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FOREWORD

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

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

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

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

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

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

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

Results, recommendations and conclusions resulting from the IAEA Programme are intended
only to assist national decision makers who have the sole responsibilities for the regulation and safe
operation of their nuclear power plants. Moreover, they do not replace a comprehensive safety
assessment which needs to be performed in the frame of the national licensing process.
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REVIEW OF THE SAFETY IMPROVEMENT PROGRAMME FOR SOUTH
UKRAINE NPP UNITS 1 AND 2 AND TO IDENTIFY THE SAFETY

ISSUES OF "SMALL SERIES" WWER-1000 NPPs

Yuzhnoukrainsk, Nikolaev Region
Ukraine, 8-19 July 1996

1. INTRODUCTION

In the framework of the IAEA Extrabudgetary Programme on Safety of WWER and RBMK
Nuclear Power Plants (NPP), safety issues related to the design and operation of WWER-1000 NPPs
standard model 320 have been identified and ranked according to their significance to safety.

However, only limited information on the safety of WWER-1000 earlier NPPs models 187, 302
and 338 is available at the Agency. The designs of these so called "small series" 'of WWER-1000
reactors were developed in the seventies based on the earlier standards such as OPB-73. The most
significant design weakness by current standards is the lack of physical and functional separation in
safety systems. It was agreed previously at the Advisory Group Meeting in December 1995 to consider
the safety aspects of the "small series" WWER-1000 units separate from the standard model 320.

The models 302 (Unit 1) and 338 (Unit 2) at South Ukraine NPP (SNPP) followed the first
WWER-1000 model 187 at Novovoronezh NPP Unit 5. The last units of the "small series" to be
constructed were two model 338 (Units 1 and 2) at Kalinin NPP. Unit 3 South Ukraine NPP belongs
to the standard model 320 of WWER-1000 NPPs.

This experts' mission to South Ukraine NPP, conducted in the period of 8-19 July 1996 was
requested by the Ministry of Environmental Protection and Nuclear Safety of the Ukraine, Nuclear
Regulatory Administration (NRA).

2. OBJECTIVE

According to the Ukrainian request the purpose of the IAEA experts' mission was to review the
safety improvement programme for South Ukraine NPP Units 1 and 2 in order to advise on the
completeness and adequacy of safety improvements implemented and/or proposed.

Another purpose of the mission was to identify major design and operational deficiencies as a
basis to compile a consolidated list of generic safety issues for the units of the "small series" of
WWER-1000 reactors ("Issue Book for "small series" WWER-1000 NPPs).

Conclusions and recommendations from the IAEA mission are based on the combined expertise
of the international group of experts who composed the team. They are intended to assist national
authorities and plant operators who have the sole responsibilities for the regulation and safe operation.

3. CONDUCT OF THE MISSION

The mission was composed of eight international experts selected both from IAEA staff and
from countries involved in the safety assessment of WWER-1000 NPPs. An IAEA staff member acted
as team leader of the experts' mission.

These prototype series have historically been called die "small series" because only a small number (5) have been constructed.



Prior to the mission, South Ukraine NPP submitted to the Agency the "Long-Term Safety
Improvement Programme (LTSIP) for Power Units 1, 2 and 3" for review.

Additional documentation was prepared by SNPP addressing the specific design features of all
units at site and the status of the safety improvements performed, ongoing and planned with reference
to the generic safety issues for WWER-1000/320 NPPs (IAEA-EBP-WWER-05). These documents
were sent to the experts several weeks before the mission.

During the mission, experts worked in separate working groups, together with counterparts from
the SNPP, the Kharkov State Research and Design Institute "Energoproject" and the RRC Kurchatov
Institute of Russia. Representatives at the Ukrainian Regulatory Administration (NRA) also
participated in some working groups (see attached list of counterparts). The working groups discussed
the applicability of each of the generic safety issues identified for the standard model 320 to the small
series and the extent to which these issues were addressed in the long-term safety improvement
programme.

The design differences between the models 302, 338 (Unit 1 and 2) and the standard model 320
(Unit 3) were used to identify "small series" safety issues and to review the extent to which they were
addressed by the LTSIP.

The following working groups were organized for the corresponding areas of issues:

Group 1: Reactor Core, Accident Analysis
Group 2: Systems, Electrical Power
Group 3: Component Integrity, General
Group 4: I&C, General
Group S: Containment, Internal and External Hazards
Group 6: Operational Safety

The experts prepared technical notes containing assessments of individual issue responses in
standard format for all the working groups (Attachment 1).

A draft mission report was prepared and submitted to the South Ukraine NPP for comments.

This mission report finalized by the IAEA staff in consultation with the experts after the mission
contains the mission's general conclusions and recommendations related to the safety of the SNPP
Units 1 and 2. This is followed by an overview of the review in each working group. Attachment
1 contains a summary of discussions of each individual safety issue with an assessment of its
applicability on the "small series" units and the extent to which the safety issue is addressed in the
LTSIP as well as recommendations to be considered for improving safety of the "small series" units
at SNPP. At the end of some areas "small series" specific issues could be identified either due to
improvement proposed in the LTSIP or by analyzing the design differences between "small series"
and standard model units.

It should be noted that the review has focused on the LTSIP and did not consider other safety
improvement activities ongoing at SNPP. Moreover, the review of the LTSIP was performed with
the objective of evaluating the general intention of SNPP to develop a concept of safety improvements
which should include all safety significant activities to be managed in an adequate and comprehensive
way. There was neither intent to perform a detailed engineering evaluation of the proposed measures
nor to judge the SNPP implementation plans.

4. GENERAL CONCLUSIONS

It was recognized that South Ukraine NPP (SNPP) has analyzed in 1994 the deficiencies of all
units at site in comparison with current national standards. Based on this analysis and the



requirement of the Ukrainian regulatory authority, SNPP developed a conceptual long term
safety improvement programme (LTSIP) taking into consideration among others the IAEA
"Issue Book" approach for WWER-1000/320 NPPs.

However, it was also recognized that several safety improvement activities are ongoing in
parallel in different implementation programmes. They are not reflected in the conceptual long-
term safety improvement programme.

All generic safety issues identified for the standard model 320 of WWER-1000 reactors are
applicable to the "small series" units at SNPP. Most of them are addressed or partially
addressed in the LTSIP or in other plant safety improvement programmes. The clarification of
some issues for the standard model 320 according to IAEA-EBP-WWER-95 needs to be
reformulated to be used to compile a consolidated list of generic safety issues for the "small
series" WWER-1000 NPPs.

Some specific "small series" safety issues were identified in the areas of systems, I&C,
containment and internal hazards. Basically all of them were addressed in the LTSIP.

The lack of physical and functional separation in safety systems, their support systems and I&C
systems of Units 1 & 2 was identified as the most important deficiency of the "small series"
units as addressed in the LTSIP. This shortcoming makes the "small series" units vulnerable
to common cause failures caused by internal hazards such as fires and floods.

There is no overall lifetime management plan for the main components. A consistent and
comprehensive plan to ensure primary circuit integrity taking into consideration vessel
embrittlement, pressurized thermal shock assessment, piping integrity, and in-service inspection
performance is missing.

Attempting to follow procedures by memory in normal operation and emergency situations does
not comply with good international practice. Procedures need improvement to enable step by
step compliance. Operational practices need strengthening to compensate in the short term for
the "small series" design deficiencies.

5. GENERAL RECOMMENDATIONS

SNPP should consider incorporation of all significant safety improvement activities into one
safety improvement programme. This programme should be a comprehensive plan for
improving plant safety addressing the plant deficiencies and the corrective measures proposed
to resolve them.

A single comprehensive safety improvement programme would facilitate transparent
management of the safety improvement activities on site, agreement with the regulatory
authority on the necessary improvement steps for license extension, and justification for
financial support.

According to the safety significance of deficiencies, this safety improvement programme should
distinguish between interim and permanent measures to be performed in the short and long term,
respectively. The implementation plan consists of the selection of improvement measures to
resolve the safety issues and the designation of the schedules for the actions needed to
accomplish those measures. The priorities for implementation of measures should be made
considering their safety significance, engineering realization, availability of resources, etc.

Units 1 and 2 at SNPP should be given at least the same attention as Unit 3 with respect to
safety improvement.



Safety issues ranked IV and III according to the IAEA ranking approach are considered to be
highly safety significant and need to be addressed immediately or on an interim basis before a
final solution. Issues of rank II indicate degraded defence in depth due to the plant deficiencies
and should therefore in general be included in the safety improvement programme.

The general recommendations proposed to resolve the safety issues for the standard model 320
should be applied in principle to the "small series" units because all issues are applicable.
Further, the following specific recommendations were made:

° Performance of a comprehensive safety analysis is recommended to identify fully the plant
vulnerabilities and the most effective improvement measures. Therefore, the new safety
analysis report requested by the regulatory authority should be prepared as soon as possible
by the plant.

o Independent peer reviews are strongly recommended to ensure that the scope and technical
quality of the probabilistic safety assessment (PSA) is adequate before the results can be
considered to complement appropriately the deterministic safety analysis.

° The SNPP management is encouraged to continue its efforts to take all reasonable
measures to enhance prevention of transients and accidents including fire prevention by
eliminating or reducing the frequency of initiating events and hence to decrease challenges
to plant equipment and personnel.

o Operational performance can be improved to good international practice even for plants
built to earlier standards like SNPP. Operational means can be considered to compensate
in part for design deficiencies until permanent engineered measures can be implemented.
However, no unacceptable burden should be imposed on operators. It is suggested, that an
OSART is an appropriate mechanism to investigate in some depth the way in which this
might be achieved.

o The vulnerability of the "small series" units against common cause failures due to lack of
physical and functional separation of safety systems should be addressed by both
improving separation and preventing internal hazards like fire and floods in order to avoid
challenges to the plant safety.

6. OVERVIEW OF WORKING GROUPS REVIEW

6.1. REACTOR CORE AND ACCIDENT ANALYSIS

The design differences in the reactor core between WWER-1000 model 302, 338 and 320 are
not significant (see attached Technical Note: Reactor Core). The main difference is the number of
control rods. Unit 1 (model 302) of the SNPP has 49 control rod assemblies, and uses two kinds of
fuel enrichment 3.6% and 4.4% for refuelling. Unit 2 (model 338) has the identical reactor core
design as Unit 3 (model 320) which has 61 control rod assemblies and uses 4.4 %fuel enrichment for
refuelling. Fewer control rod assemblies in Unit 1 result in lower fuel buraup. However, the core
neutronic parameters, e.g., reactivity coefficients etc, are basically the same for the three different
models. There is no safety concern of the "small series" in terms of the design differences in the
reactor core.

The SNPP Unit 1 so far has not experienced delayed dropping of control rods, but Unit 2 and
Unit 3 have experienced such problems. The plant has taken a series of compensatory measures as
indicated in the Issue Book. In addition, the control rod drive shafts of Unit 3 were drilled with holes
in order to reduce the hydraulic resistance. The same work is planned for Units 1 and 2. After the
implementation of compensatory measures, the control rod insertion problem is expected to be under
control.
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Regarding the subcriticality monitoring during reactor shutdown conditions, the improvements
of the neutron flux monitoring system (NFMS), boron meter, and additional flux level monitoring
during refuelling were proposed in the safety improvement programme. It is recommended that, in
addition to these measures, a subcriticality monitoring system be also included.

For Units 1 and 2, the plant has procedures for preventing boron dilution during refuelling,
transportation and storage of spent fuel. The preparation of emergency operating procedures, one
chapter of which relates to the inadvertent boron dilution, is in progress. Inadvertent boron dilution,
especially caused by a water slug, should be analyzed and preventive measures should be taken, if
necessary.

A regulatory guide "Requirements on the content of safety analysis report for the existing
WWER NPPs in the Ukraine" came into force on 27 November 1995. The three chapters in the guide
deal with the requirements on the design basis accidents (DBA), beyond design basis accidents
(BDBA) and probabilistic safety analysis (PSA). Each unit of WWER NPPs operating and under
construction in the Ukraine is required to prepare the safety analysis report (SAR), including the
accident analysis, according to the Ukrainian regulatory guide.

The accident analysis included in the existing TOB (version 1991) of the SNPP Units 1 and 2
do not meet the requirements of the new regulatory guide. The plant has decided to prepare the SAR
for the small series. The accident analysis is expected to be performed consistent with international
practice. The work has not started because of financial problems.

ATWS analysis which is not currently available at the small series should be initiated as soon
as possible, in order to be able to implement measures as early as possible.

A PSA of Unit 1 is being performed, but is progressing slowly also due to financial problems.
A first peer review should be performed of the Level 1 PSA of Unit 1, on the work done so far, to
ensure that the PSA is properly developed.

Since the accident analysis, PSA and also SAR, involve a high workload, and have strong
connections with the safety improvements and modifications, they should be included in one safety
improvement programme.

6.2. SYSTEMS AND ELECTRICAL POWER

The system designs of WWER-1000 models 302, 338 and model 320 are similar with respect
to the nuclear island arrangement, the amount of safety and auxiliary systems and the main process
parameters of the primary and secondary circuit. For mat reason, the safety issues which have been
identified forlhe standard model are either identical or, considering specific design features of "small
series" WWER-1000 NPP, applicable in principle to the "small series".

Because of the different design phases of the different WWER-1000 models, and operational
experience feedback after commissioning of the "small series" WWER-1000 units, there are many
design improvements constituting differences among different models (see attached Technical Notes:
Systems, Electrical Power). Most of these differences in the Systems and.Electrical Power areas are
related to reliability improvement and operational upgrading of electrical and process systems. Some
design differences arise from less restrictive application of safety principles in earlier designs.

With respect to safety and reliability aspects, it should be pointed out that some basic principles,
such as physical and functional separation between redundant systems important to safety, have not
been fully applied due to the lack of proper rules and standards during die design phase of "small
series" WWER-1000 NPPs (e.g. the emergency core cooling systems and the emergency feedwater
pumps).
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Electrical and I&C parts of the safety systems could be lost due to common causes, such as
flooding, fire or high energy pipe ruptures. It is recommended that an additional issue dealing with
this problem be included in the LTSIP.

Further design differences from the WWER-1000 standard model, which are of safety concern
and need to be analyzed according to their importance to safety, include such items as the single
ECCS residual heat removal line, boron injection system capability, the limited boron acid storages
for HP injection, feedwater system vulnerability and insufficient functional separation between
redundant safety systems. If necessary, corresponding upgrading or compensatory measures should
be developed and included in the revised safety improvement programme.

Five safety issues which are applicable to the "small series" WWER-1000 units have either not
been considered or only partly considered by the LTSIP for the SNPP Units 1 and 2. These issues
deal with the primary circuit overpressure protection during cold shutdown, the ECCS suction line
integrity, the ECCS isolation valves arrangement, the control rooms ventilation system upgrading and
the emergency feedwater supply vulnerability. However, all highly safety significant issues have been
addressed in the LTSIP and the recommendations given in the "Issue Book" are at least partly met.
At present, some of them have been completed, and some are planned to be performed in the frame
of TACIS or other special programmes.

In some other cases, the "small series" units have some positive plant-specific design features
such as the increased storages of demineralized water for emergency feedwater supply, the emergency
power back-up for the primary circuit makeup pumps and the BRU-A isolation valves, so that the
corresponding safety issues identified for the model 320 can be considered less sensitive.

Taking into account the plant-specific design of the "Group A" service water system (three
functionally separated cooling circuits) the safety issue identified for the "small series" with respect
to functional separation of the service water system is not applicable to SNPP.

Considering the high probability of common cause failures, e.g. due to fire, internal flooding
of safety related compartments or insufficient qualification of equipment important to safety, it is
recommended that the related compensatory measures or interim solutions be implemented as soon
as possible.

In the area of electrical systems, only two of the safety issues - the improvement of DC power
supply and the installation of additional diesel generators for station blackout management- have been
addressed in the LTSIP. For the other issues, the corresponding upgrading measures and feasibility
studies have already been performed to some extent. However, considering the significance of a highly
reliable emergency power supply with respect to proper accident management, it is recommended that
the corresponding measures be completed in a short-term period.

With respect to the emergency power supply systems, it was recognized that the plant staff
makes an effort to establish high reliability for the diesel generators and corresponding power
distribution devices. However, in order to enhance prevention of transients and accidents due to the
loss of off-site power supply, consideration should be given to improve the reliability of potential
power sources for the station service busses.

6.3. COMPONENT INTEGRITY, GENERAL

Component integrity assessment is an important task for accurate prediction of the remaining
lifetime of the main components. Integrity assessment is important not only for predictive maintenance
purposes but also for safety. The corresponding engineering activities are specific and need a strong
co-ordination of specialists from various areas (material behaviour, systems, thermal hydraulics,
fracture mechanics, etc.). Additionally, these activities have a generic basis and are being developed
at both national and international levels.
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Six main issues were discussed during the review. Except the in-service inspection (ISI) issue,
they are component specific. Three out of six issues given in IAEA-EBP-WWER-05 are addressed
in the LTSIP.

The RPV embrittlement and monitoring issue includes also its integrity assessment and in
particular the PTS assessment. The sensitivity of the core welds of all units in SNPP to radiation
embrittlement is similar. Due to their high nickel content, all preventive measures (low leakage core
management, heating-up of ECC water) are strongly recommended for implementation as soon as
possible. The monitoring of the embrittlement by the surveillance programmes is considered to be a
main safety weak point. Standard and "modernized" surveillance programmes are implemented in
SNPP. Therefore, a particular effort to follow generic programmes and eventually compensate their
deficiencies is needed. An additional effort should be directed to upgrade assessments of PTS and
operating limits. Individual analyses are needed for each plant. However, benefit for the "small series"
plants could be gained from a generic WWER-1000/320 series study.

As far as ISI is concerned, it has been noted that for various reasons SNPP is inclined to
develop independently and/or to implement particular ISI techniques. For example, inspection from
outside the RPV is being improved, whereas inspection systems working from inside are being
implemented at all other plants. Even if such improvements appear to be not urgently required, it
might be prudent to follow-up national and international trends in this area. Additionally, the
qualification of the ISI systems according to the new requirements relating to "performance
demonstration" should be considered. Complementary diagnostic systems are planned to be installed.

The current mechanical resistance of the support system for the primary circuit and auxiliary
lines is limited. Design based pipe ruptures should be considered plant-specifically. If the leak before
break concept can be shown to be applicable for these pipes, it would be an adequate alternative. The
necessity to implement additional supports can be evaluated taking benefit of existing studies and
developments. Additional effort should be dedicated to a precise evaluation of the steam and feed
water line integrity. It is important to find an early acceptable solution in order to reduce the risk of
multiple secondary pipe ruptures. Lack of whip restraints, time related damaging mechanisms and
dynamic loads should be considered.

The steam generators at SNPP have been of concern since the end of the 80s. Some of them
have been replaced twice (Unit 1 and 2). All operating SGs have limited operating experience.
Mitigation measures have been extensively implemented with exception of the stress relief heat
treatment at Unit 3. Therefore, the situation appears specific to and favourable for, die "small series"
units. Due to historical reasons, the collector cracking has been inspected accurately by the
implementation of an eddy current inspection system, which will also be automated in the near future.
Further activities to identify the root cause and consideration of their consequences are recommended.
As for the tubes, it has been noted that the global tightness test is already routinely performed.
Nevertheless, it appears necessary to consider future targets (eddy current inspection, plugging
criteria) by follow-up actions and scheduling of its implementation.

For general concern, the new classification of the components will be the basis for a
reassessment of the safety related systems. Available manufacturing data and operational reliability
are being considered. A programme for qualification of equipment has already been prepared on a
very consistent basis.

6.4. I&C, GENERAL

The LTSIP, for the most part, addresses the identified safety issues in IAEA-EBP-WWER-05
very well.

A major concern is the age of die equipment. It is beyond its 10 year design life. Some contact
oxidation and some wire insulation degradation was seen, but the gear appeared to be serviceable.
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A second concern is that there is no electrical separation between the main control room (MCR)
and the emergency control room (ECR). A fire in die main control room could cause a short in a
control device which could affect the same device in the emergency control room.

While the control boards in the two control rooms are laid out reasonably well (the detail of the
mimic is particularly good), there are improvements which could be made. Using one type of switch
handle for pumps and a different type for valves would aid in control device identification. Using
different types of meters for pressure, temperature and flow indication would aid in parameter type
identification.

A Safety Parameter Display System which provided all of the important plant parameters in a
single easily understood device would aid the operator significantly.

The placement of the emergency core cooling controls on their own separate panel is a very
good design. However, having more primary plant parameters on the emergency core cooling panels
so the operator would not have to turn away from the panels to view the primary parameters would
improve the panels.

It is important to install the extended range accident instrumentation as soon as possible.

A significant amount of modernization and replacement including many major systems has
already occurred. Even more extensive modernization and replacement is planned.

The I&C maintenance programme is very good. The recording, tracking and use of failure data
in equipment replacement decisions is excellent. As a consequence, failure rates at SNPP are
comparable to plants of the same age in the West. However, as the equipment ages the problems with
the equipment will increase.

There are plans for extensive and sophisticated diagnostic systems to detect future failures so
action can be taken to prevent the failures.

There is a very good plant computer programme which monitors channel out of range, loss of
channel power supply and excessive channel oscillation and provides an alarm if the setpoint is
exceeded.

The following are specific "small series" safety issues identified during the mission:

The new nuclear instrumentation system will allow the operator to continue to increase power
above the top of the lower range even if the upper channel is not indicating. A means should be
provided to prevent further power increase if the upper range is not functioning.

There are cases in which several primary sensors are connected to the same instrument tap.
Consideration should be given to making these instruments physically separate.

There are a number of different I&C modernization and upgrade programmes, most of which
are not included in the LTSIP. If these programmes are not integrated, actions taken in one
programme may conflict with actions taken in another and the safety of the plant could be decreased.
It is recommended that all plant modernization activities which could affect safety be included in the
LTSIP.

