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Foreword

General comments of the Ukrainian party

The Riskaudit nb 7 report presents interest for the Ukrainian organizations since it has been
made by a group of independent experts from Western European countries representing
technical organizations specialized in the support of regulatory bodies of those countries. It
represents a preliminary estimation of the Ukrainian W E R B 213 and B 320 reactors, based
on the example of Rovno NPP, analysed with a Western practice.

This common work contributed to the mutual understanding of the criteria and approaches to
identify technical safety issues. It also provides direction for further cooperation between
Eastern and Western organizations to further analyse key safety issues and also to perform
additional analysis and research on safety.

Specialists from Ukrainian and Russian organizations participated to the working groups
involved for each technical item of the report. The summarized reports which are presented
hereafter were agreed upon by Western and Eastern experts. In case of different opinions exist
on some issues, the viewpoints of both side are presented with the corresponding
argumentation.

Main comments are the following :

1. Majority of the recommendations stated in this report corresponds to the objectives and
programmes developed in Ukraine for WER's reactors. The implementation of such
programmes are planned for the nearest future. The main difficulties for implementation are
linked with the unavailability of some equipments in Ukraine or Russia, and also with
financial resource situation.

2. For some safety issues, further studies are needed before decision and possible
implementation of upgrading measures. Cost benefit approach would be needed to support
decisions.

3. It is noted that some remarks and recommendations are caused by the impossibility to
present the full range of documents and substantiation (including those kept in Russian
Organizations) of Rovno (or similar) units to the Consortium. Shortage of time and
unsolved organizational and financial questions including difficulties between Russian and
Ukrainian organizations have not permitted to present and to consider these materials.

4. The performed expert evaluation using Western practices is undoubtedly useful. However,
at the same time, the following should be taken into consideration for future activities :

- the basis to perform safety analysis of Ukrainian NPP's should be the regulation valid in
Ukraine associated with elements of Western methodologies and practices,

- the expediency of additional measures implementation comparing to the national norms
requirements must be technically substantiated by their contribution to safety raising.



Ukrainian side considers the cooperation with Western organizations is necessary in the
following spheres :

- to make special analysis and substantiation on different directions presented in the
Riskaudit report nb 7, and included in the national "Rovno Project"

- to render assistance in implementation of the urgent measures on raising the safety of
units 1, 2 and 3 of Rovno NPP.

These comments were presented and discussed with Western leaders which, for most of them
agreed upon.
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1 INTRODUCTION

1.1 GENERAL FRAME

In the framework of the TACIS programme, the Commission of the European Community
(CEC) signed a contract with RISKAUDIT IPSN/GRS International establishing a first phase
Safety Evaluation Contract for W E R 440/213, Rovno units 1 - 2, and W E R 1000/320
Rovnounit3. '

This project which was proposed by the Ukrainian Nuclear Safety Authority at the end of 1991
began the 1st of March 1993. The first phase of this contract was planned for a maximum
twelve months duration period and consisted of 4 main parts :

- Identification of current Safety Plant Status and determination of the differences between
already analyzed W E R NPP,s (Greifswald, Stendal, Loviisa,...) to Rovno,

- Taking into account the previous point, preliminary assessment of:
. safety design,
. plant operation status,
. operating experience feedback,

- Transfer of Western experience and practices in carrying out a Probabilistic Safety
Assessment,

- Transfer of knowledge on Western regulatory requirements on Safety Analysis Report,

RISKAUDIT was acting as consultant for a consortium of 6 European Technical Safety
Organisations:

- AIB Vincotte Nuclear (AVN), Belgium,
- CIEMAT, Spain,
- ENEA/DISP, Italy,
- Gesellschaft fur Anlagen und Reaktorsicherheit (GRS) mbH, Germany,
- Institut de Protection et de Surete Nucleaire (IPSN), France,
- UK Atomic Energy Authority (AEA Technology) United Kingdom.

Each organization was in charge of two technical items (see table I.T.I). General coordination
was performed by RISKAUDIT. Technical management was handed over to GRS (Rovno
units 1 - 2, W E R 440/213) and IPSN (Rovno unit 3, W E R 1000/320).

1.2 ORGANISATION OF THE PROJECT

For carrying out the safety assessment, working groups involving experts from Western, but
also Eastern institutions, were established. About sixty experts from following Eastern
organisations took part in the discussions :

- GANU (Nuclear Safety Authority of Ukraine),
- Scientific Technical Centre from GANU (Technical support organization of GANU)
- NPP Rovno (Utility),
- Energoprojekt Kiev (Designer),
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- Gidropress Podolsk-Russia (Constructor),
- Kurchatov Institute (Russian scientific support for design and commissioning).

Technical leadership of these Eastern organizations was taken first by GANU former deputy
leader and later on by a GANU representative.

Prior to the first meetings in Rovno, an internal consortium meeting was held in Brussels on
9th of March 1993 for preparation of works.

A first serie of working group meetings was held in Rovno NPP in March and April, for 10
days period each. Working group tasks were related to :

- identification of the plant status and differences with already analyzed WER's,
- performance of a preliminary assessment using, among others, results of previous evaluations,
- transfer of know-how for performance of a PSA,
- transfer to the GANU of Western know-how on regulatory requirements on Safety Analysis

Report.

At the end of this first round, a progress meeting was held in Berlin, the 29th of April, in order
to exchange experience and information.

On the basis of the meetings, an interim report was prepared (RISKAUDIT Report n° 3) and
submitted to CEC and to the GANU. Insights presented in this report were based only on
technical discussions with Eastern experts.

In order to complete the basis of information for further review, a limited amount of
documentation was translated into English, and then analyzed by the Western experts in order
to prepare a second serie of working group meetings of 10 days each which were held in
Rovno NPP for September to December 1993. Deeper discussion with Eastern specialists were
organized to complete the review work.

A project meeting was held in Berlin the 20th and 21st of January in order to harmonize results
of the review.

After drafting of the final report in March 94, a Russian translation was prepared in order to
prepare the Eastern review. Results of this Eastern review were discussed under IPSN, GRS
and AEA-T fimdings in Ukraine in June 94. A review committee involving senior experts of
both Western and Eastern organizations was held in Paris at the end of June 94. Following this
review, this amended report is now published under its final version.

1.3 SAFETY APPROACH

A satisfactory safety level should be based on a design complying with internationally
acknowledged and adopted standards, as well as on a documented quality of realization and
strict conditions, each of these factors being necessary but not sufficient in itself, according to
the "Basic Safety Principles for Nuclear Power Plants" published by IAEA in 1988
(75-INSAG-3).
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The intended safety approach used for this evaluation was to ensure that with the solvability of
identified safety issues, a final safety level of this plant with current international requirements
and acceptable according to various national Western practices should be obtained.

Identification of safety issues is presented and recommendations are highlighted for
discussions. Sometimes possible solutions to cope with the safety issues are proposed, but they
have to be understood just as example to cope with the problem. It is clear that definition of
needed upgrading measures should be performed only under the responsibility of the utility.

1.4 LIMITS

The chapters which are presented hereafter contains the final draft results of the analysis
performed within the frame of this contract. For each technical item, following is presented ;

- Basis for evaluation,
- Information on the status at Rovno NPP,
- Assessment,
- Recommendations for improvements,
- Recommendations for complementary studies to be performed by NPP.
- Proposals for future evaluations to be performed by the Consortium within the 2nd part of

the contract.

It has to be pointed out that unfortunately the documents provided were not particularly well
translated and often, made understanding difficult if not at times impossible. Where information
was provided it was often superficial, lacking in depth and without philosophical design intent.
This documentation inadequacy allied to language problems and at times cultural differences
between the assessors, plant designers and operators made the task of producing the report
difficult in the relatively short time available. However these was great goodwill between, all
parties and although factual inaccuracies will probably be found in the text of the report these
are not malicious merely an indication of a breakdown either within the translation or as a
result of a genuine cultural misunderstanding.

Assessment and recommendations were discussed between Eastern and Western specialists.
For some points, disagreement exists between both parts, and for these cases, the report
presents not only the Western point of view but also the corresponding Eastern comments.

The comments and recommendations made in this report are made in good faith and within the
understanding of the author as a result of discussions both with the Eastern specialists and
within the constraints of the interpretation between English/Russian/English.
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TABLE l.T.l

LIST OF TECHNICAL ITEMS

Item

Core

Components under pressure

I & C and Electrical supply

Containment

Internal events

Site

Systems

Accident analysis

Plant operation

Operational experience

Radioprotection

PSA

Project Management

Responsibility

ENEA

ENEA

AEA-T

CIEMAT

AEAT

CIEMAT

IPSN (+ GRS)

GRS (+ IPSN)

AVN

GRS (+ IPSN)

AVN

IPSN (+ GRS)

GRS (units 1 - 2)
IPSN (unit 3)

Experts

A. Buccafumi

C. Maricchiolo

P. Terry
A. Beck
T. Goodings

A. Orden Martinez

C. Derewnicki

M. Diaz Llanos Ros

J.M. Mattei
(+ H.J. Fasel (free cost))
R. Kirmse
(+ A. Amri (free cost))

M. Maris

M. Simon
(+ J. Collinet (free cost) +
P. Cornu (free cost))

J.P. Van Cauwenberghe

J.L. Chambon
(+ G. Zabka (free cost) +
M. Turschmann (free cost))
R. Janke
J.L. Milhem
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2 DESCRIPTION

2.1 GENERAL SITUATION (see Map 9.1)

Rovno NPP is situated in the north-west part of Vladimeretz district of Rovno region of the
Ukraine, on the right bank of the Styr river. The site is located about 5 km from Kuznetzovsk
(35 000 inhabitants), and nearest towns with population up to 300 000 persons are Lutzk and
Rovno, located 60 km to the south-west and south of NPP.

The Rovno NPP is located in a complicated tectonic region which causes the presence of
numerous continuous faults. Seismic instability may rise to OBE 6 degrees of MSK-64 scale
and to SSE 7 degrees of MSK 64 scale.

2.2 UNITS 1, 2

The two pressurized water reactors present the first units of the WWER-440AV-213-type in
the former Soviet Union. These units were put into operation 1980 respectively 1981.

They were built as double-unit plants in which two reactors are located in one common reactor
hall. A common turbine building serves all four turbines (two per unit).

In contrast to the containment of unit 3, the reactor building of the W-213 plants is connected
to pool-type pressure suppression systems (bubble condenser).

The main production building is supplemented by auxiliary buildings: in particular the diesel
generator station, the service water pumping house, processing plants for water purification
and waste treatment.

2.2.1 Primary Circuit

The primary system serves for reactor cooling; it includes the reactor with a thermal power of
1375 MW, six main coolant loops and the pressurizer system. Each main coolant loop includes
a steam generator, a main coolant pump, two main isolation valves and main circulation piping
of 500 mm diameter.

a) Reactor Vessel

The reactor pressure vessel (RPV) is an upright cylindrical vessel with a dished head and
bottom. The cylinder is made up of three seamlessly forged rings welded together by
circumferential welds. The rings are followed by two nozzle rings and the top flange,
which are also connected by circumferential welds.

The pressure vessel is made of low-alloy ferritic steel and is cladded with an austenitic
liner. The upper nozzle level of the upper nozzle ring contains six Nominal Diameter (ND)
500 outlet nozzles to connect the hot legs, while the bottom nozzle level of the lower
nozzle ring is equipped with six ND 500 inlet nozzles to connect the cold legs of the main
coolant loops. In addition, both nozzle levels feature two ND 250 nozzles to connect four
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core flooding tanks and, on the upper nozzle level, one ND 250 nozzle to connect
measurement lines.

