate the basis for the formulae determining
nil-ductility-temperature shift in function of fast neutron fluence and to review the methods
of determining the integrated fast neutron fluence at the end of RPV lifetime in the units in
question. This could be undertaken by the regulatory bodies in the countries involved, possibly
with the assistance of the IAEA, if the design and scientific organizations responsible for
those judgements agree. 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.

3. The application of LBB systems should be encouraged. In Western plants this system is used
independently from the fact that the plants can withstand LB LOCA consequences. Since it
is always better to prevent an accident than to limit its consequences, the systems which can
warn operators of possible leaks from the RCS should be introduced in the extent possible.

4. The systems of RCS inspection, including RPV and steam generators, should be further
improved and modern inspection techniques should be introduced.

4. CONFINING RADIOACTIVITY

4.1 FINDINGS

1. Radioactivity releases from fuel elements under normal operational conditions are very small.
This positive feature of WWER fuel has been confirmed throughout many years of successful
operation. The concentration of radioisotopes in the primary coolant is very low, as measured
repeatedly in Loviisa NPP and in other WWER 440/213 units. The experimental evidence for
good fuel behaviour includes longitudinal in-pile studies of instrumented fuel elements in
Russian-Finnish programme SOFIX and the post- irradiation examinations of fuel in hot cells
in Studsvik and in Russian nuclear centers.

2. The leakages from the primary circuit are very small. Operational experience with steam
generators in WWER 440 units is very good, much better than for WWER 1000 units, where
a number of failures had been observed until significant changes were introduced. Although
the leakage detection systems act with significant delays, no problems have been observed
with the exception of Rovno NPP accident mentioned above.
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3. In the case of accidents, in particular LOCA's, the behaviour of fuel and the releases of fission
products are not sufficiently studied. There have been so far no in-pile experiments with LB
LOCA and only one experiment is under way with chosen parameters corresponding to a SB
LOCA. Experiments for reactivity initiated accidents (RIA) have been reportedly made, but
their results are not fully published.
In particular, no data on fission product releases are available. In the case of LB LOCAS,
there are also no data on thermo-mechanical behaviour of WWER fuel and the calculations
used in safety analyses are based on out-of-pile experiments, in which fuel simulators were
used.

In order to realize an extensive programme of in-pile fuel studies under accident conditions,
an in-pile Reactor Test Facility has been built in MARIA research reactor within the
framework of a tri-partite Russian-Polish-Finnish project. The facility is ready for
commissioning, and the first fuel assemblies have been delivered to the site. The programme
of experiments includes several tests for actual WWER 440/213 and WWER 1000 fuel and
for an improved fuel of the design assuring higher thermal conductivity of fuel matrix. There
is also a possibility to simulate conditions corresponding to the initial phase of severe
accidents in those units, or to limited efficiency of ECCS operation like in WWER 440/230
units.

4. The final barrier preventing fission product releases to environment in the case of an accident
is the containment. In all WWER 440/213 units except Loviisa NPP the containment is
provided with a bubbler condenser system, which reduces the peak pressure possible after LB
LOCA and provides rapid pressure decrease to below atmospheric so that the releases of
radioactivity from containment are effectively prevented.

The experimental tests performed so far have given positive results, supporting the
assumptions taken in analyses of thermal hydraulic operation of bubbler condenser structure.
However, there have been no full scale tests, and the theoretical analyses do not exclude the
possibility of fluid-metallic structure interactions which might be dangerous to the integrity
and functioning of the bubbler condenser.

Such tests can be performed in large scale test facility in Zugros (Ukraine) or in a partial
simulation stand in Bechovice (Czech Republic). The programme of tests and the possibilities
of providing the test facilities with the necessary measuring equipment are under consideration
of the OECD Support Group for Bubbler Condenser Experimental Studies.

The mechanical strength of several elements of bubbler condenser structure has been shown
to be insufficient to support the pressure differences which occur within the initial short time
period after LB LOCA, until the pressure outside and inside the water trays are equalized.
In view of the weaknesses of mechanical elements of the bubbler condenser structure it is also
possible that the subsequent loads due to condensation oscillation or chugging could lead to
bubbler condenser damaging.

It has been found that the initial calculations of bubbler condenser were made assuming only
the loads due to a LOCA, without taking into account the possibility of seismic events. The
IAEA has initiated the development of guidelines for bubbler condenser evaluation, including
the comparison of standards applicable to the problem which are in force in several countries
and those internationally agreed upon within IAEA NUSS programme. The results of this
work can be used to establish national requirements of regulatory bodies in the countries
operating WWER 440/213 reactors.

15



The problem of loads combination is one of the issues which can be solved within the
framework of this task.

The leak rates in bubbler condenser containments at maximum DBA overpressure are much
higher than those in typical PWR containments. They range from 5% at Dukovany NPP
through 10-15 % in most plants up to 30% in the Unit 3 at Kola NPP. According to the
design analysis, this is compensated by rapid overpressure decrease, provided by the system
of bubbler condenser water trays and air traps, which finally yields very low values of total
integrated leakage after DBAs. Nevertheless, the high leak rates at the maximum overpressure
remain to be of concern, e.g. from the point of view of beyond DBA sequences.

Hydrogen hazards remain an open issue. In most units hydrogen removal system has been or
is being installed. It is connected to the existing, well developed system of hydrogen burning,
removing the excess hydrogen from the RCS during normal operation of the plant. However,
under DBA conditions it may be insufficient. To decrease the rate of hydrogen releases under
accident conditions some plants (Paks, Mochovce) have decided to replace the thermal
insulation aluminum blankets with stainless steel blankets. Analyses of the rate of hydrogen
releases under DBA and beyond DBA conditions are being conducted. Generally it is
recognized, that the most satisfactory way of solving the problem for most possible conditions
would be to install passive recombiners, which do not introduce additional hazards connected
with hydrogen ignition.

4.2 RECOMMENDATIONS

1. The in-pile investigations of fuel behavior under accident conditions should be conducted and
the data necessary for code validation and fission product releases determination should be
obtained. As the Reactor Test Facility built for this purpose can be used for the needs of many
countries, the Russian proposal of placing it within the framework of an international research
cooperation programme should be supported.

2. The full-scale tests of bubbler condenser operation under LB LOCA conditions should be
performed. In particular, the phenomena which can produce pressure oscillations and
fluid\metal structure interactions should be investigated so as to determine possible hazards
to the bubbler condenser integrity. The programme of work proposed by the OECD Support
Group for Bubbler Condenser Experimental Studies should be realized. It is also desirable to
conduct tests for the determination of bubbler condenser containment effectiveness in reducing
the inside pressure below atmospheric after DBA, as this is an important parameter influencing
the overall safety of the plant.

3. In view of the weaknesses of mechanical design of the bubbler condenser structure it is
necessary to solve the generic problem of bubbler condenser strengthening. In calculations for
the improvements of the design the new regulations presently in force should be taken into
account. The possibility of applying the "Bubbler Condenser Evaluation Guidelines" under
development by IAEA should be considered. If the bubbler condenser structure could be so
strengthened as to fulfill the requirements proposed in the "Guidelines", the design would
probably be sufficiently strong to withstand also the loads which could arise under all DBA
conditions.

4. Connecting hydrogen removal systems from the containment volume to outside hydrogen
burning systems is the minimum safety measure which should be implemented at all plants.
Exchange of aluminum blankets for stainless steel blankets in thermal insulation is highly
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recommended, as an effective measure to prevent hydrogen accumulation due to steam-
aluminum reaction.

5. Although the leak rates of the bubbler condenser containments remain within limits accepted
by national regulatory bodies, the operators of NPPs should be urged to find the ways of leak-
tightness improvements. This is especially true for those NPPs, which have the leak rates
distinctly higher than the average value.

6. Regulatory authorities in the countries operating WWER units should prepare a set of rules
and regulations for safety evaluation and acceptance of containment systems.

5. INSTRUMENTATION AND CONTROL

The I&C systems incorporate the logic for the plant control and automatic actuation of systems
conceived to prevent accident sequences and mitigate their consequences, and constitute the interface
between plant and operator, providing the information needed to make reliable diagnostics of plant
status, and converting the operator actions in components actuation. 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 behavior 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.

No additional information, other than the plant status regarding the implementation of the
measures already recommended in the reference documents was available during the meeting . The
completeness of the findings and recommendations given in this report can not therefore be
demonstrated. It was also noted during the meeting that some recommendations in different design
areas were not applicable to some specific plants and that the potential drawbacks of some of them
for other design functional areas were unacceptable. They have been then limited 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.

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 behavior under all the postulated
conditions, providing the functioning, design, and qualification requirements and criteria for the safety
related components. This analysis would further be the basis for making recommendations on
backfitting measures.

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 plant safety logic
rooted in its I&C design is implemented.

5.1 FINDINGS

1. Safety related I&C components are in general not qualified to perform their function under
the harsh environmental conditions in which they are expected to operate, or documented
evidence of their qualification has not been made available.
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Most of the plants are performing activities to qualify I&C components and planning the
implementation of the resulting measures during the following years. However, the
qualification activities apply only to certain components for specific environmental conditions.
A systematic approach to evaluate all the expected environmental conditions potentially
affecting each safety related component was not presented.

2. Reliability, maintainability, and testability of safety related I&C components is not sufficient
to assure their proper functioning, and redundant components are not physically separated
enough to prevent common cause failures.

All the plants are performing or planning the replacement of I&C components on the basis of
the detected deficiencies. However, evidence of a systematic approach to evaluate all the
existing deficiencies on these topics and to define the most adequate improvements or
replacements was not presented.

3. The prevention of excessive control rod insertion in case of boron dilution to assure sufficient
shutdown margin, reported as a recommendation in the reference documents, is already
provided in this type of reactors. The plant designers reported an automatic limitation of
control rod insertion, assuring a 2% shutdown reactivity margin in all cases.

4. Additional scram signals in the reactor protection system to ensure prompt reactor trip after
all the potential accident initiating events, recommended to be implemented in the reference
documents, could be, in certain cases, not applicable to this type of reactors. However, the
meeting had not the opportunity to review the plant accident analysis, and then the additional
scram signals, if any, which should be implemented to prevent aggravation of accident
sequences, could not be identified.

5. The habitability of the control room is not guaranteed in case of accidents involving releases
of radioactive materials.

All the plants have planned the installation of filtering and ventilation systems to assure the
control room habitability under all postulated conditions.

6. The main and emergency control rooms are not sufficiently separated in both physical and
functional terms to prevent common mode failures.

All the plants have planned the improvement of separation between control rooms.

7. The information available to the operators in the control room has not been demonstrated to
be sufficient to make a reliable judgement of the plant status under accident conditions.
Furthermore, post accident monitoring systems to properly support accident management, are
not provided. Accident analysis and emergency operating procedures were not available to be
reviewed and consequently the additional information to be supplied in the control room could
not be identified.

All the plants have planned the design and installation of post accident monitoring systems.

5.2 RECOMMENDATIONS

1. Conduct a systematic accident and hazard analysis based on referenced safety rules and
methodology, and using proven and qualified tools for all the postulable initiating events. On
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the basis of the results, perform the following tasks:

a) Identify I&C components required to operate during each accident sequence, and the
expected environmental conditions they should withstand without loss of functioning.

b) Define accordingly the qualification requirements and criteria.

c) Identify the additional scram signals which may be eventually required to mitigate
accident sequences associated with each initiating event.

d) Identify the additional information that should be available in the control room to
assure that the operator can make a reliable judgement of the plant status when
expected to take manual actions for handling accident situations.

Check the impact of the resulting backfitting measures on the performed accident analysis.
Plan their implementation on the time basis consistent with their contribution to reduce the
plant overall risk.

2. On the basis of a comprehensive and systematic operational experience review and data
collection process assess the actual reliability of all the safety related I&C components, and
plan the required improvements and replacements accordingly.

3. Conduct a control room design review addressing human factors.

4. Design and install ventilation and filtering systems in the control room to assure its habitability
under all the postulated accident conditions involving radioactive releases.

5. Provide full physical and functional separation between main and emergency control rooms
to prevent common mode failures.

6. On the basis of accident analysis and emergency operating procedures, identify the information
required by the operator to properly manage post accident situations, and provide the post
accident monitoring system accordingly.

6. ELECTRIC POWER SUPPLY

In the area of electric power supply the main issues are of low category ( category 1) and they
are related either to the decrease of the number of actuations of diesel generators during the plant
lifetime ( issues 6.1 and 6.4) or to the handling of BDBA accidents ( issues 6.2 and 6.3)

6.1 FINDINGS

1. According to the original design, the diesels were actuated in case of any accident requiring
safety systems operation. This was due to the comparatively slow start-up of the diesels, so
that the designer wanted to switch them on as early as possible to be sure that the allowable
time of break of electric power supply would not be exceeded.
Thus, by present ECCS logic in the case of any Engineering Safety Features actuation the 6
kV safety buses are disconnected from the electrical network, even if off-site power is
available. This induces additional transients, having adverse effects on the system reliability.
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It also requires a very extended test procedure for the diesel, which causes a premature
degradation of some of its components, increasing the risk of common cause failure.

2. The probability of a failure of all three diesels is low, but such a situation is possible and
would have large consequences. As the core failure in the case of a total blackout would
occur after 5-6 hours after the initiating event, there is a long time available to connect the
reactor to another, additional energy source. In several NPPs it is planned to install one more,
mobile or stationary diesel generator, which could be connected to any unit on the site. Other
plants have connections to the hydroplants located nearby. The installation of an additional
diesel is a measure related to BDBA situation. The probability of a long term blackout is
different for different NPPs and should be analyzed for plant specific conditions.

3. Similarly, the decision as to the need to increase the capacity of an auxiliary standby
transformer is influenced by plant specific conditions. In the existing design, there is one
standby transformer in the nuclear power plant, usually consisting of 4 units. Under normal
operating conditions, the power distribution system in the plant is supplied from the two main
generators of the unit. In the case of grid failure, the generators are disconnected from the
grid and the power is automatically reduced to the auxiliary power level.
In the event of a power failure inside the unit, the generators are disconnected from the power
distribution system and the system is supplied from the main grid.
In the case of power failures both in the unit and in the main grid, the auxiliary standby
transformer connected to the auxiliary grid can provide electric power to one unit. Its capacity
is not enough to supply two units at the same time, so that in the case of simultaneous power
failures in two units the emergency diesel generators would have to be actuated in one of
them.
In western Europe the rating of standby transformers is such, that they are able to provide
auxiliary power simultaneously to all units on the site. According to Russian rules, which were
used in the design of the plant, one standby transformer is enough for the whole station.
This issue is not directly related to the plant safety, but the limited availability of the standby
system increases the probability of emergency power operation.

4. The capacity of the 24 V and 220 V batteries existing in the plants may be insufficient to
control the plant during long term blackout transients. The minimum required time of
discharge is 1 hour, but in the case of WWER units, with large water capacities on the
secondary and primary side, the core damage occurs after a much longer time. This is a
positive feature, but it requires larger capacities of the batteries in order to be able to take
advantage of this feature.

6.2. RECOMMENDATIONS

1. The diesel controller should be replaced with one permitting faster start-up, with run up time
of around 10 seconds ( instead of 25 sec as presently). Then the logic of ECCS actuation
should be modified, so that the Diesels would be started only in the case of off-site power
loss. If the off-site power is available, the ECCS system would be supplied with the power
from the grid via the station house supply system.
This change would reduce the time needed to start the ECCS pumps and the rate of failures
during their start-up, and reduce the frequency of actuation of the diesel generator system.
Since the diesel will not be automatically started following a LOCA if the off-site power is
available, the potential shortcomings of this situation should be studied.

2. An analysis of diesel generator reliability in each plant should be made including startup air
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supply, diesel fuel injection system and diesel control system and the necessary improvements
should be introduced so as to prevent damage to the diesels under any operating conditions,
even in cases of the operator's errors.
The question of installation of an additional diesel in the plant should be decided depending
on plant specific conditions. If an additional energy source is installed, it should be protected
against common mode failures possible in the already existing energy sources.

3. An evaluation should be made, how frequently an additional standby transformer would be
needed. In the evaluation the existing operational experience of the WWERR 440/213 units
should be taken into account. On this basis the decision concerning the need to install the
additional standby transformer should be taken.

4. Emergency operating procedures should address reduction of DC users in case of total station
blackout to extend battery discharge time.
The real discharge time should then be determined on a plant specific basis and compared with
the time required by the regulations and with that needed to handle total blackout scenarios.
The expected frequency of total blackouts should then be evaluated on a plant specific basis
and the decisions concerning increasing batteries capacity taken.