6.5. CONTAINMENT AND INTERNAL AND EXTERNAL HAZARDS
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In these areas 13 issues have been analyzed, among them one that is not applicable to SNPP
(Units 1 and 2) and two that are properly addressed by now.

The differences found between "small series" WWER-1000 Units 1 and 2 and the standard
model 320 have been:

The emergency feedwater pipes routing in Units 1 and 2 avoid possible damages of these pipes
in case of a main steam or main feedwater pipe rupture.

The design of the system is also different in that each emergency feedwater pump can supply
water to any steam generator.

The Units 1 and 2 share the same fire water supply system. This system has only one manifold,
instead of three different trains, from which both units take water and six redundant pumps (two
of them are diesel actuated).

The seismic design basis of the different buildings in Units 1 and 2 is lower than in Unit 3.

Due to the first difference, the issue on protection against the dynamic effects of main steam
and main feedwater line breaks of IAEA-EBP-WWER-05 is not applicable to Units 1 and 2. But in
the area of Internal Hazards a specific "small series" safety issue related to turbine missiles has
appeared in Units 1 and 2 due to the relative position between the turbine axis, main control room and
the reactor building.

Common cause failure events such as fires, floods or earthquakes need to be thoroughly
analyzed. They have the potential to affect simultaneously more than one safety systems. Therefore:

A systematic fire hazards analysis should be carried out in order to identify the potential fire
sources to eliminate or keep them under control. In particular, consideration should be given
to
° eliminating all oil from the reactor building and implementing procedures to control the

movement of all combustible inside the plant;

° installing appropriate fire detection and extinguishing systems in each area where safety
can be affected, for example

• installing fire detectors and extinguishing systems (such as hydrants) in the area of the
emergency feedwater and service water pumps;

• installing gas systems (detection and removal) in the main control room (MCR),
emergency control room (ECR) and rooms with instrumentation and control
equipment; and

° installing appropriate fire containment devices such as fire separation walls, fire doors,
penetration seals, dampers, and bunds (curbs) in areas where safety components are
installed.

Trays with cables of different trains placed together should be separated or overlayers
used.
The rooms with electrical penetration of containment should have fire barriers between
them.
The areas where oil tanks or oil pipes are placed should have curbs to avoid the oil
spreading and make the sprays effective.

15



A systematic flood hazards analysis should be carried out to identify the scenarios in which
different safety-related equipment could be affected for water spray or submersion.

A re-evaluation of seismic design of structures, components and distribution systems should be
assessed.

However, the recommendation about the state of containment pre-stressed steel cables and the
polar crane interlocking have been properly addressed and the problems identified can be considered
resolved.

6.6. OPERATIONAL SAFETY

No significant operational managerial issues were identified, which were specific to the small
series WWER-1000 model 302 and 338. All of the issues previously identified for the WWER-
1000/320 series were found to be applicable. This is because operational management issues are
typically not reactor-type specific.

Most operational issues were found to be partially addressed by the SNPP LTSIP and some were
fully addressed. However in most cases additional actions have been recommended to enhance the
proposed solutions. It is recommended that the proposed solutions presented in the LTSIP should be
amplified, so that they more clearly identify the intended action. This would also facilitate more plant
staff becoming aware of the intended actions, so that they can perform their work more effectively.

The operational issues were not ranked because insufficient information was available from
WWER plants. The conduct of an OSART at SNPP would help alleviate this problem, as well as
provide other advantages already discussed in 5. General Recommendations.

During the review it was indicated that plant staff operate from memory both in normal and
upset conditions. This was partly because the current operating procedures are not suitable for direct
use, because of the way in which they are written, and partly due to the high education level of the
operators. World experience indicates that the best operating regime is to have well educated and
trained operators intelligently following well constructed procedures. Good procedures enable
operating experience to be documented and made readily available to plant staff on a continuing basis,
they enable step by step checking, more effective shift turnover and capture the combined knowledge
of many operators in one place. The advantages are even greater if the required actions can be
practised in a full scope simulator. It is recommended that the current activities in upgrading the
startup and shutdown procedures and the alarm response procedures be expanded to include all
operating manuals as expeditiously as possible. This should be followed by training, to encourage the
operators to use procedures more directly in their work, and supervisory checking, to ensure their
compliance with this requirement.

There are some good indications on the state of plant maintenance, for example there were very
few control room alarms in on Unit 2, which was close to full power, and during a two hour period
in the control room very few alarms were received. Additionally there were few obvious leaks from
the plant in the areas visited and a downward trend in the number of reactor trips was noted.
However, the prevention of foreign material entering systems during maintenance needs some
attention, since many access manholes were removed without temporary covers. Also housekeeping
in the reactor building during the outage needs improvement and it appeared that loose equipment is
present in the reactor buildings, which had been mere for some time. This equipment can become
a missile during an accident condition causing damage to other equipment or it can be swept to the
bottom of the reactor building causing screen blockage. The use of clear plastic on the refuelling floor
also needs review. It becomes invisible, if it finds its way into the reactor cavity during refuelling,
and can impact on the effectiveness of fuel cooling both in the reactor and in the irradiated fuel
storage facility.
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There were indications that the ALARA programme for dose control needs improvement. The
setting of a dose target for individuals, which is significantly below the regulatory limits, and an
overall dose target for the plant, might provide the driving force to introduce the necessary initiatives.

Good progress was being made in the operator training area, aided by the setting of a 5 year
improvement plan. Some computer-based courses appeared to be good training aids. Additionally
operator training will be greatly enhanced by the acquisition of full scope simulators. It was noted
however that many of the improved training aids are related to Unit 3, rather than 1 and 2, which
perhaps have a greater need due to the design deficiencies and the age of the plant.

On the issue of safety culture, there are well formulated policies at plant management level,
however, additional effort is needed to educate all staff in these principles.
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ATTACHMENT 1

TECHNICAL NOTES

REVIEW OF SNPP UNITS 1 & 2 SAFETY IMPROVEMENT PROGRAMME AND TO
IDENTIFY THE SAFETY ISSUES OF "SMALL SERIES" WWER-1000 NPPs

Note: These technical notes present a brief summary of the discussions carried out within the
working groups and specific conclusions and recommendations for each of the safety issues
according to IAEA-EBP-WWER-05.
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REVIEW AREA / ISSUE NUMBER: General 1 (G 1)

ISSUE TITTLE: Classification of components

ISSUE RANK: O

SUMMARY OF DISCUSSION:

A re-evaluation of the classification according to OPB 88 (quality, safety, seismicity) has been made
by the plant for almost all systems and submitted to the Regulatory Body for approval. The process
for approval is underway: I & C and electrical systems are under evaluation. Others (primary and
secondary circuits, water supply, fresh fuel, fire protection, buildings, ventilation and heating systems)
have been analyzed and currently the comments are under consideration for integration in the final
document.

The deviations from the original classification are being analyzed. Based on analyses of
manufacturing, design and operating deficiencies a final decision will be taken for future
improvements or replacement of the equipment. The proposed methodology includes statistical
analyses of available data and reliability analyses. A first trial is proposed to be performed on a typical
system, which would show the highest number of deficiencies. The final choice has not yet been
made.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is being addressed in the
LTSIP and the process is being developed in consultation with the Regulatory Body.
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REVIEW AREA / ISSUE NUMBER: General 2 (G 2)

ISSUE TITTLE: Qualification of equipment

ISSUE RANK: m

SUMMARY OF DISCUSSION:

Methods, Programmes and procedures for qualification of equipment have been prepared by SNPP
and approved by the Regulatory Body to be applied for re-qualification of components.

The re-qualification of equipment according to their upgraded classification can be performed
according to available resources. The initial schedule fixed by the Regulatory Body appears
particularly strict.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is being addressed in the
LTSIP and the process is being developed in consultation with the Regulatory Body.
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REVIEW AREA / ISSUE NUMBER: General 3 (G 3)

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

ISSUE RANK: II

SUMMARY OF DISCUSSION:

The reliability data are part of the input data needed for analyzing the deviations from re-classification
of the components. Therefore, a systematic collection of data has been initiated at SNPP. The
corresponding process has been anticipated for I & C components and seems to work well It is
intended to extend it to the mechanical components.

The reliability analysis of these data should be developed and focused on equipment on which
deviations have been identified.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is being addressed in the
LTSIP.
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REVIEW AREA/ISSUE NUMBER: Reactor Core 1 (RC 1)

ISSUE TITLE: Prevention of inadvertent boron dilution

ISSUE RANK: II

SUMMARY OF DISCUSSION:

The plant has procedures for preventing boron dilution during refuelling, transportation and storage
of spent fuels. This procedure is initiated for implementation after the trip of main coolant pumps
(MCP). The main points include:

closure of isolation valves on the discharge lines of pure condensate pumps
closure of valves on the primary makeup and letdown lines
drainage of the dearator of the makeup system
isolation of the bypass filters across the MCPs (filters to be cleaned, washed with pure water)
isolation of the water line to the filter on the primary letdown line
isolation of the boron storage tank (40g boron concentration) from pure water
isolation of service water to the MCPs
isolation of the intermediate cooling water system during MCP disassembly, etc.

The switches for the relevant driven motors are tagged both at control room and at field, and the
hand wheels for the valves are locked.

No inadvertent boron dilution events have happened so far at all three units.

The procedure is to be revised every three years.

One chapter in the Unit 3 emergency operating procedures deals with the operator actions in case of
an inadvertent boron dilution. The procedures are being revised to an updated version. The same
efforts on the Units 1 and 2 are in progress.

The SNPP intends to replace the existing boron meter with the NAR-12 boron meter which provides
better precision, reliability and response time and is capable of measuring the boron-10 concentration
with an alarm signal. This replacement is to take place first at Unit 3 by the end of the 1996. The
same replacement will be made for Units 1 and 2 in the future.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The safety issue is not addressed
in the LTSIP.

The SNPP has taken some measures to prevent inadvertent boron dilution as discussed above. In
addition it is recommended that an inadvertent boron dilution, especially caused by a water slug, be
analyzed in order to take preventive measures and that the issue be included in the safety improvement
programme.
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REVIEW AREA/ISSUE NUMBER: Reactor Core 2 (RC 2)

ISSUE TITLE: Control rod insertion reliability / Fuel assembly deformation

ISSUE RANK: HI

SUMMARY OF DISCUSSION:

The SNPP Unit 1 so far has not experienced problems with the delayed dropping of control rods, but
Unit 2 and Unit 3 do have the problems. Unreliable insertion of control rods reduces the reactor
shutdown capability. During the normal power operation, the safety concern is that the deformation
of fuel assemblies, leading to the change in water gaps, will cause a higher local power density, and
it has to be ensured that the design limit is not exceeded. In a reactivity initiated event where positive
reactivity is inserted into the reactor core, a delay of the control rod insertion or a control rod
jamming may not sufficiently depress the peak power level and may deteriorate the fuel cooling. It
could also lead to a transient of high peak primary pressure.

The plant has taken a series of compensatory measures:

A routine test of control rod drop time is made every three months for all three units
according to the regulatory requirement.
The control rod cluster is not to be located in a fuel assembly which has been operated for
three cycles during the refuelling outage.
The curvature of the selected control rod guide tubes is measured along the length, in order
to ensure that peak power density of fuel elements is maintained within the design limits.
The protective tube unit of Unit 2 was repositioned in order to reduce the excessive load on
the fuel assemblies and therefore the extent of their deformations.
The control rod drive shafts of Unit 3 were drilled in order to reduce the hydraulic resistance.
The same work is planned for Units 1 and 2.
In the 1996 planned outage period at Units 1 and 2, the control rod drives are to be replaced
by more reliable and more powerful ones which will allow to use heavier control rods.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures in the
LTSIP address the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.
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REVIEW AREA/ISSUE NUMBER: Reactor Core 3 (RC 3)

ISSUE TITLE: Subcriticality monitoring during reactor shutdown conditions

ISSUE RANK: II

SUMMARY OF DISCUSSION:

The SNPP has implemented and planned several measures to improve the subcriticality monitoring
during reactor shutdown conditions:

The original neutron flux monitoring system (NFMS) was replaced at Units 1 and 2 by a new
system AKNP-7-02, featuring improved sensitivity, reliability, and performance.
The original boron meter, NAR-B will be replaced at Units 1 and 2 by a new one which
provides better precision, reliability and response time and is capable of measuring the boron-
10 concentration with an alarm signal. The number of sampling locations are to be increased.
During refuelling, six neutron detectors are temporarily inserted in the outer space of the
reactor core, within the reactor pressure vessel, to monitor the reactivity change. They are
able to monitor the neutron flux level of 10"7 % to 10'8%.
Reactivity meters have been installed at Units 1 and 2. However, they only work at power
range, or during control rod calibration test.

During the discussions, the plant experts also indicated that a subcriticality monitoring system is
considered to be installed at Units 1, 2 and 3. The equipment will be provided by the Russian
Institute of Instrument Engineering.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures in the
LTSIP mostly address the safety issue and the intent of the recommendations given in IAEA-EBP-
WWER-05.

It is recommended that the subcriticality monitoring system be also included in the safety improvement
programme.
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REVIEW AREA / ISSUE NUMBER: Component Integrity 1 (CI1)

ISSUE TITTLE: RPV embrittlement and its monitoring

ISSUE RANK: III

SUMMARY OF DISCUSSION:

RPV material sensitivity and surveillance

Unit 1 has been manufactured by Izhora and Units 2 and 3 by Atommash. The material grades and
the chemical composition of the parts of the RPV, which are significant regarding radiation
embrittlement, are summarized in the Tables I to III. The nickel content of the welds is generally high
enough to consider these plants as "sensitive".

Detailed information on the current surveillance programmes have been given by the plant experts and
discussed. Table IV indicates the surveillance materials, introduced in the programmes. The chemical
composition of the coupon for producing the surveillance specimens shows some deviations from the
manufacturing measurements (even the nickel content is not reported for the Unit 2). None of the units
has a normal surveillance programme. Units 1 and 3 have original designed capsules and assemblies,
whereas Unit 2 is equipped with "modernized" capsules (parallelipedic, setting up the specimen on
one radius) and assemblies. The "modernized" design has been developed for Unit 2 and implemented
in 1994. The objective of that is to reduce the neutron flux scatter at die crack tip of the surveillance
specimens. Nevertheless, neither improvement in thermal nor in neutron monitoring has been
achieved. Furthermore, the available results from the first unit have not been analyzed in detail, but
the reports made available confirm the large scatter. The main concern appeared to be the
identification of the large scatter band of the fluences at the specimen sets. The question of the
irradiation temperature is also not resolved.

The current situation is summarized in Table V with L for irradiation monitoring and M for thermal
aging monitoring. The extraction schedules have been modified in various directions:

interrupted for Unit 1
completely reconsidered for Unit 2 in relation to the development of the "modernized" design;
the final one is intended to be defined after testing the first set
the first two sets of Unit 3 have been extracted simultaneously after 5 years irradiation.

Fluence measurements in the RPV cavity (ex-vessel) have been performed at die Unit 3, but the
corresponding results have not been made available for discussion. It was stated by the plant
representative that the same type of measurement will be made on Units 1 and 2 for validation
purposes. The corresponding schedule is not available.

Integrity analyses (p/T diagrams, pressure test temperature, PTS assessment)

No complete documentation could be provided by the plant experts on these subjects. Therefore, the
detailed discussion did not allow a complete understanding of the real design and operating basis.

The temperature limits (50°C to 125°C) for pressure tests are reported to be similar for all 3 units and
are time dependent as expected due to the increase of the transition temperature of the irradiated
zone. Some "fragments" of material behaviour prediction for Unit 1 include questionable data such
as high EOL fast neutron (E > 0.5 MeV) fluence (8.4 . 1019 n/cm2) and low embrittlement factors
(Af = 12 for base and 14 for weld metal, respectively). This clearly indicates that the corresponding
operating basis have not been upgraded to integrate recent figures.
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It has been reported that the temperature limits for normal operation during startup and shutdown are
establish with the same input data.

Neither complete brittle fracture analysis nor PTS assessment appears to be available at the NPP.
Therefore, the discussion was concentrated on the design differences of the systems important for PTS
assessment in order to evaluate the necessity of individual assessment for each unit. It has been
indicated that the replacement of the SG safety valve is intended to be realized.
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TABLE I: SOUTH UKRAINE NPP - MATERIAL GRADES BEING USED FOR RPV MANUFACTURING
ro
oo

Unit 1

Unit 2

Unit 3

Base Material

Flange

15Kh2NMR

15Kh2NMFA

15Kh2NMFA

Support shell

15Kh2NMFA

15Kh2NMFA

15Kh2NMFA

Upper Shell

15Kh2NMFA

15Kh2NMFA

15Kh2NMFA

Lower shell

15Kh2NMFA

15Kh2NMFA

15Kh2NMFA

Weld

n° 3

Sv-IOKhdR^AA

Sv-lOKbUNMAA

Sv-10KhGNMAA

n°4

Sv-IOKhGNMAA

Sv-10KhGNMAA

Sv-10KhGNMAA

n° 5

Sv-IOKhGNMAA

Sv-IOKhGNMAA

Sv-IOKhGNMAA

Cladding

1° Layer

Sv-o7Kh25NV

Sv-07Kh25NV

Sv-07Kh25Nv

2/3° Layer

Sv-04Kh20N10G2B

Sv-04Kh20N10G2B

Sv-04Kh20N10G2B

TABLE n: SOUTH UKRAINE NPP - COPPER, PHOSPHORUS A N D NICKEL CONTENTS IN THE RPV FORGINGS

Unit 1

Unit 2

Unit 3

Support shell

0,09

0,05

0,05

P(%)
0,009

0,005

0,005

Ni(%)
1,25

1,13

1,12

Upper shell

Cu(%)
0,03

0,05
0,003

0,002

P(%)

0,008

0,004

0,010

0,010

Ni(%)
1,14

1,12

1,20

1,13

Lower shell

Cu(%)
0,05

0,12

~o\02

0,02

P(%)
0,008

0,010

0,007

0,008

Ni(%)
1,17

1,19

1,33

1,22

Flange

Cu(%)

0,(39

P(%)

0,010

Ni(%)
1,25

TABLE III: SOUTH UKRAINE NPP - COPPER, PHOSPHORUS A N D NICKEL CONTENTS IN THE RPV WELDS

Unit 1

Unit 2

Unit 3

Weld n°3

Cu (%)

0,05

0,0045

0,06

P(%)

0,008

0,007

0,005

Ni(%)

1,72

1,77

1,72

Weld n°4

0,04

0,06

0,05

P(%)

0,008

0,004

0,007

Ni(%)

1,15

1,73

1,74

Weld n°5

Cu(*)

0,03

0,06

0,03

P(%)

0,005

0,004

0,008

Ni(%)

1,73

1,65

1,80



TABLE IV: SOUTH UKRAINE NPP - COPPER, PHOSPHORUS AND NICKEL CONTENTS IN THE RPV SURVEILLANCE WELDS

Unit 1

Unit 2

Unit 3

Cu (%)

0,04

0,045

0,06

P(%)

0,007

0,010

0,005

Nl(%)

1,70

/

1,72

TABLE V: SOUTH UKRAINE NPP - CURRENT STATUS OF THE SURVEILLANCE PROGRAMMES

Number of assemblies
introduced before operation

Unit 1

Unit 2

Unit 3

5L+1M

1L+1M

5L+1M

Date of
beginning of

operation
Dec. 1982

Jan. 1985

Sep. 1989

Extraction (E)
or Insertion
(I) in 1984

1L(E)

Extraction (E)
or Insertion
(I) in 1989

2L(E)
Exp (1)

Extraction (E)
or Insertion
(I) in 1990

Exp.(E)

Extraction (E)
or Insertion
(I) in 1994

4L' (1) Modern.
Design

1L + 2L (E)

Extraction (E)
or Insertion
(I) in 1996

11 (E)

Comments

Tested by RRC KJ

To be tested by KKL KI

Tested by UAS/INK (Kiev)



CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP.

RPV material sensitivity and surveillance

The proposed measures partially address the safety issue and meet the intent of the recommendations
given in IAEA-EBP-WWER-05. The following recommendations are made:

1) The surveillance programme should reflect in more detail the various ongoing actions. A plant
personnel should be assigned responsibility for the corresponding measures to the units.

2) Fluence monitoring should be implemented using adequate procedures, which include all
necessary validations and systematic recalculations of the accumulated fluence during
operation.

3) Consideration should be given to low leakage fluence management by implementation of all
necessary actions, in particular the optimization of the fuel pattern by choosing systematic in-
out refuelling. These measures will help for future compensation of uncertainties and
unconfirmed negative effects.

4) There are many reasons for disturbing the objective of the surveillance programme: on-line
modifications without reconsideration of all parameters (irradiation temperature, dissemination
of archive material, involvement of different laboratories, lack of a final comprehensive
reporting). The plant staff should consider this issue more carefully.

5) The surveillance programme is particularly important because the RPVs of the SNPP units are
welded with high nickel-bearing materials. This issue is not considered at due level in the
LTSIP.

6) The necessary validations of the results to be represented are not yet available for both
surveillance designs. The irradiation temperature, the neutron environment in the surveillance
positions as well as the transfer of the results to the RPV have to be validated. Due to the
generic nature of the problem, the corresponding knowledge may be made available totally
or partially by proposed international projects (TACIS R06/95). Nevertheless, this does not
compensate for defining an adequate consistent programme for each particular case.

7) Additional necessary investigations and measures should be considered at due level and scope:
collection of archive material including broken specimens, evaluation of temperature effect,
necessity of a compensatory irradiation programme at a host reactor, and reconsideration of
extraction schedule. These activities should be co-ordinated between WWER-1000 operators.