- Thermophysical parameters:
. thermal power : 1 375 MW
. average coolant temperature
. outlet temperature
. inlet temperature
. service pressure
. coolant flow rate
. tightness test pressure

Core:
. dimension: diameter

height
. number of fuel assembies
. number of control fuel assemblies
. rods in assembly
. rod diameter
. cladding material

282° C
297° C
268° C
12.26 MPa
42.600 m3/h
13.5 MPa

2.88 m
2.5 m
312
37
126
9.1 mm
Zr+Nb alloy

b) Steam Generators

There are six steam generators. Each of them is a large-volume horizontal vessel with
horizontal heat exchanger tubes (heater tubes).

Primary coolant is flowing from hot leg of 500 mm diameter loop to inlet nozzle, then
flows through tubes into the heat exchanger area, to the outlet nozzle and into the cold leg
of the loop. In the tube heat exchanger the heat is given to the feedwater. Steam passes
across moisture separator and is gathered at the main steam collector.

Then it is discharged via steam pipes and main steam header to turbines from each steam
generator. Steam generator water feeding is provided by the normal feedwater system, by
the emergency and by the additional emergency feedwater system. There are a permanent
and a periodical surface blowdown of the steam generator bottom. The steam generator
level control is dependent on the feedwater flow, steam flow, and steam generator levels.

- Thermophysical parameters:
. steam power per steam generator : 452 t/h
. service pressure : 4.61 MPa
. primary coolant temperature at the outlet : 268° C
of steam generator

. steam moisture at the steam generator outlet: 0.25 %
. feedwater temperature : 2 2 3 ° C.
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c) Main Coolant Pumps

There are six coolant pumps which provide the forced circulation of coolant in the primary
circuit. In case of power drop, an additional flywheel mass attached to the motor ensures a
sufficiently smooth coast down of the coolant flow.

- Main coolant pump basic parameters:
delta P • 0.425 MPa

. input

. speed

. coast down time at the outageof all pumps

1.4-1.6 MW
1500 rpm
100-120 s

d) Pressurizer

This system provides necessary overpressure during start-up of reactor, maintains the
operational pressure and mitigates the delta P during transients. Also it prevents the
coolant boiling at the outlet of the core in all regimes. The pressurizer is connected to the
non-isolable part of the hot leg of a primary loop by two connecting pipes of nominal bore
200 (ND 200). There exists the spray line to the pressurizer from the cold leg into the
steam volume by means of an ND 100 pipe.

The pressurizer is equipped with two safety valves discharging into a relief tank protected
against overpressure by a rupture membrane.

Every main safety valve is controlled by two impulse line valves. The first safety valves
opening pressure is 14.42 MPa and the second one 15.01 MPa. The pressurizer is
equipped with five section of electrical heaters of which the total capacity is 1620 kW and
spray system for the primary side pressure control. During the unit start-up there is supply
of nitrogen into the pressurizer.

- The basic parameters are:
. pressure in the pressurizer : 12.26 MPa
. pressurizer temperature : 336° C
. pressurizer volume : 44 m3

. steam volume : 18 m3

. water volume : 26 m3

2.2.2 Secondary System

a) Main Steam System (see Fig. 2.2.F. 1)

The plant has six steam generators (SG) and two turbo generators (TG). Each turbo
generator is connected to three steam generators and three main steam pipes.

The main steam lines of the two turbo generators are connected to a main steam collector
without any isolating valves in between. The main steam collector can be separated into
two half systems by three quick isolation valves which are open during normal operation
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Each steam generator has two medium-operated safety (2 x 50 %) with one spring-loaded
solenoid/spring control valve each, which are equipped with an electromagnetic additional
load. The control valves, and thus also the main valves, can be operated from the control
room of the unit.

In the direction of flow, each main steam line contains two safety valves, and one isolating
valve.

Each half system of the main steam collector is connected to one atmospheric main steam
dump station (BRU-A) from which the steam can be discharged into the atmosphere.
These dumps are connected to the emergency power system and remove the heat on the
secondary side in case a turbine condenser were to fail, especially in the emergency power
case.

In case of a turbine trip, the main steam is passed to the turbine condensers through two
bypass stations (BRU-K) per half system, provided the turbine condensers are available.
The capacity of these bypass stations is roughly 70% of the design capacity of the steam
generators.

b) Feedwater System

Five feedwater pumps (FP) are installed which are connected by one collector each on the
intake and the outlet sides. The intake and outlet side collectors are split into two half
systems separated by isolating valves during normal operation.

There are two sets of two feedwater pumps. Each set is pumping out of its own feedwater
tank. The two sets are allocated each to three steam generators. The fifth feedwater pump,
which is a standby pump, can pump from either feedwater tank (half systems) when
necessary. Per half system, the pumps feed through a pressure pipe downstream of the
high-pressure pre-heaters (HPP) into the upper feedwater collector which, like the main
steam collector, is split into two half systems not separated during normal operation. From
this collector, the feedwater pipes then branch off to the steam generators.

Upstream of the high-pressure pre-heater (HPP) there are two parallel control valves for
normal load and low load per half-system leg. The controlled variable is the feedwater
flow as a function of the turbine power, and the filling level of the respective feedwater
tank, when the filling level limit is underrun. In addition, for filling level control, there is
another feedwater control valve in the feeding line to each steam generator on the 14.7 m
platform.

c) Turbine Generator

There are two turbines at each unit. The alternators are connected with turbines. The
stator winding is cooled by demineralized water and the rotor winding and stator active
steel by hydrogen, which is contained inside a leaktight vessel.
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d) Circulating Water System

This system is located in a separate building and is serving both units. The water is fed by
two pipelines to turbine hall. Heated water is flowing back through two pipes to natural-
draught cooling towers. From the cooling towers, the water is taken via channels to the
pumping stations.

2.2.3 Safety Systems

a) Emergency Core Cooling and Residual Heat Removal System

The emergency core cooling and residual heat removal system of the primary system
serves to feed borated coolant and to remove heat especially in loss-of-coolant accidents.

The schematic flow diagrams of the emergency core cooling and residual heat removal
(high and low pressure injections, passive accumulators) and the sprinkler unit of the
confinement are shown in Fig. 2.2.F.2 to 5.

As a passive core flooding system, four hydraulic accumulators of 40 m3 of coolant
volume each are available. At a pressure of 6 MPa, which is generated by a nitrogen
blanket, the hydraulic accumulators feed straight into the reactor pressure vessel through
separate pipes. They are connected via separate nozzles across non-return valves to
pressure vessel (two upper and two lower nozzles).

The active systems available are high-pressure (HP) and low-pressure (LP) safety injection
systems. In a loss-of-coolant accident, the pressure in the confinement system is
suppressed by sprinkler system. The systems consist of three trains each, which are
demeshed. One train each of the HP, LP and sprinkler systems constitute one unit with
one common emergency electric power and cooling water supplies.

For each train of the HP safety injection system there is one 130 m3 boric acid storage
tank (40 g of boron/kg of water); for each train of the LP safety injection system, a tank
holding 355 m3 of boric acid (12 g of boron/kg of water) is provided.

As soon as one of the 130 m3 tanks is empty, the HP feed system of the respective train
automatically changes over to the 355 m3 tank of the LP feed system. The HP safety
injection system can function over the entire pressure range (12.2 MPa). Consequently,
there is another feed system available in the LP range (< 0.7 MPa) besides the LP pumps.

When the 355 m3 boric acid storage tank is empty, the LP and the HP safety injection
systems change over to the sumps recirculation mode. In this mode of operation, the LP
and the HP systems can transfer the residual heat to the service water system for long
periods of time.

The pumps of the sprinkler system initially take water from the boric acid storage tanks of
the LP system, and, after changeover to the sump recirculation mode, from the sump of
the building.
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b) Emergency Feedwater System (see Fig. 2.2.F.6)

There are two systems. Both systems serve to feed the steam generators in case of failure
of the main feedwater system. The pipes of the first system are connected to the main
feedwater pipes on the 14.7 m platform. The pipes of the second system are lie closely
together and cross the 14.7 m platform, too.

The first system consists of two trains. Hot water is taken from the feedwater tanks. Both
pumps are located next to the main feedwater pumps. This system is designed in the same
way as for the old WWER-440/W-230-reactors.

The second system is an additional one. It consists of three trains. The first train is
automatically actuated by a seismic signal (5 MKS). The other two trains are actuated in
case of "loss of electric power" or "decrease of water level in steam generators".

The three pumps of the additional feedwater systems are supplied via two common pipes
from two demineralized water tanks of 1000 nw volume set up outside.

The water is kept by a temperature of about 30° C.

All additional emergency pumps are set up in the turbine hall on the level - 3.6 m in the
area of unit 1. Four pumps (two of unit 1 and two of unit 2) are located in boxes and the
others (train 1 of unit 1 and 2) at a distance from them of about 30 m without any special
protection.

Contrary to the two trains of the first system, the three trains of the additional emergency
feedwater system feed via separate nozzles into all six steam generators.

c) Confinement System

The confinement system is a building structure enclosing the primary system in order to
prevent releases of radioactive substances in a loss-of-coolant accident. To limit the
pressure buildup in a loss-of-coolant-accident, the confinement system is equipped with a
pool-type pressure suppression system. The system has been designed to accomodate the
maximum pressure buildup associated with a 2A-break of the main circulation pipe.

The pool-type pressure suppression system is a condensation facility consisting of an inlet
shaft, 12 pools filled with borated water (each 1200 m3) stacked at right angles to the
shaft, and the air traps. It is connected through two channels (each 25 m2 cross-section)
that part from the confinement system, which encloses the primary system. In case of an
accident, the steam is passed through the shaft into the water of the pools, where it
condenses.

If the pressure above the pools rises by more than 490 Pa, the steam-air mixture in that
part of the plant flows through double check valves (ND 500) into the air traps where it is
retained.
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Each pool is fitted with two ND 250 pressure relief dampers which only open towards the
shaft. When there is pressure rise to 0.16 MPa in the shaft, they are locked in the closed
condition.

Condensation of the steam in the water of the pools and on structures inside the
confinement system causes the pressure in the shaft to fall below the pressure above the
pools. As a result of this pressure reversal, part of the water is forced out of the pools into
the shaft. The water that is being discharged is sprayed through perforated metal sheets
below the pools. In this way, it contributes to an additional condensation effect. Further
pressure suppression in the confinement system, until a negative pressure relative to the
outside atmosphere is reached, is achieved mainly by the sprinkler system.

As the pressure of 0.16 MPa will not be reached by small leaks, a pressure equalization
between the shaft and the pool compartments is achieved through the unlocked pressure
relief dampers. The water reservoir is preserved for major leaks which could follow.

d) Service Water Systems group A, group B (Fig. 2.2.F.7)

There are two water cooling systems. The equipment guaranteeing safety of the
installation is cooled by service water system (group A) while the equipment, which is not
important to safety is cooled by service water system (group B).

The group A system consists of 3 trains. It is a half-open system carrying spray pool water
to both units 1 and 2.

Each train is equipped with two pumps (2 x 100%) for unit 1 and two pumps for unit 2.
The pumps are supplied by emergency electric power.

All pumps are located in one building with three isolation sections. Three spray pools
(common for unit 1 and 2) supply the three trains of the group A pumps. The fourth spray
pool is foreseen for cooling the water of the group B system.