7. INTERNAL HAZARDS

In the area of fire protection, the main issues considered were the necessity of a systematic
fire hazards analysis, physical separation and protection of safety important systems and the necessity
for upgrading the fire detection and suppression systems. Since the meeting was limited to
backfittings and safety enhancement measures related to safety important systems, other important
aspects like manual fire fighting with the associated qualification, training, retraining and on-job
training of fire fighting personnel were not considered. With respect to fire hazards analyses, it should
be stressed that the emphasis is on the performance of a SYSTEMATIC fire hazards analysis, so that
a balanced and optimized fire protection program can be put into effect. It is recognized that several
improvements have been made with respect to fire protection at most of the plants. However, what
is reflected in the recommendations is the lack of a SYSTEMATIC fire hazards analysis to coordinate
these efforts and to optimize the required safety measures, thus reducing the risk of damage to safety
important systems.

Among other internal hazards common cause failures due to high energetic pipe whip are of
high safety concern, while the problems of flooding, heavy load drop and turbine missiles have been
shown to be of lesser importance.

7.1 FINDINGS

1. A systematic and comprehensive fire hazards analysis has not been carried out at any of the
plants considered in the meeting. To be most effective, such an analysis should be performed
prior to initial loading and updated during operation. Certain improvements have been made
at some of the plants. These are based, in some cases, either on a fire analysis or on a limited
fire risk analysis. These, however, are more or less ad-hoc measures, based on operational
experience and carried out ass the need arose.

2. There is no strict separation between the cable routes of redundant trains. In most cases,
redundant equipment, components and cable trains of safety important systems are located
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without sufficient physical separation and are not sufficiently protected against fire spreading.
This is especially a result of the lack of qualified fire doors in fire barriers and of the lack of
fire dampers in ventilation ducts.

3. Fire prevention is an important issue which has not been sufficiently addressed.

4. With respect to the fire detection and suppression systems certain measures have been
implemented, are underway or are planned. These measures include:

installation of water guns and protective coating of metallic structures rerouting safety
related equipment outside the turbine building

rerouting emergency feedwater pipes outside the turbine building

installation of a water spray system on the roof of the turbine building

installation of flaps on the roof of the turbine building

measures aimed at detecting and extinguishing the fire in the area of the main oil tank.

5. Pipe whip effects are of special safety significance in the secondary system, where much vital
equipment such as main steamlines, feedwater lines, emergency feedwater lines, SG valves,
electric cables and I&C equipment has been accumulated at 14.7 m level and underneath. In
the case of steam line whip the neighbouring steam lines or their relief valves can be
damaged. Then the pressure of steam would abruptly decrease and a rapid cooldown of the
primary side would follow, with the accompanying cooldown of the RPV walls and reactivity
increase. Possible effects include RPV pressurized thermal shock and reactor re-criticality with
possible departure from nucleate boiling and fuel damages.

6. If the steam pipe whip damages feedwater system, including emergency feedwater system, the
system of residual heat removal through the secondary side would be lost. The consequences
of such an event would be very serious, because WWER plants do not have another system
for shutdown core cooling except ECCS, which is used only under LOCA conditions.

7. The risks of flooding after steam line break were analyzed in one of the plants (NPP Rovno)
and it was found that the hazards are small.

8. The safety issues connected with the heavy load drops are addressed by the existing
regulations. However, a systematic analysis of load drop risk has not been performed yet.

9. Owing to the existing prevention measures, the probability of emission of a turbine blade
missile is low and the targets important to safety are small.

7.2 RECOMMENDATIONS

1. With the purpose of identifying the weak points of the fire barriers intended to separate
redundant trains, and to justify the acceptability of redundant train separation by distance, the
performance of a systematic fire hazards analysis for each area of every WWER 440/213 plant
is strongly recommended. The first step in such an analysis should be based on a plant
walkdown and on expert judgement.
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2. Fire prevention should be upgraded.

3. An analysis should be performed in order to identify the measures to be taken in order to
improve fire protection. This analysis should take into account among other, the following
considerations:

a) the redundant equipment, components and cable;e 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.

b) The ventilation ducts connecting fire areas containing redundancies should be checked
to see if fire dampers are installed for separation and that they close automatically in
case of fire.

c) All fire passive protections separating redundancies should be checked to see if they
are qualified ( fire doors, penetration seals, fire dampers etc.).

4. The measures with respect to the fire detection and suppression systems which have been
implemented, are underway or are planned, should be endorsed and reevaluated on the basis
of a systematic fire hazards analysis.

5. A systematic hazard analysis is necessary to identify the weak points in the plant concerning
the risk to safety equipment, components and the cables posed by the effects of high energy
pipe breaks. The analysis should not be limited to the turbine hall, but should cover all areas
where systems important to safety are located.

6. Protection against simultaneous loss of all trains of EFWS due to steam line break should be
devised and implemented. The efforts of the plants which move the EFWS to other locations,
avoiding the congested region at 14.7 m level in the turbine hall, are strongly endorsed.

7. Systematic analysis of risks connected with flooding, heavy load drops and turbine missiles
should be performed if not done yet and the appropriate measures should be adopted.
Although the expected hazards do not present very high safety concern, the analysis should
be undertaken possibly early, so as to obtain good basis for the decisions concerning further
safety improvements. The actions to be taken are plant specific.

8. ACCIDENT ANALYSIS

The analysis of expected plant transient and postulated accidents is an essential component of
the assessment of the plant design and of the evaluation of plant safety. Although it is recognized that
the performance of accident analysis does not immediately increase the safety of an operating plant,
such analyses are a necessary step for the design and evaluation of plant modification and for the
preparation of improved plant procedures.

8.1. FINDINGS

In the area of Accident Analysis five safety issues have been identified.
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1. First and most important is the issue related to the lack of a well defined methodology to
perform such analyses for a WWER-440/213 NPP. Numerous analyses have been performed
in the last decade, which go far beyond the initial analysis presented in the original TOB.
However, the lack of an established methodology which defines the scope of accidents to be
analyzed, of the related acceptance criteria and the boundary and initial conditions to be used,
has led only to an inconclusive list of analyses. As a consequence, some proposals from the
designers, when analyzed by different plants, have resulted in prompt modifications in some
of them while in the others they have not been considered adequate (e.g. connection of hot
to cold leg).

Therefore the definition of an accepted methodology for performance of accident analysis is
a necessary step before the safety analysis report prepared for a WWER-440/213 can be
considered to be in accordance with international practices.

2. A related safety issue deals with the scope of the analysis itself. As mentioned above,
numerous analyses have been performed, but the completeness of the analyses is still
questionable. The specialists present at the meeting have tried to compile a table of the
available results, but the lack of complete information made the task impossible. Rather, it was
proposed to develop a list of accidents to be analyzed (beyond the initial TOB analysis which
was performed with outdated computer codes). It is expected that the WWER-440/213 plants
will provide the data to complete the table. The objective of the table is simply to assess the
coverage of the analysis performed. No evaluation of the adequacy of the analysis or the
results is attempted. This should be carried out on a plant by plant basis.

3. Whenever analyzing or evaluating results on a plant specific basis, the quality of the input data
used in the calculations should also be assessed. The Quality Assurance of plant data used in
accident analysis of WWER-440/213 has been also identified as a safety issue which requires
attention of the organizations performing the analysis.

4. A fourth related safety issue addresses the problem of validation of the computer codes used
in accident analysis of WWER-440/213 NPPs. Nowadays advanced codes of western origin,
developed mostly for western PWRs, are frequently being used for these analyses. A
comprehensive validation of codes and models for the analysis of WWER-440/213 NPPs is
necessary to ensure the applicability of the results. This should include the comparison
between calculations and experimental results obtained in test facilities representative of the
peculiarities of WWER type reactors, such as PMK-NVH in Hungary. Comparisons of code
calculations with actual plant transient data is also recommended.

5. Finally, a safety issue of lesser safety importance relates to the analysis of Anticipated
Transients Without Scram (ATWS). This type of analysis is a current international practice
regardless of the reliability of the scram system. For WWER-440/213 NPPs, such analyses
have been conducted in a very limited extend, therefore, additional analysis are being
recommended.

8.2. RECOMMENDATIONS

1. The methodology for accident analyses of WWER 440/213 units should be developed and
internationally approved. Specific design features of these units should be addressed and the
acceptance criteria to be applied should be developed.

2. The WWER 440/213 plant owners should complete the attached table,s, thus providing the
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data on the extent of existing analyses.

3. The establishment of a QA procedure to control the collection, documentation and verification
of all data used in accident analysis is being recommended. The importance of keeping the
data base updated as the plant undergoes modifications is also being stressed.

4. Validation of codes and models used in WWER 440/213 calculations should be performed.

5. ATWS analyses should be performed for a spectrum of initiating events equivalent to that
applied to PWR analysis.
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ANNEX 1
TECHNICAL NOTES

1. CONTROLLING THE POWER

ISSUE NUMBER: 1.1

ISSUE TITLE: Monitoring of core power density

RELATED AREA OR SAFETY FUNCTION: Controlling the power

ISSUE CLARIFICATION
The original in-core instrumentation (210 thermocouples and 36x7 SPNDS) assure the high

spatial resolution of flux and power distribution measurements. However, HINDUKUS data collection
system and KOMPLEX URAN 2 computerized evaluation system in their original form don't meet
the modern requirements. Since their response is very slow, and not very reliable, the system is not
used to initiate any automatic action.( [7] par 5.3.15, 5.3.16])

CATEGORY: 1

JUSTIFICATION
Failures of the original systems have led to obligatory power reduction or loss of information about
transients. [ 7 ]

GENERIC MEASURES:
Power density characteristics should be included in the automatic power limitation and reactor
scram, respectively. The algorithms for power density monitoring should be verified. ([ 8 ],
par. 4.1.1)
Analysis of reliability of core monitoring system
Reevaluation of SPNDS based power distribution calculations (eg. effects of burn-up of
Vanadium emitters in SPND-s)
Implementation of algorithms limiting reactor power on base of core power density
distribution.

STATUS OF THE MEASURES:
Second generation of plant computer system have been installed at Loviisa and Paks.
More limited improvements have been carried out in other plants too.

Rovno NPP - After one year of successful trial operation the system AKNP-7 used for neutron flux
monitoring has been permanently connected to the operational instrumentation. The system generates
signals of exceeding pre-established values of reactor power and reactor period, transmits them to the
reactor protection system and to the system of automatic reactor power control, provides processing,
registration and presentation of information at the operator's display unit and the control panel. The
system provides independent control both from the main and emergency control room. It also allows
to control the reactor during fuel reloading and start-up periods. [ 9 ]

Back up systems to the HINDUKUS have been implemented at some plants [7].

RECOMMENDATION:
Reconstruction of core monitoring system (if not fulfilled yet). A reliable in-core monitoring
system with on-line 3D power distribution displaying capabilities should be implemented at
the units. This system must be based on modern highly reliable computer technique.

REFERENCES: [7], [8], [9], [10], [11].
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2. COOLING THE FUEL

ISSUE NUMBER: 2.1

ISSUE TITLE: Common-mode failure of decay heat removal systems.

RELATED AREA OR SAFETY FUNCTION:
Cooling the fuel in plant operating and transient conditions

ISSUE CLARIFICATION:

In V-213s, core cooling and decay heat removal is performed by the secondary side in all conditions
except LOCA.

In emergency conditions, this function is performed by the emergency feedwater system (EFWS) in
conjunction with the steam safety and relief valves to atmosphere.

In the original design the whole 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, valve failures (if EFWS is connected to the main feedwater lines) 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.

CATEGORY OF ISSUE: 3

JUSTIFICATION OF RANKING: The EFWS is performing a critical safety fiinction.

GENERIC MEASURES: To upgrade EFWS so as to protect it from common mode failures. See
status of the measures.
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STATUS OF THE MEASURES:

Kola Additional EFWS will be installed in a separate building (3 pumps feeding 3 steam
generators).

Rovno Three EFW pumps will be relocated inside the reactor building and take suction from
a new condenser and recirculate water in closed loop.

Bohunice Same as Mochovce, except number of pumps: 2. However, the change of routing not
decided yet.

Mochovce EFW pumps (3) and tanks (3) are physically separated. They are located outside the
turbine hall. Feedwater pipes run in the turbine hall in close proximity to the steam
lines 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.

Dukovany Same as Bohunice.

Paks Rerouting of EFWS planned

Loviisa EFWS is placed in its own building. It has its own water supply, two diesel
driven pump units and 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. [12]

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 has to be verified for all plants.

REFERENCES: [12], WANO measure T.3.2.[13], Mochovce SIR pages 1.6-3, 1.6-4,[14], SC-77
[15], [16], [17].
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ISSUE NUMBER: 2.2

ISSUE TITLE:

Steam generator safety and relief valves performance.

RELATED AREA OR SAFETY FUNCTION:

Cooling the fuel, confining radioactivity

ISSUE CLARIFICATION:

At most plants, the present construction of safety and relief valves does not allow to realize
the decay heat removal function via steam release to atmosphere at low pressure (below 3 MPa). This
fact limits the cooldown capability. In particular, the feed and bleed operation in the secondary circuit
is not possible at low pressures.

As the secondary system is operated in the final stage of plant cooldown as full of water, the
valves should be able to operate with water flow. The lack of qualification of the valves to operate
with water or water-steam mixtures can also lead to their failing open under primary to secondary
leakage conditions. An exact determination of possible most adverse conditions of operation of safety
valves and of relief valves under PRISE leakage conditions should be based on reliable analyses.

CATEGORY OF ISSUE: 2

JUSTIFICATION OF RANKING:

In elevated temperatures and pressures on the secondary side the decay heat removal is
ensured. However, cooldown to low temperature to allow primary system depressurization should also
be possible. In the case of large PRISE leakages the failure of relief valves in open position can lead
to significant releases of radioactivity and to a loss of primary coolant ( see issue 2.4)

GENERIC MEASURES:

1. Safety valves and/or relief valves should have the capability to be remotely operated from the
control room. Those valves should be operable down to a steam generator pressure close to
atmospheric (at least on three steam generators).
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2. 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. Then the requirements for
their qualification to work with water steam mixtures should be formulated.

3. Relief valves and - if analyses show such a necessity - safety valves should be qualified to operate
with water-steam mixture flow.

4. If the qualification of existing valves turns out to be unfeasible, then isolating valves qualified for
water-steam mixture flow can be installed on lines upstream of relief valves.

STATUS OF THE MEASURES:

Measure 1:

Kola implementation under way

Rovno planned
Bohunice under design
Mochovce completed
Dukovany under design
Paks implementation underway

Measure 2: Analyses of transients for Bohunice NPP are under way within the IAEA regional project
RER/TC/9/004.

Measure 3 and 4: In Mochovce the requalification of relief valves or installation of isolating valves
upstream of them is planned.

RECOMMENDATIONS:

The proposed measures are adequate.

The time after which the reactor has to be in cold shutdown conditions after an accident should be
determined.

REFERENCES:

WANO measure T3.7.[13]. [14]
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ISSUE NUMBER: 2.3

ISSUE TITLE: Essential service water system and component cooling water system

RELATED AREA OR SAFETY FUNCTION: Cooling the fuel in plant operating and transient
conditions.

ISSUE CLARIFICATION:

In spite of the importance to safety of these systems, it is not sure that, in all plants, they are
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.

CATEGORY OF ISSUE: 2

JUSTIFICATION OF RANKING: All safety related equipment and components are cooled by the
service water system. Some of them are also cooled by the component cooling water system. The
loss of those systems due to common-mode failures can jeopardize safety features of the plant.

GENERIC MEASURES: None

STATUS OF THE MEASURES:

Kola: to check (but seismic risk negligible)

Rovno: ?

Bohunice: Measures under design

Mochovce: Service water system has 3 fully redundant and separated trains.

Dukovany: to check (already done for seismic protection)

Paks: completed except for seismic protection.

RECOMMENDATIONS:

Verification of the proper train separation and protection against all sources of common mode failures
(including earthquakes), taking into account potential leakages.

Evaluation of consequences of possible loss of service water system

Implementation of improvements as needed.

REFERENCES:
SIR Mochovce [14]
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ISSUE NUMBER: 2.4

ISSUE TITLE: Handling of a large primary to secondary leakage at the steam generators.

RELATED AREA OR SAFETY FUNCTION: Cooling the fuel. Preserving primary boundary
integrity, Confining radioactivity.