Integrity analyses (p/T diagrams, pressure test temperature, PTS assessment)

The proposed measures partially address the safety issue and meet the intent of the recommendations
given in IAEA-EBP-WWER-05. The following recommendations are made:

1) The plant should define the technical background of integrity analyses which support some
operating limits during normal operating conditions as well as in the case of pressurized
thermal shocks or overcooling transients. Consideration shall be given by the plant staff to
these safety related tasks by local staff member and additional technical support organizations.
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2) Considering the differences the "small series" WWER-1000 units can be considered as less
sensitive to that particular risk than Unit 3. Therefore a transfer of the results from WWER
1000/320 Units to "small series" units could be considered as effective.

3) The implementation of the heating measures (accumulators of Units 1 and 2 / tanks of Unit
3) is considered to be effective for providing additional margins.
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REVIEW AREA / ISSUE NUMBER: Component Integrity 2 (CI 2)

ISSUE TITTLE: Non-destructive testing

ISSUE RANK: HI

SUMMARY OF DISCUSSION:

The plant experts have confirmed that the reference for ISI remains based on the former Russian
practice.

Reactor pressure vessel:

A detailed description of the ISI programme currently applicable to the RPVs (after 20,000 h and
every 4 years) confirms that:

1) The volumetric inspection (US) is done only from outside by local or remotely operated (CK
187) beams.

2) Surface examinations are performed from inside, mainly concentrated on the nozzle zone.

No defects are reported in the most recent inspection reports. The performance of non-destructive
test methods used in the frame of the ISI programme, in particular regarding the detection and sizing
of underclad defects (in the core zone and at the nozzle area) should be reconsidered. The last
inspection of the RPV at Unit 3 (1994/95) was performed using Skoda's equipment (SKIN, KOMASH
for the RPV and the bolts, respectively). No unacceptable indication has been reported.

For future ISI there is no intention to develop an internal inspection system. The development of the
existing equipment (CK 187) in order to increase its accuracy is proposed in the frame of a TACIS
project.

Main coolant line:

The current ISI programme concentrates on welds and elbows (partial external surface inspection) and,
to some extent, cladding adherence. The volumetric inspection of the welds is performed from outside
and combined with external surface inspection. From outside the adequate inspection of the weld
between the RPV nozzles and the primary loops remains questionable due to access limitations from
outside. The volumetric inspection of the dissimilar weld between the RPV nozzles and the ECCS
lines is not included in the current ISI programme.

Upgraded volumetric inspection with adequate angle beams (including manipulator) has been
developed in the frame of a previous TACIS project for the inspection of the main coolant line welds.
It has already been applied at Unit 1 and its use will be extended to all units.

Steam generator:

The inspection of the bolts on the collector heads, which are all equipped with secondary anti-lift
supports, will be modernized by using the recently developed automatic volumetric (EC/US) device.

The inspection of SG collectors will be improved by the implementation of a manipulator.

The inspection of the tubes is currently performed by means of the pneumo-aquarium tightness test
on all 3 units. Considering the particular situation at the plant (see CI 4), there is no plan to
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implement EC testing so far. However, the plant experts have indicated that the development of these
techniques is under consideration.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and meet the intent of the recommendations given in IAEA-EBP-WWER-05.
The LTSIP only refers to the development of the existing RPV inspection equipment, but there is no
intention to cope with a complete qualification of the in-service inspection system. There is no
particular intention to develop a methodology for volumetric inspection of the RPV from inside, which
would also be able to improve the performance of the volumic inception of the nozzle welds to the
piping systems.

It is recommended that:

1) The programme include all long term objectives for the main primary components in order
to fix the survey actions on the corresponding tasks, even if the local situation appears
favourable.

2) The plant take necessary measures to obtain the results of ongoing national and international
activities in the field of in-service inspection system qualification, in particular those dedicated
to direct assessment of defects in sensitive areas.
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REVIEW AREA / ISSUE NUMBER: Component Integrity 3 (CI 3)

ISSUE TITTLE: Primary pipe whip restraints

ISSUE RANK: H

SUMMARY OF DISCUSSION:

According to western practice, it is considered that the implemented primary pipe whip restraint
system is unable to cope with whipping loads developed during the design basis accidents. Two ways
may be chosen to solve this problem: modify the pipe whip system according to the evaluated loads
or apply an alternative approach to demonstrate that the postulated ruptures can be prevented. The leak
before break (LBB) concept, when applicable, is considered to be an adequate solution.

The applicability of the LBB concept to WWER-1000/320 units has already been demonstrated to a
large extent for Temelin and Balakovo NPPs. It is also addressed in the already existing improvement
programmes for WWER-1000/320 units. From the technical point of view there are no reasons to
expect major difficulties in applying the LBB concept to "small series" units. However, the changes
in layout, including main isolation valves, make clear that a specific analysis has to be done for the
"small series" units. The layout of the primary circuit, including the pressurizer lines, has to be
considered in detail in order to evaluate the extent of the differences. This could not be achieved
during the mission, because the complete documentation was not available. According to the
discussions, the corresponding material data are expected to be similar for all 3 units, but some
differences exist in the ISI programmes.

The development of the applicability of the LBB concept needs to carefully deal with the evaluation
of the adequacy of ISI programme as well as with the implementation of 3 independent leak detection
systems (leakage, acoustic, radiological). There is a measure in the programme dealing with upgrading
of the leak detection capability of the primary boundary. It is understood that the objective of this
development is mainly to cope with operational primary leak criteria, and is not related with the
implementation of the LBB concept.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP.

It is recommended that:

1) Taking benefit of the already existing studies and programmes, the plant should develop an
individual analysis for each unit taking into account its particularities. A first step may be a
feasibility study to confirm the particular situation for each unit.

2) An improved primary leak detection system should be developed, considering the LBB
requirements. The location of detectors should be defined to cope with the required detectable
leakage flow rate.
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REVIEW AREA / ISSUE NUMBER: Component Integrity 4 (CI 4)

ISSUE TITTLE: Steam generator collector integrity

ISSUE RANK: ID

SUMMARY OF DISCUSSION:

The history of the steam generator maintenance at the SNPP is summarized in Table VI.
Several facts are of importance:

1) All original SG hot collectors installed at the SNPP have been manufactured using the same
material (10GN2MFA) and the same procedures.

2) The operating conditions (at least the secondary water chemistry) were not different among
the units.

3) Between 1986 and 1989 all SGs of Units 1 and 2 have been replaced with identical spare SGs.
No changes in operating conditions were made at that stage.

4) Between 1989 and 1991 one SG of the Unit 1 has been repaired whereas 5 (one from Unit 1
and all from Unit 2) have been replaced by modified SGs. Four modifications have been
introduced:

2 in the factory: modified drilling scheme and hydraulic expansion
2 on site: loosing of the collector head and low temperature stress relieve heat
treatment (450 + TO/.JO °C for more than 20 h)

5) Before start of operation, the Unit 3 collector heads of SGs have been loosened. This unit
is considered as the reference (without heat treatment) for the general investigation programme
for the identification of the root cause.

6) The replacement criteria were not the same for the first and the second replacement:

The first replacement was done excluding primary / secondary leaks (at that time, no
local inspection technique was available).

The second replacement was done excluding local defects (1 > 15 mm; h > 1 mm),
using an EC inspection technique. This ISI system will be improved by an addition
of a manipulator.

A local repair technique has been applied on a small defect (1 ~ 20-30 mm) whereas the other
SGs with larger defects were replaced.

The "small series" units have already been significantly improved by implementation of:
upgrading (details to be mentioned by the plant representatives) of the SG blowdown system
implementation of an auxiliary feedwater system at Unit 1 and its completion at Unit 2 during
the 1996 outage
implementation of a secondary chemistry monitoring system.

The reliability of the implemented in-service inspection techniques and the extent of the control (high
stressed areas defined by the main designer during each outage) seems to be acceptable to prevent
unexpected failure development.

A repair technique has been qualified and works satisfactory.
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CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The operational experience at the
SNPP confirms the benefit of the measures implemented at the operating SGs. Nevertheless, as far
as there is a possible combination of damaging mechanisms, the plant should rely on systematic and
accurate in-service inspection and benefit of additional mitigation measures. The proposed measures
partially address the safety issue and meet the intent of the recommendations given in IAEA-EBP-
WWER-05.

It is recommended that:

1) The primary to secondary leak should be considered in the accident analyses as well in the
PTS analyses.

2) Consideration should be given to the operational experience for the identification of the root
cause by systematic collection and analysis of the results.
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TABLE VI: SOUTH UKRAINE NPP - STEAM GENERATOR MAINTENANCE HISTORY

SG n"

B. Of O.

O. H.

M. D.

M. A.

R. Of O.

O. H.

M. D.

M. A.

R. Of O.

O. H.

Unit 1

i

30/12/82

37870

21/08/88

"""RplF"

10/89

"37500

2

30/12/82

41111
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The SGs n° 1, 2 and 3 of Unit 1 were replaced once
The SG n° 4 of Unit 1 as well as SGs of Unit 2 were replaced twice



REVIEW AREA / ISSUE NUMBER: Component Integrity 5 (CI 5)

ISSUE TITTLE: Steam generator tube integrity

ISSUE RANK: II

SUMMARY OF DISCUSSION:

The inspection of the tubes is currently performed by means of the pneumo-aquarium tighmess test
on all 3 units. Thus the corresponding current plugging criteria is based on through thickness air
leaking defects. The corresponding primary / secondary leakage limits are less than 41/h by leakage
flow and less than 2.10* Ci/1 by iodine activity for each SG unit.

Due to repeated replacements, the SGs have not yet been operating for a long time: 28000/37500 hrs
for Unit 1, 32000/37700 hrs for Unit 2 and 46600 hrs for Unit 3. Thus, the number of plugged tubes
is low (10/20 tubes from 11000 for one SG).

The implementation of an EC inspection system is not yet planned, but the plant experts are aware
of the corresponding national development. The plant experts have indicated neither the intention to
reconsider the chemistry monitoring for this purpose nor the development of a new plugging criteria.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP.

It is commended that the primary to secondary leak criteria be included in the safety improvement
programme to reduce the risk of a tube rupture. Therefore, the plant staff should consider the current
national and international developments and their future implementation.
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REVIEW AREA / ISSUE NUMBER: Component Integrity 6 (CI 6)

ISSUE TITTLE: Steam and feedwater piping integrity

ISSUE RANK: HI

SUMMARY OF DISCUSSION:

The issue covers steam and feed water piping integrity inside and outside the containment. It combines
problems due to:
- absence of physical separation
- limited support system (no piping restraints)
- time related damaging mechanisms like corrosion-erosion
- dynamic effects due to water hammer, for example, in case of a significant primary to secondary

leak.
The pipe routing has not been shown for all individual units, but differences have been mentioned by
the plant experts between small and standard series units. It was not possible to confirm the pipe
routing outside the containment, but some indications show that the physical separation might be worse
that in standard model plants. The plant experts also mentioned that the same material grades have
been used for all units, and that the secondary water chemistry was identical.

Due to simultaneous risk of time related damaging mechanisms, which would probably lead stronger
ISI requirements, and significant dynamic effects, it appears not possible to expect that the leak before
break concept would be fully applicable.

Therefore, it is suggested to proceed step by step and evaluate the situation on both parts of the lines
(inside and outside the containment) by comprehensive analysis of the effects of postulated pipe
ruptures. This analysis should include the definition of an optimized support system and the evaluation
of the consequences on near routing pipes. To evaluate the impact of this issue on defence in depth,
an evaluation of the critical through thickness defect under normal and accidental conditions (including
particular dynamic loads) would be of interest.

From the system point of view, the limiting number of damaged steam and feedwater lines, which
the plant could cope with, should be reassessed.

CONCLUSIONS AND RECOMMENDATIONS:

The issue is applicable to the "small series" units at SNPP. The issue is not addressed in the LTSIP,
but the objective should be connected with those of the issue IH 7 (protection against the dynamic
effects of main steam and feedwater breaks) of the IAEA-EBP-WWER-05.

It is recommended that:

1) A comprehensive analysis of the situation for the "small series" plants, by means of the studies
suggested in the discussion, is necessary to define the possible technical solution. Benefit can be
taken from already developed studies for WWER-1000/320 plants.

2) Consideration for monitoring and mitigation measures of corrosion-erosion is suggested.
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REVIEW AREA / ISSUE NUMBER : Systems 1 (S 1)

ISSUE TITLE: Primary circuit cold overpressure protection

ISSUE RANK: II

SUMMARY OF DISCUSSION:

When the reactor is in the cold shutdown state, there maybe a risk of overpressure in the primary
circuit due to:

- loss of residual heat removal
- spurious actuation of HP ECCS or primary circuit makeup pumps
- spurious accumulators discharge

As mentioned during the discussion, the primary circuit makeup pumps remain in operation until the
primary circuit is depressurized, and so there is a potential risk for overpressurization especially when
the primary circuit is in a solid state, e.g. during hydraulic tests carried out every year.

The possibility to use the two safety valves TH43S01,S02 located on the low pressure part of the
residual heat removal line was discussed. It was confirmed, that after switch-over to the primary side
residual heat removal, the LP system is not automatically isolated when the primary circuit pressure
will increase again. So, credit could be taken from these valves to protect the primary circuit against
cold overpressure.
It was stated by the counterpart, that these valves will be replaced in order to meet the current
standards (new classification requirements for the NPP equipment). However, this measure is not
considered in the LTSIP.

There are administrative measures proposed to avoid an inadvertent operation of the HP safety
injection and boration pumps or a faulty injection from the ECCS accumulators when the primary
circuit temperature is lower than 100cC:

- disconnection of power supply to the HP ECCS pumps
- closure and disconnection of the isolating valves in the ECCS accumulator injection lines
- pressure decrease in the accumulators by dumping the nitrogen to a pressure < 30 bar

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures address the
safety issue but the content of the recommendation in IAEA-EBP-WWER-05 is only partly met.

In addition to the proposed administrative measures it is recommended to realize an automatic
disconnection of the makeup pumps on primary circuit pressure higher than 35 bar and temperature
lower than 100-120°C (depending on the RPV cold brittleness condition).
Consideration should be given to provide alarm signals of cold overpressure and high PRZ level. In
order to meet the whole content of the safety issue, it is recommended to enforce the planned
replacement of the installed safety valves in the LP ECCS by safety grade ones.
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REVIEW AREA / ISSUE NUMBER : Systems 2 (S 2)

ISSUE TITLE: Mitigation of a steam generator primary collector break

ISSUE RANK: II

SUMMARY OF DISCUSSION:

An emergency instruction for the event "Large coolant leakage from the primary to secondary circuit"
has been developed and is part of the operating instruction for accident management of SNPP.

This emergency instruction is based on the results of the accident analysis of a primary to secondary
leak with a 100 mm equivalent diameter break size, taking into account the design features of the
"small series" WWER-1000 NPP.

The primary circuit of SNPP Units 1 and 2 is equipped with loop isolation valves (emergency power
supplied), so that, at the moment, the strategy for accident management is mainly based on a short-
term depressurization of the primary circuit, fast cooling down via the steam dump stations, and the
isolation of the damaged steam generator. It should be noted, that the steam generator relief valves
can be isolated, e.g. in case of a failure of the BRU-A to close.

Further analyses will be performed to identify those scenarios of collector failures which could lead
to severe consequences. Based on the results of the calculation to be performed within the safety
assessment report development, the existing procedures will be upgraded.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures in the
LTSIP address the safety issue.

It is recommended that:

After performance of corresponding thermal hydraulic analyses for this event, i.e. SG collector
rupture with a leakage area of 100 mm equivalent diameter, consideration should be given to evaluate
the integrity of the main steam lines and the operability of the SG relief and/or safety valves (see issue
S9).

Then, based on the results of the thermal hydraulic analyses, the radiological consequences of such
an event should be assessed. Furthermore, the necessity of additional automatic measures should be
analyzed in order to reduce the amount of short-term actions performed by the staff and
correspondingly the risk of human failures.
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REVIEW AREA / ISSUE NUMBER : Systems 3 (S 3)

ISSUE TITLE: Reactor coolant pump seal cooling system

ISSUE RANK: II

SUMMARY OF DISCUSSION:

The sealing and cooling water supply to the main coolant pumps (MCP) could be interrupted:

- in case of spurious closure of one or more containment isolation valves in the water supply lines
- in the event of LOCA by the corresponding containment isolation logic (pressure or temperature

increase inside the containment)
- in the event of a loss of off-site power supply and a failure of the emergency diesel generators.

It was noted by the counterpart, that at SNPP Units 1 and 2 the primary circuit makeup pumps are
backed up by the existing three emergency diesel generators (2nd category of emergency power
supply).
In case of loss of off-site power supply, the makeup pumps, the cooling circuit pumps and the MCP
intermediate cooling circuit pumps are supplied from these emergency diesel generators.
When the intermediate cooling circuit pump fails to start (e.g. loss of off-site power supply and a
failure of the emergency diesel generators) or the cooling water supply to the intermediate cooling heat
exchanger is interrupted, the cooling water supply to the MCP seals can be restored via an additional
line from the primary circuit makeup pumps (connection between the sealing water supply line and
the intermediate cooling circuit).

Taking into account former restrictive requirements for cooling and sealing water supply to the MCP,
the behaviour of the MCP seals in case of long-term total loss of their cooling has been evaluated.
According to a test performed by the MCP manufacturer, the MCP seal remains tight even without
sealing and cooling water supply of sealing water for a minimum of 24 hours. Although detailed
information on the test conditions and results were not available during the meeting, it was stated by
the representative of the Kurchatov Institute, that the tests have been performed under nominal RCS
conditions and considering the MCP run out time.

With reference to the plant documentation, the MCP thermal shield has been modified ("Status of
SNPP design safety issues"). Other measures, such as the modification of the antireserve device and
the installation of an automated vibration control system, have been completed to improve the
reliability of the MCP.

CONCLUSIONS AND RECOMMENDATIONS:

In general, the safety issue is applicable to the "small series" units at SNPP. It is not included in the
LTSIP. The already performed measures to improve the MCP cooling system reliability partly
address the recommendations given in IAEA-EBP-WWER-05.

Taking into account that the primary circuit makeup pumps are already emergency power supplied,
and considering the performed tests on the MCP seals behaviour in case of long-term loss of cooling
supply, at present no further recommendations with respect to further technical upgrading measures
seems to be necessary.

Consideration should be given to investigate the results of already performed MCP seal qualification
tests in order to evaluate the behaviour of the MCP seals under worse ambient conditions.
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REVIEW AREA / ISSUE NUMBER : Systems 4 (S 4)

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

ISSUE RANK: U

SUMMARY OF DISCUSSION:

The SNPP Units 1 and 2 are equipped with three pilot operated PRZ safety valves with 180 t/h steam
blow-off capacity each (Type Bopp&Reuther, Type SiH 3112).
Documentation confirming the qualification status of the existing safety valves for carrying water or
steam-water mixture is not available.

According to the document "Status of SNPP design safety issues", the SNPP considers the
replacement of the existing pressurizer safety valves in the frame of the TACIS programme. The new
valves will be qualified for steam flow, steam-water mixture flow and water flow.

The proposed measure covers the requirements related to the possibility of steam-water blowdown in
case of ATWS and primary side "bleed" procedures to be performed in the frame of BDBA
management.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measure addresses
the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05 has been met.

Consideration should be given to perform corresponding fluid-dynamic and mechanical strength
analyses of the whole PRZ safety valve system, taking into account the specific ATWS and primary
bleed requirements (Interface to safety issues AA 9, AA 13).
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REVIEW AREA / ISSUE NUMBER : Systems 5 (S 5)

ISSUE TITLE: ECCS sump screen blocking

ISSUE RANK: m

SUMMARY OF DISCUSSION:

In difference to the standard model WWER-1000/320, there are three independent containment sumps
in SNPP Units 1 and 2.

The existing sump screens have been modified in order to decrease the risk of sump screen blocking.
However, further operational tests to evaluate the upgraded screen construction at SNPP Units 1 and
2 have not been performed to date.

In order to improve the ECCS reliability for long-term core cooling it is planned to replace the
existing thermal insulation by thermal insulation developed in the research institute "Energomash".

For the short-term phase, the following compensatory measures are planned to be implemented at
SNPP Units 1 and 2 (LTSIP, i.4.5.):

1) Installation of a temporal connection line between the ECCS heat exchangers and the spent fuel
pool cooling heat exchangers. For the long term cooling of the core, a switchover from the
ECCS heat exchanger to the spent fuel pool heat exchanger is done manually.

Remark: In SNPP Units 1 and 2, the two existing spent fuel pool cooling heat exchangers
and the three ECCS heat exchangers are located in different compartments.

2) Implementation of a special procedure to keep one of the three ECCS channels in "clean"
conditions, i.e. 15-30 minutes after actuation of the ECCS, one channel is switched to a standby
mode and switched back into operation even when the two operating ECCS heat exchangers are
degraded or blocked by the insulation material.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures address
the safety issue and the intent of the recommendation given in IAEA-EBP-WWER-05 has been met.

However, taking into account the present screen construction and suction line configuration, it is
recommended to perform a qualitative test to evaluate ECCS operability with recirculation from the
containment sumps. The results of these tests would permit a decision to be taken on necessary
compensatory measures.
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REVIEW AREA / ISSUE NUMBER : Systems 6 (S 6)

ISSUE TITLE: ECCS water storage tank and suction line integrity

ISSUE RANK: II

SUMMARY OF DISCUSSION:

There are three storage tanks located outside the containment with a total borated water capacity of
1500 m3. A common sump tank as for the standard units does not exist.
The three containment sumps are located in the reactor building at the containment bottom level. The
suction lines penetrate the floor of the containment and lead to the ECCS heat exchangers located in
a common ECCS room below the containment floor.

In case of any component failure after changeover to residual heat removal line via the containment
sumps (either a leak in any of the suction lines or a drain line rupture), the water would be lost
outside the containment and all three ECCS channels including the HP boron injection, core cooling
and containment spray pumps, would be endangered to be flooded or to fail due to worse ambient
conditions.