Group A system removes heat from
- emergency power diesel systems
- ECCS intermediate cooling water circuit
- motors and oil-bearings of HP-ECCS pumps
- ventilators in ECCS rooms
- ECCS heat exchangers
- heat exchangers for intermediate cooling water circuits GZN (main cooling pump

cooling system) and SUS (control rod drive mechanism cooling system).
- technological condensers
- cool down pumps
- gas cleaning system
- heat exchanger for cooling of spent fuel pool
- cooling of the transmitter rooms and other I & C rooms.

The ECCS intermediate cooling water circuit removes heat from the ECCS- and spray
pumps (motors, bearings).
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e) Cool Down System on the Secondary Side

The main purpose of this system is to cool down the primary side till 60 °C and to remove
residual heat during reactor shut down. Steam from main steam header is fed by two lines
to two cool down reduction stations. Each reduction station is connected to one half of
main steam header which allows to cool down with three steam generator. Steam is
admitted to two technological condensers which are connected in parallel. The coolant
circulation is provided by three cooling down pumps at the last phase of cooldown.
Technological condenser as well as cool down pumps are cooled by three service water
systems.

The cooling down pumps are supplied by emergency electric power.

f) Cool Down System on the Primary Side (Fig. 2.2.F.8)

This system can be used for removal of decay heat and cooling of the primary circuit by
using the LP ECCS at the low pressure phase of cooldown. v ^

There are three trains (two from the pipes of the hot feeding accumulators, one from the
hot leg of one main cooling loop), each of them is connected to one of the pipes between
sump and ECCS heat exchanger.

This system for heat removal can be used when the pressure in the primary circuit is lower
than 7 bar.

g) Make-up System (Fig. 2.2.F.9)

The main purpose of this system is:
- Compensation of organized and unorganized leakages of primary circuit
- Main coolant pumps sealing absorption
- Boric acid concentration increase
- Boric acid concentration decrease
- Pressurizer level control and spray
- Coolant discharge and isothermal deaeration
- Filling, drainage and discharge of primary circuit.

The system composition is:
- two deaerators
- two regenerative heat exchangers
- two recoolers being cooled by service water
- three make-up pumps which can manually be switched over to emergency electrical

supply.

The main systems connected with make-up systems are:
- the boron concentrate make-up system
- the chemical reagents preparation and batching system
- the primary coolant clean-up system
- the clean condensate system
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- the clean-up system of organized leakages and drainages
- the service water system.

h) Electrical Supply

The four turbo alternators (two per unit) supply the Ukrainian National Grid with 880
MVA via four 330 kV overhead transmission lines. Additionally, the HOkV local
distribution network is fed.

The generator transformers (one per turbine) are 250 MVA 15.6 kV/330 kV. The local
transformers for house load are rated at 25 MVA 15.5/6.0 kV with voltage regulators.

The house load of each reactor unit is divided between 4 x 6 kV busbars. Three of these
busbars are backed up by emergency diesel generators, which are rated at 1.6 MW
electrical output. Each unit disposes of four battery systems. One of them is designated
non-safety. Each battery is connected with a solid state inverter for supplying
uninterruptible AC supplier (0.4 kV installation). During normal operation, the 0.4 kV
installation is fed via 6 kV/0.4 kV transformers.

i) Reactor Trip and Control

Thirty seven emergency and control assemblies are divided into six groups:
- group 1 to 5: each of six pieces symmetrically located inside the core
- group 6: seven assemblies - one central and six symmetrically placed.

There are several levels of scram (EP):

AZ1 - fall of all assemblies into the core (8-13 s)

AZ2 - gradual fall down group by group (8-13 s for each group)

AZ3 - assemblies retractable at service speed (2.5 cm/s) - first 6th group

then 5th, and so on, as long as EP-3 signal lasts

AZ4 - lifting stops - as long as EP-4 signal lasts

If the neutron signals last longer than 10 s and some others longer than 20 s, AZ3 is
automatically changed to AZ2.

The criticality as well as power control are realized by lifting and inserting assemblies,
group by group at 2.5 cm/s speed. At the nominal power 1st to 5th group are out of the
core and 6th is at a defined position. The power is controlled manually or automatically.

The automatic power control is performed by two signals: neutron power, steam pressure
of main steam header.
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"N" mode: Regulation of neutron power at the set level with unsensibility
± 2 % N n o m

"T" mode: Main steam header pressure stabilisation with unsensibility
±0.8 bar

An automatic to pass from mode "N" to mode "T" (when secondary pressure increases to
a value higher than 2.5 bar) or from mode "T" to mode "N" (in case of actuation of AZ or
of exceeding the allowed power by 2.5 %).

2.3 UNIT 3

2.3.1 Primary circuit (see Figure 2.3.F.1)

The primary circuit forms the nuclear steam generating facility which serves for obtaining the
thermal energy by means of control of nuclear fission and heat removal, i.e. by the reactor core
cooling and the steam generation in the secondary side of the steam generators.

The primary circuit includes the reactor, four main coolant loops and the pressurizer system.
Each main coolant loop includes a steam generator, a main coolant pump and main circulating
piping of diameter 850 mm.

a) Reactor vessel

The fission reaction is maintained inside the reactor vessel by means of thermal neutrons.

Slightly enriched uranium dioxide is used as the fuel in the reactor. Neutron moderator
which is at the same time the primary coolant, is demineralized borated water (H3BO3).

Thermophysical parameters:

. thermal power

. average coolant temperature

. outlet temperature

. inlet temperature

. service pressure

. coolant flow

. test pressure

Core:

. dimension : diameter
: height

. number of fuel assembly (hexagonal)

. number of control rods clusters

. rods in assembly

. rod diameter

3 036MW
301.5 °C
316.5 °C
286.5 °C
15.9 MPa
84 800 mVh
24.5 MPa.

3.53 m
3.567 m

. 163
: 61
: 312
: 9.1 mm
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. cladding material : Zr + Nb alloy.

b) Steam generators

There are four horizontal steam generators which produce dry steam. Primary coolant is
flowing from hot leg of 850 mm diameter loop to inlet nozzle, then flows through tubes
into the heat exchange area, to the outlet nozzle and into the cold leg of the loop. In the
tube heat exchanger, the heat energy is given to the feedwater. Steam passes across
moisture separator and is gathered at the steam collector. Then, it is discharged via steam
pipes to the turbine. Steam generator water feeding is provided by normal or emergency
feedwater systems. The steam generator level control is dependent on the feedwater flow,
steam flow and steam generator levels.

- Thermophysical parameters

. steam power per steam generator : 1 470 t/h

. service pressure : 6.27 MPa

. primary coolant temperature at the
outlet of the steam generator : 289.7 °C

. steam moisture at the steam
generator outlet : < 0.20 %

. feedwater temperature : 220 °C

c) Main coolant pumps

There are four coolant pumps which provide the forced circulation of coolant in the
primary circuit and in some emergency situations provide residual heat removal from the
core by their coast down. The pressure difference is used for circulating water through the
cleaning system of the primary site water and for injection to the pressurizer spraying.

- Main coolant pump parameters

. deita P : 5.5 - 6 bars (hot conditions)
: 6.75 bars (cold conditions)

. input : 5 300 kW (hot conditions)

. speed : 1 000 rpm

. coast down time at the outage of
all coolant pumps : ~ 230 s

d) Pressurizer

This system provides necessary overpressure during start-up of reactor, maintains the
operational pressure and mitigates the delta P during transients. Also it prevents the
coolant boiling at the outlet of core in all regimes. The pressurizer is connected to the hot
leg of a primary loop. There exists one spray line to the pressurizer from the cold leg into
the steam volume. The pressurizer is interconnected with a relief tank by one control
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safety valve and two safety valves. The relief tank collects the condensate from the
pressurizer steam relief. Every safety valve is controlled by two impulse line valves.

The pressurizer is also equipped with four sections of electrical heaters of which the total
capacity is 2 520 kW and auxiliary spray system for the primary side pressure control.
During the unit start-up, there is supply of nitrogen into the pressurizer.

15.7 MPa
346 °C
79 m3

24 m3

55 m3.

The basic parameters are :

- pressure in the pressurizer
- pressurizer temperature
- pressurizer volume
- steam volume
- water volume

2.3.2 Secondary system

a) Main steam system(see Figure 2.3 .F.2)

Each of the four steam line which is fed by one steam generator is equipped from the
steam generator with:

- two safety valves which protect against overpressure
- one atmospheric steam dump valve (BRU-A)
- one quick acting isolation valve
- an interconnection between all steam lines by an header which is equipped with four

turbine bypass valves (BRU-K) and two station service steam supply to the plant
- one main steam gate valve
- one stop valve.

b) Feedwater systems (see Figures 2.3.F.3)

The feedwater system is used for the feeding of all steam generators. The unit contains a
main and an emergency feedwater system.

Under normal conditions, the main feedwater system is used. Two feed turbopump
assemblies operate, supplying feedwater from deaerators into steam generators through
high pressure heaters. During unit start-up and shut down condition, up to 5 % power,
two auxiliary feed motor pumps operate (see § 2.3.4.g).

In case of unavailability of the main feed water system, particularly in the case of an off-
site power black-out, emergency feedwater system is used. This system consists of three
independent trains, each including :

- one feedwater tank
- one pump
- one set of valves for isolation or for flow adjustment
- one injection line independent from the main feedwater line.
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The first train supplies either steam generators 2 and 4 or steam generators 1 and 3, the
second steam generators 1 and 4, the third steam generator 2 and 3.

c) Turbine, generator

There is one turbine of 1 000 MW and terminal voltage 24 kV. The alternator is connected
with the turbine, with immediate stator winding cooling with demineralized water, and
rotor winding and stator active steel with hydrogen contained inside a leaktight vessel.

d) Circulating water system

The system which is located in a separate building feeds water from two cooling towers
(height: 150 m; bottom diameter : 120 m ; top diameter: 80 m) to turbine hall consumers
via channels and pumping station.

2.3.4 Safety systems

a) Safety injection systems (see Figures 2.3 .F.4)

In the emergency cases, which arise as a consequence of LOCA, these systems provide :

- sub criticality of core
- compensation of primary coolant leakages
- core heat removal.

One out of three train is able to cover full LOCA break consequences.

- Passive low pressure system

The system is working without initiating signal and without energy supply. It consists of
four accumulators, arranged to form two trains, filled with borated water 16 g/kg
H3BO3, 60-70 °C (volume 60 m\ nitrogen blanket 5.9 MPa, 50 m3 borated water),
which are connected via separate nozzles across non return valves to pressure vessel
(two upper and two lower nozzles). In the emergency event, when primary pressure
drops below 5.9 MPa, the borated water flows to the vessel.

- Active low pressure system

The system consists of three redundant trains, for each one the principal components
performing the low-pressure cold boricated water injection function are :

- a pump. The pump motor and the bearings are cooled with water from raw water
system. For cooling the pump packings, the pump is equipped with a heat exchanger
of which the coolant is water from service water system. The maximum discharge
pressure is 23 bars, the flow is 700 to 750 mVh at a primary pressure of 1 bar, and
250 to 300 mVh at a primary pressure of 21.6 bars,

- a heat exchanger of which the cooling water is taken from service water system.
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The discharge lines of two of the three trains are connected to the discharge lines of two
accumulators. The third train is connected to the hot and cold legs of one of the reactor
coolant system loops.