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.) 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 will simultaneously mean the
containment by-pass, because the primary water goes directly to the environment. 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. 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.

CATEGORY OF ISSUE: 2

JUSTIFICATION:

Such an accident is possible and actually happened. Thus the counter measures should be
provided. However, the probability of the event occurring again is very small, especially in view of
the experience from Rovno event and the preventive measures taken in all the plants since then.

GENERIC MEASURES

Installation of a new measurement system for the immediate detection of the radiation in the
main steam lines, modification of ECCS logic, adding water reserves to the ECCS and fast decreasing
the RCS pressure below the setpoint of SG safety valves ( WANO, T.3.1) [13]

Primary loop isolation in the event of a leak from this loop into the secondary system( SIR-Mochovce
[14] proposal)

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 ( Greifswald GRS analysis [ 8 ])

To apply eddy current control of bolt holes in the collector flanges (Rovno, 1994 [ 9 ]).

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 [ 9 ]).

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.

In addition, the following measures are proposed
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1. A new measurement system for the immediate detection of the radiation in the main steam
lines (N16 activity measurement);

2. Modification of the ECCS logic;

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 valves should be
possible, using the pressurizer relief valves which must be qualified to do so or using a
redundant spray to be installed on the pressurizer;

4. Assuring additional water reserves for the ECCS.

5. 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

6. Changing the design of the RCS collector in the SG to limit the possible lift-off of the cover

7. Qualification of relief valves and - if the analyses show it necessary - also 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.

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.

STATUS OF

Kola

Rovno
Bohunice
Mochovce
Dukovany
Paks

THE MEASURES

Measure 1

implementation
under way
?
no decision yet
completed
under design
under design

Measure 2

implementation
under way
?
no decision yet
no decision yet
ready-95
under design

Measure 3

implementation
under way
?
no decision yet
no decision yet
under design
under design

Measure 4

implemenlEten
under way
?
completed
no decision yet

Loviisa ready-96 ready-96 completed ready-96

In Dukovany NPP a system of N-16 activity detection is being installed on the II system. A
programme of quality control of SG header cover screw is implemented.

Accident management is developed jointly with Westinghouse, based on symptom based operational
procedures. This system will involve measures to control ECCS operation.

In Kola NPP there have been new procedures written and implemented for collector integrity control,
leak tightness monitoring system has been changes and mechanical elements have been installed to
limit the possible opening of the collector cover.
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In Rovno NPP the Commission which analyzed the accident in 1982 determined, that the rupture of
the flanges of primary circuit collectors occurred in the result of corrosion assisted transgranular
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.

The measures proposed by Rovno NPP listed above have not been implemented yet.(Rovno, 1994, [
9]) .

The analysis of steam generator tube ruptures and primary collector ruptures have been undertaken for
Bohunice NPP within the IAEA regional project RER TC/9/004. They will be continued to evaluate
the effectiveness of all proposed safety enhancement measures.

RECOMMENDATIONS:

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 those have different priorities .

First of all the preventive measures should be implemented if not yet done, namely:
- improvement of water chemistry control,
- in-service inspection of the steam generators, including inspection of bolts keeping the collector
cover.

Then the N16 activity measurement system should be designed and installed on the steam generator
main steam lines.

Fast decrease of the primary pressure by the operator below the setpoint of the steam generator safety
valves should be possible, This requires additional spray lines or an additional pressurizer relief valve.

The necessity of modifications to ECCS ( possibility to stop the high pressure injection till the pressure
falls down) or of adding water reservoirs to the ECCS should be analyzed on a site specific basis.

Requalification of relief valves and possibly of safety valves on steam generator lines should be
decided on the basis of accident analyses.

REFERENCES:

Rovno 1994 [ 9 ], IAEA report SC-077 measure 3.1 [15], WANO measure T3.1 [13], Mochovce SIR
page 1.6-5, 1.6-6 and chapter 3.3 and 3.7.[14].
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ISSUE NUMBER: 2.5

ISSUE TITLE: Venting of the primary circuit

RELATED AREA OR SAFETY FUNCTION: Cooling the fuel

ISSUE CLARIFICATION:

One of the important lessons learned from the TMI accident in 1979 was that during transient
situations with pressure decrease, non-condensable 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). The gas volume can block the circulation of the primary
coolant and lead to the core overheating. The problem may appear during transients, for example,
SBLOCAs, 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.

CATEGORY OF ISSUE: 3

JUSTIFICATION OF RANKING: In case of LOCA nitrogen from the ECCS water in conjunction
with other non-condensable gases can lead to difficulties in keeping up the natural circulation.

GENERIC MEASURES:

1. A venting system will 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 Operation Procedure when the saturation margin is less than 10°C. or when
accumulators start to feed the reactor.

2. To operate the venting from the reactor head and from other high elevation points of the
primary circuit there is a need to set up the criteria when this vent should be opened or closed.
These criteria are: the saturation margin is less than 10°C (Texit-Tsat) or the start of reactor
feeding from accumulators. To measure the first parameter 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.

STATUS OF THE

Kola
Rovno
Bohunice
Mochovce
Dukovany
Paks
Loviisa

MEASURES:
Measure 1

completed
completed
under design
completed
under design
under design
completed

Measure 2

completed
completed
completed
completed
under design
under design
completed
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In Rovno NPP the system of emergency gas removal from the reactor upper plenum uses the
deration 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 bubbler condenser 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 (Rovno, [9])

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. (Rovno, [9])

At the Kola and Mochovce NPP the vents are also connected to the pressurizer bubbler
condenser. At Paks the regulatory authority requires to elaborate the concept of hydrogen treatment
inside the containment prior to the authorization. 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 [13]).

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 [13]).

RECOMMENDATIONS:

The installation of venting lines is relatively cheap and should be implemented.

Also, the measures to determine coolant subcooling should 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 subcooling does not seem to be
sufficiently justified. Emergency operating procedures should be developed to provide the
necessary guidance for the operators.

REFERENCES:

IAEA Report SC-077, measures 3.3 and 3.4 [15], WANO measures T2.3 and T2.4.[13].
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ISSUE NUMBER: 2.6

ISSUE TITLE: ECCS - proper operation of the containment sumps.

RELATED AREA OR SAFETY FUNCTION: Cooling the fuel under LOCA conditions

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 water supply of the ECCS pumps in the recirculation
phase and result in the unavailability of the core cooling function.

The emergency cooling system 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
[18].

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
Rovno NPP confirmed, that in the case of a complete tearing off of thermal insulation the sumps
would be blocked.

CATEGORY OF ISSUE: 3

JUSTIFICATION OF RANKING: Without proper sumps operation in the recirculation phase after
a LOCA, the cooling of the core can fail.

GENERIC MEASURES:

1. To increase the filter surface (presently the surface is about 300 m2)

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

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

4. To exchange the existing insulation material - mineral wool - for a new one, e.g. glass wool.
The effects of such a change would have to be studied before a decision is taken.
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STATUS OF THE MEASURES:

In Loviisa 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. [18].

In 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. [9]

In Mochovce NPP 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. An addition of the sieve cleaning system is considered.

The status of the first three measures in the plants is as follows:

Measure 1 Measure 2 Measure 3

Kola under design under design under design
Rovno planned - planned
Bohunice no decision yet no decision yet no decision yet
Mochovce no decision yet no decision yet no decision yet
Dukovany under design under design under design
Paks under design under design under design
Loviisa done done done

RECOMMENDATIONS:

The three measures have to be implemented.

An alternative but much more expensive solution would be to change the thermal insulation

REFERENCES:

IAEA-WWER-SC-77 measures 3.7.[15], Mochovce S.I.R. chapter 3.6.4 [14], [18], [9], WANO T.3.4
[13]
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ISSUE NUMBER: 2.7

ISSUE TITLE: ECCS - heat exchanger leaktightness

RELATED AREA OR SAFETY FUNCTION: Cooling the fuel, controlling the power, confining
radioactivity

ISSUE CLARIFICATION: Undetected leakage from water from important technical 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. In the recirculation
phase, this clean water could get into the core, leading to reactivity increase. On the other hand, in
case of leakage from the RCS to the outside, the radioactivity might leak to the environment.

CATEGORY OF ISSUE: 2

JUSTIFICATION OF RANKING: At the beginning of the recirculation phase after a LOCA, clean
water might be injected into the primary circuit and might reach the core unmixed with borated water.
As the ECCS side volume of the heat exchanger is quite large (about 8 m3) this would result in
considerable positive reactivity insertion in the core.
The releases of radioactivity from the ECCS to the environment would mean containment bypass.

GENERIC MEASURES:
- 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. [14]
- The content of boron in the primary fluid should be checked when the primary pressure falls down
below 0.6 MPa ( which corresponds to the important technical service water system pressure) [14]
- A nitrogen injection line can be installed to the pressurizer to keep the primary pressure above 0.6
MPa [14].
- The activity on the important technical service water side should be monitored when the pressure
in the RCS is above 0.6 MPa [14]

STATUS OF THE MEASURES:
In Mochovce NPP 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.

In other NPPs with WWER 440/213 units similar systems of monitoring are implemented. In case of
the detection of leakage, the damaged heat exchanger is isolated.

RECOMMENDATIONS:

The necessary measures to detect possible leakage of clean water into the ECCS must be taken, if not
available yet. The maintenance and operating procedures should be checked to make sure that the
impact on safety of possible leaks is negligible.

REFERENCES:
Mochovce SIR Chapter 3.11 .[14]
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ISSUE NUMBER: 2.8

ISSUE TITLE: ECCS - sump suction line integrity

RELATED AREA OR SAFETY FUNCTION: Cooling the fuel

ISSUE CLARIFICATION: The sump is located in the reactor building at a 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 line penetrates the floor of this room and
leads to heat exchangers, situated more than 12 m below the containment floor. In the case of sump
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 line is 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.

CATEGORY OF ISSUE: 1

JUSTIFICATION OF RANKING: The consequences of such an accident are very serious, but its
probability is small. The suction line is overdimensioned and there are no significant pressure or
vibration loads acting on it.

GENERIC MEASURES: 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 [19].
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 [14].
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.

STATUS OF THE MEASURES: In Mochovce NPP 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 aftercooling 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.

In other NPPs the sump suction lines are periodically controlled during testing of the ECCS.

RECOMMENDATIONS:

To verify the design of the sump suction line in each NPP to make sure that there no week 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: Mochovce SIR 3.5 [14], [19].
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ISSUE NUMBER: 2.9

ISSUE TITLE: Reliability of opening of isolation valves on active ECCS lines

RELATED AREA OR SAFETY FUNCTION: Cooling the fuel

ISSUE CLARIFICATION: The lines of active ECCS systems crossing the containment boundary
are provided with two motor 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 one of the ECCS injection lines.

CATEGORY OF ISSUE: 1

JUSTIFICATION OF RANKING: The present arrangement is in accordance with the rules in force
both in the country of the designer and in the countries where WWER 440/213 units are in operation.
In the case of proper operation of the valves there should be no problem and the valves are designed
to open under accident conditions. Still, the rules of some western countries require a different solution
, and the reduction of potential hazards is indicated. It is not easy to apply a good maintenance
programme to internal valves, not easy for access. Also, regardless of the initial design requirements,
there is smaller probability of failure during opening for valves situated outside containment, in normal
environment, than for valves being in the environment typical for LOCA accident.

GENERIC MEASURES:
1. To exchange the motor operated valves for check valves, which should provide higher

reliability of opening under accident conditions. (Mochovce SIR 3.8 [14])
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.

STATUS OF THE MEASURES:
No decisions have been taken yet. In Mochovce NPP the proposal of exchanging positions of closed
and open valves seems to be the best solution and probably will be adopted.

RECOMMENDATIONS:

To change positions of valves during normal operation so that the inner valves will be permanently
open and the outer valves permanently closed. This is in agreement with the regulations in the
countries operating WWER units, which require two controllable valves in series on the lines crossing
the containment boundary, [20] and will diminish the probability of any of those valves failing in a
closed position.

REFERENCES:
Mochovce SIR Chapter 3.8. [14], [20].
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ISSUE NUMBER: 2.10

ISSUE TITLE: Management of leakages possible from the reactor coolant pumps

RELATED AREA OR SAFETY FUNCTION: Cooling the fuel

ISSUE CLARIFICATION:

In the case of total blackout (including loss of Diesel generators) the seal water system for the reactor
coolant pumps and the internal cooling system are not available. This situation leads eventually to the
damage of pump sealing system and leakages of the primary coolant. If this coolant remains in the
pump rooms, it will be unavailable for recirculation purposes. This presents the risk of depleting the
amount of coolant needed to maintain reactor cooling in the ECCS recirculation phase.

CATEGORY OF ISSUE: . 1

JUSTIFICATION OF RANKING:

The value of possible leakage is small. During the first two hours there will be no leakage to the
environment, between 2 and 4 hours the damage to the seals will be equivalent to a 14 mm diameter
LOCA and after 4 hours the damage will be equivalent to 28 mm diameter LOCA.
The probability of such a long term total blackout is evaluated as very small.

GENERIC MEASURES:

When electric power is recovered, solutions should exist which will permit to evacuate the water to
the sump from the pump room. Opening the pump room drainage line would provide an opening of
32 mm diameter to evacuate the water to the sump. Existing penetrations could also be used and
would provide an additional total opening of 89 mm in diameter.

STATUS OF THE MEASURES:

In Mochovce NPP the problem is studied and a design of the system to collect the leakages and
reinject them into the sump is being prepared. No decision has been taken yet as the need of its
implementation.

In other NPPs the problem is considered as non-significant.

RECOMMENDATIONS:

To perform a probabilistic analysis of the possibility of total blackout during a prolonged period of

time.
To verify the influence of the possible leakage through the RCP sealing on the inventory of water in
the primary cooling system.
If these studies show that the problem is significant, to design and implement an additional system for
evacuation to the sump of the water accumulated in the pump rooms.

REFERENCES:
Mochovce SIR Chapter 3.9. [14]
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3.PRESERVING PRIMARY BOUNDARY INTEGRITY

ISSUE NUMBER: 3.1

ISSUE TITLE: Reactor pressure vessel embrittlement

RELATED AREA OR SAFETY FUNCTION: Preserving primary boundary integrity

SAFETY ISSUE: Reactor pressure vessel embrittlement

ISSUE CLARIFICATION:
Due to high neutron flux at the RPV wall, the embrittlement of WWER RPV occurs much faster
than in PWRs of western design. In some makes of RPVs the welds are located in regions of high
neutron flux. Although the calculations made for some NPPs have shown that the RPVs will be
able to work for the entire design lifetime of the plant [21], [22], [23], [24], it is not the case in all
NPPs with WWER 440/213 units. Also, it is better to take the preventive measures before the risk
of embrittlement becomes inadmissible.

CATEGORY : 3

JUSTIFICATION:
Reactor pressure vessel break is potentially more dangerous than the break of the largest pipe in
the RCS, presently assumed as the DBA for WWER 440/213 reactors.

GENERIC MEASURES:

Risk of RPV embrittlement (prevention and monitoring) has been insufficiently studied and
accounted for. Additional analyses should be undertaken [14]

Decreasing of neutron flux to the RPV wall ( [15], WANO P.2.1 [13])

Installation of the dummy assemblies on the periphery of the core ( [15], WANO P.2.2 [13])

Low leakage core needed to decrease the risk of RPV embrittlement [14], [21,22,2,3,24]

STATUS OF THE MEASURES:

Low leakage core

Kola done

Rovno done at unit 2
Bohunice done
Mochovce planned
Dukovany done
Paks done
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Installation of dummy elements on the core periphery

Realized only at Unit 1 of Rovno NPP and at Loviisa Unit 1 and 2.

In Rovno NPP Unit 1 and in Loviisa NPP Unit 1 and 2 dummy fuel assemblies have been
positioned in the outer row at the periphery of the core. According to the evaluation of Kurchatov
Institute of Atomic Energy this measure decreased the fast neutron flux 3-4 times so that the yearly
integrated fast neutron flux at the wall of RPV in Rovno Unit 1 NPP equals to 1018 n/cm2 (per
effective year, i.e per 365 days at full power).At the beginning of the 12-th fuel cycle the fluence
at the RPV wall reached 1.1 1019 n/cm2' which corresponds to a shift in nil-ductility temperature of
the welded joint equal to 70°C. Presently, the value of RTNDT does not exceed 80°C [9].