In order to cope with this problem, annual periodical inspections of the ECCS equipment and the
metal state of the pipes are performed. In addition, a special programme for rest lifetime evaluation
of the ECCS suction line is under preparation in the frame of the TACIS programme.

It was noted by the counterpart that, for the time being, the SNPP does not consider any further
upgrading measures.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The safety issue is not explicitly
addressed in the LTSIP. However, the annual performed periodical inspections of the suction lines
address the safety issue and the intent of the recommendations is partly met. Considering the specific
ECCS configuration of the "small series" units and the potential risk of a common mode failure of
all three ECCS trains (see issue S 19), it is recommended to improve testing methods which are able
to detect any defects in the ECCS suction lines in good time.

Depending on the results of the lifetime evaluation of the sump suction lines and a probabilistic
assessment of the ECCS operability, a decision should be taken on the implementation of further
upgrading measures.
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REVIEW AREA / ISSUE NUMBER : Systems 7 (S 7)

ISSUE TITLE: ECCS heat exchanger integrity

ISSUE RANK: II

SUMMARY OF DISCUSSION:

The ECCS heat exchangers at SNPP Units 1 and 2 are cooled by the service water system (" Group
A") with three independent semi-open cooling circuits. Heat is removed by cooling towers with
natural air circulation. An additional intermediate service water system has not been considered.

If the primary pressure is higher than the service water system pressure (during the shutdown phases),
possible coolant leakages into the service water circuit are monitored by a continuous radioactivity
measurement downstream of each heat exchanger. In operating conditions with a depressurized
primary circuit, a leak in the ECCS heat exchanger and correspondingly slow boron dilution in the
primary circuit would be recognized by monitoring the boron acid concentration within the ECCS
(probe sampling and boronmeters installed on the ECCS injection lines).

The use of chemical reagents in the service water circuit prevents the ECCS heat exchanger tube
bundles from fouling. As stated in the plant response, a reconstruction of all ECCS heat exchangers
have already been performed.

A project for backing up of two of three ECCS heat exchangers by spent fuel pool cooling exchangers
has been carried out and the corresponding measures will be realized during the next outages.
Furthermore, it is foreseen to modify the installed boron meters, or to replace them by NAR-12 type
boron meters which provide more precise control of possible boron dilution within the ECCS (Plant
status, i.6.).

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The already implemented and
proposed measures partially address the safety issue and the intent of the recommendations given in
IAEA-EBP-WWER-05 has been met.

Consideration should be given to improve the periodical inspections and examinations to be performed
during unit outages (visual and ultrasonic tests of the ECCS heat exchanger integrity).
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REVIEW AREA / ISSUE NUMBER: Systems 8 (S 8)

ISSUE TITLE: Power-operated valves on the ECCS injection lines

ISSUE RANK: I

SUMMARY OF DISCUSSIONS:

At SNPP Units 1 and 2, the high pressure safety injection system valves TJ10/20/30 S04, SOS and
the low pressure safety injection valves TH10/20/30 S06, S07 are of pneumatic type (Babcock).

These valves are located inside the containment and closed during normal operation of the plant. As
stated in the plant response, this arrangement is required by the national safety regulations, because
the check valves downstream of the isolation valves are not considered as isolating devices to protect
the low pressure lines of the safety injection systems connected to the primary circuit.

The pneumatic drives used for the ECCS isolation are of different type, in order to secure the fail-safe
direction of the corresponding valves. In case of a failure of the pressure air supply to the pneumatic
valves of the high pressure injection system (TJ10/20/30 S04, S05), these valves will be actuated in
an open position by spring force. In case of a failure of the pressure air supply to the pneumatic drives
of the low pressure injection system (TH10/20/30 S06, S07), these valves will remain in the actual
position, i.e. closed during normal operation of the unit to protect the low pressure lines or opened
in case of an ECCS request to supply emergency water.

The majority of valves used for the containment isolation, in case of a failure of the pressure air
supply will be actuated in a closed position by spring force in order to prevent radioactivity release.

Technical solutions to bring the ECCS isolation valve arrangement in line with western practice (i.e.
to change the normal position or to install the normally closed valves outside the containment) are not
applicable to SNPP Units 1 and 2 due to regulation requirements (loss of primary circuit integrity,
containment bypass risk).

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is in principle applicable to the "small series" units at SNPP. It is not addressed in
the LTSIP.

Consideration should be given to assess the qualification status of the pneumatic valves with respect
to LOCA conditions.

Furthermore, it should be demonstrated that the air pressure for the pneumatic valves is kept up after
an accident (arrangement of the air pressure distribution lines) to avoid common mode failures. The
valves should be able to take the right position, i.e. open in case of safety injection, close in the case
of leak of the check valve located downstream.

Based on the results of PSA studies, which are under progress, finally decision should be taken to
improve the reliability of the safety injection systems.
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REVIEW AREA / ISSUE NUMBER : Systems 9 (S 9)

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

ISSUE RANK: III

SUMMARY OF DISCUSSION:

The overpressure protection of each SG is carried by one isolatable steam dump valve to atmosphere
(BRU-A) and two pilot operated safety valves. Based on the operating experience, it was noted by
the counterpart that the BRU-A is able to operate on steam-water flow. However, information on
qualification tests to be performed by the manufacturer were not available.

The installed SG safety valves are not qualified according to the new classification requirements for
NPP equipment. Therefore their replacement is planned within the TACIS programme (Status of
SNPP Design Safety Issues, i.21.).
It is assumed that the new safety valves will be qualified for water and steam-water flow.

In relation to the second recommendation, special measures and procedures to reduce the consequences
of a large coolant leakage from the primary to the secondary circuit will be elaborated after
performance of the corresponding accident analyses (see Issue S 2). With respect to the third
recommendation, it has been noted by the counterpart, that this problem is not so critical for the units
of "small series" which have already an isolation valve upstream the BRU-A.

CONCLUSIONS AND RECOMMENDATIONS.

The safety issue is partly applicable to the "small series" units at SNPP. The proposed measures
address the issue. The new safety valves have to be qualified for carrying steam-water and water flow.

In addition to the planned SG safety valve replacement, it is recommended to provide corresponding
qualification tests for the BRU-A and to qualify the existing isolation valve for water flow, so that the
steam dump station remains operable and a complete steam generator isolation can be ensured.
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REVIEW AREA / ISSUE NUMBER : Systems 10 (S 10)

ISSUE TITLE: Steam generator safety valves performance at low pressure

ISSUE RANK: D

SUMMARY OF DISCUSSION:

At present, two types of valves are installed on each SG main steam line - 2 pilot controlled safety
valves, and 1 isolatable dump valve to atmosphere (BRU-A). The BRU-A have the possibility of
adjusting the opening pressure, if necessary, in the range of 75 to 1 bar.
The BRU-A are supplied from the uninterruptable emergency power supply system (1st category), and
the isolation valves upstream the BRU-A from emergency power supply system (2nd category).
In case of any diesel generator fails, one or two SG steam dump stations can not be operated.

As noted by die counterpart, one BRU-A provides sufficient flow capacity for secondary side decay
heat removal during hot shutdown of the plant, but the cooldown capacity is limited. Before take-over
of the primary circuit residual heat removal line (main steam pressure below 10 bar), all 4 BRU-As
should be in operation.

The existing SG safety valves do not allow decay heat removal via steam release to atmosphere at low
pressure (below 30 bar) so that residual heat removal and primary circuit cooldown by steam dumping
to atmosphere could be delayed or interrupted in case of the loss of BRU-A stations (e.g. diesel
generator failure or station blackout).

According to the document "Status of SNPP design safety issues", the existing steam generator safety
valves will be replaced (TACIS programme). In the technical specification for the new valves their
performance at low pressure will be considered.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measure addresses
the issue.

The new safety valves should be remotely operated from the main control room at any value of the
main steam pressure. Consideration should be given to the risk of spurious opening of the new safety
valves during normal operation of the plant. It is recommended to perform a specific study to define
necessary functional requirements, e.g. under station blackout conditions, and protective measures to
prevent adverse effects caused by the proposed design modification.
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REVIEW AREA / ISSUE NUMBER : Systems 11 (S 11)

ISSUE TITLE: Steam generator level control valves

ISSUE RANK: I

SUMMARY OF DISCUSSION:

The existing SG level control valves (full-power control valve, startup control valve) have the draw-
back of erosion damage (due to high pressure differential across the valve).
As noted by the counterpart, the SG water level control valves have a slow response and this
negatively affect the possibility of maintaining the SG level during transients.

In accordance with the "Status of SNPP design safety issues", i. 23, it is planned to replace the
existing full-power control valves by new ones which comply with new classification requirements for
NPP equipment.
The new valves will provide a full scale control range and adequate stroke time (level control during
main feedwater and auxiliary feedwater supply to the SG).

In addition, a new autonomous SG water level control system will be installed.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measure addresses
the issue.
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REVIEW AREA / ISSUE NUMBER : Systems 12 (S 12)

ISSUE TITLE: Emergency feedwater makeup procedures

ISSUE RANK: I

SUMMARY OF DISCUSSIONS:

The emergency feedwater system feeds the SGs in the event of failure of the main feedwater system
(two turbine driven feedwater pumps) and of the auxiliary feedwater system (two electric feedwater
pumps).
In difference to the standard model 320 with an emergency feedwater storage of 3 x 500 m3 per unit,
the whole capacity of the emergency feedwater storage for SNPP Units 1 and 2 is 3 x 1000 m3 per
unit.

Additional makeup can be provided from the demineralized water tanks (min. 3 x 600 m3 for Units
1-3). The corresponding makeup pumps are power supplied from Unit 3. Furthermore, the plant also
envisages the ultimate use of fire engine tanks ("Status of SNPP design safety issues").

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP, but to a less extent. The existing
capacity of the emergency feedwater storages and the additional makeup possibilities provide sufficient
water reserves to operate the emergency feedwater pumps for an even longer period of time.

However, consideration should be given to the reliability of the makeup possibilities with respect to
seismic requirements. It is recommended to develop corresponding makeup procedures especially for
the envisaged use of fire engine tanks.
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REVIEW AREA / ISSUE NUMBER : Systems 13 (S 13)

ISSUE TITLE: Cold emergency feedwater supply to SG

ISSUE RANK: I

SUMMARY OF DISCUSSION:

As stated in the plant response, an auxiliary SG feedwater system has been implemented at Unit 1.
The same design modification will be completed for Unit 2 during the next outage (1996).

The new auxiliary feedwater pumps can restore feedwater supply in case of failure of the main
feedwater pumps using the hot water storages of the main feedwater tank. However, the auxiliary
feedwater pumps are not backed up by diesel generators at present, i.e. the loss of normal AC power
supply leaves the emergency feedwater system as the only means for feedwater supply.

With reference to the second recommendation, it was noted by the counterpart that the emergency
feedwater storage tanks are heated up to a temperature £ 60°C.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. It is not addressed in the LTSIP.
The already performed or prepared implementation of an additional auxiliary feed water system (for
Units 1 and 2 respectively) address the safety issue.

With reference to the second recommendation of the IAEA-EBP-WWER-05, further consideration
should be given to improve the reliability of the new auxiliary feedwater system in case of loss of off-
site power supply (see Issue El 4).
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REVIEW AREA / ISSUE NUMBER : Systems 14 (S 14)

ISSUE TITLE: Ventilation systems of control rooms

ISSUE RANK: U

SUMMARY OF DISCUSSIONS:

The ventilation systems of the main control rooms and the emergency control room are separated from
each other (UV10, UV11). The fresh air intake to these two recirculation systems is from a common
point on the roof of the turbine hall so that in case of radioactive release from outside both systems
could be affected.

At present, the ventilation systems at Units 1 and 2 are not capable of filtering the intake air in case
of radioactive releases from outside.
In relation to fire protection requirements, it should be noted that the air ducts to the control rooms
are not equipped with smoke detectors.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" at SNPP. It is not addressed in the LTSIP.

It is recommended to equip the ventilation system of the main control room with filtration units, i.e.
with aerosol and iodine filters as implemented in Unit 3.
Further consideration should be given to improve the control room ventilation systems with respect
to the fire protection requirements.
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REVIEW AREA / ISSUE NUMBER : Systems 15 (S 15)

ISSUE TITLE: Hydrogen removal system

ISSUE RANK: II

SUMMARY OF DISCUSSION:

The implementation of a hydrogen monitoring and removal system is planned to be implemented at
SNPP Unit 1-3, starting with Unit 3. At present, corresponding investigations and design activities
are being performed.

With reference to the LTSIP, i.4.8, the following compensatory measures are envisaged before
installation of the hydrogen removal system:

installation of gas analyzers for hydrogen concentration monitoring
hydrogen dilution by operation of the containment ventilation system and additional
exhaust systems
project to release hydrogen-containing medium from the containment to the vent stack by
the normal hydrogen igniting system
hydrogen dilution by periodic operation of the containment spray system.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP, but not explicit addressed in the
LTSIP.

The effectiveness of the proposed compensatory measures should be investigated in detail. It is
recommended to adapt the measures proposed for Unit 3 to the Units 1 and 2 correspondingly.

Consideration should be given to designing the hydrogen monitoring and removal system for use
during DBA scenarios and severe accidents.
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REVIEW AREA / ISSUE NUMBER : Systems 16 (S 16)

ISSUE TITLE: Boron injection system capability ("small series" specific safety issue)

ISSUE RANK:

SUMMARY OF DISCUSSION:

The counterparts indicated that an additional high pressure boron injection system has already been
implemented in Units 1 and 2 before commissioning the plants. The system consists of three PT-6
pumps (160 bar, 6.3 m3/h) supplied from the emergency diesel generators. High concentrated boric
acid (40 g/kg) is stored in one common storage tank (150 m3 , Unit 1) and in three separated storage
tanks (3x 100 m3 for Unit 2) respectively.

The boron injection lines are connected to the injection lines of HP ECCS downstream the containment
isolation valves.

As proposed in the LTSIP, i.3.4.7, accident analyses will be performed to prove the sufficiency of
the existing boron injection systems in case of secondary pipe ruptures.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is related to the "small series" units at SNPP and the proposed measure addresses
the safety concern of the issue.

However, consideration should be given to verify the sufficiency of the boron injection system with
respect to multiple steam line break and ATWS requirements (see issues AA OS, AA 13).
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REVIEW AREA / ISSUE NUMBER : Systems 17 (S 17)

ISSUE TITLE: Feedwater supply vulnerability ("small series" specific safety issue)

ISSUE RANK:

SUMMARY OF DISCUSSION:

As stated in Issue SI3, an auxiliary SG feedwater system has been installed at Unit 1 and is planned
to be completed for Unit 2 during the next outage (1996).

The two auxiliary feedwater pumps can restore feedwater supply in case of failure of the main
feedwater pumps using the hot water storages of the main feedwater tank. The emergency feedwater
system is located separate from the auxiliary feedwater system outside the turbine hall. However, the
three emergency feedwater pumps (EFWP) are not complete separated from each other and could be
lost due to common causes, such as flooding in case of a service water line rupture.

The supply lines of all three emergency feedwater pumps are connected to two feedwater headers
providing feedwater supply to all four steam generators. The emergency feedwater system is not
connected to the main or auxiliary feedwater systems.

As stated by the counterpart, the emergency feedwater system is qualified in accordance with the on-
site seismic requirements. After a first review of the system, it seems that the emergency feedwater
supply lines are not endangered by a main feedwater or main steam line break, but needs to be
validated (see Issue IH 7).

The emergency feedwater storages (3x1000 m3) are heated up to 60° C to minimize thermal shocks
to the steam generators.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is related to "small series" units at SNPP.

With respect to the location of the EFWP and the lack of independence of the three emergency
feedwater trains it is recommended to perform a comprehensive analysis with respect to the potential
risk of common cause failures.

The results of these analyses would permit decisions to be taken on further upgrading measures.
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REVIEW AREA / ISSUE NUMBER : Systems 18 (S 18)

ISSUE TITLE: Functional and physical separation of the ECCS
("small series" specific safety issue)

ISSUE RANK:

SUMMARY OF DISCUSSION:

Some basic principles, such as physical and functional separation between redundant systems important
to safety, have not been fully applied due to the lack of proper rules and standards during the design
phase of "small series" WWER-1000 NPPs.

In particular, most of the equipment of the three ECCS trains, such as the HP boron injection pumps,
the core cooling pumps and containment spray pumps are located in one room below the containment
floor.

In case of any component failure such as a leak in the fluid retaining boundary or at any valve
spindle seal or pump packing, the complete ECCS would be at risk of failure due to adverse
ambient conditions (see issue S 6).
Furthermore, there is a potential risk of internal flooding in case of a service water pipe rupture in
this area.

With respect to functional separation requirements, it should be noted that specific design features
such as common storage tanks and suction lines of redundant ECCS trains (Unit l.TJ), common
injection lines with the HP core cooling system or the single letdown line for primary side
residual heat removal do not comply with current design principles as required in national and
international rules applied for systems evaluation.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is related to "small series" units but not addressed in the LTSIP.

It is recommended to perform a comprehensive safety analysis whether the safety function(s)
would be provided in the long-term post accident period, taking into account the potential risk of
common cause failures or adverse interaction between redundant trains.

Consideration should be given to the aspects of physical and functional separation of the ECCS
related electrical and I&C equipment.

The results of PSA studies which are under progress would permit decisions to be taken on further
upgrading or compensatory measures to improve the reliability of the ECCS.
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REVIEW AREA / ISSUE NUMBER : Systems 19 (S 19)

ISSUE TITLE: Limited boron add storages for HP injection

("small series" specific safety issue)

ISSUE RANK:

SUMMARY OF DISCUSSION:

In the event of LOCA the HP and LP emergency core cooling pumps (TJ10/20/30 D01,
TH10/20/30 D01) as well as the boron injection pumps (TJ13/23/33 D01) are started automatically
by corresponding safeguard actuation signals.
In the first stage, the HP and boron acid pumps are connected to a storage tank for high concentration
boric acid (Unit 1: 1x150 m3, Unit 2: 3x100 m3).
After supplying the high concentration boric acid inventories to compensate coolant leakages and to
provide sufficient subcriticality for safe shutdown of the plant, the HP injection pumps are switched
over to the ECCS storage tanks TH10/20/30 B01 (3x500 m3), which feed the LP ECCS and
containment spray pumps.

After injection the available ECCS boric acid inventories, the primary circuit should be sufficiently
deenergized by secondary side cooldown to provide the operating conditions for the LP core cooling
pumps. Otherwise , long-term post-LOCA core cooling could be interrupted due to the limited boric
acid inventories for HP injection.

In contrast to the WWER-1000 standard model 320, the HP safety injection pumps cannot be operated
in a closed-loop circuit via the containment sump

CONCLUSIONS AND RECOMMENDATIONS

The safety issue is related to "small series" units but not addressed in the LTSIP.

It is recommended to perform a safety analysis taking into account the specific requirements for long-
term core cooling in case of SB LOCA. Consideration should be given to possible failure combinations
and time margins for compensatory manual actions.

The results of these analyses would permit decisions to be taken on necessary upgrading measures.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and Control 1 (I&C 1)

ISSUE TITLE: I & C reliability

ISSUE RANK: II

SUMMARY OF DISCUSSION:

Much of the instrumentation and controls in the SNPP is based on an older technology than is found
in many western plants. The design life of this original equipment is ten years. Since Unit 1 started
up in 1982 and Unit 2 started up in 1984, the equipment which has not been replaced is beyond its
design life. The plant staff is fully aware of this and has begun replacing the gear based on the failure
rate of the equipment and its importance to plant reliability. When a major system is upgraded most,
if not all of its instrumentation is replaced. As a result of this process, much of the plant
instrumentation has already been replaced.

The maintenance programme also addresses the age of the equipment. All of the instrumentation is
inspected every year at a minimum. Safety related equipment is serviced every 2 to 3 months as part
of the scheduled maintenance programme. It is also inspected any time the unit is down for three days
or more regardless of the scheduled maintenance programme. The maintenance procedures are very
detailed and comprehensive but do not require signoffs that individual steps have been performed.
The only indication that the procedure has been performed is the signature on the procedure results
form. When an instrument has been inspected and it passes it gets stamped with the inspector's
personal stamp and sealed with a wax seal to prevent tampering. Part of the plant monthly operations
report is a list of the failures which occurred during the month. All instrumentation which is not in
service is kept in rooms which are either occupied or locked and sealed. The doors to these rooms
are, or will be, alarmed in the main control room.

There is a comprehensive system for reporting and tracking equipment failures. Each plant
department maintains an equipment failure log which identifies which instrument failed. The cause
of the failure is analyzed and measures to prevent future failures are taken. If the failure is in a safety
system a committee is formed to analyze the cause. The committee creates a report which is sent to
the regulatory body, the manufacturer of the instrument and to other Ukrainian nuclear power plants.

If an instrument channel is an input to the plant computer it is monitored for being within range, for
loss of power supply and for excessive oscillation. If any of these occur, there is a visual and audible
alarm in the main control room.

The maintenance and failure tracking and control system is very good. As a consequence, the
occurrence of failures and unplanned plant transients is comparable with western units. Some contact
oxidation and wire insolation degradation was observed, but the gear appeared to be still serviceable.
However, as the instrumentation continues to age, the maintenance effort to keep it functioning
properly will grow.

In addition to many process control and protection instruments the following systems/instruments have
been added or replaced:

the excore nuclear instrumentation system for both units
the turbine control system for both units
the main generator monitoring system for Unit 2
the control rod drive mechanism power system on Unit 1
rod position indication on Unit 1
the incore nuclear instrumentation system on Unit 2
phase 1 of the installation of the Westinghouse unit information system is nearly complete on
Unit 1, phase 2 will be completed in 1997
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the boron concentration meters on both units
the plant computer for Unit 1 has been upgraded
the equipment which trips the plant on high seismic activity on both units
reactivity meters for both units

The following additions/replacements are planned:

the main generator monitoring system for Unit 1 (not in LTSIP)
the control rod drive mechanism power system for Unit 2 (not in LTSIP)
the rod position indication system on Unit 2 (not in LTSIP)
the incore nuclear instrumentation system for Unit 1 (in LTSIP)
the Westinghouse unit information system for Unit 2 (not in LTSIP)
an upgrade of the plant computer for Unit 2 (in LTSIP)
the steam generator water level control system for both units (not in LTSIP)

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.