The suction line of the low-pressure section of each of the three safety injection system
trains is connected to the containment sump, which acts as a common reservoir of
630 m3 of boricated water (16 g/1) at 55 °C.

- Active high pressure system

In each of the three redundant train of the safety injection system, the high-pressure
section consists of a high-pressure borate injection device and a high-pressure cooling
device.

The principal components providing the high-pressure borate injection function are :

- a tank containing 40 g/1 boric acid solution,
- a pump. The discharge pressure ranges to 191 bars. The pump packings are stuffing

boxes. The motor, the packings and the bearings of the pump are cooled with water
from service water system. The rated flow is 6 m3/h.

The principal components providing the high-pressure safety injection function are :

- a tank containing 40 g/1 boric acid solution located inside the containment.
- a centrifugal pump. The motor and bearings of the pump are cooled with water from

service water system. The maximum discharge pressure is 108 bars and the
maximum flow is 253 mVh at a height of 400 m water gauge (to be confirmed). The
temperature of the fluid pumped must not exceed 90 °C.

The two parts of the high-pressure system discharged into a common pipe, connected to
a cold leg of the reactor coolant system.

The suction line of the high-pressure cooling pump is also connected to the low-pressure
header downstream of the safeguard heat exchanger of the same train. This connection is
used when the high-pressure cooling pump tank reserve is depleted to supply the pump
with water from the containment sump which has been cooled in the heat exchanger.

b) Containment spray system (see Figure 2.3.F.5)

The function of the containment spray system is to limit and reduce the pressure and
temperature inside the containment after a loss of coolant accident or rupturing of a
secondary line inside the containment, to comply with the containment design conditions.
The spray system also contributes to the dissolving of certain volatile fission products,
particularly as regards the retention in the water of radio-isotopes of iodine released in the
gaseous phase into the atmosphere. For this purpose, a special solution of hydrazine
hydrate is added at the spray pump suction side. Finally, the spray system is used as a
standby means of flooding and cooling the spent fuel pit.

The spray system consists of three independent sub-systems, each consisting of:

- a pump with an output of 700 mVh at a discharge pressure of 14 bars,
- a spray line equipped with spray nozzles,
- a tank into which the hydrazine hydrate solution is sucked by an ejector.

From the containment sump, the borated water runs through the core standby cooling
system heat exchanger to the pump inlets.
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c) Emergency feedwater system (see Figure 2.3 .F.3 .b)

See2.3.2.b.

d) Containment (see Figures 7.F.7 and 7.F.8)

The primary circuit is enclosed inside a steel-lined prestressed reinforced concrete
containment shell which is intended to protect equipment of the primary circuit from
external effects, to serve as biological protection, and to confine radioactive products in
case of a design basis accident.

It consists of a cylindrical wall, circular base and elliptical dome of steel-lined prestressed
concrete (thickness : 1.1 - 1.2 m, diameter : 45 m, height : 53 m) able to resist to an
internal pressure of 5 bars and - 0.2 bar at 150 °C. Seismic levels considered in the design
are 5 and 6 MKS.

e) Service water systems group A, group B

There are two water cooling systems. The equipment guaranteeing safety of the
installation is cooled by service water system (group A) while the equipment, which is not
important to safety is cooled by service water system (group B).

Service water system (group A) cools the equipment which guarantees the safety of the
installation.

These comprise:

- the standby generating sets,
- the motors and bearings of the containment spray pumps,
- the motors and bearings of the high-pressure safety injection pumps,
- the bearings of the high-pressure borate injection pumps,
- the motors and bearings of the low-pressure safety injection pumps,
- the motors and bearings of the steam generator auxiliary feedwater supply pumps,
- the motors, bearings and oil coolers of primary circuit make-up water system,
- the safety injection system heat exchangers,
- the heat exchangers of primary pump intermediate cooling system,
- the heat exchangers of the spent fuel pool cooling system.

Service water system consists of three independent streams, each including :

- two pumps with diesel generator backed-up power supplies,
- an expansion tank,
- the above-mentioned heat exchangers ; each stream cools one of three of these heat

exchangers with the exception of the two heat exchangers of system ZUP (see point
f)) which are cooled only by the first two streams of service water system,

- one spray pool,
- a water intake structure,
- a set of sluice gates.

The mechanical filtration plant consists of:

- two filter screens,
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- one endless screen,
- a spray and drain pump.

The system operates as a semi-open circuit. Heat is removed by the spray pools.

The main items of equipment cooled by closed circuit service water system group B are
the following:

- the steam generator drain cooling heat exchangers,
- the drain cooling heat exchangers,
- the post-hydrogen combustion installation cooling heat exchangers,
- the sample-taking cooling heat exchangers;
- the coolant pump motor oil coolers,
- the gas analyser coolers,
- the room air conditioning systems.

f) Intermediate cooling water ZUP

This system which is cooled by service water system removes heat from the following heat
exchangers:

- the coolant pump heat exchanger,
- the primary circuit demineralization system heat exchanger,
- the leak system heat exchanger,

•; - the sample-taking system heat exchanger,
- the relief tank heat exchanger.

System ZUP consists of:

- three pumps (3 X 100 %) with standby diesel generator power supplies,
- two heat exchangers supplied only by two streams of service water system,
- one tank,
- one header supplying the above users, all of which can be isolated by motor-

operated valves.

g) Start-up and shutdown system

The process of removal of decay heat and cooling of the primary circuit consists of two
phases:

- a first phase, up to 60 °C, in which decay heat is removed by the secondary circuit.
For this purpose, there are two automatical regulations :

. to control the level in the steam generators,

. to adjust the speed of the primary cooling,

- a second phase in which the primary circuit is cooled by the low-pressure safety
injection system.

During the first phase, cooling is carried out using the secondary circuit by release of
steam, trapped from the live steam circuit, via a bypass-to-condenser system (BRU-K) or
if this is impossible, or the unit is kept in the hot shutdown state, the decay heat from the
core is removed via the two auxiliary reduction systems (BRU-SN) to the technological
condenser. The steam generators are supplied with water by the motor-driven pumps of
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the feedwater supply system (start-up and shutdown system) or by the motor-driven
pumps of the emergency feedwater supply system.

During the second phase, cooling is carried out using the low-pressure cooling system of
which the heat exchangers are cooled by the service water system.

h) Spent fuel pool cooling system

The spent fuel pool is inside the containment alongside the reactor cavity to which it is
connected by a transfer channel through which the fuel assemblies are moved.
The pool is divided into three compartments : the first compartment and half of the second
compartment are occupied by spent fuel, the other half of the second compartment is
occupied by fresh fuel, and the third is held in reserve for complete core unloading in the
event of an incident.
The three compartments are interconnected.

This system consists of three streams (3 x 100 %), each including :

- two isolation devices at the containment penetration,
- one heat exchanger supplied by one stream of raw water system,
- one circulation pump with diesel generator electrical back-up,
- two isolation devices on the discharge side at the containment penetration.

i) Make-up system

The make-up system has the following main functions :

- monitoring and compensating for reactivity by adjusting the boron content of the
primary coolant,

- compensating for controlled and uncontrolled leaks from the primary circuit (up to
50t/h),

- monitoring of the leaktightness of the coolant pumps,
- injection at the coolant pump seals,
- cooling of the pressurizer when the coolant pumps are shut down by auxiliary

spraying.

The make-up system comprises :

- a discharged system in which water is cooled in a regenerative heat exchanger then
in a non-regenerative heat exchanger cooled by service water system,

- a purification system of the heat transfer fluid used during the operations involving
modification of the primary circuit boron content,

- different sub-systems with specific tanks,
- a make-up water deaerator used when the reactor is on power,
- a demineralized water deaerator used for dilution in the reactor start-up phase,
- heat exchangers for the water leaving the deaerators supplied by the output of the

make-up system and by service water system,
- the following injection lines :

. the charging line,

. the pressurizer auxiliary spray line,

. the coolant pump sealing injection lines.
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j) Primary water purification system

Primary water purification installation has the role of purifying the primary coolant to
remove any fission and corrosion products present in solid form in the moderator.

The purification system comprises four demineralizer streams (one for each primary loop).
They are shunt-connected across the coolant pumps. Each includes a high temperature
mechanical filter, and a resin type trap. The filters are designed for a flow of 100 t/h.

k) Electrical supply

The turbogenerator delivers 1 000 MVA to the Ukrainian National Grid by 4 330 kV
overhead transmission lines. The unit can also be fed by the 110 kV distribution network.

In case of station back-out, the unit can be fed by one of the three diesel generators
(5.6 MW each).

The primary distribution voltage within the plant is 6 kV. Subsequent to this is a 0.4 kV
system fed via 6 kV/0.4 kV transformers.

1) Reactor trip and control

Sixty one clusters are divided into 10 groups :

- group 1 to 9 consisting each of six clusters (for group number 5 : 7 clusters)
symmetrically located,

- group 10 consisting of 6 clusters.

There are several level of protection:

- scram : there is a fall of all assemblies in the core (1.5 - 4 s)
- preliminary protection level 1 (PZ1) : fall with normal speed (2 cm/s) from group by

group, from group nb 10 to group nb 1,
- preliminary protection level 2 (PZ2): lifting of any group is forbidden,
- power reduction (ORB): high speed power reduction with falling of group nb 3.

The criticality as well as power control are realized by lifting and inserting assemblies,
group by group at 2 cm/s speed. At the nominal power, 1st to 9th groups are out of the
core, and 10th is at a defined position (for example : for 80 % Pn : 86 % from bottom, for
100 % Pn : 75 % from bottom). The power is controlled manually or automatically.

The power control is performed by two signals : neutron power, steam pressure of main
steam header. Two regimes exist:

. "N" regime : Regulation of neutron power at the et level with insensibility ± 2 % Nn o m ,

. "T" regime : Main steam header pressure stabilisation with insensibility ± 50 kPa, reactor
regulation.

It exists automatism to pass from "N" to "TH regime (when secondary pressure increases
more than 2.5 bars) or from "T" to "N" regime (in case of actuation of PZ 1, 2 or ORB).
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Fig. 2.2.F.1 - Main Steam Header (half system)
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Fig 2.3.F1 - Unit 3. Primary circuit
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CORE DESIGN AND FUEL MANAGEMENT

3.1 BASIS FOR EVALUATION

The general design criteria used as basis for evaluation for core design are listed in Appendix
3.A.I. They were used in 1986 for the Italian reference designed PWR. Specific design basis
for the specific areas are reported in Appendix 3.A.2. In Appendix 3.A3 the reference
documentation is listed.

3.2 UNIT 1,2

3.2.1 Neutron physics core design

The Eastern top level documents used in the core design are:

OPB-82: General Safety Regulations. The document formulates basic principles and criteria.

PBY-74: Nuclear Safety Regulations for Atomic Power Plants contains regulations and
requirements associated with safety and control.

At present, versions issued respectively in 88 and 89 are used for refuelling. Latest versions
have more strict requirements. There are specified limits on cladding maximum temperature
(1200 °C), local oxidation depth of cladding (no more than 18%), mass fraction of the reacting
zirconium (no more than 1% of the total mass) and operative limits (as 1% defects in rods,
0.1% rods with direct contact between coolant and fuel), probabilities of core melt < 10-5 and
severe accident < 10-7. The last two limits were absent in the previous version.

TOB: Technical Safety Substantiation (Validation) TSS, issued by designer for each unit,
contains methods and demonstration that requirements and limits specified in the above
mentioned documents are met. For unit 2, 3 versions of TOB exist. The last one was issued in
1992.