In Unit 2 of Rovno NPP the outer row of the core is filled up with deeply spent fuel assemblies.
This decreased effectively the value of fast neutron fluence on the RPV wall.
In the beginning of 1994 the value of fast neutron fluence was 4.8 10'9 n/cm2, which corresponds
to RTNDT shift of 41°C in base metal and 36 °C in welded joint.
The values of nil ductility temperatures are 26 CC for the base metal and - 46°C for welded joint
[9]-

The experimentally established curves of RTNDT shift in function of fast neutron fluence show that
the RPV walls and welds can work for more than 45 years without any need for annealing (see
attached figures) [24].

Thus the problem of fast neutron flux decrease in Rovno NPP seems to be solved. However, the
reliability of the assessments is not clear.

The measures assuring low leakage cores have been implemented in all other units of WWER
440/213 type [11].

RECOMMENDATIONS:

Installation of low leakage cores is recognized as a minimum necessary measure to prevent high
irradiation of the RPV. This measure is being implemented in all NPPs with WWER 440/213
reactors.

REFERENCES:

[8], [14], WANO P.2.1, P.2.2., P.2.2.3, P.2.4 [13] [15], [9], [24], [11], [25].
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ISSUE NUMBER: 3.2

ISSUE TITLE: Accuracy of data used for the evaluation of actual RPV embrittlement.

RELATED AREA OR SAFETY FUNCTION: Preserving primary boundary integrity

ISSUE CLARIFICATION:

The surveillance capsules are attached to the RPV wall on the inner side, and are subjected to the
fast neutron flux of very steep gradient and excessively high values. The acceleration factor for the
surveillance specimens is from 10 to 16 [26], while in the western PWRs it is much lower.

Besides the inaccuracy caused by the high acceleration factor another difficulty consists in
determination of the neutron flux and magnitude of neutron dose received by surveillance samples.
The measurements conducted in Loviisa NPP showed, that the temperature in the capsule is the
same as that of the coolant in the cold leg of the RCS, i.e. practically the same as that of the RPV.
However, the temperature measurements actually conducted at most plants do not give clear data
on the RPV temperatures [22].

The calculations of the NDT point performed for some NPPs show that the RPV in WWER
440/213 can work throughout the planned lifetime of the plants i.e. 30 years, without annealing.
However, in the Russian data there is no indication of the accuracy of experimental measurements
nor of the formula for nil-ductility temperature shift determination.

In Loviisa the correlation for RTNDT shift in function of neutron fluence has been obtained and
verified.

CATEGORY: 2

JUSTIFICATION:

Calculations of embrittlement are not sufficiently reliable in view of the high neutron flux gradient
and of the diversity of formulae for correlating NDT shift with the neutron fluence.

GENERIC MEASURES:

Change of positioning of surveillance specimens ( in Dukovany NPP) being under consideration
[25]. The magnitude of neutron flux is measured directly by detectors located at the outer wall of
the RPV [23].

A complementary surveillance programme should be prepared and realized, using the remaining
reference material [23].

The neutron fluence monitoring and calculations need some improvements because of the problems
with the irradiation capsules orientations to the reactor core [22].

The irradiation temperature monitoring is not satisfactory and needs improvement based on new
system of temperature measurement with the melting monitors or thermocouples [22].

Collecting the data and their validation ( being realized within the IAEA programme RER/9/004)
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Audits at the offices of designers and institutes responsible for solving embrittlement problems to
establish validity of used experimental data and correlations.
STATUS OF THE MEASURES:

Rovno The monitoring of metal and weld material embrittlement is provided by six sets of
surveillance samples installed in the RPV of Unit 1. The first 4 sets were removed in
1982, 1984, 1986 and 1991. [24]. In unit 2 there were also 6 sets of surveillance
samples, of which 4 sets were removed in the period from 1983 till 1989. [24]. The
evaluation made by Russian designer's office OKB Gidropress and by the Kurchatov
Institute of Atomic Energy show that the RPVs in both units can work for the design
lifetime of the plant without annealing [9].

Bohunice Neutron fluence is monitored with Fe, Cu, Nb and Co foils 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 [Cepcek]. 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 core region. The
samples have been withdrawn every year since 1984 till 1990. The results of material
tests have showed that the RPV can work over the design lifetime without need for
annealing [22].

Mochovce The irradiation surveillance programme is similar as in Bohunice NPP.

Dukovany Improved positioning of surveillance samples is under consideration.

Paks The irradiation surveillance programme is similar as 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 [27].

Loviisa Correlations for nil-ductility temperature shift in function of fast neutron fluence
have been developed and verified. Surveillance samples are regularly studied.

RECOMMENDATIONS:

Continuation of data collection, validation and exchange between WWER 440/213 users is highly
recommended.

The problem of reliability of judgement of the expected RTNDT shifts in NPPs with WWER
440/213 reactors should be addressed by regulatory bodies in the interested countries with the
assistance of the IAEA, so as to obtain generic solution to the problem common for all those
reactors.

REFERENCES:

[22], [14], [23], [25], [24], [9], [27],
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ISSUE NUMBER: 3.3

ISSUE TITLE: Prevention of pressurized cold thermal shock to the RPV

RELATED AREA OR SAFETY FUNCTION: Preserving primary boundary integrity

ISSUE CLARIFICATION:

As the main source of hazards is the overpressure at low temperatures, the shift of nil-ductility-
transition temperature possible in the RPV leads to the problem of prevention of low temperatures
in the RPV during its operation under pressure.
Injection of cold water from the ECCS can create hazards. Also sudden increase of heat removal
from the primary to secondary system, e.g. after steam line break, can be dangerous to the RPV
integrity.

CATEGORY: 3

JUSTIFICATION:

The greatest danger of RPV break after its embrittlement occurs in the case of sudden entrance of
cold water into the vessel. Such a situation is potentially associated with a number of transients,
first of all with the injection of cold water from the ECCS. Thus prevention of cold water
injection into the downcomer is an issue of high safety significance.

As the transients initiated by secondary system failures can also lead to primary coolant
temperature drops, possible course of such accidents must be studied and preventive measures
taken if necessary.

GENERIC MEASURES:

Permanent heating of accumulators (WANO P.2.3 [13]) and safety injection tanks (WANO P.2.4
[13]), being implemented in Mochovce NPP [28], also introduced in several other plants of 213
type, see [15].

Analysis of accidents involving increased heat removal to the secondary system, implementation of
measures limiting the severity of such transients.

STATUS OF THE MEASURES:

Heating up the water

in the hydroaccumulators in the ECCS tanks

Kola done done

Rovno done, indirectly done
Bohunice up to 50°by air under way with recirculation pumps
Mochovce done done
Dukovany done
Paks planned planned
Loviisa done
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In Rovno NPP the safety injection tanks of the active ECCS are 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 the temperature between
57 and 60 °C [9].

The hydroaccumulators in Rovno NPP 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 [9].

In Dukovany NPP the temperature of 55-60 °C is maintained 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. [23].

In Loviisa active ECCS feed tank is kept in the temperature of about 55 C owing to the steam
heated heat exchanger. The hydroaccumulators are electrically heated from outside. The
temperature can go up to 100 C. [29].

In Mochovce both measures 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. [14]

RECOMMENDATIONS

Heating of water in the ECCS tanks and hydroaccumulators is recognized as a necessary preventive
measure and is being implemented in all NPPs with WWER 440/213 reactors, although in various
ways. This should be recommended as a good practice.

Analysis of the effects of secondary system failures should be performed. The results should be the
basis for decision concerning eventual backfitting measures on the secondary side. The
characteristics of primary water temperature drop should be used in evaluation of admissible
embrittlement of the RPV.
REFERENCES

[9], [13], [15], [23], [24], [25], [28], [29].
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ISSUE NUMBER: 3.4

ISSUE TITLE: Primary circuit cold overpressure protection.

RELATED AREA OR SAFETY FUNCTION: Preserving the primary circuit integrity.

ISSUE CLARIFICATION:

When the plant is in cold shutdown condition, there is a risk of cold overpressure in the primary
circuit. This might have adverse effects on the reactor pressure vessel.

CATEGORY OF ISSUE: 3

JUSTIFICATION OF RANKING:

Preserving the reactor pressure vessel integrity is one of the major issues of WWER NPPs.

GENERIC MEASURES:

A new safety valve set should be installed to the primary circuit, or the present sets should be
modified to protect the primary circuit from overpressure in cold condition. Usually the maximum
pressure is 35 bars, the temperature threshold varies depending on the RPV condition. The new
protection system should have the possibility of adjusting this value.

Measures must be taken on the primary and secondary side to establish automatic temperature and
pressure reductions for the RCS for the case of multiple Steam Generator tube rupture and in the
case of loss of off-site power [8].

Installation of a valve with automatically controlled opening thresholds depending on the primary
coolant temperature [14].

STATUS OF THE MEASURES:

In Dukovany NPP the design prevents make-up water pumps from actuation when the RCS coolant
temperature is below 145 °C. When the temperature falls down below 100 °C, the personnel
disassembles make-up water pumps electrical connections [25].

In Rovno and Kola NPPs 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.
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It is planned to exchange safety valves on the pressurizer, which were calculated to open at
parameters below nil ductility point [9].

RECOMMENDATIONS:

The measures for temperature and pressure reductions in the RCS under various transient
conditions should be provided. However, there is no need for automatic control of the process in
view of the large water capacities and the correspondingly slow changes in RCS parameters.
Manual control performed by the operators should be sufficient at the present stage of WWER
technology.

1 st step (Measure 1)
High pressure make up pumps should be equipped with a protection system, shutting them
off whenever there is a risk of reaching a dangerous pressure/temperature combination.
Administrative procedures will have also to be defined , in particular for high pressure
ECCS pumps

2nd step (Measure 2)
Installing a new isolatable pilot valve or safety valve on the pressurizer could be sufficient
to protect the primary circuit from cold overpressurization. Administrative procedures will
also be needed.

REFERENCES:
IPSN analysis, chapter IV-4.3 [30], SC-77 measure 2.3 [15], WANO measure P.3.4 [13],
Mochovce SIR, page 1.6-5 and chapter 3.13 [14].
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ISSUE NUMBER: 3.5

ISSUE TITLE: Improvement of the system of RPV inspection

RELATED AREA OR SAFETY FUNCTION: Preserving primary boundary integrity

ISSUE CLARIFICATION:

There are no reports of any cracks or flaws in the RPV heads in WWER reactors. However, there
are such information from the western PWRs, e.g.about the vessel head penetration cracking
phenomenon in French PWRs [31]. It is suspected, that this lack of detected flaws may be due to
an insufficient system of RPV inspection.

CATEGORY OF SAFETY ISSUE: 1

JUSTIFICATION:

The integrity of the RPV is an essential condition of the safe operation of the NPP. The measures
actually applied seem to be sufficient but further improvement is possible.

GENERIC MEASURES:

Introduction of sophisticated RPV header inspection methods (issue indicated in the review SC-77
[15])

Improvements in the electronic part of the RPV inspection system [9].

Introduction of a system of periodical RPV metal control integrity control from the inside [17].

STATUS OF THE MEASURES:

In Rovno NPP the system of in-service inspection of RPV follows the rules set down in the
"Instruction on in-service inspection of the base metal and weld metal in the primary cooling
systems of the NPPs with WWER 440 reactors AIUE-2-81."The elements of the RPV most
exposed to the neutron irradiation are controlled by visual and ultrasonic method in 100% with
the frequency of once per 4 years. The elements subject to such control are:
Base metal in cylindrical part of the RPV at the height of the core
Internal surface of RPV lining in the region of the core
Circumferential welded joints in the region of the core [9].

The RPV control is realized by means of equipment USK-213 which includes apparatus for:

- ultrasonic defectoscopy of RPV metal from outside
- visual control of the outer surface
- visual control of the inner surface.
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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 latter case the ultrasonic signal
largely gets lost due to signal scattering on large-grained metal of the stainless steel lining.
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 [9].

In the region of RPV header there are locations where the 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.

In Dukovany NPP the procedures are similar as in Rovno NPP [23].
In Dukovany NPP the control of RPV is performed once every 4 years by means of good Skoda
equipment. Moreover, the status of standpipes and other connections of pipes to the RCS is
controlled with KONAR system.

The experts maintain that the above described procedures are sufficient for ensuring proper inspec-
tion of the RPV.

In Paks NPP the original ultrasonic testing system has been modified in Spanish-Hungarian
cooperation supported by the IAEA. It permits to perform the test 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
of the circumferential welds, nozzle-to-safe end and safe end-to-pipe welds, moreover 40% of the
cladding and undercladding area and the forged rings in the core region and the nozzle area.

Besides ultrasonic testing, visual inspection of 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 MPs ( 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, now the
hydrotests are performed at 8-year intervals and at reduced pressure.

During hydrotests acoustic emission testing has been performed with positive results. [27].

RECOMMENDATIONS:

Analysis of possibilities of improved RPV header inspection should be undertaken and the
conclusions implemented.

Further improvement of RPV inspection methods should be sought.

The control of welded joints at the core level should be especially careful in view of their
irradiation and of the high importance of the possible failures.

REFERENCES:

[9], [15], [25], [27], [31]
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ISSUE NUMBER: 3.6

ISSUE TITLE: The effectiveness of RPV annealing

RELATED AREA OR SAFETY FUNCTION: Preserving primary boundary integrity

ISSUE CLARIFICATION:

The effectiveness of RPV annealing has been confirmed for small material samples re-irradiated in
research reactor rigs. However, in the case of large samples irradiated in a power reactor the return
to the properties which the RPV material had after irradiation and before the annealing can occur
faster. Since the annealing is a major operation, involving certain risk to the RPV integrity, full
knowledge of the annealing effectiveness is needed to take the correct decisions.

CATEGORY: 2

JUSTIFICATION.

See issue clarification

GENERIC MEASURES:
The cooperation among all WWER users should be established to find out the effectiveness of
annealing. The main topic should testing of samples from RPVs which have undergone annealing
[32]

STATUS OF THE MEASURES:

NPPs Kola, Bohunice, Mochovce, Dukovany and Paks expect to avoid RPV annealing owing to
low leakage core strategy and good RPV material properties. In the case of Rovno unit no 1
special measures have been taken, including introduction of dummy fuel assemblies in the
periphery of the core. The analyses of Russian scientific institutes (Kurchatov Institute of Atomic
Energy , OKB Gidropress) have shown that annealing will not be needed [33], [9].

In Loviisa NPP annealing is judged to be needed before the end of life of the plant.

In Loviisa it is planned that the annealing of the RPV in Unit 1 will be performed in 1996. In the
RPV of Unit 2 the metal composition of the RPV is better than in Unit 1 and the annealing will be
needed only in the case of extension of the lifetime of the unit beyond 30 years.

Nevertheless, it can not be excluded, that the necessity of annealing will arise also for some other
plants before the end of their life.

RECOMMENDATIONS:
Review by experts from regulatory bodies involved with the assistance of the IAEA of the
available information of annealing technology and effectiveness to decide of the further required
steps.

REFERENCES:

[9], [15], [32], [33].
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ISSUE NUMBER. 3.7

ISSUE TITLE: Reliability of reclosing the pressurizer safety and relief valves.

RELATED AREA OR SAFETY FUNCTION: Preserving the primary circuit integrity. Cooling
the fuel.

ISSUE CLARIFICATION:

The primary circuit overpressure protection is ensured by the pressurizer safety and relief valves.
Therefore, this system should be able to cope with the most severe overpressure transients,
including flow of water or water-steam mixtures. This can occur in feed and bleed mode of reactor
cooling, e.g. after a long term total blackout of the plant. There may be also other situations in
which water flow through the valves, e.g. if some water gets pushed into the pipes leading to the
safety valve during a transient and forms a plug which can later flow through the safety valves.

In most of the plants, the pressurizer safety and relief valves are not qualified for such a wide
range of operation. If they do not reclose after opening, this could result in a loss of coolant
accident.

CATEGORY OF ISSUE: 2

JUSTIFICATION OF RANKING:

The existing design of the V-213s addressed the main issue, which is to protect the primary circuit
against overpressure. Additional improvements to reduce the risk of LOCA or to allow for a feed
and bleed procedure are considered as lower priority measures. The need for feed and bleed
procedures is low in view of the large water capacity on the secondary side, especially if the
EFWS exists. Nevertheless, the possibility to use the feed and bleed on the primary side increases
the defence in depth. In cases where EFWS can fail due to common cause - such as a fire in the
turbine building or a seismic event - the importance of feed and bleed on the primary side is
higher than in the plants with fully redundant and spatially separated EFW systems.