Maintenance/inspection procedures which require each step to be initiated when it is performed should
be considered.

Consideration should be given to formalizing the overall plan to improve and upgrade the plant
instrumentation and control systems and include it in the LTSIP.

60



REVIEW AREA/ISSUE NUMBER: Instrumentation and Control 2 (I&C 2)

ISSUE TITLE: Safety system actuation design

ISSUE RANK: I

SUMMARY OF DISCUSSION:

The safety system consists of three trains, each of which feeds a train of safety system equipment.
Within each train multiple sensor redundancy is used to ensure safety system actuation when needed
and to prevent actuation from a single failed sensor.

The safety concern is the circuits are energize to actuate rather than de-energize to actuate which is
the current standard practice. The concern is somewhat alleviated by the fact that each channel
contains a function generator which is powered from a different power source and which generates
a channel trip signal on loss of power to the channel bistable(s).

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The only reference to the problem
in the LTSIP is in the document providing the current status of the programme. This document states
the problem has not been addressed because it is not sufficiently defined.

Consideration should be given to a de-energize to actuate implementation for the safety systems.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and Control 3 (I&C 3)

ISSUE TITLE: Automatic reactor protection for power distribution and DNB

ISSUE RANK: I

SUMMARY OF DISCUSSION:

The power produced by each fuel assembly is not the same depending on enrichment, the neutron flux
it is exposed to and location in the core, among other factors. Consequently, if the difference in the
neutron fluxes at different core locations gets too high, it is possible that departure from nucleate
boiling could occur at the location with the high neutron flux.

The operator can use the following systems to detect the possible presence of a power distribution
problem:

The plant has an incore thermocouple system which includes 95 thermocouples distributed around the
core. The operator can request a display which shows the position of the thermocouple in the core,
the heat rate of the fuel assembly and the temperature rise of the fuel assembly. If the heat rate
exceeds a setpoint which is different for each assembly, the display for that thermocouple begins
flashing. He can also get a display which shows the highest thermocouple temperatures.

The plant also has an incore neutron flux instrumentation system. This system includes instrumenta-
tion located in 64 fuel assemblies distributed around the core. Each instrumented assembly has 7
detectors located at different heights in the assembly. The operator can request a display for each
instrumented fuel assembly which provides the power density at each of the seven instrumented
locations.

The plant also has an excore nuclear instrumentation system which has 4 channels. Each channel
consists of two detectors, one covering the bottom half of the core and one covering the top half of
the core. The difference between these two signals is indication of a power differential between the
top and the bottom of the core.

The nuclear instrumentation system has been modernized by installing a new system on both units.

The incore nuclear instrumentation system has been modernized by installing a new system on Unit
2.

The incore nuclear instrumentation system will be modernized by installing a new system on Unit 1
in 1996.

The operating crew will use the flux differences from the nuclear instrumentation system and/or the
peaking factors from the incore instrumentation system to detect power peaking problems and respond
accordingly.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.

Consideration should be given to adding an automatic response to adverse power distributions by any
or all of the following:

the reactor control system
the turbine control system
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the protection system

Consideration should be given to adding audible alarms for adverse power distributions to the above
systems.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and Control 4 (I&C 4)

ISSUE TITLE. Human engineering of control rooms

ISSUE RANK: II

SUMMARY OF DISCUSSION:

The main control room and the emergency control room control boards are constructed with a full
active mimic for each system. This makes it very easy to determine the status of the systems at any
given time. However, for many components both the red and the green light were out. The systems
themselves are placed reasonably well on the panels with systems which interface the most relatively
close together. While the Emergency Core Cooling Systems are on their own subpanel, other controls
and parameters which are critical to safety are on other panels with no special demarkation to indicate
their importance. Switches for valves and pumps are identical. There is no way other than reading
the engraving to determine whether a meter is displaying pressure, temperature or flow. There is no
single information display which the operator could use to quickly determine the status of parameters
important to plant safety. The indication of component status is on the mimic near the room ceiling
while the controls for the component are on the panel at approximately belt high.

There is no electrical separation between the main control room and the emergency control room.
A fire in the main control room could cause a short which would make the controls in the emergency
control room inoperable.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measure to
implement a Safety Parameter Display System partially address the safety issue and the intent of the
recommendations given in IAEA-EBP-WWER-05.

Consideration should be given to using meters made by different manufacturers, and, therefore
different in appearance, for different system parameters.

Using different switch handles for pumps and valves and other controls should be evaluated.

Delineating indication important to safety in a special way(using red casings for the meters for
example) should be considered.

Consideration should be given to adding indication of the most important safety parameters
(pressurizer pressure and level for example) to the safety systems panel.

Electrically separating the main control board and the emergency control board is recommended.

Consideration should be given to maintaining the equipment on the control boards more frequently.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and Control 5 (I&C 5)

ISSUE TITLE: Control and monitoring of power distributions in load follow mode

ISSUE RANK: II

SUMMARY OF DISCUSSION:

When operating in the load follow mode plant power is increased and decreased in response to the
demands of the system grid. Decreasing power results in the control rods moving into the core. This
causes an increase in the power produced and neutron flux in the bottom of the core and a decrease
in power produced and neutron flux in the top of the core. Increasing power results in the control
rods moving out of the core. This causes an increase in the power produced and neutron flux in the
top of the core and a decrease in the power produced and neutron flux in the bottom of the core.
The production rate of the neutron absorber xenon, is directly proportional to the power produced.
Therefore, moving power up and down in die core in the load follow mode causes die xenon
concentration in the top and bottom of the core to increase and decrease proportionately. This can
result in the start of xenon oscillations which could result in adverse power distributions.

The operator can use the following systems to detect the possible presence of a power distribution
problem caused by xenon oscillations:

The plant has an incore thermocouple system which includes 95 thermocouples distributed around the
core. The operator can request a display which shows the position of die thermocouple in the core,
die heat rate of die fuel assembly and die temperature rise of die fuel assembly. If die heat rate
exceeds a setpoint which is different for each assembly, die display for that diermocouple begins
flashing. He can also get a display which shows die highest diermocouple temperatures.

The plant also has an incore neutron flux instrumentation system. This system includes instrumenta-
tion located in 64 fuel assemblies distributed around die core. Each instrumented assembly has 7
detectors located at different heights in die assembly. The operator can request a display for each
instrumented fuel assembly which provides die power density at each of die seven instrumented
locations.

The plant also has an excore nuclear instrumentation system which has 4 channels. Each channel
consists of two detectors, one covering the bottom half of die core and one covering the top half of
the core. The difference between these two signals is indication of a power differential between the
top and the bottom of the core.

There are no plans to operate die units in die load follow mode for die foreseeable future.

The nuclear instrumentation system has been modernized by installing a new system on both units.

The incore nuclear instrumentation system has been modernized by installing a new system on Unit
2.

The incore nuclear instrumentation system will be modernized by installing a new system on Unit 1
in 1996.

The operating crew will use the flux differences from die nuclear instrumentation system and/or die
peaking factors from the incore instrumentation system to detect xenon oscillations and respond
accordingly.
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CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.

Consideration should be given to adding an automatic response to adverse power distributions by any
or all of the following:

the reactor control system
the turbine control system
the protection system.

Consideration should be given to adding audible alarms for adverse power distributions to the above
systems.

The operations training programme and plant procedures should be reviewed and, if necessary, revised
to ensure the response to xenon oscillations is correct.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and Control 6 (I&C 6)

ISSUE TITLE: Condition monitoring for the mechanical equipment

ISSUE RANK: I

SUMMARY OF DISCUSSION:

Systems should be installed to monitor the status of major equipment which can affect the safety of
the plant.

The main generator monitoring system has been replaced on Unit 2 and is planned to be replaced on
Unit 1. The existing main turbine monitoring system monitors vibration, bearing temperatures and
shaft displacement. There are plans to replace the systems with more modern systems on both units.
Reactor coolant pump bearing temperature and vibration are monitored. Main boiler feed pump
vibration, bearing temperature and shaft displacement are monitored.

The plans for the Technical Support Center include extensive equipment monitoring capability to
predict possible failure of equipment.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures address
the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and Control 7 (I&C 7)

ISSUE TITLE: Primary circuit diagnostic systems

ISSUE RANK: II

SUMMARY OF DISCUSSION:

Various organizations are developing plans for a number of systems to diagnose primary system status.
The following are some of the diagnostic systems under consideration:

1. A vibration diagnostics system.
2. A loose parts monitoring and identification.
3. A primary leak detection and identification system.
4. An MCP status control system.
5. An acoustics diagnostics system.

The plans for the Technical Support Center include very sophisticated methods of monitoring
component status. These include a system which provides the current status of the reactor, the safety
systems and other major plant equipment in an easily readable form. A system which combines
current component parameters and creates a trend which can be used to predict when a design limit
will be exceeded is envisioned.

As the above systems (and others) become more well defined, they will be evaluated for implementa-
tion at the SNPP.

A programme for monitoring of nozzle thermal loads has begun with some of the equipment already
in service.

The main coolant pump vibration monitoring system is already in service.

A precautionary note is in order. It is easy to spend a lot of time and money developing a diagnostic
system which works well in the laboratory and provides the functions the designer intended but is not
suitable for the plant. After the functional design of the system is completed, it should be reviewed
by plant operations, plant engineering, plant civil engineering personnel and others, as appropriate,
to answer the following type of questions:

Does it provide the function intended for the plant?
Can it be installed in the plant?
Will it withstand the environment in which it will be installed?
Will it be sufficiently reliable to be believed?
What are the human and other resources needed to maintain the system?
Etc.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures (if
implemented) address the safety issue and the intent of the recommendations given in IAEA-EBP-
WWER-05.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and Control 8 (I&C 8)

ISSUE TITLE: Reactor vessel head leak monitoring system

ISSUE RANK: DI

SUMMARY OF DISCUSSION:

The control rod drive mechanisms are installed on the reactor vessel head with two O-rings to prevent
leakage. The current system detects a pressure increase between the O-rings and sounds an alarm in
the control room that a leak is in progress. Experience has shown that this system is unable to detect
small leaks.

An improved reactor vessel head leak system will be installed at Zaporozhe NPP and is planned for
SNPP.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures, when
implemented, address the safety issue and the intent of the recommendations given in IAEA-EBP-
WWER-05.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and Control 9 (I&C 9)

ISSUE TITLE: Accident monitoring instrumentation

ISSUE RANK: II

SUMMARY OF DISCUSSION:

Following the TMI-2 accident it was concluded that it was necessary for the NPP to have
instrumentation for containment pressure, temperature, humidity and radiation which extends well
beyond the normal operating ranges for these parameters. During severe accidents the range of the
normal instrumentation may be exceeded causing the operator to not have the information needed to
respond correctly to the event.

The SNPP does not have this instrumentation but plans to install it. Improved stack vent monitoring
instrumentation has been installed.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures, when
carried out, partially address the safety issue and the intent of the recommendations given in IAEA-
EBP-WWER-05.

A Reactor Vessel Level Monitoring System should be implemented.

A Post Accident Monitoring System should be implemented.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and Control 10 (I&C 10)

ISSUE TITLE: Technical support center

ISSUE RANK: II

SUMMARY OF DISCUSSION:

An on site technical support center exists inside the security fence. It is located in an underground
cellar which is equipped with a filtered ventilation system and telephone communication. A project
is in progress which may ultimately supply this center with access to a site wide computerized data
collection and distribution system. This system will provide the capability to monitor design limits,
safety parameters, safety critical functions and radiation levels within the plant. It is planned that this
system will also have the capability to process information so that it can provide trending of
parameters and thus provide the capability to predict future developments in the event scenario. It
is also planned that this information will be supplied to off-site technical support centers both locally
and at Kiev and ultimately linked to an international data system.

It is planned to add the following sensors to the plant for the purpose of supplying data to the technical
support center:

1. 402 new process sensors (pressure, temperature, flow, etc.) per unit.
2. 66 new radiation monitoring sensors.
3. 9 new meteorological sensors.

These new sensors will be used to supplement the data from existing plant sensors.

At present the whole scheme is in the concept stage and it is unclear how much of it will be completed
and what the timescale is for completion. Currently, work is in progress to create an on-site computer
network which will contain some currently available data from unit three. This will be completed by
the end of 1996. It is unclear when this data will be made available to the on site technical support
center.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures address
the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05. If the
proposed concept is fully realized then the potential exists for a comprehensive technical support
center.

It is recommended that the concept be evaluated and translated into a firm commitment, since the
present technical support center has limited capability to effectively enable emergency management.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and Control 11 (I&C 11)

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

ISSUE RANK: I

SUMMARY OF DISCUSSION:

Both units have condensate polishing systems. During normal operations Unit 1 has approximately
20% of its condensate flow going through the filter and the condensate polishers. The figure for Unit
2 is 50%. The condensate polishing systems are currently operated only manually. Control systems
are being installed to enable the systems to be operated in automatic. In addition to the local
indications of pH, sodium content and oxygen content, the chemistry laboratory has terminals which
are connected to the plant computer. This provides access to dozens of measurements of pH and
conductivity throughout the secondary plant.

Contracts have been signed with western suppliers to provide the following new equipment:

1. A new system to detect sodium in the condenser.
2. A new system to detect oxygen in the condenser.
3. A new system to detect oxygen in the main feedwater system.
4. A new system to detect sodium in the steam generator blowdown.

5. A new system to detect organic matter and chlorine in demineralized water.

A similar level of modernization is planned for the primary.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures address
the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and Control 12 (I&C 12)

ISSUE TITLE: Separation of the primary circuit instrumentation taps to I&C detectors ("small
series" specific safety issue)

ISSUE RANK:

SUMMARY OF DISCUSSION:

Some of the primary instrumentation use a common tap to the component to which it is connected.
These parameters may be used in important control systems or in the protection system. Failure of
the common tap will cause failure of all instruments connected to it and may result in actuation or
non-actuation of one channel of the protection system.

The channels will be separated where safety is affected.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is related to the "small series" units at SNPP. The proposed measures address the
safety issue.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and Control 13 (I&C 13)

ISSUE TITLE: Nuclear instrumentation system channel overlap ("small series" specific safety
issues)

ISSUE RANK:

SUMMARY OF DISCUSSION:

The new nuclear instrumentation systems on Units 1 and 2 have two ranges; one for lower power
levels and one for higher power levels. The ranges overlap to ensure there is always indication of
nuclear power available. However, there is nothing to prevent the operator from continuing to
increase power if the upper range is not functioning.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is related to the "small series" units at SNPP. The safety issue is not addressed in
the LTSIP.

Consideration should be given to automatically stopping a further increase in power if the lower range
power level is above the start of the higher range and the higher range is not indicating the power
level.
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REVIEW AREA/ISSUE NUMBER: Instrumentation and Control 14 (I&C 14)

ISSUE TITLE: Modernization of the control systems to improve diagnostic capabilities ("small
series" specific safety issue)

ISSUE RANK:

SUMMARY OF DISCUSSION:

This section of the LTSIP provides a discussion of a plan to modernize the plant I&C systems to
increase their diagnostic capabilities. The only two systems specifically mentioned are the plant
computers and the incore instrumentation systems. In fact, under a variety of programmes, many plant
I&C systems have been modernized (see issue I&C 1). This section of the LTSIP should be expanded
to include all I&C which is being or is planned to be modernized for any reason and under any
programme. If an integrated approach is not taken to all modernization activities, actions taken in one
programme may conflict with actions taken in another and the safety of the plant could be decreased.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is related to the "small series" units at SNPP. The proposal to modernize the control
systems to improve diagnostic capabilities is contained in the LTSIP.

It is recommended that all plant modernization activities which could affect safety be included in one
safety improvement programme.
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REVIEW AREA / ISSUE NUMBER: Electrical Power Supply 1 ( El 1)

ISSUE TITLE: Off-site power supply via startup transformers

ISSUE RANK. I

SUMMARY OF DISCUSSION:

SNPP is connected to the external grid via three independent switchyards, OPY-750 kV, OPY-330
kV and OPY-150 kV. The generators of Units 1 and 2 TW-1000-4UZ (1000 MW, 24 kV, 1500
RPM) are connected to the 330 kV switchyard by 24 kV/330 kV transformers. The generator of Unit
3 is connected to the OPY-750 kV switchyard by a generator breaker KAG-24 and a 24 kV/750 kV
unit transformer.

An independent reserve electrical power supply is provided by two reserve transformers with a
capacity of 63 MVA and fed from different switchyards (OPY-150 kV, OPY-330 kV) for Unit 1 and
2, and by two reserve transformers with power supply from the 330 kV switchyard for Unit 3
respectively. Power supply the four 6 kV station service busses (BA01, BB01, BC01 and BD01) which
supply the three emergency power busses, during normal operation is provided by two 24 kV/6 kV
transformers with a single capacity of 40 MVA.

In case of a turbine trip, power supply to the station service busses will be restored from the related
reserve transformer (transfer within 0.2 sec). If the allocated transformer fails, the station service
busses can be manually changed over to the reserve transformer of the second unit. As stated by the
counterpart, the station service busses can be connected to the common busses in such a way, that
significant consumers of both units could be supplied from any of the two reserve transformers.
However, in case of loss of 330 kV off-site power, power supply to the station service busses of both
Units 1 and 2 is provided by only one reserve transformer fed from the 150 kV switchyard. A failure
of the remaining reserve transformer leads to emergency power mode of both units. Automatic
switch-over of the station service busses from the unit transformer to the related emergency
transformer is initiated either from a low voltage signal, or from a disconnection signal of the 330
kV switchyard unit breakers (fast transfer).

Related to the first recommendation of IAEA-EBP-WWER-05, no plant-specific load balance
calculation have been performed. As stated in the plant response, operational experience has shown
a sufficient reliability and capacity of the auxiliary power sources.

To date no tests on fast generator output decrease to the houseloads have been performed. The
installation of additional reserve transformer capacities at Unit 1 and 2 is not planned.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP, but not addressed in the LTSIP.

It is recommended, to verify the reliability of the plant-grid connection scheme in order to provide
a fully independent off-site power supply to each unit and to keep the main heat sink available for both
units.
The start of emergency diesel generators and of corresponding safety or safety related systems to
restore necessary process functions should be avoided as much as possible (e.g. cold SG feedwater
supply). Consideration should be given to the problem of sufficient capacity of the reserve
transformers, especially in case of grid disconnection of both units.

76



REVIEW AREA / ISSUE NUMBER: Electrical Power Supply 2 (El 2)

ISSUE TITLE: Diesel generator reliability

ISSUE RANK: I

SUMMARY OF DISCUSSION:

Each of the emergency power busses are supplied from a 6 kV station service busses via two
breakers. In the case of loss of off-site power, on-site power supply is provided by three diesel
generators, electrically and physically separated, and started automatically (U<0.25 UN, 2 sec delay).

Each diesel generator unit has an autarkic cooling, lubrication and compressed air system and is
backed up with a fuel storage for 72 hours operation. The compressed air system consists of two
compressed air bottles for four accelerated starts of the diesel engine and is automatically restored by
two compressors.

Functional tests of the diesel generators are monthly performed, two times run-up to synchronization
speed without loading, and one time with initiation of the loading sequence of the related emergency
power consumers. In addition, a parallel operation of the diesel generator with the grid at nominal
power is performed yearly.

As stated in the plant response, test experience has shown a sufficient reliability of the existing
emergency diesel generators. Modifications of the diesel generator lubrication system will be
performed, replacing the electrical heaters of the oil system with a hot-water heating system, in order
to minimize the potential risk of fire hazards inside in diesel generator building. The diesel generators
of Units 1 and 2 are located in a common building.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP, but not addressed in the LTSIP.

With reference to the diesel generator arrangement in a common building and to the single design of
the diesel generator sets including corresponding support systems, it is recommended to evaluate the
risk of common cause failures and, considering the frequency of loss of off-site power, the probability
of a station blackout.
In case of an installation of additional on-site diesel generators (see Issue El 4) consideration should
be given to protect them against the remaining potential common cause failures, i.e. location in a
separate building with sufficient distance to the existing one, functional separation with respect to the
support systems and equipment diversity.
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REVIEW AREA / ISSUE NUMBER: Electrical Power Supply 3 (El 3)

ISSUE TITLE: Protection signals for emergency diesel generators

ISSUE RANK: I

SUMMARY OF DISCUSSION:

In order to minimize spurious trip of the diesel generators on demand, the technological protective
circuits should be designed and implemented such that single failures of sensors or within the
protective circuits could not prevent emergency power supply.

At present, all trip signals for diesel generator protection are established in a single chain
configuration. Besides the electrical winding protections, these are the technical protections of oil
pressure and rotation speed. Rotation speed control is performed by diversitive - mechanical and
electronic- devices. The remaining technological protective circuits provide corresponding alarm
signals only, i.e. can not lead to emergency trip of the diesel.

CONCLUSIONS AND RECOMMENDATIONS.

The safety issue is applicable to the "small series" units at SNPP, but not addressed in the LTSIP.

It is recommended to evaluate the influence of the existing protection circuits on the reliability of the
diesel generator within the planned PSA studies. Based on the results, decision should be taken on the
modification of the existing logic scheme for the technological diesel generator protection.
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REVIEW AREA / ISSUE NUMBER: Electrical Power Supply 4 (El 4)

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

ISSUE RANK: II

SUMMARY OF DISCUSSION:

At present, three emergency diesel generators are installed per Unit 1 and 2. At stated by the plant
experts, pre-investigations on the installation of two additional diesel generators for reliable station
service of both units have already been started. However, corresponding detail feasibility studies will
be performed after the reevaluation of the current situation in the framework of a probabilistic safety
analysis.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP, but not addressed in the LTSIP.