"Safe Operation Technological Code" contains the rules and standards for the operation of the
plant in normal and accidental conditions. This is the "main document determining safety
operation and containing main methods, principal and ways of safe operation, orders of
operation performance, limits and condition of safety operation" in accordance to OPB-88.

Instructia is a set of documents containing the description of the systems and instruction on
their operation. It refers to all the units of a site.

3.2.1.1 Information on the status at Rovno NPP

The reactor core is made up of 349 hexagonal fuel assemblies (313 for unit 1 and 36 dummy
assemblies at periphery) with 126 fuel rods, Fig.3.F.l; 37 are at same time control assemblies
including an absorbing section top. The main characteristic are listed in table 3.T.I and the
core arrangement in Figures 3.F.2 and 3.F.3.
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- Licensing procedures for reloads.

There is a generic document for each type of reactor where requirements, calculations to be
performed, limits and neutronic characteristics are specified.

As in the licensing process only the first core and the equilibrium cycle are approved, the
refuelling does not go under a licensing process (licensing authority approval) and no
accident analysis is performed. The refuelling process is made in full correspondence with
"Nomenclature of calculations for fuel loading of WER-1000 and WER-440". Refuelling
analyses which confirm that the established limits are not exceeded are performed. Analysis of
accidental situation in accordance with specific core loading is not made. According to
Russian regulations, a new analysis of accidental situation has to be performed in case of
changing the core loading like the power of fuel elements > 5.95 MW or the control rods.
The position is that if the approved limits are not exceeded with the new loading map, there is
no need to carry out any accident analyses. On this base a specific document for the refuelling
is issued. The refueling documentation is verified by Ail-Union Research Institute of Nuclear
Power Plants (VNIIAES) and in specific cases with Kurchatov Institute and with the
Experimental and Construction Office "Hydropress" [1,3].

Accident analyses typical of a refuelling are not performed, as the loading and operation of a
fuel assembly in an improper position. Only the usual administrative procedure to verify the
correct position of the assemblies are adopted. The in core control system enable the plant to
detect the incorrectly loaded assembly by high value of power peaking factors at low power
level (30% N n o m ) . In the operative experience never happen this kind of occurrence.
Therefore, no safety analysis is considered necessary for each refueling by the plant.

3.2.1.1.1 Core power distribution

- Peaking factors used and their limiting values.

The main power peaking factors used in design are:

Kfc power peaking factor in fuel rod of fuel assembly;
Kz power axial peak factor;
K<, defined as ratio between the Maximum and Average Power of Assembly, peaking factor
for limiting assembly power;
Kv = (K<, * Kz) power peaking factor over the core volume;
K, = (Kq * Kk) defined as ratio between the Maximum and average Power of Rod, peaking
factor for limiting hot channel power;
Ko = (Kv *Kk) power peaking factor for local heat flux, establishing the maximum linear fuel
rod power.

Unitl: Kq<1.29 BCr<1.52 Ko<2.04
Unit 2: K,<1.35 Kr<1.55 KO<2.14

The maximum linear power density is calculated by:

Ql = Ql Kq * Kk " K z ' Kg,, ' Kpod ' King

Its maximum permissible value is 325 W/cm.

The inaccuracies due to fabrication and to calculation errors are taken into account through
the engineering power peaking factor (King) equal to 1.08 for unit 1, and 1.14 for unit 2.
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Inaccuracies in power knowledge are taken into account through K^ = 1.013 for unit 1, and
1.02 for unit 2, and the inaccuracy in keeping the reactor power by the control system
through Kpod= 1.02.

As concern the surveillance, according to the designer, the operator have to control
periodically the peaking factors. For the plant, during operation Nuclear Safety Laboratory
performs calculation of peaking factors periodically and operator performs control of peaking
factors periodically. The periodicity determined according the actual state of the core. If
necessary, specialists of the Nuclear Safety Laboratory perform directly the control of
parameters.

Systematic comparisons between calculated and measured data are performed to improve the
calculation codes and to reduce the errors in evaluating the peaking factors.

- Instrumentation and calibration.

Calibrations, using the thermal power (heat balance), are performed at full power in not more
than two hours without decreasing the power, if a deviation more than 2% is observed in the
indications of 2 out of 3 AKNP (Nuclear Flux Control System) channels.

During the fourth cycle in unit 2, some calculations were carried out to determine the
instrumentation error of thermocouples. The resulting error after calibration is 1.4%. There
was a similar activity on unit 1 for neutron detector.

The number of available detectors must be no less than 75% for temperature detectors and
2/3 for neutron detectors. If such limits are exceeded, the power will be reduced to 50% if
symmetric condition; if asymmetric, the power is reduced to 30%.

The failure rate experienced in a cycle is no more than 10% for temperature detectors and up
to 25% for neutron detectors. The average life of the detectors is 2-3 years.

- Limiting value of the fuel burn-up and potential limit due to Low Leakage Loading
Pattern (L3P).

For unit 1 and 2, the bum up limiting value is 38 MWd/kgU. Starting from 1994, NPP
planned to use 4.4% enrichment that allows the average burn up of 48 MWd/kgU.

For the equilibrium cycle the length in Effective Full Power Days (EFPD) and average burn
up values are:

unit 1 302 EFPD 32 MWd/kgU
unit 2 296 EFPD 34 MWd/kgU 37 MWd/kgU with L3P

Unit 2 refuelling scheme started to move to L3p.

First, a three year fuel cycle for unit 2 was used during 9 campaigns. At present, the reacor of
unit 2 was moved to four year fuel cycle without increasing the initial enrichment of fuel
assemblies, using the assemblies of loads with reduced neutron leakage.

The new planned enrichment is not use for increasing the cycle length but to reduce the
amount of new fuel. The validation of the design will be completed for February 94 and the
updated safety analyses will be included in Technical Safety Substantiation.
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3.2.1.1.2 Reactivity coefficients

Reactivity coefficient are calculated by KR code. The program is used as subroutine in the core
simulator BIPR-5, that is the version used for the approved first and equilibrium core. The
code version used in the present reloads is BIPR-7, that is using the same KR version of
BIPR-5.

As example the variation range, maximum and minimum value, of reactivity coefficients for
first core of unit 1 are listed:

moderator density, cnvtyg -0.07 0.35
moderator temperature 10-4/°C 0.48 -6.44
Fuel temperature lO^rC -0.40 -0.27
boron concentration kgnao/gB -0.084 -0.119
power 10"4/MWt -0.12 -0.23
delayed neutron fraction 10~3 5.57 6.68
prompt neutron life 10"6 s 21.0 25.1

The similar values for the equilibrium core of unit 2 are:

moderator density, cm-tyg -0.08 0.38
moderator temperature 1 O ^ C 0.55 -7.17
Fuel temperature l O ^ C -0.40 -0.27
boron concentration kgjj2o^8B -0.079 -0.119
power 10-4/MWt -0.11 -0.22
delayed neutron fraction 10~3 5.62 6.68
prompt neutron life 10"6 s 20.2 25.0

3.2.1.1.3 Area concerning reactivity control

Reactivity control obtained using two independent systems: control rods and boron dilution.

There are 37 control assemblies divided in 6 group. The sixth group is used for power control.

The control assembly speed is: during normal operation 2 cm/s, during emergency between 20
and 30 cm/s.

Experience with the failure of the regulator of the control rods due to electrical devices. In the
Operational Procedure it is prescribed to decrease the power to 70% if one regulator fails; to
shutdown if two or more fail.

- Control and monitoring systems.

For WWER 440, the in-vessel monitoring system monitors the temperature at the exit of 210
assemblies and the neutron flux in 36 (unit 2) assemblies (in seven axial positions). In unit 1
some of the temperature monitors are in the dummy assemblies and for neutron flux
measurement 33 assemblies are used.

The temperature measures are used to evaluate the power peaking factor during the cycle.
Correlations obtained during each refuelling design are reported in refuelling documents.

The neutron flux monitors (self-powered Rhodium detectors) are used to obtain the in core
power distribution.
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A second set of 15 ex-core ionization chambers, with two different flux ranges, is used for
control of neutron flux and reactivity changes. In Unit 1 the flux ranges are:

Start up range 10-8%-10-1 %N 1 - 107 n/cm2/s
Operational range 10-3 % - 120 % N 105 - 1.2 1010 n/cm2/s

If the technologic parameters are exceeded (e.g. neutron flux power, period, etc.) the
automatic emergency protection is actuated (first level of protection system).

3.2.1.1.4 Criticality during the refueling

Limits is keff< 0.98 in reactor (without taking into account the control rod assemblies).

The value in reactor is obtained considering Boron effect only. Besides, there must be provided
the technical and organizational measures in order to avoid the feed of pure condense into the
reactor and primary circuit.

The adopted limit is the one specified by eastern requirement (PBY-89). The limit is
considered validated and no evident need to reduce the limit is considered by the plant.

3.2.1.1.5 Stability

- Xenon control.

The problem of Xenon oscillation is considered limited due to the core dimension. In fact, the
height is 2.5 m compared to 3.5 m for unit 3. There is no requirement to control Xe
oscillation for units 1 and 2. There is the possibility to measure the Axial Offset (AO).

3.2.1.1.6 Vessel Irradiation

BEPR-7 code is used to obtain core flux distribution and fuel composition. DOT code is used
for azimuthal flux. The nuclear data file used is IRDF-90.

The calculated fluence values are:

- for unit 1 after 3119.3 EFPD, the maximum value is 2.54 1019 and the maximum value on
welding is 1.62 1019.

- for unit 2 after 3188.2 EFPD, the maximum value is 8.19 1019 and the maximum value on
welding is 5.23 1019.

The design limit value for 40 years vessel life is 8.6 1019 and 6.07 1019 on welding for unit 1
and unit 2 respectively 2.59 1020 and 1.82 1020.

3.2.1.1.7 Analytical methods

The main code for core calculation is BIPR-7. It is a core simulator using two groups diffusion
theory in 3D with coupled thermal hydraulic. Core is calculated using one radial node and 10
axial nodes for each assembly. The previous version, BIPR-5, uses one group only.

KACCETA is the lattice code using four neutron energy groups (10 MeV, 0.82 MeV, 5.5 keV,
0.625 eV) diffusion theory in 2D geometry. In the two upper groups, the cross sections do not
depend on the cell composition. The third group take into account the resonance effect, the
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cross section dependence is obtained on the basis of experimental data and multigroup
calculations. The code is used to generate the assembly library for BIPR-7. At present an
updated version of KACCETA is being used, TVS.

No information was obtained on the methodology for processing nuclear data.

According TSS, the limiting deviations of calculation results doesn't exceed:

- effectiveness of boric acid 5%
- worth of CPS absorber groups 10%
- initial values of temperature coefficient of reactivity 3.0 10"^ °C-1
- power coefficient of reactivity 20%
- fuel assembly power peaking 5%
- fuel rod power peaking inside the fuel assembly 10%

3.2.1.2 Assessment

- Licensing procedures for reloads.

As the new loading pattern in the refuelling is not considered a new core, the accident
analysis is not carried out. The justification is in the conservative approach adopted in the
first and equilibrium core design, the reactivity coefficients and safety margins are calculated
using large margins. Analysis of accidental situations and general safety of the plant in
accordance with specific core loading is not made [5].

Related to the above statement is that some accident analyses typical of a refuelling are not
performed, as the loading and operation of a fuel assembly in an improper position. Only the
usual administrative procedure to verify the correct position of the assemblies are adopted.