GENERIC MEASURES:

Reduce the anticipated frequency of the opening of the pressurizer safety and relief valves by
extending the conditions of operation of the pressurizer spray system (providing emergency power
to the corresponding valves and also to the make-up system).

Exchange the safety and relief valves for ones which are qualified to work with water and steam-
water mixtures, or if possible requalify the existing valves and the associated piping.
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STATUS OF THE MEASURES:

The safety valves provided by Sempell company to several NPPs with WWER 440/213 units will
be tested in the case of Mochovce NPP under water and steam-water flow conditions [14]. The
company expects positive results. However, there remains the problem of piping, which in the case
of water flow is subject to large reaction forces.

In Mochovce NPP the tests and additional calculations of the piping strength will be made.

In Mochovce an additional half-capacity relief valve has been installed, qualified for water and
steam water mixture and set to open at a pressure lower than the pressure setpoints of full capacity
safety valves [14]. Addition of one more similar valve is under consideration.

In Bohunice NPP the pressurizer safety and relief valves have been exchanged for ones qualified to
work with water and steam-water mixtures [34].

RECOMMENDATIONS:

A long term blackout is a beyond design basis accident and the large thermal capacity of water
available in the secondary cooling system makes the need for feed and bleed in the primary circuit
much smaller than in PWRs. In parallel, the residual heat removal under any other conditions is
assured by the emergency feed water system. Therefore the experts propose to direct the main
efforts to the secondary side, to assure a reliable EFWS and the possibility of feed and bleed
operation of the valves on steam generators. The exchange of valves on the pressurizer for new
ones qualified for water flow is considered as a low priority measure.

REFERENCES:

Greifswald 5 IPSN Analysis, chapter IV-4.3, [30], Mochovce SIR pages 1.6-5 and chapter
], [34].
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ISSUE NUMBER: 3.8

ISSUE TITLE:

Measures for leak before break detection

RELATED AREA OR SAFETY FUNCTION:

Preserving primary boundary integrity

ISSUE CLARIFICATION:

In the original design of WWER 440/213 primary cooling system no diagnostic system was
foreseen to monitor the operation of the RCS equipment nor to detect leaks before they could
develop into breaks. Without such a diagnostic system the operators have had very limited
possibilities to recognize starting anomalies like the RCP bearing deterioration or small leakages.
There was no way to detect leakages in the upper reactor cavity in view of the small sensitivity of
the humidity sensors.

CATEGORY : 2

JUSTIFICATION:

Installation of diagnostic systems will make it possible to recognize at an early stage anomalies in
the operation which could lead to later to serious accidents. Consistent use of the system will
decrease the demand on safety systems.

GENERIC MEASURES:

Introduction of the LBB method to the primary system ( WANO P.3.3 [13])

Introduction of developed diagnostic system for the RCS (issue indicated in the review SC-77 [15],
and WANO P.3.2 [13]).

STATUS OF THE MEASURES:

In Dukovany NPP the system of LBB is under design for the RCS. There will be about 200 noise
detectors installed. Moreover, extensive strength studies have been conducted on material samples
which are kept from the time of NPP construction, in particular for make-up system, Feedwater
system and steam system. The results are very positive.
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No special measures for LBB are being implemented in Rovno NPP. However, 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. [24].

In Bohunice NPP a system of acoustic monitoring ALICE is under implementation for RCS and
for secondary system within SG compartments. Also humidity sensors are being installed.

In Paks NPP no special measures are planed in the near future. It is the opinion of the plant
representative that the introduction of LBB concept is more urgent for 440/230 units, which must
rely on it to prevent LB LOCA, while the 440/213 units can cope with LB LOCA as the DBA.

In Mochovce NPP an analysis of LBB measures is conducted, special attention being paid to the
connections of hydroaccumulators and pressurizer with the main RCS loops, but no decision has
been taken yet.

In NPP Kola the introduction of LBB concept is planned, but no definite time schedule has been
established.

RECOMMENDATION:

The LBB systems should be installed.

REFERENCES: WANO P.3.2, P.3.3 [13].
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4. CONFINING RADIOACTIVITY

ISSUE NUMBER: 4.1

ISSUE TITLE: Lack of in-pile experimental support for fuel integrity under LB LOCA condi-
tions

RELATED AREA OR SAFETY FUNCTION: Confining radioactivity

ISSUE CLARIFICATION:

Reactor studies of fuel behaviour of PWR type were conducted in the USA on LOFT
reactor and in France in Phebus reactor. These studies are used in safety analyses. However, the
differences in fuel geometry, material composition and production technology make it difficult to
apply the results of those in-pile experiments performed for PWR fuel to WWER fuel.

In the case of both WWER fuel matrix and cladding the long term behaviour has been studied in
in-pile experiments and the results are well documented. However, there is no established
experimental basis from reactor experiments with WWER fuel under DBA conditions [35].

The experimental support for predictions of fuel integrity under Reactivity Initiated Accidents
(RJA) has been reportedly obtained in the former USSR facilities but is unpublished. [36].

There is no experimental evidence from in-pile studies on how the WWER fuel matrix would
behave under LOCA conditions [35].

Thus, there is a lack of data on radioactive products releases from fuel elements under DBA
conditions, i.e. after an accident initiated with LB LOCA, which does not necessarily lead to fuel
melting. At present, the data are taken conservatively, assuming partial core melt.

There is also lack of data on fuel mechanical behaviour under LOCA and heat transfer crisis
conditions.
[35].

CATEGORY: 2

JUSTIFICATION:

At present, a conservative approach is used, assuming the release of a large part of fission
products from the reactor core. This leads to excessively high results in analyses of environmental
hazards due to NPP accidents and does not permit to formulate realistic minimum requirements for
NPP safety systems. Since the possibilities of improvements of containment leaktightness are limit-
ed, the question of radioactivity releases from WWER fuel i.e. of the value of source terms inside
the containment is of high importance.
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The knowledge of fuel behaviour under accident conditions is also necessary to determine the best
methods of accident management.

Generally, the experimental support from in-pile experiments is needed for verification of codes
used in the reactor safety analyses. [35].

GENERIC MEASURES:

It has been proposed to conduct the in-pile experiments with real fuel elements ( of shortened
length, but otherwise produced using the standard technology) under conditions corresponding to
the DBAs, studying both integral processes and separate effects. [35].
The studies will include LB LOCA and heat transfer crisis experiments.

The experiments could be performed in the Reactor Test Facility, built in Maria reactor in Poland
within the Russian-Polish-Finnish cooperation programme. [35].

STATUS OF THE MEASURES:

No work done at the NPPs, the question concerns design and scientific organizations responsible
for the safety of all WWER units.

RECOMMENDATIONS:

A first step proposed is an independent audit of the available experimental data and of the codes
used to calculate fuel and cladding behaviour. If the available data base proves to be insufficient,
additional experiments might be needed.

The data existing now and those which would be obtained from Maria loop experiments should be
available to all the countries operating WWER 440 reactors.

The efforts to realize the in-pile experiments with WWER fuel should be supported by the
international community in view of their importance both for WWER 440/213 and other types of
WWER reactors. It is recommended to organize a meeting with the participation of OECD, CEC
and other organizations to finalize the proposed research programme and to determine the ways of
international cooperation in the realization of the research.

REFERENCES:

Greifswald Report 5.1.1, 5.3.1 [8], [35].
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ISSUE NUMBER: 4.2

ISSUE TITLE: Bubbler condenser behaviour (thermodynamic, strength)

RELATED AREA OR SAFETY FUNCTION: Confining radioactivity

ISSUE CLARIFICATION:

The information about bubbler condenser containment behaviour in transient situations is
insufficient (WANO, C.3.2 [13]) 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 successfully verified
in separate effects tests in reduced scale, but there have been no full scale tests.
Such tests performed under plant representative conditions could 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. [37]

Mechanical design of the bubbler condenser (walls and caps) is unsatisfactory and there is the
danger of metal structure failure under DBA conditions ([37], [8]), which would lead to a
significant excess of the design pressure.

The analysis of modes of operation, types of beam fastening, distribution of loads on membrane
walls, wall strengthening ribs and load carrying beams, and finally the consequences of neglecting
of a part of ribs which are not necessary for the integrity of the bubbler condenser has shown that
a number of elements must be strengthened.

CATEGORY: 2

JUSTIFICATION:

The effectiveness of WWER 440/213 containment depends on the performance of bubbler
condenser. If the bubbler condenser structure were to fail in the initial moment of the accident,
then the whole concept of the bubbler condenser containment operation would be wrong. Thus, a
mechanical strengthening of the bubbler condenser to ensure its strength against the initial pressure
differences after LOCA is necessary.

The regulations in the domain of strength calculations being in force at the time of bubbler
condenser design have been considerably changed. The IAEA prepared draft Guidelines for
evaluation of bubbler condenser metallic structure, including proposed load combinations and
admissible stress limits. Thus, an actualization of the specific design bases is also necessary.

Thermal hydraulic full scale experiments are also needed, to ensure that there are no unexpected
pressure oscillations and fluid-metal interactions which could threaten the bubbler condenser
integrity in the later stages of the accident. If such interactions were detected, the design of the
bubbler condenser would have to be changed so as to eliminate them.
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GENERIC MEASURES:

Verification of bubbler condenser strength analysis [14]

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, in print [38])

Verification of experimental support of the thermal-hydraulic relationships used in the safety
analysis [8], [14].

Review of the regulations and adoption of a common basis for bubbler condenser evaluation by the
regulatory bodies in the countries involved. [39].

STATUS OF THE MEASURES:

Kola No work done as yet
Rovno "
Bohunice "
Mochovce "
Dukovany "
Paks
Loviisa not applicable, Ice condenser containment

RECOMMENDATIONS:

The designer of the bubbler condenser should provide up-to-date calculations of bubbler condenser
strength, using as the design basis the draft guidelines prepared by the IAEA.

Regulatory bodies in 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 [37]).

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.

In particular, the experimental programme considered by the OECD Support Group for Bubbler
Condenser Experimental Studies should be given priority in the studies aimed at WWER safety
enhancement.

REFERENCES

[37], Chapter 5.2 of [8], WANO, C3.1 [13], issue 4.3 of [15].
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ISSUE NUMBER: 4.3

ISSUE TITLE: Containment leak rates

RELATED AREA OR SAFETY FUNCTION: Confining radioactivity

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.)

CATEGORY: 2

JUSTIFICATION:

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 [13]). Using the more
sensible methods and equipment to detect the leakages during test and increasing the quality of
work related to the containment the designed rate can be decreased by half.

GENERIC MEASURES:

Containment leaktightness improvement ( [14] and WANO C.2.1 [13]).

STATUS OF THE MEASURES

Kola In Unit No 3, which is the oldest unit with bubbler condenser containment, the leak
rates reach 30% per day. 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 exchanges,
penetrations sealed etc. In Unit No 4 the leak rates are from 12 to 15 % per day.
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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. Taking into account the curves of
design changes of maximum pressure within the containment after DBA it has been
shown, that the achieved leak tightness of the containment corresponds to the overall
leakage of 0.37% of gas mass from unit no 1 and 0.61% from unit 2.
In order to remove the gases leaking into the containment after the accident from
outside, and to maintain subatmospheric pressure inside the containment, in units 1
and 2 an additional gas removal system has been installed. [24]

Bohunice The average value of leak rates is 14% par day.

Mochovce Hermetic penetrations of cables were replaced with ELOX penetrations of French
production, providing better characteristics concerning leaktightness, seismic
resistance and lifetime.

Dukovany The leak rates in each unit are different, ranging from 5 to 9% per day

Paks The average value per unit is 10% per day.

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 maximum leakage rate is 0.1% per day. On the other
hand, the underpressure characteristic for bubbler condenser containments is not
reached.

RECOMMENDATIONS

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

REFERENCES

[13], [14], [15].
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ISSUE NUMBER: 4.4

ISSUE TITLE: Hydrogen treatment under DBA

RELATED AREA OR SAFETY FUNCTION: Confining radioactivity

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 case of fission product release (small failure of fuel
rods). 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%). Non
homogenous hydrogen distribution and pocketing could lead to locally higher concentrations,
which reaches the flammability limits earlier than under homogeneous distribution. If external
recombiners are installed a sufficient mixing has to be assured.

CATEGORY: 2

JUSTIFICATION
The probability of production of significant quantities of hydrogen is very small. However, the
potential threats connected with its burning are important, especially in view of the low design
pressure (0.25 MPa absolute) of WWER 440/213 bubbler condenser containment.

GENERIC MEASURES:
Analyze the production rates of hydrogen by radiolysis and metal-water reactions.
As a minimum, there should be a connection allowing to circulate the gases extracted from
the containment atmosphere through the outer hydrogen recombination system.
To decrease the production rates the aluminum cover on the thermal insulation blankets
can be replaced by stainless steel.
Installation of sufficient number of passive catalyzers distributed over the containment so
that they could recombine hydrogen at concentrations below ignition point.

STATUS OF THE MEASURES:

Rovno NPP: The design for hydrogen recombination has been prepared. It has not been
implemented due to non availability of catalytic hydrogen recombiners. [9]

Mochovce NPP: Aluminium cover on thermal insulation blankets of the RCS have been
replace with stainless steel covers.

Paks NPP: Similar change is planned as in Mochovce.

RECOMMENDATIONS:

Installation of external recombiners should be realized and mixing inside the containment should
be assured;

As far as possible, systems of internal passive recombiners and air mixing should be installed.

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

REFERENCES
Issue 4.1 from [15], WANO-C3.1 [13], 5.4 of [37].
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ISSUE NUMBER: 4.5

ISSUE TITLE: Hydrogen hazards in case of beyond DBA

RELATED AREA OR SAFETY FUNCTION. Radioactivity confinement

ISSUE CLARIFICATION:

During a Beyond Design Basis Accident there would be significant hydrogen release into the
containment and the distribution of hydrogen would not be homogeneous.The flammability limits
would be exceeded. The existence of an explosive mixture of air and hydrogen inside the contain-
ment would jeopardize its integrity (WANO, C.3.1 [13]) and could damage important safety
equipment and safety instrumentation by high temperatures and pressure or by missile generation.
The calculations of maximum pressures after hydrogen burning showed that they are much higher
than the containment design pressure [40]. However the problem of hydrogen hazards under
BDBA conditions is not specific to WWER units. It has not been solved yet in other types of
reactors as well and a lot of studies and analyses are necessary before recommending a solution.

CATEGORY: 2

JUSTIFICATION:
The hazards are connected with beyond DBA sequences. Their probability is very low. On the
other hand, the hydrogen hazards are the dominating risk for most of BDBA sequences.

GENERIC MEASURES:
The hydrogen concentration under BDBA should be analyzed more in detail. A large body of
information has been gathered within the IAEA programme TC/9/004, and will be published [40].
The installation of a recombiner system can be regarded as the best safety directed measure.
According to recent evaluations, the maximum hydrogen release rates are 20 g/s for in-vessel
phase, 100 g/s for ex-vessel phase while Zr oxidation is going on and 10 g/s in ex-vessel phase
when the Zr oxidation has been finished [40]. As the recombination rates of the most powerful
units available today are in the range of 2.5 up to 6 g/s depending on hydrogen concentration and
atmosphere pressure, it seems feasible to provide sufficient number of recombination units to limit
the hydrogen concentration even during high release rates.
No final solution of the problem has been found yet. (WANO, C.3.1,[13], issue 5.4 of [37])

STATUS OF THE MEASURES:

No systems of hydrogen recombination or ignition under BDBA conditions have been designed
yet.

RECOMMENDATION:

- The installation of a passive recombiner system can be regarded in any case as the best safety
directed measure. It works already at low hydrogen concentrations (non combustible region) and
under steam inerted conditions.

- Before its implementation, further analyses are necessary.

REFERENCES:
WANO, C3.1 [13], WWER-SC-77, 4.1 [15], WWER-SC-085, 5.4 [37].
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5. INSTRUMENTATION AND CONTROL

ISSUE NUMBER: 5 1

ISSUE TITLE: Qualification of I & C safety related components

RELATED AREA OR SAFETY FUNCTION:
Instrumentation and Control

ISSUE CLARIFICATION:

At the design stage, the I & C safety related components were not qualified to provide
their safety function under extreme environmental conditions (pressure, temperature, humidity,
radiation, flooding), which can develop due to accident conditions. In addition, qualification to
withstand conditions due to external phenomena (earthquakes) of safety related I & C was not
systematically addressed.