For further improvement of the reliability and safety level of the plant, it is recommended to continue
previous investigation on the installation of two common diesel generators for both units capable to
meet the safety related systems consumption.

Depending on the results of plant specific studies and considering the recommendations given in the
safety issues AA 14, S 13 and El 5, it should be determined whether systems need backup power after
loss of off-site power supplies.
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REVIEW AREA / ISSUE NUMBER: Electrical Power Supply 5 (El 5)

ISSUE TITLE: Emergency battery discharge time

ISSUE RANK: III

SUMMARY OF DISCUSSION:

The three redundant batteries for the uninterruptable power supply of safety consumers (1st category)
have to provide power supply to significant 220 V DC consumers and the corresponding DC/AC
converters during the startup of the diesel generators (15 s). However, in case of any start delay or
a failure of the emergency diesel generators, it is necessary to provide extended battery discharge
capacity in order to increase the time margins for necessary corrective measures.

The batteries for normal operational and emergency electrical and I&C systems are designed for a
discharge time of not less than 30 min. As stated in the plant response, the real discharge time of the
emergency batteries can be assumed to be in a range of 1 h but corresponding discharge time tests
have not been performed to date. In addition, possible interruptions within the battery circuit could
not be recognized due to the lack of corresponding monitoring systems.

During discussion it was noted by the plant experts, a programme has been developed for the
replacement of the emergency batteries at Unit 1 (VARTA). It is assumed, that the new batteries will
provide sufficient capacities to meet the first recommendation of IAEA-EBP-WWER-05, i.e. a
discharge time of at least one hour.

With reference to the third recommendation it was stated by the plant expert, that the battery racks
will be upgraded with regard to new seismic requirements.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures address the
safety issue but the content of the recommendation of IAEA-EBP-WWER-05 is only partly met.

Consideration should be given to provide the new batteries with automatic control equipment to
monitor short circuits, cell cut-offs and the charge status of the batteries.
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REVIEW AREA / ISSUE NUMBER: Electrical Power Supply 6 (El 6)

ISSUE TITLE: Ground faults in DC circuits

ISSUE RANK: I

SUMMARY OF DISCUSSION:

At present, there is no automatic detection of ground faults in DC circuits due to the lack of reliable
tools. The occurrence of ground faults is recognized by the operating staff by emergency alarm
initiated by the monitoring system. However, the detection of the failed or effected bus has to be done
manually.

As stated by the counterpart, ground faults have to be detected within two hours. If a ground fault
cannot be eliminated within 8 hrs, decision has to be taken as to whether the unit has to be switched
off and cooled down (depending on the affected DC consumers).

The development of improved methods and tools for ground fault detection in the DC circuits is under
progress (Status of SNPP design safety issues, i.44).

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP and addressed by the measures
proposed in the LTSIP.
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REVIEW AREA / ISSUE NUMBER: Containment 1 (Cont. 1)

ISSUE TITLE: Containment bypass

ISSUE RANK: II

SUMMARY OF DISCUSSION:

There are different systems whose pipes come through the walls of the containment building. Some
of them are connected directly with the primary circuit or can be connected with it in case of a single
failure.

In general, all the systems connected with the primary system are designed to bear the pressure of this
system during normal operation and, in case of pipe break, outside the containment building, can be
isolated to avoid a loss of water from the primary circuit. But, there are other systems that in case
of a single failure can be connected with the primary circuit and they are not designed for bearing this
pressure. In these cases, the pipes located outside the containment building could break resulting in
a complete bypass of the containment.

This is the case of the rupture of the heat exchanger of the autonomous cooling circuit of the reactor
coolant pump and the primary circuit let down flow after-cooler in the Units 1 and 2. If the tubes of
one of these heat exchanger break a discharge of water from the primary circuit and outside the
containment building could occur in the worst case. This would result in a direct releases of
radioactivity outside the containment and would endanger decay heat removal in the long term, since
the primary water inventory is lost outside the containment.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP. However, the issue will be addressed in the SAR, as required by the Ukrainian regulatory
guide.
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REVIEW AREA / ISSUE NUMBER: Containment 2 (Cont. 2)

ISSUE TITLE: State of containment pre-stressed steel cables ("small series" specific safety issue)

ISSUE RANK:

SUMMARY OF DISCUSSION:

The pre-stressed steel cables have not the attributes providing their tension and maintaining these
effects for a long period of time. The system of the preliminary tension of the pre-stressed steel
cables does not allow to perform the continuous monitoring of their state of tension. In case of
maximum designed accident the designed pressure, which the pre-stressed cables designed for, can
cause the pre-stressed steel cables rupture during the tension.

Therefore it is necessary to justify that the pre-stressed steel cables are tensioned to resist the
conditions in case of maximum design accident and survey periodically their tension.

In SNPP, a pre-stressed steel cables on-line control system is functioning at Unit 3.

A maximum design basis accident calculation has been completed for Unit 1 to specify the maximum
pressure value in the containment and the results have been submitted to the regulatory authorities.

In both Unit 1 and 2, the tension of the fifth part of all the one pre-stressed steel cables is measured
and the tension increased up to design values replacing the cables when it is necessary. In five years,
all the pre-stressed steel cables of both units are supervised.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is related to the "small series" units at SNPP. The proposed measures address the
safety issue.
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REVIEW AREA / ISSUE NUMBER : Internal Hazards 1 (IH 1)

ISSUE TITLE : Systematic fire hazards analysis

ISSUE RANK: II

SUMMARY OF DISCUSSION:

In a NPP there are many components that can be a fire origin generally related with electric
equipments which can dissipate heat, combustible materials as oil, hydrogen, etc.

All these equipment or combustible materials are normally located or could be placed in the different
areas of the plant and could become on origin of fire affecting equipments with the subsequent loss
of safety systems.

Therefore, a systematic fire hazards analysis needs to be performed to identify the different areas
where fires can start and cause damage to safety systems in case of fire spreading. The result of this
analysis lead to take measures to prevent, detect and extinguish fires as also mitigate their effects upon
safety systems.

The first step in such an analysis should be based on plant walkdowns and on expert judgement in
order to identify the areas in which a fire could affect the safety due to the equipments placed inside
or placed in other areas reached by the fire. The existing situation should be compared with current
national regulations NUSS Safety Guide 50-SG-D2 and IAEA-TECDOC-778. The analysis has to
consider the effects of fire in the operation of fire detection and extinguishing systems located in the
different areas of the plant.

This kind of analysis has not been developed yet in SNPP Units 1 and 2 but it will be carried out in
the next year.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.

This systematic fire hazards analysis needs to be carried out prior to a PSA and determine the
measures to prevent fires, where the detection and extinguishing system will be mainly located to
improve the safety and the location of the different elements to mitigate the fire effects.

84



REVIEW AREA / ISSUE NUMBER : Internal Hazards 2 (ffl 2)

ISSUE TITLE : Fire prevention

ISSUE RANK: III

SUMMARY OF DISCUSSION:

In accordance with NUSS Safety Guide 50-SG-D2, an adequate degree of fire prevention is required
to be provided in NPPs. This should be achieved by a defence in depth concept in the design. The
first step in this concept is preventing fires from starting. It means, to reduce as much as possible
the combustible materials and control the different works which can produce a fire.

Thus, to remove combustible materials from the areas in which safety equipment are placed is a good
practice. This is the reason to eliminate the oil lubrication system of the reactor coolant pumps. The
control of all the different combustible located in the plant and works with risk of fire is an other
prevention measure.

For instant, there is no decision about changing the reactor coolant pumps or modifying their
lubrication system in order to avoid fires due to oil, but both possibilities are going to be analyzed.
A system of fire detectors has been placed inside the reactor building.

The Kharkov Institute (KI) is going to analyze the effect of fire in cables in one control room and the
impact on the functioning of the remaining control room in relationship with the safety. The
conclusions of this study will be sent to all NPPs to take them into account.

The study to separate the four 6 kV main distribution boards into two parts will be carried out by KI
during the next year, improving or additionally installing fire detection systems, suitable fire
protection systems and fire barriers with an appropriate fire resistance class. Other possible alterna-
tives will be taken into account during the development of the study.

A probabilistic safety analysis to quantify the core damage frequency resulting from fires in the cable
spreading rooms will be carried out by the plant during the next two years based on the results of IH
1.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of recommendations given in IAEA-EBP-WWER-05.

All the measures about fire prevention should be implemented after the performance of the systematic
fire hazards analysis.

A strict control of possible combustibles inside the plant should be performed.
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REVIEW AREA / ISSUE NUMBER : Internal Hazards 3 (IH 3)

ISSUE TITLE : Fire detection and extinguishing

ISSUE RANK: II

SUMMARY OF DISCUSSION:

In accordance with NUSS Safety Guide 50-SG-D2 an adequate degree of fire protection is required
to be provided in NPPs. This should be achieved by a defence in depth concept in the design. The
second step in this concept is detecting and extinguishing quickly those fires which do start.

The fire detection and alarm system has to be designed and qualified for DBA conditions and internal
and external hazards to ensure in case of such abnormal conditions its capability to detect a fire or
provide the alarm.

The fire extinguishing systems have to be chosen according with the different equipment to protect.
Thus, in MCR, ECR and others I&C rooms equipped with electric and/or electronic devices and
having an area more than 20 m2, fixed automatic gas system has to be used. For fire water supply
systems, the redundancy of water supply systems should be ensured and the source of water for fire
extinguishing systems inside the containment should be safety graded.

At SNPP Units 1 and 2 the work planned for fire detection and extinguishing system modification is
being carried out. This programme includes:

development of a plan to modify fire detection and extinguishing system inside the containment
building
a project to modify the turbine hall roof fire extinguishing water pipes
a fire alarm system installed at the compartments of the integrated switchyard KRU-6 and KRU-
9 in Units 1 and 2

The fire water supply system of Units 1 and 2 is different from that of WWER-1000 model 320. This
system has six pumps which take water from two tanks of 2000 m3 each. Four of them are electrical
pumps and two of them are diesel driven. They operate in parallel to maintain the pressure in the
general collector, that supply water to all the different points of the system.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.

Due to the difference between the fire water supply system of Units 1 and 2 and WWER-1000 model
320, an analysis about the redundancy of the water supply system should be made.

Fixed automatic gas systems should be installed in MCR, ECR and others I&C rooms.
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REVIEW AREA / ISSUE NUMBER : Internal Hazards 4 (ffl 4)

ISSUE TITLE: Mitigation of fire effects

ISSUE RANK: II

SUMMARY OF DISCUSSION:

In accordance with NUSS Safety Guide 50-SG-D2, and adequate degree of fire protection is required
to be provided in NPPs. This should be achieved by a defence in depth concept in the design. The
third step in this concept is preventing the spread of those fires which have not been extinguished
minimizing their effect on safety functions.

To mitigate the effects of a fire it is necessary to assure that the fire remains inside the area in which
it started during a sufficient period of time to take additional measures to extinguish it or protect the
equipments against the fire effects.

Fire doors, seals and dumpers avoid the fire spreading through the doors, electrical and mechanical
penetrations in the walls or ventilations ducts. Overlayers protect the components against the fire
effects.

Based on a plant walk-down, the following deficiencies have been detected:

the fire doors are not fully in compliance with the fire protection rules, they have to remain
closed and their position have to be supervised
the seals of penetrations and connections between fire areas do not exist or are defective
the cables of redundant trains are not separated
no adequate fire dampers in ventilation ducts are installed
no adequate curbs are located to avoid oil spreading

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.

The following improvements should be carried out:
the fire doors not in compliance with the fire protection rules should be replaced
the seals of penetrations between fire areas should be done
the cables of redundant trains should be separated or overlayers used for covering them
adequate fire dampers should be installed
adequate curbs should be placed to avoid oil spreading

The use of fire doors, seals, overlayers and dampers in the different areas of the plant should be a
consequence of the systematic fire hazards analysis (IH 1).

87



REVIEW AREA / ISSUE NUMBER . Internal Hazards 5 (ffi 5)

ISSUE TITLE: Systematic flooding analysis

ISSUE RANK: I

SUMMARY OF DISCUSSION.

Floods could be a common cause failure of different equipment leading to loss of safety functions.
Therefore, a systematic flooding analysis should be done.

This analysis begins with a plant walk-down to identify:

location of the equipments important to safety
path or connections between areas with equipments important to safety (holes, drains, doors,
etc.)
systems containing water or steam which can discharge them into these areas
protective features as sump alarms, barriers against water pass, isolation possibilities, etc.

These information permit to determine the highest possible water level in rooms were safety
equipments are installed and the capability of the different sources of water to spray electrical and I&C
equipment.

In SNPP, this kind of analysis has not yet been carried out, but a study about circulation system pipes
rupture inside turbine building has been developed. Pipe routings that could affect safety systems have
been identified as service water pipes in the area of emergency feedwater pumps which are submitted
to special surveillance.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The safety issue is not addressed
in the LTSIP.

The issue needs to be addressed to determine spray water effects inside containment and the
circumferential building next to the reactor as well as floods into the area where emergency feedwater
pumps are located.



REVIEW AREA / ISSUE NUMBER : Internal Hazards 6 (IH 6)

ISSUE TITLE: Protection against flood for emergency electric power distribution boards

ISSUE RANK: II

SUMMARY OF DISCUSSION:

The 6 kV, 0.4 kV and DC emergency power distribution boards are located within different rooms
of the circumferential building next to the reactor. Above these rooms, automatic fire extinguishing
systems are located. In case of actuation of these systems, the water can enter into the rooms and
affect the power distribution boards.

To protect these boards against the drippings, metal roof structures have been mounted. But water may
flood these rooms because no drain system is installed.

CONCLUSIONS AND RECOMMENDATIONS:

The issue is applicable to the "small series" units and SNPP. The safety issue is not addressed in the
LTSIP, but the issue needs to be addressed.

A drain system should be installed to remove the water from these rooms in a controlled way.
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REVIEW AREA / ISSUE NUMBER : Internal Hazards 7 (IH 7)

ISSUE TITLE: Protection against the dynamic effects of main steam and feedwater line breaks

ISSUE RANK: II

SUMMARY OF DISCUSSION:

The WWER-1000/320 emergency feedwater system consist of 3 independent trains. The first train
can supply either steam generators 2 and 4 or after valve alignment, steam generators 1 and 3. The
two other trains each supply one steam generators (1 or 4 for the second train, 2 or 3 for the third
train).

The emergency feedwater line supplying steam generators 1 and 4 runs close to one main steam pipe
and one main feedwater pipe. In case of a rupture either in the steam pipe or in the main feedwater
pipe the emergency feedwater supply to the steam generator 1 and 4 may be lost by pipe whip. It is
unacceptable, a steam line rupture should not result in the loss of the feedwater supply to 2 steam
generators.

In Units 1 and 2 at SNPP, the emergency feedwater system differs from that of WWER-1000/320.
It has 3 pumps each one can supply either steam generators 1, 2, 3 or 4 and 2 pumps have to be
running in normal operation each one supplying water to 2 steam generators. The analysis of the
emergency feedwater pipes routing shows that these pipes and the main steam or main feedwater pipes
are close only inside the reactor building and above the elevation +22.80 meters. In these areas the
relative position between them do not allow that a break in main steam or main feedwater pipes can
affect the emergency feedwater pipes.

The four emergency feedwater pipes which supply water to the steam generators run closely in some
sections inside the reactor building.

Moreover, main steam and main feedwater pipes of different steam generators could be affected each
others in case of break inside the reactor building and in the section located between the reactor
building and turbine building due to whip effect.

A detailed analysis about whip effect between main steam and main feedwater pipes should be carried
out combined with issue CI 6.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is not applicable to the "small series" units at SNPP. The design differs from that
of the standard model.

The different design of the emergency feedwater system should be taken into account in accident
analysis.
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REVIEW AREA / ISSUE NUMBER : Internal Hazards 8 (IH 8)

ISSUE TITLE: Polar crane interlocking

ISSUE RANK: II

SUMMARY OF DISCUSSION.

The polar crane in the reactor building lacks adequate interlocks at the WWER-1000 plants.
Interlocking is required to prevent the simultaneous transport of heavy loads over the reactor or spent
fuel pool and to avoid a possible decoupling of the crane forks and hooks leaving drop heavy loads
upon the different components located inside the reactor building and under the polar crane.

The drop of heavy loads could lead to damage the core cooling capabilities or affect the spent fuel
pool integrity.

This situation happened in SNPP Unit 2 due to a human error. The decoupling of the load during the
transportation fortunately did not have consequences.

To ensure protection against erroneous operator action during load transportation two push buttons
are located in the polar crane control panel which have to be simultaneously pushed to decouple the
load. These push buttons are physically separated and placed in the opposite sides of the panel.

Procedures have been implemented to establish the routing of each load above the elevation +38. lm
inside the containment building, in order to minimize the damage in case of load dropping.

A study is being carried out to automatize this process by the Kharkov Institute (KI) and to avoid
human errors.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures address
the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.
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REVIEW AREA / ISSUE NUMBER: Internal Hazards 9 (IH 9)

ISSUE TITLE: Turbine missiles ("small series" specific safety issue)

ISSUE RANK:

SUMMARY OF DISCUSSION:

During plant operation, a break of the turbine rotor could produce high energy missiles with the
capability to damage safety equipment.

At Units 1 and 2 of SNPP, the turbine is positioned parallel to the main control room and the reactor
building so that turbine missiles can affect the control room or the integrity of the reactor building
and the safety related equipments located therein.

The plant experts admit that the problem exits but, for the moment, no measures have been taken.

CONCLUSIONS AND RECOMMENDATIONS.

This safety issue is related to the "small series" units at SNPP. The issue is not addressed in the
LTSIP.

The probabilities and effects of turbine missiles on the main control room, the reactor building and
the safety related equipment located therein should be evaluated.

92



REVIEW AREA / ISSUE NUMBER : External Hazards 1 (EH 1)

ISSUE TITLE: Seismic design

ISSUE RANK: II

SUMMARY OF DISCUSSION:

In 1989 the SNPP site was investigated by the Ukraine Academy of Science Institute of Geophysics
resulting that Units 1 and 2 are located in the 5th degree area with zero degree growth. The
maximum seismic hazard is equal to 6 degrees and all the different seismic structures have been
designed with these basis. That is not in accordance with current international practice which indicate
that a minimum value of 0. lg associated with an appropriate design response spectra should be used
as seismic design basis. The plant experts agree about this point and state that not all the buildings
were seismic designed such as:

pneumatic drives building
fresh fuel building
diesel generators building
service water cooling towers
deaerator tanks area.

By the moment, no plan to re-evaluate the different structures have been stabilished.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures do not
address the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.

The seismic design basis should be re-evaluated in accordance with the current international practice.

The SNPP structures, components and distribution systems should be assessed for new design basis
earthquake and upgraded if it is required.
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REVIEW AREA / ISSUE NUMBER : External Hazards 2 (EH 2)

ISSUE TITLE: Analysis of plant specific natural external conditions

ISSUE RANK: I

SUMMARY OF DISCUSSION:

In accordance with NUSS Safety Guide 50-C-S, proposed sites are required to be adequately
investigated with respect to all characteristics that could affect safety in relation to design basis natural
events.

The SAR stablishes that the different buildings and structures placed in the plant site are designed for
wind overload of 95 kg/m2 (120 km/h) and snow overload of 50 kg/cm2. According to the plant
experts, these overload can be reached in case of big snow storm and provoke the roof fall affecting
the equipment located inside the building (i.e. emergency feedwater system, main feedwater system
service water system, etc.).

The same report analyze the failure of the reservoir dam and do not pay attention to big rains,
tornados, droughts or low temperatures.

The plant experts pointed out that low temperatures at the plant site could produce overload of ice in
the cables of the general distribution net and break them. The loss of external power supplies requires
the functioning of diesel generators during a long period of time.

Therefore, it is planned in frame of the SAR development to perform analysis of the SNPP site natural
conditions.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures address
the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.

A re-evaluation of the reservoir dam failure should be done according to the new design basis
earthquake.

An analysis of the cables resistance in case of the overload should be carried out.
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REVIEW AREA / ISSUE NUMBER : External Hazards 3 (EH 3)

ISSUE TITLE: Man induced external events

ISSUE RANK: I

SUMMARY OF DISCUSSION:

The different buildings of SNPP may be vulnerable to external man-induced events which generate
extreme "blast" and "impact" type loading or its personnel affected by toxic products. According the
plant experts, explosives are stored near to the plant due to the construction of a reservoir next to the
river. The distance to the nearest railway is 3 km and the nearest gas pipe line is placed 8 km far
from the plant.

There are no chemical industries near to the plant site or fluvial transportation. A military airport is
located 40 km distance from the plant site. One important high road passes as close as 0.7 km the
plant site and all kind of materials can be transported through it.

The analysis of the man-induced external events was done within the initial SAR and additional
analysis is planned to be carried out in frame of the final SAR. An automated NPP access control
system has been installed and a programme of the SNPP physical protection has been developed.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.

A source map for man-induced events in the site vicinity should be done and periodically updated.

Strict administrative measures should be implemented to keep the sources of external events under
control.
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REVIEW AREA/ISSUE NUMBER: Accident Analysis 1 (AA 1)

ISSUE TITLE: Scope and methodology of accident analysis

ISSUE RANK: II

SUMMARY OF DISCUSSION:

A regulatory guide "Requirements on the content of safety analysis report for the existing WWER
NPPs in the Ukraine" was approved by the Nuclear Regulatory Administration (NRA) and
Goskomatom of the Ukraine and put into force on 27 November 1995. Two chapters (Chapters 4 and
5) in the guide contain the requirements on the scope and methodology for performing analyses of
design basis accidents (DBA) and beyond design basis accidents.

Each unit of WWER NPPs operating and constructing in the Ukraine is required to prepare the safety
analysis report (SAR) including the accident analysis, according to the Ukrainian regulatory guide.