The above mentioned situation can justify a smaller amount of analysis to be performed, but it
cannot justify the absence of an accident analysis.

As the reload licensing process adopted doesn't seem acceptable in full according to the most
widely adopted licensing practices, the involvement of the licensing authority in the process
should be considered. The identification of a set of accident to be reevaluated in accordance
with the specific core loading is suggested.

3.2.1.2.1 Core power distributions

Acceptance criteria. There are no direct or explicit criteria for the power densities and power
distributions allowed during (and at the limits of) normal operation. These limits are
determined from an integrated consideration of fuel limits, thermal limits, scram limits and
transient and accident analyses. The design limits for power densities (and thus for peaking
factors) during normal operation should be such that acceptable fuel design limits are not
exceeded during anticipated transients and that other limits, such as the 1200°C peak cladding
temperature allowed for loss-of-coolant accidents (LOCA), are not exceeded during design
basis accidents. The limiting power distributions are then determined such that the limits on
power densities and peaking factors can be maintained in operation. These limiting power
distributions may be maintained (i.e., not exceeded) administratively (i.e., not by automatic
scrams), provided a suitable demonstration is made that sufficient, properly translated
information and alarms are available from the reactor instrumentation to keep the operator
informed.
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The acceptability of the reported values for peaking factor should be considered after the
evaluation of the errors associated to the calculation procedure, to the uncertainties in
maintaining operation inside design assumptions and to the instrumentation errors. Component
of peaking factor uncertainties should be defined individually to ensure that all the uncertainties
are included.

The Eastern experts explained that in the calculation procedures errors of instrumentation,
measurement, and calculation are considered. Every year after refuelling, a control of these
errors is performed.

- Instrumentation and calibration.

The qualification periodicity of the instruments is defined in the relevant technical
specifications. At the end of their assured life, they have to be substituted or further analyses
have to be performed to justify the extension of life.

The Rhodium detectors are used for checking in normal operation mode, including the
relatively slow transient conditions and not for the quick conditions.

- Potential limit due to L3P.

The adoption of low leakage scheme leads to higher flux value in the inner region of the core.
Such distribution could reduce the margin to the safety limits. The NPP explained that the
safety limits were defined for low leakage fuel load scheme.

3.2.1.2.2 Reactivity coefficients

Acceptance criteria. The only directly applicable general design criteria in the area of reactivity
coefficients is "..the net effect of the prompt inherent nuclear feedback characteristics tend to
compensate for a rapid increase in reactivity," and is considered to be satisfied in light water
reactors by the existence of the Doppler and negative power coefficients. There are no criteria
that explicitly establish acceptable ranges of coefficient values or preclude the acceptability of a
positive moderator temperature coefficient such as may exist in pressurized water reactors at
beginning of core life.

The moderator reactivity coefficient is positive in some situation. The non-positive moderator
temperature coefficient can be achieved through use of fixed burnable poison by limiting the
reactivity held down by soluble boron, however burnable poison is not used on units 1, 2.

3.2.1.2.3 Area concerning reactivity control

Acceptance criteria relative to control rod patterns and reactivity worths include:

a. The predicted control rod worths and reactivity insertion rates must be reasonable
bounds to values that may occur in the reactor. These values are used in the transient
and accident analyses and judgment as to the adequacy of the uncertainty allowances
are made in the review of the transient and accident analyses.

b. Equipment, operating limits, and procedures necessary to restrict potential rod
worths or reactivity insertion rates should be shown to be capable of performing
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these functions. It is a licensing authority position to require, where feasible, an alarm
when any limit or restriction is violated or is about to be violated.

Eastern experts explained that the documents PBY and TOB consist(£fycriteria for control rod
worths and reactivity insertion rates.

3.2.1.2.4 Criticality during refueling

The design basis used as reference requires that during refueling:

1. keff will be maintained at or below 0.98 with soluble boron, without taking into account the
control rod assemblies;

2. the fuel will be maintained sufficiently subcritical that removal of all control assemblies will
not result in criticality.

The NPP explained that during the refuelling on WER-440, the sub-criticality is quite
sufficient (for example, the sub-criticality of the unit 1 reactor during the refuelling after the
13 fuel cycle campaign is 21.5% when the rods are inserted and 12.3% when they are
withdrawn.

3.2.1.2.5 Stability

The Xenon oscillations are limited due to the core dimension, compared to W E R 1000, but
no requirement there is to control Xe oscillation for units 1 and 2.

3.2.1.2.6 Vessel Irradiation

Fluence values seem to be high compared to those generally accepted. The fact that the values
are computed considering 0.5 MeV instead 1.0 MeV should not affect the order of magnitude,
the different material used could be more important. The answer can be obtained from the
experimental results. NPP explained that Rovno NPP possesses sufficient experimental and
calculated data on neutron fluency on the reactor vessel.

3.2.1.2.7 Analytical methods

Acceptance criteria. There are no specific criteria that must be met by the analytical methods
or data that are used by an applicant or reactor vendor. In general, the analytical methods and
data base should be representative of the state of the art, and the experiments used to validate
the analytical methods should be adequate and encompass a sufficient range.

It is claimed that the safety is based among other features on the high core margins. The
full knowledge of the design margins, the verification and confirmation of these margins
is essential. The core codes currently used undergone a new validation that should be
reviewed.
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3.2.1.3 Recommendation for improvements

3.2.1.3.1 Core power distributions

1- Accurate distribution can be obtained from three dimensional neutronic and thermal
hydraulic calculations based on plant data. The results can be adjusted using
validated measured data from in-core and ex-core detectors.

Such a program (PIR) is available at the NPP.

The possibility of an improved on line calculation of core power distribution should
be considered. Methods for power distribution should be considered for increasing
the accuracy and the possibility to adopt the two group theory.

3.2.1.3.2 Reactivity coefficients

The feasibility to use burnable poison should be evaluated.

3.2.1.3.3 Area concerning reactivity control

None.

3.2.1.3.4 Criticality during refueling

The possibility to install additional subcriticality monitoring should be considered
during the refuelling.

3.2.1.3.5 Stability

None.

3.2.1.3.6 Vessel Irradiation

Low leakage loading pattern is recommended for all the units.

3.2.1.3.7 Analytical methods

- Calculation uncertainties

As there is an activity program to reduce the engineering margin coefficients, the
effects on the conservative approach should be evaluated.

3.2.1 A Recommendation for complementary studies

1- As refuelling scheme started to move to Low Leakage Loading Pattern, the possible
reduction of the margin to the safety limits should be verified.

2-The limiting power distributions may be maintained administratively, provided a
suitable demonstration is made that sufficient, properly translated information and
alarms are available from the reactor instrumentation to keep the operator informed.
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3.2.1.5 Proposal for future evaluations

1- To review the existing programs PIR and STAKS-4. PIR is used for calculations of the core
power distribution and STAKS-4 is used for Xenon control (unit 3).

2- Changing the enrichment to 4.4% the cross section and the calculation methodology should
be validated.

3- Uncertainty analysis on peaking factor performed on units 1 and 2. The review of the results
is proposed.

The analysis of neutron irradiation of the reactor vessel may be used in two ways. It may
provide the design basis for establishing the vessel material nil-ductility transition
temperature as a function of the fluence, nvt. Or, it may provide the relative flux spectra at
various positions between the pressure vessel and the reactor core so that the flux spectra
for various test specimens may be estimated. This information is used in determining the
reactor vessel material surveillance program requirements and pressure-temperature limits
for operation. Up to now, Rovno NPP does not perform analyses of neutron irradiation at
the reactor vessel. The calculations were effected by VNIIAES and Russian GAN.

4- The areas concerning pressure vessel irradiation that should be reviewed are:

a. Neutron flux spectrum above 1 MeV in the core, at the core boundaries, and at the inside
pressure vessel wall.

b. Assumptions used in the calculations; these include the power level, the use factor, the
type of fuel cycle considered, and the design life of the vessel.

c. Computer codes used in the analysis.

d. The data base for fast neutron cross sections.

e. The geometric modeling for the reactor, support barrel, water annulus, and pressure
vessel is detailed enough to properly estimate the relative flux spectra at various
positions from the reactor core boundary to the pressure vessel wall.

f. Uncertainties in the calculation.

5- The areas concerning analytical methods that should be reviewed are:

a. Descriptions of the analytical methods used in the nuclear design, including those for
predicting criticality, reactivity coefficients, burn up, and stability.

b. The data base used for neutron cross-sections and other nuclear parameters.

c. Verification of the analytical methods by comparison with measured data.
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3.2.2 Thermohydraulic core design

3.2.2.1 Information on the status at Rovno NPP

No information was obtained on the requested information on correlation used, experimental
base, errors for: core pressure drop, void fraction distribution, heat transfer coefficient,
computers code used, experimental comparison and validation.

The information is proprietary data of Hydropress. Due to the lack of documentation available
on the T/H design, according to eastern experts, information used for the evaluation of
Greifswald can be used.

In the following the information obtained in the frame of the present project is reported.

3.2.2.1.1 DNB and boiling crisis protection

Critical heat flux correlation developed by Hydropress. The allowed value is given by

qperm = q c r i t ( l - % / 1 0 0 )

where % is the error, in per cent, in determining the critical thermal flux that is 20%.

DNBR = qperm / qz

where qz is the real maximum thermal flux.

In normal condition the value is 2.95, in the worst condition 2.16.

The parameters considered in determining qcrit are the coolant rate, geometry, coefficient of
heat transfer, conductivity of materials.

3.2.2.1.2 Fuel temperature and overheating protection

None

3.2.2.1.3 Core cooling channel and bypass flow rate

None

3.2.2.1.4 Hydrodynamic stability

None

3.2.2.2 Assessment

Due to the lack of sufficient information available on the T/H design, the discussion is limited
to the specific information obtained in the frame of the project.

As the quadratic error for the critical heat flux is 13.1%, the assumed error is not well justified.
The mentioned reevaluation of the experimental data, done only on data effecting the 440, that
allowed the uncertainty reduction is not well understandable.
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The effects of phenomena such as fuel densification and rod bowing do not result that are
taken into account.

3.2.2.3 Recommendation for improvements

None.

3.2.2.4 Recommendation for complementary studies

None.

3.2.2.5 Proposal for future evaluations

See point 3.3.2.5

3.2.3 Mechanical design of the core

3.2.3.1 Information on the status at Rovno NPP

The NPP provided all the information available at the plant, but no enough data are available to
perform an assessment.

Due to the lack of documentation available on the termal mechanical design, according to
eastern experts, information used for the evaluation of Greifswald can be used.

Referring to the operating experience on fuel assemblies, the following information was
collected. There is a program of surveillance for Iodine content in the primary coolant. The
core region with leaking assembly can be identified during operation. The assembly, that is
identified during refuelling, is then keep in a special cask. From the beginning of operation on
units 1, 2 of Rovno NPP, 14 assemblies with gas leakage of some fuel rod claddings and
3 assemblies with fuel - water contact were detected which required the urgent unloading.

3.2.3.1.1 Codes and validation of codes

None.

3.2.3.1.2 Fuel rods

The fuel rod is 2572 mm long with an outer diameter of 9.1 mm of Zrl%Nb tube. UO2 pellets
of 7.55 mm diameter with a central hole of 1.4 mm and enrichment between 1.6% to 4.4%. A
56 or 76 mm space at the top of the pellet stack allows for fuel expansion, a spring is placed in
the space to hold the stack. The fuel rods are evacuated and then filled with helium and seal
welded at both ends.