CATEGORY OF ISSUE: 3

JUSTIFICATION OF RANKING:
Absence of environmental and seismic qualification of I & C equipment could lead to loss of
safety functions.

GENERIC MEASURES:

• Definition of I & C 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)

• Definition of qualification requirements and criteria
• 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.

STATUS OF THE MEASURES:

KOLA: Technical activities for the qualification of I & C equipment, cables and penetrations
inside containment for LOCA conditions already done. Implementation of measures in
1995.
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BOHUNICE:

DUKOVANY:

Evaluation of existing I & C is underway as part of PHARE EC/ENE/IS 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 done in planned steps during 5 years.

Same as Bohunice. Implementation will be done in planned steps starting
from 1998 till 2003.

MOCHOVCE: 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.

PAKS: Technical activities for the qualification of I & C equipment, cables
penetrations inside containment for LOCA conditions are underway.

and

ROVNO: Pressure sensors and differential pressure transducers have been exchanged to
transducers of "Saphire" type, which are qualified for operation under LB LOCA
conditions. Part of penetrations for RCPs and the heaters in pressurizers have been
also exchanged. The process is being continued within the framework of plant
upgrading program [9].

RECOMMENDATIONS:

Endorsement of the already proposed measures.

REFERENCES:
WANO T.3.3. [13], GRS Report 6.3, 8.2.2, A.3.1.4 [8], Part 1, 1.5.1.4, 1.6.1.2.3.1 of [14], [41],
[42], [43], [44].
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ISSUE NUMBER: 5.2

ISSUE TITLE: Reliability of I & C equipment

RELATED AREA OR SAFETY FUNCTION: Instrumentation and Control

ISSUE CLARIFICATION:

The I & C equipment used at WWERs 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.
Control room of the Units as a working system exhibits a number of defects from the point of
view of human factors engineering.

The single failure criterion is not fulfilled everywhere time and at some systems, physical
separation of the redundant components is inadequate.

CATEGORY OF ISSUE: 3

JUSTIFICATION OF RANKING:

The I & C equipment plays a major role in preventing and mitigating abnormal and
emergency conditions. Spurious actuation of RPS or ESFAS due to unreliable I & C components
is of high safety concern. Common cause events (e.g. fire) could lead to total failure of safety
function.

GENERIC MEASURES:

Replacement of I & C and control rooms with up to date technology which includes self
monitoring, testability and fault tolerant design.

• Replacement of feedwater control valves to avoid repeated water level transients in steam
generators which result in most cases in reactor scram due to their construction
weaknesses.

• Check and improve limit and torque switches actuation on motor operated valves. Replace
safety related actuators if necessary.

STATUS OF THE MEASURES:

KOLA: Replacement of electrical part of RPS, replacement of neutron flux monitoring and
improvements of computer system are planned.

BOHUNICE: Replacement of feedwater control valves already done.

Evaluation of existing I & C is underway as part of PHARE EC/ENE/IS. I & C
replacement extent, control room upgrading and actuator upgrading is being addressed
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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/IS same as Bohunice.
Implementation will be done in planned steps starting 1998 till 2003.

MOCHOVCE: Replacement of I & C equipment for reactor control. Partial replacement of the
RPS and ESFAS.

PAKS: Evaluation of proposals for the replacement of the RPS is under way. Evaluation
of the extent of replacement of the overall I&C is planned for medium term.

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.
The system ensures:

- Presentation of information on margins to emergency settings in analog mode
- Numerical presentation of information about 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.[Rovno 1994]

RECOMMENDATIONS:

• 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 related instrumentation.

• Replacement should start on the most unreliable components (trip units, time delay relays)
• Before a big reconstruction of control room, a design review applying human factors

principles (IEC 964, NUREG 700) to existing control room is recommended. From this
review it may result that easily implementable modifications can improve the operator
performance under transients or emergency conditions.

• Physical separation between redundant I & C systems should be analyzed with respect to
common cause events (fire). 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 related protection functions.

• A diagnosis program to check the status of motor operated actuators for valves should be
established to check valve performance under different process conditions, correct size of
motors and actuators, status of limit and torque switches and its set point.

REFERENCES:

WANO Report, 0.3.2a [13], Chapters 6.3, 8.2.2, A31.4, 6.4 of [8], [41], [45], [46], [47]
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ISSUE NUMBER: 5.3

ISSUE TITLE: Limitation of the control rod insertion

RELATED AREA OR SAFETY FUNCTION: Instrumentation and control

ISSUE CLARIFICATION:

In cases of boron dilution in the reactor coolant system the reactor power regulator gives a signal
for the insertion of the control rods. If the control rods are introduced very deep into the core,
there may not be a sufficient reactivity margin to provide reactor shutdown with control rods when
needed. It has to be guaranteed that in such cases the reactivity reserve is sufficient for the reactor
trip.

CATEGORY OF ISSUE: 2

JUSTIFICATION OF RANKING:

In all cases during startup and operation of the reactor the shutdown reactivity must be sufficient.

GENERIC MEASURES:

1 .The plant designers reported at the meeting that there is an automatic limit for control rods
insertion ensuring a 2% margin of shutdown reactivity.

2. A signal can be introduced into the reactor protection system to give alarm when the control rod
banks are inserted too far to ensure a sufficient reactivity margin for reactor trip.

STATUS OF THE MEASURES:

In Mochovce NPP the introduction of the alarm signal according to measure 2 is under
consideration.

RECOMMENDATIONS:

It should be verified that the control bank insertion is limited. If not, implementation of such an
interlock or of an alarm signal is recommended.

REFERENCES:

SIR Mochovce, 1.6.1.2.1 [14], • Chapter of 6.3. of [8]
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ISSUE NUMBER: 5.4

ISSUE TITLE:

Reactor scram signals are not sufficient in some accidents to provide prompt reactor scram.

RELATED AREA OR SAFETY FUNCTION:

Instrumentation and control

ISSUE CLARIFICATION:

Reactor scram signals have to be provided to ensure prompt reactor shutdown under all accident
conditions. Delays in reactor shutdown can aggravate the accidents sequences.

CATEGORY OF ISSUE: 3

JUSTIFICATION OF RANKING:

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.

GENERIC MEASURES:

GRS-Report:
5.1 the safety report as part of the technical project contains data and findings not sufficiently

well documented.
6.3 The following criteria for activating reactor scram are missing:

activity in the main steam line high
DNB ratio low
pressure in the primary system high
pressurizer level high.
Self monitoring and automatic monitoring capabilities of the interlocks exist only in
some areas.

8.2.2 Replacing, by an automatic control system, the manual bridging of the "last turboset trip"
criterion

WANO-Report:
T.2.1 Introduction of a new reactor protection signal "low level" in two SGs.
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Mochovce SIR: 1.6.1.2.1
The reactor trip system will be extensively analyzed to determine whether it should be
improved. The safety improvements already suggested at this stage of the analysis include
the addition of four reactor trip signals:

- high level in primary pressurizer, in order to protect pressurizer safety valves from
opersation with water,
- high primary system pressure, to protect the primary pressure boundary
- temperature difference between the cold and hot leg of the primary loops, in order to

protect the reactor against overpower accidents,
- main steam activity, in order to protect the reactor in case of primary to secondary
leakage.

Rovno 1994:
Introduction of fast reactor scram in the case of fire in the main control room.

STATUS OF THE MEASURES:

New reactor scram signal "low level" in two SGs has been introduced in all NPPs with WWER
440/213 reactors.

In Rovno NPP the chief designer was given the task to design a system for switching off the
electrical power supply to 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. [Rovno 1994]

In Mochovce the proposals of additional reactor trip signals are under consideration

RECOMMENDATIONS:

The results of the accident analysis shall determine at each plant whether additional scram signals
are required. It is then recommended to perform such accident analysis before any modification of
reactor trip signals.

REFERENCES:

Chapters 4.1.1, 6.3 of [8], Wano Report T 2.1 [13], parts 1.6, 1.2.1 of [14]
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ISSUE NUMBER: 5.5

ISSUE TITLE: Control room habitability.

RELATED AREA OR SAFETY FUNCTION:

Instrumentation and control

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 breath 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.

CATEGORY OF ISSUE: 2

JUSTIFICATION OF RANKING:

In case of accidents with radioactive releases to the environment there is a potential hazard to
breath contaminated air in the control room as well. This not only provides hazards to the health of
the operators, but also can adversely influence the operators' ability to conduct the accident
management.

GENERIC MEASURES:

WANO-Report A.3.3. [13]
The NPP management has to solve the problem with the 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.

GRS-Report 8.22 [8]
Regulation of the control room ventilation system so that single failures will not give rise to an
inadmissible operating status.
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Mochovce SIR 1.6.1.2.2.2 [14]:
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.

The emergency control room independence and separation will be verified.

STATUS OF THE MEASURES:

KOLA: Planned

BOHUNICE: Planned

DUKOVANY: Planned

MOCHOVCE: Planned

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. [9].

LOVIISA: Done

RECOMMENDATIONS:

Additionally to the endorsement of the already proposed measures, if the main control rooms
and/or the emergency control rooms have windows, it is recommended to prove that windows are
tight and proven against external hazards.

REFERENCES:

WANO Report, A3.3 [13], chapter 8.2.3 of [8], part 1.5.2.4 of [14].

74



ISSUE NUMBER: 5.6

ISSUE TITLE:

Physical and functional separation between the main and emergency control room.

RELATED AREA OR SAFETY FUNCTION:

Instrumentation and control

ISSUE CLARIFICATION:

In case of fire or short circuit in the MCR there is potential hazard to develop this failure to the
ECR (or opposite) and from that reason both control rooms will fail.

CATEGORY OF ISSUE: 2

JUSTIFICATION OF RANKING:

Physical and functional separation between the MCR and the ECR should be assure taking into
account single failure and common mode failure criteria.

GENERIC MEASURES:

Improved physical and functional separation between the MCR and the ECR.

STATUS OF THE MEASURES:

Most of the plants have had weaknesses in physical and functional separation and all of them plan
to improve the separation.

RECOMMENDATIONS:

Endorsement of the already proposed measures

REFERENCES:

part 1.6.1.2.2 of [14], chapter 7.1.2.1 of [8], [41].
IAEA 5O-SG-D3
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ISSUE NUMBER: 5.7

ISSUE TITLE:

Information to the operators

RELATED AREA OR SAFETY FUNCTION:

Instrumentation and Control

ISSUE CLARIFICATION:

The information available to the operators in the control room has to be sufficient to make a
reliable judgement on all the plant situations under accident conditions.

CATEGORY OF ISSUE: 1

JUSTIFICATION OF RANKING:

Although the availability of the needed information to properly judge the plant status and decide
the most adequate actions is required to manage accident situations, and has therefore a high safety
significance, the deficiencies and lacks detected and reported for WWER-440/213 on this topic are
limited to a few cases, and not related with the most crucial information. Consequently, the issue
is judged to have a low impact on the plant overall safety.

GENERIC MEASURES.

Improving signalization in the control room for accidents and wrong setting of valves in
safety systems (GRS Report) [8]

Automatic monitoring of the sumps level in the reactor building with signaling to the
control room (GRS Report) [8]

Installation of a Safety Parameters Display System (Paks)

Computerization of information
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STATUS OF THE MEASURES:

Saturation margin measurements have been installed in the containment compartments surrounding
the primary loops.

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:

Primary coolant inventory
Primary collant pressure
Ratio of average primary coolant temperature to average neutron flux
Thermal power (on secondary side)
Steam pressure [48]

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.

The exact actual status at all plants is unknown.

RECOMMENDATIONS

The emergency operating procedures and the accidents analysis, identifying all the expected actions
to be taken by the operators, were not available at the meeting, and it could not be verified that all
the required information to take such actions is available in the control room, and then to assess
the completeness of the information provided.

Further to the completeness of the information provided in the control room, the human factors
aspects have also to be reviewed ensuring that the information is presented in an ergonomic
optimum layout.

It is recommended to perform a control room design review addressing the man-machine interface
aspects, and checking that the provided information is according to the operator actions expected to
be taken in the plant accident analysis.

REFERENCES:

Chapters 6.3, 8.2.2, A.3.1.4 of [8], [45], [47], [48]
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ISSUE NUMBER: 5 8

ISSUE TITLE: Post-accident monitoring system.

RELATED AREA OR SAFETY FUNCTION: Instrumentation and Control

ISSUE CLARIFICATION:

Adequate monitoring instrumentation in terms of range, qualification and redundancy to inform the
operator whether the barriers to the release at radioactive materials are being challenged is not
currently provided to support severe accident management.

CATEGORY OF ISSUE: 2

JUSTIFICATION OF RANKING:

Accident monitoring instrumentation is used to inform the operator of the status of safety related
parameters linked to the defense in depth concept (fuel cladding, reactor coolant pressure
boundary and reactor confinement integrity) and to allow him to mitigate accident consequences.
Post accident monitoring instrumentation is also needed to support the use of emergency
procedures reducing the probability of wrong actions to be taken.

GENERIC MEASURES:

• Definition of criteria for the system (identification of parameters to be monitored for
WWER 440/213).

• Installation of post accident monitoring systems at the plants.

STATUS OF THE MEASURES:

Kola
Bohunice
Dukovany
Mochovce
Paks

Planned
Planned
Planned
Planned
Planned

RECOMMENDATIONS:

Endorsement of the already proposed measures.

REFERENCES:

WANO, item A.3.1 [13], chapter 6.3 of [8], [41], [49]
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6. ELECTRIC POWER SUPPLY

ISSUE NUMBER: 6.1

ISSUE TITLE:

Start up logic for the emergency diesels

RELATED AREA OR SAFETY FUNCTION:

Electric power supply

ISSUE CLARIFICATION:

According to the calculations of the chief designer of WWER 440/213 units (OKB
Gidropress) the allowable time of break of electric power supply to safety systems under accident
conditions may not exceed 17 seconds. The time of diesel generators start-up was initially 25
seconds. In order to provide the electric power as soon as possible, the designers assumed that the
external power will be lost under accident conditions and 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 was clearly undesirable. After the replacement of the controller of
the diesel engine by a more efficient one (with run up time: 10 sec) it will be possible to modify
this logic.

CATEGORY OF ISSUE: 1

JUSTIFICATION OF RANKING:

The existing ECCS logic induced additional transients having adverse effects on the system
reliability.
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.

The old solution required a very extended test procedure for the diesel which caused a
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premature degradation of some diesel components (bearings) increasing the risk of common cause
failure.

GENERIC MEASURES:

The measure requires first the replacement of the diesel controller, then the modification of 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 house supply system.

Advantages of this measure are:

Time needed to start ECCS pumps will be reduced.
Failure rate to start pumps supplied from diesel generator is higher than failure rate to start
them normally.
Handling loss of power accident does not change
There will be no need for operator's intervention if the diesel fails and when the electrical
supply should be returned to the normal condition.

STATUS OF THE MEASURES:

Kola under implementation
Rovno diesel controller replaced, start-up time shortened. The change of the ECCS logic is

planned for later, when the reliability of diesel generator start-up has been
confirmed.

Bohunice under design
Mochovce completed
Dukovany completed
Paks under design
Loviisa not relevant

RECOMMENDATIONS:

After implementation of the measures, the diesel will not be started following a LOCA, if the off-
site power is still available. Potential shortcomings of such a design should be investigated.

REFERENCES:

WANO measure T2.2 [13], [14], [15]
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ISSUE NUMBER: 6.2

ISSUE TITLE: Reliability of the diesel generators

RELATED AREA OR SAFETY FUNCTION: Electric power supply

ISSUE CLARIFICATION: The loss of all diesels following an external event cannot be
excluded. As the core failure would occur 5-6 hours after the initiating event, this time can be
utilized to reestablish core cooling using an additional power source. (WANO, T.3.6 [13])

In accidents, the safety of operation of the unit is ensured by the three-channel safety system which
is supplied with emergency power. To increase the reliability of the drives of normal plant
operating systems important to the functioning of the main equipment and to the availability of the
nuclear power plant, it is advisable to provide for an additional electric power supply system.
(Soviet Union answers to concerns expressed in Greifswald GRS analysis [8]).

CATEGORY OF ISSUE: 1

JUSTIFICATION OF RANKING: Three diesel powered emergency supply trains, electrically
and physically separated but located in the same building, are connected to essential load buses. If
they are adequately protected against common-mode failures the failure probability of 3 diesels is
expected low, but with large consequences.

GENERIC MEASURES:
1. Installation of an additional diesel generator, either mobile or an installed one, with the

necessary connections. (WANO T.3.6 [13])
2. Improving the reliability of the Diesel generators, including the startup 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, even in case of
maloperation [8].