The requirements for the accident analysis include:

classification of initiating events
a list of initiating events
selection of initial conditions
boundary conditions
calculation methods
format of presenting the results, etc.

The accident analyses included in the existing TOB (version 1991) of the SNPP Unit 1 and 2 do not
meet the requirements of the new regulatory guide.

The SNPP Unit 1 is decided to be the reference Unit to prepare the SAR for the "small series" units,
and then the SAR will be adapted to the SNPP Unit 2, taking into account the design differences.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP. However, it is decided to be addressed within the framework of the preparation of SAR.

It is recommended that the issue be included in the safety improvement programme.
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REVIEW AREA/ISSUE NUMBER: Accident analysis 2 (AA 2)

ISSUE TITLE: QA of plant data used in accident analysis

ISSUE RANK: I

SUMMARY OF DISCUSSION:

According to the information provided by the Ukrainian counterparts, the quality of the accident
analysis for the SNPP Unit 1 will be ensured by a QA programme which is to be established before
the work. The data collection, documentation and verification are to be controlled.

The Nuclear Regulatory Administration (NRA) has the requirements regarding the QA programme,
which has to be established for every safety-related activity.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP. However, it is expected to be implemented in the accident analysis.

It is recommended that QA procedures and the six recommendations made by IAEA-EBP-WWER-05
be included in the safety improvement programme.
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REVIEW AREA/ISSUE NUMBER: Accident Analysis 3 (AA 3)

ISSUE TITLE. Computer code and plant model validation

ISSUE RANK: I

SUMMARY OF DISCUSSION:

Two categories of computer codes are to be used in the accident analysis. The Russian design codes
have been validated by Gidropress and submitted to Gosatomnadzor of Russia for review and
approval. The Ukraine will be informed regarding the status of the validation and of the approval for
the use of computer codes in Russia. The western computer codes are to be validated via the
Ukrainian participation in the standard sample problems programme for all WWER NPPs and OECD
matrix verification programme.

Some western codes, i.e. RELAP, CONTAIN, MELTCORE etc. are already available for use in the
Ukraine.

The regulatory guide "Requirements on the content of safety analysis report for the existing WWER
NPPs in the Ukraine" in its Section 2.5 requires that the information regarding the validation of
calculation methods and computer codes used in the safety analysis be presented in the safety analysis
report.

The Nuclear Regulatory Administration of the Ukraine does not require its approval for the use of
computer codes, but it does supervise the validation process.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP.

However, the issue will be addressed in the SAR, as required by the Ukrainian regulatory guide.
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REVIEW AREA/ISSUE NUMBER: Accident Analysis 4 (AA 4)

ISSUE TITLE: Availability of accident analysis results for supporting plant operation

ISSUE RANK: I

SUMMARY OF DISCUSSION:

Since the accident analyses contained in the TOB are for licensing purpose, and they do not
completely meet the needs of development and verification of the operating procedures, the SNPP has
contracted to RRC Kurchatov Institute, Gidropress and Energorisk some best estimate analyses. The
results of these analyses will also be used in the training to enable the operator to better understand
the accident scenarios and the expected results of the prescribed operator actions.

Energorisk of the Ukraine is performing the Level 1 PSA for the SNPP Unit 1. The RELAP 5 and
CONTAIN codes are to be used to make best-estimate calculations, since the analyses done in the
TOB are based on the conservative assumptions and can not be used for supporting operating
procedures.

RRC Kurchatov Institute and Gidropress provided a report "Guidance on the control of beyond design
basis accidents for the SNPP Unit 1 and 2". Ten initiating events recommended for consideration by
the former Soviet Union Ministry of Power in 1991 for the beyond design basis accidents were
included in the report. The Guidance provides the symptoms and operator actions for each of the
initiating events. It was told by Russian expert that the report was developed based on the calculations
of initiating events. The results have not been used by the plant to develop emergency operating
procedures.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP.

It is recommended that further efforts be made by the plant and the issue be included in the safety
improvement programme.
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REVIEW AREA/ISSUE NUMBER: Accident Analysis 5 (AA 5)

ISSUE TITLE: Main steam line break analysis

ISSUE RANK: I

SUMMARY OF DISCUSSION:

The results of analysis of the main steam line break contained in the TOB of the SNPP Unit 1 showed
that a return to power of 43% could occur at 50 s after the initiating event. PBJa-89 does not allow
the recriticality of the core after an initiating event.

According to western practice, recriticality itself is allowed if it does not lead to unacceptable damage
to fuel rods. Typical criteria require a minimum DNB ratio above a prescribed limit, with the
assumption of a control rod stuck in its fully withdrawn position plus a single failure in the safety
systems designed to protect against this event.

The main steam line break accident is to be recalculated in the course of safety analysis report
preparation.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP. However, it will be analyzed in the safety analysis report, as required by the Ukrainian
regulatory guide.

It is recommended that the issue be included in the safety improvement programme.

Considering that four main steam lines and four main feedwater lines run closely to each other outside
the containment and that each two main steam lines run closely for about 30 m inside the containment,
more than one steam line break scenario should be analyzed.
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REVIEW AREA/ISSUE NUMBER: Accident Analysis 6 (AA 6)

ISSUE TITLE: Overcooling transients related to pressurized thermal shock

ISSUE RANK: II

SUMMARY OF DISCUSSION:

The overcooling transients is required to be analyzed by the Ukrainian regulatory guide. The list of
overcooling transients related to pressurized thermal shock should be developed, based on the list of
design basis accidents and beyond design basis accidents. The plant experts indicated that the five
examples of initiating events recommended in IAEA-EBP-WWER-05 will be included in the analysis
of overcooling transients. It is very important to ensure that the worst transient directly linked with
the pressurized thermal shock has been correctly determined.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP. However, the issue will be addressed in the SAR, as required by the Ukrainian regulatory
guide.

It is recommended that the issue be included in the safety improvement programme. Consideration
has to be given in the establishment of the list of transients for integrating those which could lead to
brittle fracture of the reactor pressure vessel (RPV). In the review of the technical specifications and
operational procedures, specific attention has to be given to those preventing a brittle fracture of the
RPV. Detailed information related to this problem must be integrated to define these revisions.
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REVIEW AREA/ISSUE NUMBER: Accident Analysis 7 (AA 7)

ISSUE TITLE: Steam generator collector rupture analysis

ISSUE RANK. II

SUMMARY OF DISCUSSION:

Analysis of SG collector rupture with a break size of 100 mm equivalent diameter has been performed
by Gidropress and the result was presented in the TOB (1991 version) of the SNPP Units 1 and 2.
The analysis indicates that operator actions should be taken at 15 min after initiation of the event, i.e.
open BRU-A, venting of primary circuit, open safety valves on the pressurizer etc., in order to
terminate break flow and to avoid the excess loss of water inventory. However, OPB-88 requires no
operator action within 30 min after initiation of an event.

The LTSIP of the SNPP Units 1, 2, 3 does not include the measures related to this issue. Therefore,
there are no details about how to solve the issue. However, the modernization programmes of other
WWER-1000 units in the Ukraine included this issue and can be used as an useful reference. The
following example was included in the Khmelnisky NPP Unit 2 programme.

The Khmelnitsky NPP has confirmed that the primary to secondary leakage including single and multi-
tube failures of SG and SG collector cover opening will be re-evaluated. Also included in the item
are the analysis of dynamic effects and a justification of the maximum rupture size of the SG collector.
It was stated that:

the time duration of the simulation will be increased up to reaching the safe state or up to
stabilization of the parameters
the single failure criteria will be applied (worst case to be defined)
adherence to the acceptance criteria will have to be demonstrated
the necessity to consider a possible collapse of the steam line will be evaluated
a calculation of both the core behaviour and the radiological consequences will be performed
and
the recommendations made by Riskaudit during their review process for Unit 3 will be
considered
Additionally, in view of the results obtained, the accidental procedure will be revised.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP. However, it will be addressed in the SAR, as required by the Ukrainian regulatory guide.
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REVIEW AREA/ISSUE NUMBER: Accident Analysis 8 (AA 8)

ISSUE TITLE: Accidents under low power and shutdown (LPS) conditions

ISSUE RANK: II

SUMMARY OF DISCUSSION:

Analysis of accidents during shutdown conditions for the SNPP Units 1, 2 has not been considered
by the plant. Up to now, no definitive list of initiating events exists. Several accidents during
shutdown conditions were already analyzed, for example, a dropping of the container with spent fuel
assemblies. A procedure to prevent boron dilution during the refuelling, transportation and storage
of the spent fuel exists, which was developed on an engineering analysis of possible diluted or pure
water sources (see RC 1).

At the moment, there is no internationally accepted approach to accident analysis for shutdown
conditions. The IAEA plans to publish "Guidelines for analysis of accidents during shutdown modes
of WWER NPPs" in early 1997 (WWER-SC-165).

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP.

It is recommended that analysis of accidents during shutdown conditions be included in the safety
improvement programme.
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REVIEW AREA/ISSUE NUMBER: Accident Analysis 9 (AA 9)

ISSUE TITLE: Severe accidents

ISSUE RANK: I

SUMMARY OF DISCUSSION:

The report "Guidance on the control of beyond design basis accidents for the SNPP Units 1 and 2"
provided by the RRC Kurchatov Institute and Gidropress contains ten initiating events with event
symptoms and operator actions to be taken. It was told by the Russian expert that this report was
developed based on calculations. The ten initiating events are the following:

SBLOCA with failures of HPI and LPI
MBLOCA with failures of HPI and LPI
LBLOCA with failures of HPI and LPI
PRISE with BRU-A and SG safety valves stuck open
RHR pipe rupture with failure of isolation valves
LBLOCA with failure of closure of ventilation system (duct diameter 400 mm)
total loss of electrical power
main steam line break at the non-isolable part with failure of RHR system
rupture of SG collector with failure of HPI and EFW
failures of heat removal from secondary side and of LPI

The report has not been reviewed and approved by the Nuclear Regulatory Administration (NRA).
Therefore, the results have not been used by the plant to develop emergency operating procedures.

The Ukrainian regulatory guide "Requirements on the content of safety analysis report for the existing
WWER NPPs in the Ukraine" in its Chapter 5 requires the analysis of beyond design basis accidents
(BDBA). A list of initiating events is recommended in the appendix to Chapter 5.

total loss of electrical power
SBLOCA with failure of HPI
SBLOCA with failures of HPI and LPI
SBLOCA with total loss of electrical power
MBLOCA with failure of HPI
MBLOCA with failures of HPI and LPI
LBLOCA with failure of HPI
LBLOCA with failures of HPI and LPI
LBLOCA with failure of containment spray system
ATWS
total loss of feedwater
PRISE (SG cover lifting) with BRU-A stuck open
main steam line break
LOCA with failure of bubbler condenser (WWER-440)

The SNPP Units 1 and 2 are required to submit safety analysis reports (SAR) according to the
Ukrainian regulatory guide to the NRA in order to get the license for operation. The work on the
analysis of BDBA for Units 1 and 2 have not been started because of financial problems.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP. However, it will be addressed in the SAR, as required by the Ukrainian regulatory guide.
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REVIEW AREA/ISSUE NUMBER: Accident analysis 10 (AA 10)

ISSUE TITTLE: Probabilistic safety assessment (PSA)

ISSUE RANK: I

SUMMARY OF DISCUSSIONS:

The Unit 1 PSA is being performed by Energorisk of the Ukraine under a contract from the SNPP.
The scope of the PSA includes level 1 plus radioactivity release. The work will be finished at the end
of 1996. However, it is postponed for one year because of financial problems. So far, 35% of the
work volume has been completed, including reliability data base (collected from Unit 1), system
analysis, input deck for RELAP 5 and CONTAIN codes, and 2 event trees. After grouping, 18 initial
events were decided.

The PSA results from Unit 1 are planned to be adapted to Unit 2.

The Ukrainian regulatory guide in its Chapter 6 requires the performance of PSA for each unit, as
a part of the safety analysis report.

The LTSIP includes the performance of PSA for Units 1 and 2. The PSA is considered as a
complementary method to the deterministic analysis.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is addressed in the
LTSIP.

It is recommended that a first peer review of the Level 1 PSA of Unit 1 be performed by an
independent review team, such as IPERS of the IAEA, on the PSA work done so far, in order to
ensure that PSA is properly developed with respect to scope and technical quality.
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REVIEW AREA/ISSUE NUMBER: Accident Analysis 11 (AA 11)

ISSUE TITLE: Boron dilution accidents

ISSUE RANK: I

SUMMARY OF DISCUSSION:

A systematic analysis of the boron dilution accidents has not yet been planned by the SNPP for the
Units 1 and 2.

The plant has procedures for preventing boron dilution during refuelling, transportation and storage
of spent fuels. However, procedures for other shutdown conditions have not been well developed.

The purpose of the IAEA recommendation is to identify the causes of rapid, non-uniform boron
dilution that cause a damaging core power excursion, and ensures that operating, emergency and
maintenance procedures are prepared and followed in a way that prevents these events from occurring.

On the basis of investigation performed on water sources, specific instruction and procedure should
be developed.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP.

It is recommended that the issue be included in the safety improvement programme and that SNPP
follow the international practice to manage boron dilution accidental of the water slug type including
appropriate accident analysis to provide additional operator support for mitigative actions.
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REVIEW AREA/ISSUE NUMBER: Accident Analysis 12 (AA 12)

ISSUE TITLE: Spent fuel cask drop accidents

ISSUE RANK: I

SUMMARY OF DISCUSSION:

The TOB (1991 version) of the SNPP Unit 1 has presented the results of analysis of spent fuel cask
drop accidents with acceptable radiological consequences.

This analysis is expected to be checked and updated, if necessary, in the preparation of SAR.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue was already considered
in the TOB, therefore, it was not addressed in the LTSIP.
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REVIEW AREA/ISSUE NUMBER: Accident Analysis 13 (AA 13)

ISSUE TITLE: Anticipated transients without scram (ATWS)

ISSUE RANK: II

SUMMARY OF DISCUSSION:

The Ukrainian regulatory guide in its Chapter 4 requires the analysis of anticipated accidents without
scram (ATWS). The following initiating events should be considered:

loss of feedwater
loss of off-site power
loss of AC power
turbine trip and

inadvertent closure of fast-acting isolation valves

ATWS analysis is not available at SNPP Units 1 and 2.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP. However, it will be addressed in the SAR, as required by the Ukrainian regulatory guide.

It is recommended that ATWS accident analysis activities be initiated as soon as possible, in order to
be able to implement measures as early as possible. For this purpose guidance is provided by the
recent IAEA report on "Anticipated Transients without Scram for WWER-1000 Reactors", WWER-
SC-186.
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REVIEW AREA/ISSUE NUMBER: Accident Analysis 14 (AA 14)

ISSUE TITLE: Total loss of electrical power

ISSUE RANK: II

SUMMARY OF DISCUSSION:

The Ukrainian regulatory guide in its Chapter 5 requires the analysis of total loss of electrical power
as one of the beyond design basis accidents.

Such an analysis is not available either in the TOB or at the plant. The six diesel generators of SNPP
Unit 1 and Unit 2, each having three diesel generators, are located in one building with six separate
rooms. This layout may cause common failures by some internal hazardous events.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The issue is not addressed in the
LTSIP. However, it will be addressed in the SAR, as required by the Ukrainian regulatory guide.

In view of the possible need for improvement, it is recommended that studies be started as soon as
possible.
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REVIEW AREA/ISSUE NUMBER: Accident Analysis 15 (AA 15)

ISSUE TITLE: Total loss of heat sink

ISSUE RANK: II

SUMMARY OF DISCUSSION:

The Ukrainian regulatory guide in its Chapter 5 requires the analysis of LOCA with failures of high
pressure and low pressure injection. The loss of low pressure injection can be caused either by the
failure of essential service water which is related to heat sink or by the low pressure injection pumps
or else.

The analysis of total loss of heat sink is not available either in the TOB or at the plant. At the SNPP
Units 1 and 2 heat from the essential service water system (3 x 100% trains) is removed by nine air
cooling towers in three groups.

CONCLUSIONS AND RECOMMENDATIONS:

The issue is applicable to the "small series" units at SNPP. The issue is not addressed in the LTSIP.
However, it will be addressed in the SAR, as required by the Ukrainian regulatory guide.

110



REVIEW AREA /ISSUE NUMBER: Operating Procedures 1 (Oper. Pro. 01)

ISSUE TITLE : Procedures for normal operation

SUMMARY OF DISCUSSION :

User-friendly procedures have been developed for unit startup and shutdown to various predetermined
hot and cold shutdown states. They were approved for use earlier this year and were successfully
used during the current Unit 1 shutdown. They consist of step-by-step format and require sign-off
for each step. Additionally, an alarm response procedure has been prepared and is under review.
A standard has been prepared for the preparation of new procedures and its contents include the
following features:

must be approved by design organization
must be consistent with other associated procedures
must be prepared and verified by separate individuals
must be reviewed by other work groups such as radiation protection
must be approved according to the National Standards and Regulations
surveillance requirements must be identified
must be followed by all shops
must be followed strictly
warnings must be given before actions
work must be performed in the sequence identified in the procedure
devices to be operated must be specifically named
must be periodically reviewed

This procedure contains many desirable requirements. However most of the current operating
procedures do not meet this standard and no programme was identified to upgrade all of them.
Temporary operating procedures are written to a special standard which was said to be equivalent to
the new procedure writing guide.

General order number 1 which is the primary list of work for each year, indicates that post
maintenance testing procedures, which comply with this standard, will be prepared for Unit 3. It is
intended to modify similar procedures for Units 1 and 2 in the future, however there are no specific
plans to upgrade these operating procedures next year.

CONCLUSIONS AND RECOMMENDATIONS :

The safety issue is applicable to the "small series" units at SNPP. The proposed measures address
the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.

It is recommended that the operating procedures currently in use be scheduled for upgrading to this
standard as soon as practical.
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REVIEW AREA /ISSUE NUMBER: Operating Procedures 2 (Oper. Pro. 02)

ISSUE TITLE : Emergency operating procedures

SUMMARY OF DISCUSSION:

Symptom Based Emergency Procedures are not available at SNPP and there is no firm schedule for
producing them. It is planned that when the Zaporozhe EOPs have been completed that they will be
adapted for use at SNPP initially on Unit 3 and ultimately on Units 1 and 2. It was stated that the
necessary supporting calculations have been completed and a procedure writing team has been
designated, however no money is designated to pursue this project once the Zaporozhe EOPs are
available. No further action on symptom based procedures is planned, but an update of the current
event based procedures is planned to start soon. The current event based emergency operating
procedures are mainly used for training and the operators are expected to deal with emergencies from
memory, although they are expected to comply with the current emergency procedures. Alarm
response procedures have ben prepared in draft form and are currently being reviewed.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures address
the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05. However
there is no official schedule for carrying out the necessary improvements.
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REVIEW AREA /ISSUE NUMBER: Operating Procedures 3 (Oper. Pro. 03)

ISSUE TITLE . Limits and conditions

SUMMARY OF DISCUSSION:

The limits and conditions for Units 1 and 2 were initially compiled in one document, called the
Technical Regulations for Plant Safety, in 1990. The limits and conditions for Unit 3 are currently
being upgraded with the assistance of the Gidropress Institute in Moscow. It is planned that the Unit
1 and 2 limits and conditions will be upgraded once the Unit 3 programme is complete. These limits
and conditions only take into account normal operating conditions, but have considered operating
experience. The limits and conditions are readily available to the staff who require to use them from
the technical archives and they are reflected in the Technical Regulations available in the shift office.
It was stated that the technical explanation which justifies the limits and conditions is adequate.

Operability requirements for the safety chains have been established.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures address
the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05. However
there is no official schedule for carrying out the necessary improvements.
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REVIEW AREA /ISSUE NUMBER: Management 1 (Man. 01)

ISSUE TITLE: Need for safety culture improvements

SUMMARY OF DISCUSSION:

In 1993 plant management issued a declaration which defined the basic principles governing the way
in which the plant should be operated. These principles include a statement that safety is the
responsibility of the plant staff, rather than the regulator, and that safety must be an individual
requirement of all plant personnel. These principles are amplified in the Standard Regulations for the
plant, which include statements such as: any mistake can cause an accident; safety is a higher priority
than production; reporting of errors will not be punished; personnel will be promoted and rewarded
for a high level of job performance; management will support initiatives to improve safety; and
maintenance should be carried out before equipment failure.

A monthly meeting is held which incorporates many of the desirable features of a plant safety
committee and discusses items such as personnel errors, safety related improvements and
documentation control. A daily meeting is held between the shift supervision and the senior plant
managers to discuss detailed activities over the previous 24 hrs and plans for the next 24 hrs. The
input to this meeting is a 6 page form, which was described as being a detailed written summary of
plant status.

Unit 2 control room was inspected and there were no alarms in, which is an indicator of good plant
maintenance. During a 2 h discussion in the control room very few alarms were received. A plant
inspection indicated few examples of leaking equipment in the areas visited, however plant cleanliness
could be improved and was of particular concern in areas containing sensitive equipment, such as
pressure transmitters. Inside Unit 1 containment, which was in an outage, there is an excessive
amount of loose equipment and debris, which could result in partial blockage of the screens on the
water recovery system, or become missiles during an accident. Additionally, many examples of
equipment covers being left off during equipment maintenance were noted allowing possible ingress
of foreign material to systems.

Statistics were presented which showed a decreasing number of reactor trips in recent years on Units
1 and 2, and Unit 3 has not had an unplanned reactor trip for 3 years.

Operators were stated to have the right to question directions which they believe will negatively impact
on plant safety, but there was no indication that a self checking programme was in place to assist in
preventing individual errors.

CONCLUSIONS AND RECOMMENDATIONS :

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of the recommendations given in IAEA-EPB-WWER-05.