The pellet central hole reduces the temperature at the center and lowers the probability of
centerline melting.

3.2.3.1.3 Fuel assemblies

There are 313 assemblies in unit 1 and 349 in unit 2. Both units have 37 control assemblies.
Each fuel assemblies contain 126 fuel rods.
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The fuel assembly consists of a hexagonal fuel bundle with spacer grids; a hexagonal assembly
shroud keeps the coolant inside th. fuel assembly and hold all parts into an integral unit; a
cylindrical shank (nozzle) designed to fit into an opening in the bottom of the core support
cage; the head of the fuel assembly, designed for grappling in reloading and transportation.
Honeycomb type grids secured on a central tube are used to space fuel rods in a triangular
array with a rod pitch of 12.2 mm.

3.2.3.1.4 Control rods

The control assembly is a combination of the fuel assembly and an absorbing extension. The
construction of the fuel section is like that of the fixed fuel assembly. The grabhead of the
control assembly is designed to connect to the absorber extension, that is attached to the top of
the movable fuel assembly via a shank. At the top of the control rod is a receptacle for the
shank of the control rod drive shaft. There are openings at the top and bottom to allow for
water passage. A boron steel insert provides reactivity control. The absorber extension is tied
together with a shroud similar to the one on the fuel assembly.

The control assembly performs emergency and planned shutdown of the reactor by pulling the
fuel from the core and inserting the absorber; regulates the reactor power and compensates for
slow changes in reactivity.

3.2.3.2 Assessment

Due to the lack of sufficient information available on the thermal mechanical design, no
discussion is performed because no specific information was obtained in the frame of the
project.

3.2.3.3 Recommendation for improvements

None

3.2.3.4 Recommendation for complementary studies

None

3.2.3.5 Proposal for future evaluations

None

3.2.4 Testing procedures and surveillance

3.2.4.1 Information on the status at Rovno NPP

3.2.4.1.1 Commissioning

None

3.2.4.1.2. Restart

Some results of the tests performed at the 10th refueling in unit 2 are reported.
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- Determination of reactivity coefficient of temperature.

It is defined as the sum of the fuel and moderator contributions.

Test condition: Tf i ielH2o = 2 5 7 °C ' pressure 125 kg/cm2, H ^ 100%, Hf, 126-127 cm from
bottom, boric acid concentration 7.3 g/kgH2O BIPR-7 calculation condition are:
Tfuel.H2O = 2 5 7 °c> pressure 125 kg/cm2, Hj.5 100%, H^ 126-127 cm from bottom, boric
acid concentration 8.24 g/kgH2O The experimental result is -14.0 10~3 %°C"1, the calculated
result is-8.65 10-3 %°C"1.

In general the experimental value of temperature coefficients are always more negative than
calculated ones.

- Boron reactivity coefficient

Test condition: T = 258 °C, pressure 124 kg/cm2, H ^ 100%, fy 125 cm from bottom, boric
acid concentration from 7.3 to 7.67 g/kgjco BIPR-7 calculation condition are: T = 258 °C,
pressure 125 kg/cm2, Hj_5 100%, Hg 128 cm from bottom, boric acid concentration 8.24
g/kgH2O The experimental result is -1.65 %/g/kgn2Q> t n e calculated result is
-1.41%/g/kgH2O.

- Control rod worth

Test condition: T = 258-262 °C, pressure 124-126 kg/cm2, Hg 0-250 cm from bottom.
BIPR-7 calculation are: T = 260 °C, pressure 125 kg/cm2, Hg 0-250 cm from bottom. The
total experimental worth results 2.089%, the calculated one 1.95%.

The experimental values are at several positions, but the computed value listed is only the
total.

- Value of control rod

Test condition: T ^ ^ 261,1 °C, T increase= 3.1 °C, pressure 125 kg/cm2, H j ^ 100%, boric
acid concentration 6.67 g /kg^o power 10.3% N. BIPR-7 calculation condition are:
Tinlet = 2 6 0 - 5 °c> Tincrease = 3 1 °c> pressure 125 kg/cm2, H ^ 100%, boric acid
concentration 9.04 g/kgj^o power 10.3% N. Experimental total value is 14.42, without
higher value control rod 11.25; calculated total value is 10.51, without higher value control
rod 8.97.

3.2.4.1.3 Operation

Information is under specific subjects.

3.2.4.2 Assessment

None.

3.2.4.3 Recommendation for improvements

None.

3.2.4.4 Recommendation for complementary studies

None.
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3.2.4.5 Proposal for future evaluations

None.

3.2.5 Fuel storage and handling

3.2.5.1 Information on the status at Rovno NPP

3.2.5.1.1 Subcriticality

- Limits of criticality for fuel pools.

Limit is keff < 0.95 in pool.

The value in pool is obtained considering fresh fuel at the highest enrichment with cold water
and without Boron. The limit is due to the geometrical distance among the assemblies, not to
the presence of absorbing material.

Calculations are carried out using a Monte Carlo code MCU.

- Fuel pools requirements.

In unit 1 and 2, the assemblies in the pools are distributed in two levels. The first level
contains 379 assemblies, the upper one 350. The upper level is divided in three removable
sections.

Requirements (unit 2) on pool concern boric acid concentration (16 g/kgjj2C))> average
water temperature < 60°C, water level not less than 21.3 m, both circuits of cooling pond
cooling down system and water purification system in operational availability.

The decay heat calculations performed according ANSI/ANS 5.1 1979.

As concern the release of fission products, credit is give to a decontamination factor in water
varying from 1 to 100 according the isotopes. No information were obtained on the
methodology or assumption on FP release.

Specialized sensors are installed outside the reactor and six channels of neutron flux control
refueling system. Signals go to a specific section of AKNP and are available to the operators
in control room and in the refueling machine.

Spent fuel is stored for a minimum of three years before be removed.

3.2.5.1.2 Storage: risk of irradiation, contamination by cladding rupture, failure of decay
heat removal

Due to the lack of sufficient information available, no discussion is performed.

3.2.5.1.3 Handling: risk of contamination and of falling containers

Due to the lack of sufficient information available, no discussion is performed.
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3.2.5.2 Assessment

None.

3.2.5.3 Recommendation for improvements

None.

3.2.5.4 Recommendation for complementary studies

None.

3.2.5.5 Proposal for future evaluations

The evaluation of uncertainties in calculated reactivity is proposed for the second phase.

3.3 UNIT 3

3.3.1 Neutron physics core design

3.3.1.1 Information on the status at Rovno NPP

The reactor core is made up of 163 hexagonal fuel assemblies containing 312 fuel rods, Fig
3.F.4; there are 61 control rod cluster made up by 18 B4C rods. The main characteristic are
listed in table 3.T.2 and the core arrangement in Fig. 3.F.5.

3.3.1.1.1 Core power distributions

The power distribution is determined from in-core monitors in the following steps: reading
data, A/D conversion, correction of the signals to take into account the instrumentation
consumption, power distribution calculation from flux values, peaking factor calculation and
comparison with BIPR-7 values, display. Two software are used: HORTITZA for determining
the power distribution in the active core using one group diffusion theory; PER that performs
simulation of reactor operation, calculation of restored power output, comparison of operating
data with calculated one.

The in core system is able to provide operator core power map with an accuracy of about
1-5%.

- Peaking factors used and their limiting values.

The design safety limits of the main power peaking factors used in design are:

Kk maximum fuel rod power to average in the hottest fuel assembly 1.08;
KQ hottest fuel assembly power to average core power 1.35;
Kz power axial peak factor 1.49;
Kv = (Kq * Kz) power peaking factor over the core volume;
Kq defined as ratio between the Maximum and Average Power of Assembly, peaking factor
for limiting assembly power;
Kr = (Kq * Kk) defined as ratio between the Maximum and average Power of Rod, peaking
factor for limiting hot channel power;
Ko = (Kv * Kk) power peaking factor for local heat flux, establishing the maximum linear fuel
rod power.
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Unit3: Kq< 1.35 Kr< 1.50 K«<2.24 Kv<1.9

The maximum linear power density is calculated by:

C|i = q i ' Kq ' Kk ' K z • K Q , • Kpod' K ^

Its maximum permissible value is 448 W/cm.

The inaccuracies due to fabrication ant to calculation errors are taken into account through
the engineering power peaking factor (Ki^) equal to 1.16. Inaccuracies in power knowledge
are taken into account through Ko, = 1.02, and the inaccuracy in keeping the reactor power
by the control system Kpod - 1-02.

- Instrumentation and calibration.

Calibrations, using the thermal power (heat balance), are performed at full power in not more
than two hours without decreasing the power, if a deviation more than < 2% is observed in
the indications of 2 out of 3 AKNP (Nuclear Flux Control System) channels.

Cross calibration is performed between power measurement from in core and out core
measurement devices.

The number of available detectors must be no less than 75% for temperature detectors and
2/3 for neutron detectors. If such limits are exceeded, the power will be reduced to 50% if
symmetric condition; if asymmetric, the power is reduced to 30%.

The failure rate experienced in a cycle is no more than 10% for temperature detectors and up
to 7.8% for neutron detectors. The average life of the detectors is 2-3 years and the
instrumentation is replaced at the end of the service life.

Systematic comparisons between calculated and measured data are performed to improve the
calculation codes and to reduce the errors in evaluating the peaking factors.

- Limiting value of the fuel burn-up and potential limit due to L-*P.

For unit 3, the maximum permissible value is 49 MWd/kgU.
The equilibrium cycle length in Effective Full Power Days (EFPD) and average burn up
values are:

unit 3 291 EFPD 41 MWd/kgU

3.3.1.1.2 Reactivity coefficients

Reactivity coefficient are calculated by KR code. The program is used as subroutine in the core
simulator BIPR-5, that is the version used for the approved first and equilibrium core. The
code version used in the present reloads is BIPR-7, that is using the same KR version of
BIPR-5.

3.3.1.1.3 Area concerning reactivity control

Reactivity control obtained using two independent systems: control rods and boron dilution.

Burnable poison rods used in unit 3. The increase of the number of burnable control rods
reduce the cycle length and the poison is not completely burned.
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There are 61 cluster of control rods grouped in 10 groups. All 10 groups are used to scram.
One group is reserved for "partial quick unloading" of the unit in some operational conditions
such as trip of two out of four main cooling pumps.
Two working groups are used for both power shape control and scram. One working group is
partially inserted to 80% from the bottom at nominal power. The part length rods were
substituted with full length in summer 1993. The length of control rods is 350 cm.

The control rods speed is: during normal operation 2 cm/s, during emergency the time of
complete insertion is between 1.5 and 4 s. The maximum permissible error on control rod
position determination is stated in the Operating Instructions to ± 3. cm with a step length of
35 cm. At each refueling there is a test on the insertion speed of control rods. Since August
1993, test to determine the dropping time have been performed once in 3 months.

The requirement on limiting reactivity insertion rate is 0.07 Bgfp's; the number of absorbing
rods is selected such a way that the maximum differencial efficiency does not exceed
0,035 Beff/cm.

- Control and monitoring systems.

For WWER 1000, the in-core monitoring system monitors temperature in 95 assemblies and
the neutron flux in 64 assemblies (in seven axial positions).

The temperature measures are used to evaluate the power peaking factor during the cycle.
Correlations obtained during each refuelling design are reported in refuelling documents.