3. The compressed-air tanks and pipes of the Diesel startup air system must be made of
corrosion-resisting steel [8].

STATUS OF THE MEASURES:
Measure 1 Measures 2 and 3

Kola planned status not determined during the meeting
Rovno planned - „ -
Bohunice connection to the hydroplant - „ -
Mochovce under consideration - „ -
Dukovany connection to Dalesice hydroplant „
Paks planned - „ -

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 potential common cause failure of the already existing sources.

REFERENCES:
WANO measure T.3.6 [13], [8]
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ISSUE NUMBER: 6.3

ISSUE TITLE: Capacity of 24 V and 220 V batteries

RELATED AREA OR SAFETY FUNCTION: Electric power supply

ISSUE CLARIFICATION:
Capacity of 24 V and 220 V batteries is to 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 [50].

EGP Praha studies for 24 V and 220 V batteries show that discharge times are >60 min. and >100
min. respectively, (see SIR-Mochovce, TAB 3.22-1 and TAB 3.22 [14]) This is more than 1 hour
required for all plants. However, 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. That means, that the operators should be able to control the plant much
longer than for 1 hour. To make it possible, the capacity of batteries should be increased.

CATEGORY OF ISSUE: 1

JUSTIFICATION OF RANKING:

The issue concerns total blackout, i.e. a BDBA of low probability.

GENERIC MEASURES:

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

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

STATUS OF THE MEASURES:

Kola
Rovno
Bohunice
Mochovce
Dukovany
Paks
Loviisa

Measure 1

completed
?
completed
completed
completed
completed
completed

Measure 2

under way
under design
completed
completed
completed
completed
completed

RECOMMENDATIONS:

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

REFERENCES:
WANO measure T.3.5 [13], [8], sections 1.6.1.2.2. and 3.22 of [14]
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ISSUE NUMBER: 6.4

ISSUE TITLE: Capacity of standby transformer

RELATED AREA OR SAFETY FUNCTION: Electric power supply

ISSUE CLARIFICATION: In power operation the main switchgear of the normal power

distribution system and emergency power distribution systems are supplied from the two main
generators of the unit. On grid failure the two main generators are disconnected from the grid and
the power is automatically reduced to the auxiliary power level.
In the event of power failures within the unit, the generators are disconnected from the main grid
and the power is obtained from the main grid.
In the case of both main grid failure and power failures within the unit, there is typically one
auxiliary standby transformer per NPP, which can provide power from the auxiliary grid to one
unit. Its capacity is sufficient only for one unit. If the loss of the main grid occurs simultaneously
with power failures in more than one unit, then emergency power operation would have to be
initiated.
In Western European NPPs the rating of standby transformers is chosen so that they are able to
provide auxiliary power simultaneously to all units at the site. Non-fulfillment of this requirement
degrades the availability of the standby system and increases the probability of emergency power
operation.

CATEGORY OF ISSUE: 1

JUSTIFICATION OF RANKING: The standby transformer power is not directly related to the
plant safety. The threat of power loss to more than one unit is considered remote because of the
following positive features of WWER 440/213 NPPs:

full load rejection capability and island mode of operation,
auxiliary load flexibility afforded by two turbines per unit configuration,
twinned units, usually with four units at one site.

Even if the emergency power operation is initiated, the capacity of Diesel generators is sufficient
to protect the plant from damage.

Still, adding another standby transformer would increase defense in depth and reduce the frequency
of initiation of emergency power operation.

GENERIC MEASURES: Installation of an additional standby transformer.

STATUS OF THE MEASURES: A study of the problem has been undertaken in Mochovce NPP.
Other NPPs consider this concern to be negligible.

RECOMMENDATIONS:
1. Perform a study of the frequency of incidents in which standby transformer power was

insufficient, based on the operational experience of the existing WWER 440/213 units.
2. Evaluate the expected frequency of such incidents for a given plant and the associated risk.
3. If the risk is shown to be significant, installation of additional standby transformer would be

recommended.

REFERENCES:
SIR Mochovce 3.21 [14]
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7. INTERNAL HAZARDS

ISSUE NUMBER: 7.1

ISSUE TITLE: Internal hazards due to high energy pipe breaks.

RELATED AREA OR SAFETY FUNCTION: Internal hazards

ISSUE CLARIFICATION:
The high energy pipes (pressure >2 MPa and temperature >100°C) are assumed to have a rupture
with 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, electric cables and I&C equipment at
14.7 m level and underneath).

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 steam line 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.

CATEGORY OF ISSUE: 3

JUSTIFICATION OF RANKING:
There is a risk of multiple failures of safety related systems. Preserving the reactor pressure vessel
integrity is one of the major safety issues of WWER NPPs.

GENERIC MEASURES:
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. The information included in the status of the measures below has
been obtained on the basis of discussions with the experts concerned.
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STATUS OF THE MEASURES:

Paks Although a systematic hazard analysis has not been performed some work in this area
has been started within the framework of AGNES project. The goal of these
activities is to identify critical points in the plant where high energy line breaks could
cause damage to other pipes.

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.

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, 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 form the turbine
building.

Dukovany A systematic hazard analysis has not been performed for this plant.

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.

Rovno and Kola
A systematic hazard analysis has not been performed for these plants.

Mochovce A systematic hazard analysis has not been performed for this plant; however, some
measures are planned for some areas where risk has been identified on the basis of
engineering judgement, e.g. the area at elevation 14.7 where main steam pipes,
feedwater and emergency feedwater lines run in parallel. For this case an alternative
layout of the emergency feedwater pipes is planned.

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:
Mochovce SIR section 1.5.1.2 , 1.6.1.2 and chapter 3.3. accident studies [14]
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ISSUE NUMBER: 7.2

ISSUE TITLE: Internal flooding

RELATED AREA OR SAFETY FUNCTION: Internal hazards

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.

Some 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
on a main steam line or on a feedwater line or on a cooling water line, electrical equipment
installed below this floor might be flooded due to the untightness 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.

CATEGORY OF ISSUE: 1

JUSTIFICATION OF RANKING:

Internal flooding must not induce unacceptable risks. At most plants, internal flooding risk is
taken into account and prevented. It remains to check whether this risk analysis has been done
systematically and to correct the residual weaknesses.

GENERIC MEASURES:

A global study of internal flooding, using western methodologies.

STATUS OF THE MEASURES:

Most of the following information has been obtained from the experts presentations and on the
basis of discussions with them.

Paks has performed a flooding analysis of the ECCS rooms and electrical equipment rooms
located below the area where main steam and feedwater pipes are routed.

Bohunice has not performed an internal flooding analysis. Level measurement devices have
been installed in the ECCS rooms in order to have water level signalization in the
control room .

Mochovce Reference document 5 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 EWFWS tanks. In
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case of a EWFS water storage tank break, the pumps would be flooded.

Kola The same situation as Bohunice.

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
initating event (flood) will lead to ECCS actuation was 10"3 per reactor year, and the
probability of a pipeline breakage causing the fooding was evaluated at 10"4 per
reactor year. The total probability of ECCS actuation was then at the level of 10'7

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.

RECOMMENDATIONS:

Systematic analyses of internal flooding should be performed. The effect of water spray on
electrical and I&C equipment should also be addressed.

Systematic walk-down and information about:

identification of systems containing water-steam, including fire fighting equipment, in the
safety building areas
identification of protective features (detection, retention, leak isolation possibilities)
identification of opening or connections between redundant safety related building sections and
drains;
identification of highest possible water level in rooms were safety-related equipment is
installed

are the basis of the internal flooding analysis in order to implement the appropriate improvements;
if necessary, separation of redundant trains, sealing of penetrations or drains should be made.

REFERENCES:
Mochovce SIR chapter 3.14 [14], [51], [52]

87



ISSUE NUMBER: 7.3

ISSUE TITLE: Heavy load drop

RELATED AREA OR SAFETY FUNCTION: Internal hazards

ISSUE CLARIFICATION:
It is necessary to prevent possible impacts of heavy load drop on safety related equipment which
could lead to unacceptable consequences.

CATEGORY OF ISSUE: 1

JUSTIFICATION OF RANKING:
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. But, it is necessary to check if a systematic
analysis of load drop risk has been done.

GENERIC MEASURES: See status of the measures below.

STATUS OF THE MEASURES:

PAKS: Systematic analysis completed. Two studies had to be done:

(1) Handling of used fuel containers in the reactor hall,
conclusion: steel reenforcement of the floor is needed

(2) Dropping of a fuel container in the spent fuel pool.

Dynamic effects on the walls and under the pool are under study.

DUKOVANY: Programme of analysis in the reactor building is under way

MOCHOVCE: No decision yet, but similar administrative procedures as in Bohunice.

BOHUNICE: Assessment and probabilistic studies have been performed. As a result,
administrative measures during refuelling have been implemented.

KOLA: Same situation as in Paks

ROVNO: ?

RECOMMENDATIONS:
A systematic analysis of this risk is necessary to examine the necessity of additional technical
measures as additional brakes on the cranes or safety interlocks preventing the simultaneous
displacement over the reactor and spent fuel pool and in coupling of the crane forks and hooks and
of additional administrative procedures as displacement restrictions.

REFERENCES:
Mochovce SIR, chapter 3.18. [14]
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ISSUE NUMBER: 7.4

ISSUE TITLE: Turbine Missile

RELATED AREA OR SAFETY FUNCTION: Internal hazards

ISSUE CLARIFICATION:
Missiles impacting and damaging items important to safety to the extent of posing a threat to
reactor safety must be limited to a low probability of occurrence.

CATEGORY OF ISSUE: 1

JUSTIFICATION OF RANKING:
Due 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.

GENERIC MEASURES:
Perform a turbine missile analysis.
Check the overspeed protection system reliability of the turbine

STATUS OF THE MEASURES:

Mochovce
Dukovany
Bohunice
Paks
Kola
Rovno

Measure 1

planned
under way
underway
no decision yet
?
?

RECOMMENDATIONS:

It is needed:

Measure 2

done
done
done

to check the low probability of the loss of a main safety function due to a missile turbine:
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 inservice inspection and the vibration monitoring.

- periodic tests of the turbine stop valve should be planned and implemented

REFERENCES:
Mochovce SIR, chapter 3.19 [14]
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ISSUE NUMBER: 7.5

ISSUE TITLE:

Necessity of a systematic fire hazards analysis

RELATED AREA OR SAFETY FUNCTION:

Internal Hazards

ISSUE CLARIFICATION:

To determine 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 fire hazards analysis shall be carried out before initial loading of reactor fuel and
be updated during operation.

CATEGORY OF ISSUE: 2

JUSTIFICATION OF RANKING:

A systematic fire hazards analysis could improve and optimize fire safety, thus reducing the risk of
damage to safety important systems.

GENERIC MEASURES:

Application of Fire PRA based technique to account for fire starting, spreading, suppression,
equipment damages and damage combinations to cause 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 [53]

STATUS OF THE MEASURES:

A systematic and comprehensive fire hazards analysis was not available to the consultants from
any of the plants during the meeting.
However, a document [54] prepared for Bohunice NPP within IAEA Project TC/9/004 is available.

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
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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.
[54].

The proposed measures are described in issues no. 7.6 and 7.7. Some of the
improvement have been implemented, as described in [34].

Mochovce In reference document [14] a methodology to analyze fire risk is summarized.

Certain improvements listed in [28] have been implemented. These, however,
are not based on a systematic fire hazards analysis.

PAKS A limited fire risk analysis was carried out to determine the rooms in which
components of safety important systems, which are required in case of fire, are
located. In a second step, it is proposed to further analyze these rooms.

Rovno, A fire analysis was performed by Energoproekt Kiev with participation of
specialized organizations. Specific features of 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 fire. The safety margins are very small.
There is no system of smoke removal.
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 in Rovno NPP were proposed
(see issue 7.7) [55].

Kola NPP
and Dukovany Certain improvements have been carried out (see [13] and the attached list of fire

improvements introduced in Kola NPP [16]). These, however, are not based on a
systematic fire hazards analysis.

RECOMMENDATIONS:

With the purpose of identifying the weak points of the fire barriers, intended to separate redundant
trains, and to justify the acceptability of redundant train separation by distance, the performance of
a fire hazard analysis for each area of every WWER 440/213 plant is strongly recommended. The
first step in such an analysis should be based on plant walkdown and on expert judgement.

REFERENCES

[56], [8], [13], [34], [54], [14], [28], [11], [19], [10], [9], [25], [16], [17], [53].
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ISSUE NUMBER: 7.6

ISSUE TITLE: Physical separation and protection of safety important systems

RELATED AREA OR SAFETY FUNCTION: Internal hazards

ISSUE CLARIFICATION:

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 e.g.:

lack of qualified fire doors in fire barriers
lack of fire dampers in ventilation ducts
redundant cable trains run too close to each other

For example, according to the original design of Loviisa NPP, 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 steam lines, valves of the feedwater lines were
placed in the open space of the turbine hall, common to the plant units and exposed to the hazard
of fire in the turboset oil system. [12].

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.

CATEGORY OF ISSUE: 3

JUSTIFICATION OF RANKING:

A fire could lead to the loss of more than one redundancy of safety important systems

GENERIC MEASURES:

Improvement of physical separation and fire protection of safety important systems, in particular:
Covering of cables with fire resistant overlayers [54]
The installation of fire doors in the electrical equipment and cable rooms (see issue 7.7).
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.

STATUS OF THE MEASURES:

In Loviisa NPP a firewall was constructed in the turbine hall, separating the steam line safety and
isolation valves and feed water valves from the turboset areas.
Moreover, the new emergency feedwater system was added , completely independent of the turbine
hall.
The structural fire protection in the diesel building was improved. A 110/6 kV transformer was
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transferred outside the postulated fire area in the 110 kV switchyard.
Fire insulation of the supply cables of the diesel generators was improved in the lower parts of the
turbine hall. The hydrogen bottles of the generator cooling system were moved from the postulated
fire area to a safer place.
An automatic sprinkler system for all transformers in the main transformer yard was constructed.

The fire hazards study for Bohunice showed [Kovacs] that there is no strict separation between the
cables routes of redundant trains of safety systems. To compensate this shortcoming, all cable
trains of safety related systems have been covered with fire resistant overlayers.
The safety related components located in the turbine hall are without adequate fire protection.
Installation of protective structures is being considered. [54]

In Mochovce the initial design provided subdivision of diesel generator building into fire
compartments consistent with redundancies (3x100%). 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. However, many deficiencies have been identified. It has been
decided to cover all cables with 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 [14])

RECOMMENDATIONS:

An analysis should be performed in order to identify the measures to be taken in order to improve
fire protection. This analysis should take into account, among others, the following considerations:

Separate the redundant equipment, components and cable trains of safety important
systems using fire barriers. When this is not feasible, alternative means of protection
(e.g. fire blankets) should be used.
The ventilation ducts connecting fire areas containing redundancies should be checked to
see if fire dampers are installed for separation and that they close automatically in case
of fire.
Fire doors separating redundancies should be checked to see if they are qualified

A PSA including fire analysis is being performed or is planned for some plants.

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 to be installed to reduce the risk of fire propagation
between redundant trains.

REFERENCES

[56], [8], [13], [34], [54], [14], [28], [11], [19], [10], [9], [25], [16], [17], [53].
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ISSUE NUMBER: 7.7

ISSUE TITLE:

The fire detection and suppression systems need upgrading

RELATED AREA OR SAFETY FUNCTION:

Internal hazards

ISSUE CLARIFICATION

In the three-step fire protection requirements, fire detection and suppression are essential in case
fire cannot be prevented from starting (step 1)

CATEGORY OF ISSUE: 3

JUSTIFICATION OF RANKING:

If fires, once started, cannot be detected and suppressed quickly, they could lead to the loss of
more than one redundancy of safety important systems.

GENERIC MEASURES:

As can be seen from the attached table, certain measures have been either implemented, are
underway or are planned. It is recommended that these measures and the other existing fire
detection and suppression systems be reevaluated on the basis of a fire hazards analysis.