Although many of the elements of an effective safety culture programme are in place at the
management level, it is recommended that the inclusion of a self checking programme be considered
and that plant cleanliness and foreign material control and exclusion practices be upgraded.
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REVIEW AREA /ISSUE NUMBER: Management 2 (Man. 02)

ISSUE TITLE: Experience feedback

SUMMARY OF DISCUSSION:

SNPP has a structured operations experience feedback programme, utilizing both internal and external
experience. The process is coordinated by the plant Chief Engineer, with the Deputy Chief Engineer,
Nuclear Safety, taking prime responsibility. National regulations exist for reporting criteria to the
regulatory body, and the utility has clear internal reporting criteria. National standards have been
developed for incidents and accidents analysis but they are not consistent with IAEA standards. The
SNPP procedures for operational experience feedback specify the classes of incidents that must be
investigated by an investigation commission or a departmental investigation. Investigation
commissions are usually headed by the Deputy Chief Engineer. According to these procedures, the
resulting report must include a root cause analysis and corrective actions, using the ASSET
methodology.

The individual Ukrainian NPPs have the status of independent utilities, as a consequence of the 1993
Declaration, and experience feedback from outside organizations (WANO, IAEA IRS, and other
WWER operators) comes directly to SNPP without analysis or screening. This means that each
station must perform its own screening of events for relevance to the WWER reactors at that station.
Incident reports from some former Soviet states come with recommendations or corrective actions that
are often directly applicable. In any case, these reports are assembled into a package with the
operations feedback form attached, and the whole package is circulated to a pre-determined list of
responsible staff who must sign that they have received it and if necessary, formulated further
corrective actions or recommendations. At the end of this cycle, the package is sent to relevant
section heads who delegate the implementation of the corrective actions. The proposed work is then
added to the schedule for the following year, or in some cases to longer term programs. Urgent work
is scheduled in the current year. At present there is no procedure for the tracking or evaluation of
the effectiveness of corrective actions. However, a draft agreement has been prepared for the supply
of an event actions tracking database.

The " 1993 Declaration on Safety" states that no staff member should be punished for personnel errors
providing they report the error promptly.

The plant received an ASSET mission in 1995.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures properly
address the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.
However there is no firm schedule for carrying out the improvements and no plan for a system to
evaluate the effectiveness of the corrective actions.
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REVIEW AREA /ISSUE NUMBER: Management 3 (Man. 03)

ISSUE TITLE. Quality assurance programme

SUMMARY OF DISCUSSION:

The basic principle of quality assurance (QA) at the plant is that it is the responsibility of the people
doing the work. QA consists of 3 steps which are: quality is assured by the performer, checked by
the foreman and confirmed by the supervisor. The main function of the quality assurance group at
the plant is to supply documentation to support the conduct of quality work. Although, at present,
there is no standard for quality assurance at the national level, all the nuclear plants in the Ukraine
are co-operating in the production of a comprehensive set of QA procedures, based on ISO 9001.
SNPP is concentrating on 5 areas which are considered vital to their organization. They are
maintenance, material procurement, operation, training and fire protection. The programme has been
in progress for 3 years and all 5 areas are being pursued concurrently. A QA procedure for reactor
maintenance was presented, which is now in service with the maintenance department. The use of
QA procedures is mandatory. There appeared to be no programme which set targets for completion
of this work, but it was thought that the maintenance programme might be complete in 3 or 4 years.
There was stated to be good management backing of the QA programme, but resources are limited
at the station and only 4 people are assigned to the core QA group.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of the recommendations given in IAEA-EPB-WWER-05.

It is recommended that the plant should consider whether some quality assurance checks would be
desirable periodically by the QA group to ensure that appropriate standards are being achieved.
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REVIEW AREA /ISSUE NUMBER: Management 4 (Man. 04)

ISSUE TITLE: Data and document management

SUMMARY OF DISCUSSION:

All data and documents are currently stored on paper which is aging and becoming difficult to read.
Documents cannot easily be found, resulting in reports taking excessive preparation time. Documents
are stored at several locations in the plant and are not always well protected against fire damage. The
system to ensure that out of date documents are not used should be improved. As part of the TACIS
programme, a computerized documentation management system is being provided and will be ready
to start optical scanning of documents in June 1997.

Training records are kept with each individual having an individual qualification card with a backup
record keeping system.

No comprehensive configuration management system appears to be in place to ensure that all plant
documentation accurately reflects the status of the plant at all times and is consistent with the design
configuration.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issues is applicable to the "small series" units at SNPP. The proposed measures address
the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05.

However consideration should be given to protecting the documents more effectively against fire.

A comprehensive configuration management system should be implemented especially to prevent plant
modifications being implemented before appropriate justification, documentation, quality assurance,
procedures and training have been prepared and approved.
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REVIEW AREA /ISSUE NUMBER: Plant Operations 1 (Plant Oper. 01)

ISSUE TITLE: Philosophy on use of procedures

SUMMARY OF DISCUSSION:

Management policy requires plant personnel to comply with procedures. The normal operating
procedures, surveillance test procedures and emergency operating procedures are all carried out from
memory by the operating staff. This practice is accepted by management because of the high level
of education and training of the control room staff and also because of the difficulty in using the
current procedures due to their non user-friendly format. Startup and shutdown procedures were
recently issued in May 1996 and they have a step-by-step format which requires sign-off on
completion of each item. However the individual items in these plans refer to the operating manuals,
which are carried out from memory. There are no plans to upgrade the normal operating procedures
so that they can be consistency used by the operators, however an alarm response procedure has been
prepared in draft format for Units 1 and 2, to enable the operators to easily determine the appropriate
response to alarms.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of the recommendations given in IAEA-EPB-WWER-05.
Although there is an intent to upgrade procedures so that they can be used more effectively to comply
with management policy on the use of procedures, there are no firm commitments to do this.
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REVIEW AREA / ISSUE NUMBER: Plant Operations 2 (Plant Oper. 02)

ISSUE TITLE: Surveillance programme

SUMMARY OF DISCUSSION:

The surveillance programme for safety system testing consists of the following elements: scheduled
testing, post maintenance testing and surveillance testing after component failure. The programme
is controlled by one group at the plant, called the Equipment Adjusting Department, which ensures
that these tests are coordinated and controlled. This group ensures that every surveillance test is
carried out on time and that the results are properly documented. The test programme is based on
the requirements of the Technical Regulations. The results are recorded indicating the Technical
Regulation reference, the criteria for success and the actual test results. Each safety system test is
carried out monthly as required by the regulator. Acceptable deviations from the desired readings
have been determined and test results are plotted to ensure that they lie within these acceptable
deviation bands. Any unsatisfactory test result is brought to the attention of the Assistant Chief
Engineer, Maintenance. Long term trending of the test parameters is carried out so that maintenance
can be planned before a parameter drifts outside the acceptable limits. Unavailability criteria are
defined in the Technical Regulations. Some testing is carried out during outages, if the component
cannot be tested at power. The testing frequency is fixed and no analysis is carried out, or planned,
to determine if the optimum test frequency is being used. Additionally no review is planned to
determine the effects of plant ageing on the optimal test frequency. The tests are carried out by the
operators and there is no requirement to follow a step-by-step procedure. The completed test is signed
by both the operator and the shift supervisor, however an operator indicated that these tests are
normally completed from memory. The tests are supervised by the responsible engineer and it was
stated that he ensures that the correct sequence is followed during testing. A compliance testing
schedule is planned for development next year.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of the recommendations given in IAEA-EPB-WWER-05.

Consideration should be given to periodically analyzing the test frequency to ensure that it is optimized
both from the point of view that sufficient testing is being carried out to ensure the desired system
availability and that the equipment is not being over tested, thus contributing to early wear out.
Additionally the introduction of step-by-step test procedures with sign-off of each individual unique
step would give additional assurance that the test is correctly carried out.
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REVIEW AREA /ISSUE NUMBER: Plant Operations 3 (Plant Oper. 03)

ISSUE TITLE: Communication system

SUMMARY OF DISCUSSION:

The communications systems include dial telephones, a direct prompt system, which enables single
button communication with key personnel from the control rooms, a partially effective loud speaker
system and the use of mobile telephones to contact operators in areas where the loud speaker system
is not effective. During emergencies, the off-site communication is carried out by the plant shift
supervisor using the normal off-site telephone system. All control room telephone communications
are automatically recorded on tape. The normal and emergency communications systems are routinely
tested. There was one incident in 1995 at the plant which was partially caused by difficulties in using
the current communication system. There is a site-wide computer network under consideration which
would result in the ability to transmit plant data directly to the emergency control centre and to off-site
centres. Although plans are in place to start this system using unit 3 data, there are no firm plans to
complete this system on Units 1 and 2. There are no other plans to upgrade the communications
system.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of the recommendations given in IAEA-EPB-WWER-05.

The plant should review the effectiveness of its communications systems and plan to upgrade them as
necessary, so that verbal communication can be assured between the control room and field personnel
both during normal operation and during emergencies.

As soon as possible, the conceptual studies to improve the transmission of data to and from the control
room should be followed by a plan to complete the necessary work on Units 1 and 2.
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REVIEW AREA /ISSUE NUMBER: Radiation Protection 1 (Rad. Prot. 01)

ISSUE TITLE: Radiation protection and monitoring

SUMMARY OF DISCUSSION:

SNPP has radiation control regulations which are consistent with national regulations which were last
updated in 1987. It was not known whether these regulations were consistent with ICRP 60. Off-site
releases were shown to be more than an order of magnitude below the allowable releases. The
principles of ALARA were understood and were considered when writing the plant specific radiation
protection instructions. However, some elements of a comprehensive ALARA programme are not
in place. For example, the individual dose target for adult male workers is 4.8 rem per year,
essentially the same as the 5 rem regulatory limit; there is no dose equalization policy; there are no
lifetime dose limits; there is no target collective dose for the plant; there are no mock-up facilities to
train personnel on dose intensive work; and, as at many plants, there are difficulties in getting
personnel to consistently follow radiation protection procedures. Some examples of this problem
observed during a visit to the radiation controlled areas were, evidence of smoking in the reactor
building, inconsistent use of protective equipment, poor change procedures and people allowed into
the reactor building without film badges. Due to a dose intensive modification programme, more than
100 persons received doses of between 4 and 5 rem in 1995 and there are personnel at the site with
lifetime doses exceeding 100 rem who are still carrying out radioactive work. The total plant dose
for the three units in 1996 is expected to be approximately 800 rem.

The remote monitoring instrumentation for in-plant monitoring of dose rates and system activity levels
is still the original installed system but it provides adequate results and 90% of the measuring devices
are in service. Sufficient portable instruments are available for normal and emergency use, although
some difficulty is experienced in getting spare parts from the supplier in Russia.

Environmental monitoring is carried out by a plant laboratory located at the local town called
Yuzhnoukrainsk. It has equipment for routine and emergency environmental monitoring. An area
covered by a 20 km radius from the plant is routinely monitored. Air, water, ground water,
precipitation, fish, milk, plants, and animals are sampled according to a schedule defined by a national
standard for off-site monitoring.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of the recommendations given in IAEA-EPB-WWER-05.

Additional attention to the application of ALARA principles is recommended.
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REVIEW AREA / ISSUE NUMBER. Training 1 (Training 01)

ISSUE TITLE: Training programmes

SUMMARY OF DISCUSSION:

A national concept of personnel training and qualification is being developed in the Ukraine with the
assistance of western experts and it is planned to be completed this summer. Programmes are
continuing to be developed at SNPP which are consistent with this national concept. The training
centre's programmes include both initial and continuing training and the training needs of operators,
maintainers and supervisory/ management staff are addressed. A five year improvement plan is
currently in progress and it includes the development of a new training centre utilizing the unused Unit
4 reactor building site, development and installation of a full scope simulator for Unit 3 (expected to
be ready for operation in 1998), initial development work on a full scope simulator for units 1 and
2, implementation of a systematic approach to training for key operating positions, the use of compact
simulators for operator training and the computer programmes for training. More than 100 courses
are currently computer-based and 13 more are planned to be transferred to a computer base this year.
It was estimated that approximately 200 courses will ultimately be computer based. Some of these
courses were demonstrated and found to be of a good modern concept.

Experienced staff have been recruited as instructors and are trained in instructing techniques. It was
stated that there is no difficulty in recruiting sufficient qualified staff. The current training staff level
of 37 persons is being increased by 13 this year in preparation for the implementation of the Unit 3
simulator into the training programme.

Although it was stated that the plant staff are trained to comply with procedures, it was also stated
that the operators are expected to operate from memory, particularly in emergencies, and it was
recognized that the current emergency operating instructions are not ideal

Continuous training of maintenance personnel is carried out, at the rate of about 8 courses a year, and
initial training consists mainly of on the job training, enhanced by some basic training courses in
radiation and industrial safety. Due to the large number of skill groups and maintenance personnel
(2000 personnel and 170 job categories), only key maintenance tasks are planned to have training
courses based on a systematic approach to training. Only very limited facilities currently exist on site
for mock-up training of maintenance staff. A facility is being built at Zaporozhe NPP, which will be
shared by SNPP. This facility will include mock-ups of primary coolant system components.

Training is provided for supervisors and managers on a continuing basis and includes such subjects
as safety culture, management techniques, leadership, accident analysis and nuclear and radiation
safety. These training sessions take place on a monthly basis.

Feedback is sought from supervisors following training sessions to ensure that training is appropriate
and training is modified as necessary.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures partially
address the safety issue and the intent of the recommendations given in IAEA-EPB-WWER-05.

However many of the more advanced features of the training programme are concentrated on Unit 3
and more focus is necessary on Units 1 and 2. Also, operators are trained to follow procedures from
memory and symptom based emergency operating procedures will not be available for training for
some time.
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Contractor training is mainly the responsibility of contractors and further training by plant staff is only
by request, with the exception of radiation and industrial safety training.
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REVIEW AREA /ISSUE NUMBER: Emergency Planning 1 (Emerg. Plan. 01)

ISSUE TITLE: Emergency centre

SUMMARY OF DISCUSSION:

An on-site emergency response centre exists inside the security fence. It is located in an underground
cellar which was found to be equipped with a filtered ventilation system and telephone communication.
It is capable of housing the emergency management team, the technical support team and up to 90
other support personnel for three days. The main off-site centre is at Kiev and was said to be a well
equipped facility. Training of the management staff and tests of the communication system are carried
out on a weekly basis. A project is in progress which may ultimately supply this centre with access
to a site-wide computerized data collection and distribution system. This system will provide the
capability to monitor design limits, safety parameters, safety critical functions and radiation levels
within the plant. It is planned that this system will also have the capability to process information so
that it can provide trending of parameters and thus provide the capability to predict future
developments in the accident scenario. It is also planned that this information will be supplied to off-
site emergency control centres both locally and at Kiev and ultimately linked to an international data
system. At present the whole scheme is in the concept stage and it is unclear how much of it will be
completed and what the time scale is for completion. Currently, work is in progress to create an
on-site computer network which will contain some currently available data from unit three and this
will be completed by the end of 1996. It is unclear when this data will be made available to the on-
site emergency control centre.

CONCLUSIONS AND RECOMMENDATIONS:

The safety issue is applicable to the "small series" units at SNPP. The proposed measures address
the safety issue and the intent of the recommendations given in IAEA-EBP-WWER-05. If the proposed
concept is fully realized then the potential exists for a comprehensive emergency centre.

It is recommended that the concept be evaluated and translated into a firm commitment, since the
present emergency control centre has limited capability to effectively enable emergency management.
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LIST OF ABBREVIATIONS

AC alternating current
ALARA as low as reasonable achievable
ASSET Assessment of Safety Significant Events Team
ATWS anticipated transients without scram
BDBA beyond design basis accident
BRU-A steam dump valve to the atmosphere
DBA design basis accident
DC direct current
DNB departure from nuclear boiling
EC eddy current
ECCS emergency core cooling system
ECR emergency control room
EFW emergency feedwater
EOL end of life
EOP emergency operational procedure
HP high pressure
I&C instrumentation & control
ICRP International Commission on Radiological Protection
IRS Incident Reporting System
ISI in-service inspection
LBB leak before break
LOCA loss of coolant accident
LP low pressure
LPS low power and shutdown conditions
LTSIP long term safety improvement programme
MBLOCA medium break LOCA
MCP main coolant pump
MCR main control room
NFMS neutron flux monitoring system
NPP nuclear power plant
NRA Nuclear Regulatory Administration (Ukraine)
OECD Organization for Economic Co-operation and Development
OSART Operational Safety Review Team (IAEA)
PRISE primary to secondary system leakage
PRZ pressurizer
PSA probabilistic safety analysis
PTS pressurized thermal shock
QA quality assurance
RBMK light water cooled, graphite moderated, channel type reactor (Soviet design)
RCS reactor coolant system
RHR residual heat removal
RPV reactor pressure vessel
SAR safety analysis report
SBLOCA small break LOCA
SG steam generator
SNPP South Ukraine NPP
TOB Technical justification report of plant safety (Russian equivalent of PSAR)
US ultra sonic
WANO World Association of Nuclear Operators
WWER Water cooled water moderated energy reactor (Soviet design)
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ANNEX 1

COMPOSITION OF THE SOUTH UKRAINE SAFETY REVIEW MISSION TEAM

Bastin, S. International Atomic Energy Agency

Benitez, F. Empresarios Agrupados (Madrid), Spain

Dale, H. Westinghouse Electric Corporation, USA

Hoehn, J. International Atomic Energy Agency

Lin, C. International Atomic Energy Agency

Mueller, B. Siemens AG/KWU, Germany

Rieg, C-Y. EdF, France

Taylor, R. International Atomic Energy Agency
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ANNEX 2

LIST OF UKRAINIAN COUNTERPARTS AND THEIR CONSULTANTS

Astahov, S.A.

Balakan, G.

Benkovskiy, L.L.

Boretskiy, K.J.

Bronnikob, A.G.

Bykov, V.A

Bykov, V. A.

Cherednikiv, V.

Denisov, V.A

Dirih, V.

Ersak, V.L.

Fokin, S.

Fuks, V.P.

German, A.

Grechanyi, A.J.

Grishin, V.N.

Gromov, G.V.

Guzovsky

Ivashin, O. G.

Jinger, A.

Jurchenko.V.A.

Kalyuzhnyi

Karelina, N. S.

Katelenits, V.

Kiyashko.V.S.

Kooshnirov, A.

Kotelenets, V.

Kovaleva, N.

Krivonosov A. K.

Kubrakov, N.

Kurochkin, A.

Kurotschkin, A.

Kushelevsky, A.

RRC Kurchatov Institute, Moscow

Shift Supervisor, Unit 1, SNPP

Nuclear Regulatory Administration (NRA), Kiev

Kharkov State Research and Design Institute, Main Engineer, SNPP

Leading Engineer of Licensing, Reliability and Safety, SNPP

Deputy Chief Engineer, SNPP

Deputy Chief Engineer, Nuclear Safety, SNPP

Foreman

Deputy Director General, SNPP

Chief, Equipment Adjusting Department, SNPP

Deputy Reactor Shop Unit 3, Superintendent, SNPP

Shift Supervisor (Safety Systems), SNPP

General Director, SNPP

Chief, Information System Department, SNPP

Deputy Turbine Shop Unit 3, Superintendent, SNPP

Manager of Licensing Reliability and Safety Department, SNPP

Energorisk, Kiev

Engineer, Control Rod Drive, SNPP

Leading Engineer of Licencing, Reliability and Safety Dep., SNPP

Nuclear Regulatory Administration (NRA), Kiev

Engineer Responsible for Ventilation Systems, SNPP

Reactor Shop, Shift Head, SNPP

Interpreter

Section Chief, Licensing, SNPP

Chief Production & Technical Division, SNPP

Planned Outage Department, Senior Foreman, SNPP

Licensing, Reliability and Safety Department Section, SNPP

Interpreter

Chief Engineer, SNPP

Interpreter

Deputy Head, Electrical Department, SNPP

Chief Deputy Electrical Shop, SNPP

Deputy Head Planned Outage Department, SNPP
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Leskov, S.U.

Levitsky, V.

Malahov, I.V.

Marshevsky, M.

Melnik, P.J.

Nadezhda, E.

Norejka, N.F.

Pasechnik, Y.P.

Petrenko, A.

Pluchik, O.

Polognijuk, I.

Prokopiev, A.

Ruban, Y. P.

Ryzhkov, B.

Scovorodko, V.

Shumilov, V.V.

Shvets, V.

Soodakov, A.

Sumion, V.

Tkachenko, S. S.

Tryascin, O.

Tsurenko , B.U.

Vershinin, B.P.

Vybornov, S.V.

Zebet I.R.

Zerkal, A.

Zyzak, W.M.

Head, Quality Assurance Section, SNPP

Deputy Head of Metals & Welding Laboratory, SNPP

Head of Metals & Welding Laboratory, SNPP

Deputy Chief Engineer, Electrial Shop, SNPP

Deputy Chief Planning Department, SNPP

Equipment Adjusting Department, SNPP

Licensing Realiability and Safety Department, Engineer I Kaf, SNPP

Licensing, Reliability and Safety Department Section, SNPP

Leading Engineer of Licensing Reliability and Safety, SNPP

Engineer on Duty, CIS

Shop Deputy Chief Thermal Metering and Automation, SNPP

Leading Engineer, Reactor shop 1 (Units 1 and 2), SNPP

Manager, Radiation Protection, Department, SNPP

Deputy Chief Engineer, Maintenance, SNPP

Kharkov State Research and Design Institute, Chief Engineer, Subdivision

of Electrial Part, Kharkov

Interpreter, International Relations Department, SNPP

Kharkov Research and Design Institute, Leading Engineer, Kharkov

Superintendent, SNPP

Electrical Shop Shift Superintendent, SNPP

Interpreter

Head of Vibration Diagnostic Lab, SNPP

Manger, International Relations Department, SNPP

Manager of Engineer Support, SNPP

Training Centre Head, SNPP

Deputy Director General Security Part, SNPP

Interpreter

Reactor Shop Shift Superintendent, SNPP
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