Moreover the proposed measures include:
To exchange the burnable thermal insulation in the roof of the turbine hall with a non-
burnable one [55]
To introduce hydroinhibitors into the hydrogen in the turbogenerator cooling system to
prevent hydrogen burning and detonation [55]
To exchange burnable oil with unbumable medium [55]
To modernize the system of turbogenerator bearing oil to ensure forced blowdown of
hydrogen from the generator in the case of a fire [55]

STATUS OF THE MEASURES:

The attached table shows the status of the fire protection measures in the individual plants.
This status has been obtained from the available documents distributed and has been updated on
the basis of discussions with the experts concerned. Moreover, the available documents show the
following additional information [55]:
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Rovno NPP: 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 to
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. [9]

The roof of the turbine hall in Rovno Units 1 and 2 was built using standard
panels with burnable thermal insulation. In order to improve the fire resistance of
the building the roof will be reconstructed. The design has been already
elaborated. Moreover, within the framework of cooperation with EDF the support
structures of the turbine hall will be covered with fire resistant layers. [9]

Bohunice: 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
channels. In order to solve these issues, all cables in cable channels have been
covered with fire resistant overlayers.
The efficiency of water sprinkler system is not sufficient. It is planned to be
increased.
The bus cabinets and control panel need local halon extinguishing equipment. It
is planned to be installed.
The TESLA EPS fire detection system is to be replaced with a new, more
reliable system. [54]

Loviisa: Beyond the measures for redundant trains separation and fire prevention
mentioned in issue 7.6, a special fire risk study has been carried out for fires
inside containment. A detailed numerical fire simulation has been done for the
steam generator space. The results and conclusions are used in the PSA study.
The impacts of small transformer ( 6/0.4 kV) fires have been also studied. Minor
improvements have been implemented. The effects of an off-gas system coal
filter fire were estimated considerable, but a detailed study proved that the
probable radiological consequences are tolerable.
Fire fighting abilities of the fire brigade were improved. Many detailed
procedures for fire fighting were written. Fire protection training is a regular part
of the training program for the plant personnel. [12]

RECOMMENDATION:

The improvement of fire protection, detection and suppression is an important issue. The
necessary measures are plant specific and should be decided upon when the systematic fire analysis
proposed in safety issue 7.5 has been performed. The efforts of the plants to improve the fire
protection are endorsed and further systematic activity is recommended.

REFERENCES

[56], [8], [13], [34], [54], [14], [28], [11], [19], [10], [9], [25], [16], [17], [53].
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SAFETY UPGRADING OF FIRE PROTECTION MEASURES

Present status of the plants

BOHUNICE

PARS

MOCHOVCE

ROVNO

DUKOVANY

KOLA

TURBINE HALL
ROOF (SC-77,
5.1)

Planned (1)

Planned (1)

Concept (2)

Done (3)

Under way (4)

Done

RCPs OIL
(SC-77, 5.2)

Planned

Done

Done

Done

Under way

Done

ELECTRICAL
ROOMS DOORS
(SC-77, 5.4)

Done

Under way

Done

Done

Done

Done

FIRE FIGHTING
SYSTEM
REEVALUATION
(SC-77, 5.4)

Done

Under way

Done

Done

Done

Done

PROTECTION OF
VALVE ROOMS
(MSIV, SG Safety
valves)
(SC-77, 5.5)

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 known.
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8. ACCIDENT ANALYSIS

ISSUE NUMBER: 8.1

ISSUE TITLE: Departure from Nucleate Boling Ratio verification

RELATED AREA OR SAFETY FUNCTION: Accident Analysis

ISSUE CLARIFICATION:

DNB ratio, as acceptance criteria, is commonly used to check cladding integrity. The limited value
criteria is strongly linked to the working methodology of industrial practice (Calculation tools and
used correlations). For limiting design transients for which cladding integrity is required, a
minimum DNBR has to be established and justified. For cases where this DNBR criteria is not
respected additional requirements have to be specified to demonstrate cladding integrity.

CATEGORY: 2

JUSTIFICATION: Methodological basis of cladding integrity verification needs to be clarified.

GENERIC MEASURES:

The observance of minimum DNB values should be verified for design transients with regard to
the effective power limitation achieved in each case. This requires also detailed information about
the accuracy of the DNB correlations used. Greifswald GRS Report - 4.1.1. [8]

STATUS OF THE MEASURES:

Specific Criteria is being developed for Mochovce NPP regarding cladding temperature when DNB
criterion is not met [14].

RECOMMENDATIONS:

Detailed information about DNB correlation, and references to test facility results must be added to
the safety reports.

For cases in which DNB ratio values exceeds the limits, detailed information on clad temperature
limit verification should be added (with information on affected high loaded channels, and time
period during which limits are exceeded).

REFERENCE:

[8], [H]
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ISSUE NUMBER: 8.2

ISSUE TITLE: Safety analysis methodology (rules)

RELATED AREA OR SAFETY FUNCTION: Accident Analysis

ISSUE CLARIFICATION:

Basis of safety analysis methodology (rules) definition have not been explained for WWER
440/213. The basis for selecting accidents to be analyzed and the corresponding acceptance
criteria have not been established. The selection of initial and boundary conditions has shown a
wide variation and inconsistency.

It remains to be investigated whether the reactor shutdown reliably in all design basis
accidents (and transients) if only the second scram activation criterion is effective (i.e., the first
activation is assured to fail). Greifswald GRS Report - 4.1.1 [8].

CATEGORY: 3

JUSTIFICATION:

Protection signals and safeguard systems modification, foreseen or already realized on WWER
plants must be justified with accident analysis. The depth of the modifications is strongly
dependent of the used safety analysis methodology. Accident scenarios definition foreseen in
safety reports need first of all a clear description of safety analysis methodology (rules).

GENERIC MEASURES:

Define the safety analysis methodology (rules) before conducting the analysis. Safety nuclear
classification must contain the following items:

Basis of safety criteria (physical phenomenon to be avoided)
Categorization of events
Acceptance criteria related to the categorization of events
Bounding concepts (Accidental Scenarios definition basis) regarding the categorization
events.

STATUS OF THE MEASURES:

A safety rules proposal is defined in the framework of Mochovce licencing. According
to this proposal, the first scram activation in not taken into account for any design basis
accidents and transients with the exception of LOCA analysis. For non-LOCA cases only
the second actuation criterion is assumed to be effective.

RECOMMENDATION:
Safety Analysis Rules Chapter with the four previous items should be included in the
upgraded safety reports of WWER 440/213.

REFERENCES:

[14], [57].
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ISSUE NUMBER: 8.3

ISSUE TITLE : Scope of accident analysis

RELATED AREA OR SAFETY FUNCTION: Accident Analysis

ISSUE CLARIFICATION:

The original WWER-440/213 PSAR presented a limited number of accidents. Additional accident
analysis have been performed in order to further assess the safety of the plants and to evaluate
plant modifications. Periodical reassessment (re-licensing) has also required upgrading of existing
safety analysis.

Although a large number of analyses have been performed, the scope of accident analyses is still
limited in comparison with international practices.

The situation is further complicated due to the lack of an existence of an agreed list of accidents to
be analyzed and the peculiarities of each individual plant or unit.

CATEGORY: 2

JUSTIFICATION:

The need for accident analysis related to safety related modification has been recognized, and
related calculation have been performed. However, the completeness of these analyses have not
been reviewed.

GENERIC MEASURES:

Perform additional analysis with modern computer codes.

STATUS OF THE MEASURES:

The attached table presents a tentative list of the accidents recommended to be analyzed in addition
to the analysis in the initial PSAR with the status at the various plants.
[Note: No attempt is made here to evaluate the appropriateness of the analysis or the acceptability
of the results].

RECOMMENDATIONS:

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) should be used to
select accident to be calculated. The analyses should be performed and the results should be
presented in a systematic way in order to permit independent review.

REFERENCES: [8], [14], [58]
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SCOPE OF ACCIDENT ANALYSIS.2 TABLE
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

LO KO RO BO DU MO

+

+
full p.

+

+

PA

+

Remarks
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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

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

LO KO RO BO

+

DU MO

+
full p.
zero p.

+

+'

+

1 loop
2 loops

+

+

PA

+

+

+

+

Remarks
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2.4 Costdown 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

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

LO KO RO BO

+

+
+

+

+

+

+
+

DU MO

6 of 6
3 of 6

6 of 6
3 of 6

+

+2

+ +

+

+
+

PA

+

+

+

+
+

+

+

+

Remarks
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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.I 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

3A.4 Large primary to secondary
system leaks with steam lines
filled by liquid

LO KO RO BO

+

+

+

DU MO

+

no

+

+

+

+

+

PA

+

+

+

+

+

Remarks
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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

LO KO RO BO DU MO

+

+

optional

optional

PA

+

+

+

Remarks
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4. Interfacing System LOCA
(Loss of coolant from reactor
pressure boundary to low
pressure part of the system)

5. Loss of integrity 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

LO KO RO BO

+
+

+

+

DU MO

+

+4

+

+

+

+

+

+

no

PA

+

+

+

+

Remarks
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6. Loss of Power Supply

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

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

LO KO RO BO

+

DU MO

+

+6

no

+

+

+

no

PA

+

+

Remarks
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8.2 Inadvertent full opening of one
feedwater control valve

8.3 Inadvertent opening of one by-
pass valve of the high-pressure
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

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

LO KO RO BO DU MO

+

+

+

+

+

+

+

PA

+

+

+

+

+

+

+

+

Remarks
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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)

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

LO

+

KO RO BO

•

DU

+

MO

+

+

+

+

+

PA

+

Remarks
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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

LO KO RO BO DU MO

+

+

+

full p.

zero p.

+

+

PA Remarks
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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

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

LO KO RO BO DU MO

+7

PA Remarks
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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.

LO KO RO BO DU MO

+

+

+

+

+

+

+

PA Remarks
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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).

LO KO RO

+

+

BO

+

+

+

DU MO

PSA

PA Remarks

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 MTV.
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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.
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ISSUE NUMBER: 8.4

ISSUE TITLE: QA of plant data used in accident analysis

RELATED AREA OR SAFETY FUNCTION: 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.

CATEGORY: 2

JUSTIFICATION
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.

GENERIC MEASURES:
Collect as built plant data.

STATUS OF THE MEASURES:
- Within RER/9/004 a databook has been developed for Bohunice V2

A detailed collection of plant data was performed within AGNES project for Paks NPP.
A plant data base is foreseen in Mochovce project.

RECOMMENDATIONS:

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

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.

All data collected should be thoroughly documented in a data base.

The data must also be related to a specified plant status in time, so that eventual plant
modifications can be traced back in time.

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.

An external audit of the QA procedure and the data base in advisable.

REFERENCES:
None.
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ISSUE NUMBER: 8.5

ISSUE TITLE: Code and plant model validation

RELATED AREA OR SAFETY FUNCTION: Accident Analysis

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)
hexagonal fuel geometry
canned fuel assemblies
double loop seal (hot and cold leg)

CATEGORY: 2

JUSTIFICATION: 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.

GENERIC MEASURES: Integral effect test data is available from the PMK facility and the
IAEA organized up to now 4 SP's that provide comparisons between calculations and experimental
data.

Many organizations also take part in the ISP programme hosted by the OECD.
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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.

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 addition, several benchmark exercises were carried out
using the Hungarian test facility PMK-NVH.

In the field of severe accidents, the Source Term Code Package (STCP) was adapted and
implemented. Specific features that have a large impact on modelling, like horizontal steam
generators, primary loop configuration vulnerable to loop seal effects, bubbler condenser
containment etc. were reflected in modified version of the codes.

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".

In Mochovce NPP a synthesis documentation presenting the applicability and assessment of the
codes used in analysis will be prepared.

RECOMMENDATIONS:

All accident analyses should be performed following established procedures for

code development
code use
model construction.

For the code development, this is usually taken care of by the institution that develops the code.
This institution 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.

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 accident.

It should also assess the accuracy by comparison with separate effect test and integral test facility
and by performing sensitivity studies.

REFERENCES: [57], [58].
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ISSUE NUMBER: 8.6

ISSUE TITLE: Anticipated transient without scram (ATWS)

RELATED AREA OR SAFETY FUNCTION: Accident Analysis

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 is limits
established, above which failure of the scram system should be considered in the plant design (e.g.
USNRC limits 10"Vdemand).

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 within BDBA analysis. In some plant this has lead to some plant modifications
or development of new plant procedures.

For WWER-440/213, only a very limited number of ATWS cases have been analyzed.

CATEGORY: 2

JUSTIFICATION: There is no evidence that the scram system is sufficiently reliable to exclude
ATWS as a possible accident. Although not a licensing requirement, international practices
requires that a limited number of transients be investigated assuming failure of the scram system.
The limited analysis performed for WWER-213 has led already to plant modifications and better
guidance to operators.

GENERIC MEASURES: Perform a limited number of analyses of ATWS cases, (see tentative
list in Accident Analysis 3).

STATUS OF THE MEASURES:
Paks has performed analysis of 5 ATWS cases, within AGNES programme.

Mochovce has analyzed for the safety improvement report 3 ATWS cases: loss of power,
loss of feedwater and control rod withdrawal. Additional cases will be analyzed for the
preoperational 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.

Bohunice V2 - New safety analysis report will follow USNRC-RG1.70 requirements.

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 (as appropriate).

REFERENCES
item- 6.1.3.10 of [8], item - 7.3.1 of [30], item - 1.6.2.4.2 of [14], [34]
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ANNEX 2

LIST OF PAPERS PRESENTED AT THE MEETING

1. BAJSZ, J., CSERHATI, A., Safety Upgrading Measures at Paks NPP

2. BROCKO, P., BASSOLS, S., BARRAU, P., EMO NPP Experience Feedback, Existing
Safety Improvements at NPP Mochovce

3. HELSKE, J., Some Important Upgrading at Loviisa Power Plant Since Start-up in 1977,

4. KONIECZKO, A., Changes in Design Details of Zarnowiec NPP to Increase its Safety and
Reliability

5. ROVNO NPP, Safety Improvement Measures at Rovno NPP with WWER 440/213 Reactors

6. SABATA, M., FABIAN, K., Safety Improvements and Backfittings at NPP Dukovany

7. SEVERA, P., Safety Improvements of NPP Bohunice V-2

8. SHARGIN, B., Safety Improvements at Kola NPP Units 3 and 4

9. SHKAROVSKIY, A., Priority Measures in the Domain of Safety Enhancement of WWER
440/213 Reactors of Russian Design

10. SPASSKOV, V.P., Analysis of Safety Enhancement Measures Considered for WWER
440/213 Reactors
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Department of Nuclear Energy and Safety
Division of Nuclear Safely ANNEX 3 LIST OF PARTICIPANTS

NOTIFICATION OF AN AGENCY SPONSORED MEETING

Title ofmeetine: Consultants' Meeting on Backfittings and safety enhancement measures in
NPPs with WWER 440/213 reactors

Date of meeting:

Place ofmeetine:

11 - 15 April 1994 Scientific Secretary:
Mr. A. Strupczewski, B 0837, Ext. 2513

Vienna, Austria
Room: C07V, Ext. 1351 (WGs: C0751, C0753 & C0755)

Secretary:
Ms. L. Makil, B 0861, Ext. 6075

PARTICIPANTS ADDRESS ABROAD ADDRESS IN VIENNA PERIOD

Belgium

Mr. P. Gauthier

Mr. W. Van Hove

Czech Republic

Mr. M. Sabata

Mr. K. Fabian

Finland

Mr. Jussi Helske

France

Mr. Pierre Barrau

Westinghouse Energy Systems, Europe
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ANNEX 4 AGENDA OF THE MEETING

CONSULTANTS'MEETING ON
BACKFITTINGS AND SAFETY ENHANCEMENT MEASURES

IN NPPS WITH WWER 440/213 REACTORS
Vienna, 11-15 April 1994, Meeting Room C07TV

PROVISIONAL AGENDA

Monday, 11 April 1994

09.30 Opening of the Meeting
Overview of the programme of the week

10.30 On some safety problems at the plants with
WWER 440/213 reactors in the past, at present
and ways of their solving in the future

11.30 Coffee break

11.45 Most important upgradings at Loviisa Power
Plant since start up

12.30 Lunch break

14.00 Safety upgrading measures for WWER 440/213
type reactors - review information

15.00 Safety upgrading measures in Bohunice NPP-V2

15.45 Coffee break

16.00 Safety improvements and changes introduced
into the design of NPP Zarnowiec

17.00 Preparation of Technical Notes

18.00 Reception

Mr. Lederman
Mr. Strupczewski

Mr. Spasskov

Mr Helske

Mr Bajsz,

Mr Severa,

Mr Konieczko,

Working Groups

Tuesday, 12 April 1994

09.00 Safety improvements implemented and planned Mr Brocko

at Mochovce NPP

10.00 Safety improvements in NPP Rovno Mr Mogila

11.00 Coffee break
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