The neutron flux monitors (self powered Rhodium detectors) are used to obtain the in core
power distribution and for Xenon control.

In addition, there are two sets of detectors.

One set of 40-50 detectors is used for fluence evaluation only.

The second set of 27 ex-core ionization chambers, with three different flux ranges, is used for
control of neutron flux and reactivity changes. The measurement ranges are:

Source 3 103 - 3 109 n/cm2/s 4 10-7 - 0.1 % N r a t

Intermediate 3 107 - 3 1012 n/cm2/s 1 103 -100 % N r a t

Power 3 109 - 3.6 1012 n/cm2/s 0.1 -120 % N r a t

If the technologic parameters are exceeded (e.g. neutron flux power, period, etc.) the
automatic emergency protection is actuated (first level of protection system).

The primary competence on ex core is of Automatic Instrumentation and Control Shop. The
Nuclear Safety Department participate to the activities.

- Control rod insertion problem

NPP representative state that is competence of INC Shop and is not available for discussion.
NPP received requirement from GANU for performing every three months test of operability
of control rods. In case of failure (as it happened in Rovno unit 3) there will be a consultation
with GANU on the actions to be done. A special commission was established in 1991 to deal
with the problem that is a generic issue for W E R 1000. It seems that the reason is due to
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corrosion of thimbles, but deformation of the control rods were found too. With the adoption
of the three year cycle, water chemistry was modified.

3.3.1.1.4 Criticality during refueling

Same information as in units 1 and 2.

3.3.1.1.5 Stability

- Xenon control. Methods of control and operator actions.

To control the Xenon oscillations the in-core system is used only.

Xenon control is actuated using the minimization of the axial offset (AO). Values of peaking
factors and of AO are controlled. AO is determined from the relative power difference
between lower and upper core. Peaking factors are checked against the limiting values in the
operative map.

The following procedure is used.

If Kv exceed the permissible value but AO inside the specified range the power is reduced
using the working group 10.

If AO > 5% previous measured AO and Kv inside the specified limit with power greater than
30%, control rods groups 10 and 5 are used plus boron compensation.

If both AO and Kv outside specified limits, the power is reduced in order to decrease Kv
according the amount Kv exceed the permissible value; control rods are used to control AO.

The previous is an administrative control procedure and is actuated manually.

During the past refueling the half length control rods were substituted with the full length; the
algorithm will be modified and the documentation is already ready. The reason for changing
are:

a) avoid possibility to insert positive reactivity;
b) increase the efficiency of emergency protection of 6-10%;
c) such absorbing rods are not necessary and it is desirable to use one absorbing rod

type.
d) life time of control rods increased from two to five years.

Concerning the surveillance, there are the same procedure as in unit 1 and 2.

3.3.1.1.6 Vessel Irradiation

Methods for fluence calculations and errors. Computer codes and cross sections used same as
in Units 1 and 2..

For unit 3 after 5 cycles, the maximum value is 5.96 1 0 ^ and the maximum value on welding
is 5.84 10*8; the design value for the 40 years vessel life is 5.7 ^
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3.3.1.1.7 Analytical methods

According TSS, the limiting deviations of calculation results from measuring data, as a rule,
does not exceed for:

- initial value of critical boron concentration 3%
- worth of CPS absorber groups 10%
- initial values of temperature coefficient of reactivity 3.0 10*5 °C-1
- fuel assembly power peaking factor 5%
- fuel rod power peaking inside the fuel assembly 3%
- Xe-135 poisoning effect 5%
- power effect 5%
- critical temperature of reactor tripped at EOL 15 °C

On May 21, 1991, the Scientific Council on code Validation made decision that a set of
code for WER-440 and WER-1000 physical calculations (UNIRASOS, KASSETA,
PERMAK, BIPR-7) and constant libraries should be validated.

3.3.1.2 Assessment

- Licensing procedures for reloads.

As for unit 1 and 2.

3.3.1.2.1 Core power distributions

Same considerations as in unit 1 and 2 apply.

3.3.1.2.2 Reactivity coefficients

Same considerations as in unit 1 and 2 apply.

3.3.1.2.3 Area concerning reactivity control

Service life of current type of control rods is 5 years for shutdown RCC and 1 year for
working groups RCC. As comparison, the typical service life for an Ag-In-Cd control rod is 15
years.

The increase of use of burnable control rods allows to obtain more negative water reactivity
coefficient, to reduce the boron content in water and to better control the power distribution
mainly in case of adoption of a low leakage scheme.

3.3.1.2.4 Criticality during refueling

Same as in units 1 and 2.

3.3.1.2.5 Stability

The methodology used for Xenon control has some difference with the western practice. In-
core instrumentation, instead of ex-core, is used for measurements of neutron flux difference
and axial offset. The control is mainly based on the peaking factor that has to stay inside the
stated limits. It is not clear to which extent the power distribution is kept in phase with the
Xenon distribution to avoid oscillations. No automatic action is implemented that take into
account potential high value of the AO.
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Convergent azimuthal oscillations due to spatial xenon effects can be excited by prohibited
motion of individual rod cluster control assembly. Such oscillations should be readily
observable and alarmed.

Axial xenon spatial power oscillations may occur. The control banks and neutron flux
detectors are provided for control and monitoring of axial power distributions. Assurance that
fuel design limits are not exceeded should provided by the reactor protection system which
should use the measured detailed axial power shape as input.

The power control function automatically adjust reactor power and core power distribution
through control rod motions, boron concentration change and control of reactor coolant
temperature. The system should include feature to allow the reactor be controlled with
minimum operator interface. In addition the automatic power control system should be able to
maintain acceptable core axial power distribution by adjusting the reactivity balance between
the reactor coolant boron concentration and the control rod insertion.

Two surveillance feature should be provided to ensure that acceptable power distributions are
maintained during normal operation. These surveillance features monitor peak linear power
density and margin to DNB limits. The linear power density limit (value leading to fuel
centerline temperature of 1690 °C) should be continuously monitored and any violation of the
limits will be alarmed to the operator. In addition the display available to the operator should
provide a visual comparison of the measured peak linear power to the limits.

Surveillance of the margin to DNB limits should be implemented, (there is a trip on low
DNBR? and on high linear power? and on low low control rod insertion limit?).The NPP
informed that the software Hortitza algorithm performs the margin to DNB limits for the
current state of the core. The proposed operator actions are not complete. The operation
documentation at Rovno NPP contains the detailed description of operator actions for different
cases.

Alarms to alert operator if required core reactivity shutdown margin is not available due to
excessive control rod position. The insertion limit will guarantee sufficient core reactivity
shutdown margin following reactor trip and will provide a limit on the maximum inserted rod
worth in the unlikely event of a hypothetical rod ejection. Insertion limits will ensure that
acceptable nuclear peaking factors are maintained.

Alarms to alert operator in the event of control rod deviation exceeding a preset limit. The
alarm should be set with appropriate allowance for instrument error and within sufficiently
narrow limits to preclude exceeding core design hot channel factors.

Interlocks will prevent further withdrawal of the control banks when signal limits are
approached that predict the approach of DNBR limit or linear power limit.

In monitoring power distribution in the core within specified safe limits, a signal indicating the
axial flux imbalance should be derived from upper half flux and lower half flux. An axial flux
difference deviation alarm should be obtained, which determines the time (one minute)
averages of detectors outputs to monitor the upper and lower flux difference in the reactor
core and alert operator when alarm conditions exist, (according to the reglement).

Xenon oscillations can potentially lead to high value of power peaking factors. Uncontrolled
xenon oscillation can cause fuel damage (PCI, DNBR failure, Fuel melting). In unit 3 xenon
oscillation are regulated manually. In steady state power operation the Kv and AO values
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measured by in core monitoring system do not exceed the allowable values. When Kv
permissible value is exceeded power is reduced; when AO outside limit working group 5 and
10 are used; boric acid concentration is modified in order to compensate the reactivity change
due to control rod movement.

NPP explained that for xenon control there is the program STAKC-4, which is qualified and
provides an algorithm for xenon control.

3.3.1.2.6 Vessel Irradiation

Fluence values seem to be high compared to that generally accepted. The fact that the values
are computed considering 0.5 MeV instead 1.0 MeV should not affect the order of magnitude,
the different material used could be more important. The answer can be obtained from the
experimental results.

NPP explained that Rovno NPP possesses sufficient experimental and calculated data on
neutron fluence on the reactor vessel.

3.3.1.2.7 Analytical methods

As for Units 1 and 2.

3.3.1.3 Recommendation for improvements

3.3.1.3.1 Core power distributions

1- Accurate distribution can be obtained from three dimensional neutronic and thermal
hydraulic calculations based on plant data. The results can be adjusted using
validated measured data from in-core and ex-core detectors.

The program HORTTTZA (DNB-limits for the current state of reactor) available at
the NPP has to be reviewed. Depending on the review, the algorithm of the on-line
program and the presentation of the results have to be improved.

2- The program STAKC-4, which is used for xenon control, has to be reviewed.

3.3.1.3.2 Reactivity coefficients

The feasibility to use an higher number of burnable poison rods should be evaluated. See
next point too.

3.3.1.3.3 Area concerning reactivity control

It is suggested to take into account the idea to modify the current design of the burnable
poison rods in order to avoid the problem of the present design that limits a wider use.
The possibility to have a different number of poison rods in the assembly could be useful
in the hypothesis to increase the use.

Root cause analysis is recommended to be performed on the blockage of control rods
events. Immediate actions and compensatory measures are recommended to be taken.
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3.3.1.3.4 Criticality during refueling

The possibility to increase to 5% the subcriticality during the refueling should be
considered.

3.3.1.3.5 Stability

The possibility to use more than two group of control rod bank for control could be
evaluated.

Azimuthal oscillations should be readily observable and alarmed. Assurance that fuel
design limits are not exceeded should be provided by the reactor protection system
which should use the measured detailed axial power shape as input.

Two reactor trip should be generated: 1) Reactor trip on low DNBR, 2) Reactor trip on
high W/cm. Both of these trips require considerable calculation prior to their actuation
because the two variables (DNBR and W/cm) are not directly measurable.

3.3.1.3.6 Vessel Irradiation

Low leakage loading pattern is recommended in order to reduce the fluence value.

3.3.1.3.7 Analytical methods

As for Units 1 and 2.

3.3.1.4 Recommendation for complementary studies

- Core power distribution

Presentation of uncertainty analyses fore nominal values, including the magnitude of
uncertainty and the justification of the magnitude by examination of the accuracy of
the method used in calculation and comparison where possible with reactor
experiments.

Combination of nominal value and uncertainty to provide suitable conservative values
for use in reactor steady state and transient and accident analysis.

Measurements in previous reactors and critical experiments and their use in
uncertainty analyses and measurement to be made on reactor under review, including
start up confirmatory test

Uncertainty analysis on peaking factor similar to the one performed on units 1 and 2 is
already planned for unit 3.

It is recommended an investigation and evaluation of existing core control strategies.

In order to increase the safety margins and economic parameters, the following
analyses are proposed:

1- modernization of the burnable poison rods with non uniform axial boron
distribution. Lower boron concentrations at the top and at the bottom of the rods
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may decrease axial peaking factor kz of about 6-8% and provide gain on the length
of the cycle for about 1% ( according the designer);

2- computational analysis for U-Gd fuel cycle with non uniform axial gadolinium
content as in point 1.

3.3.1.5 Proposal for future evaluations

- Core power distribution

Uncertainty analysis on peaking factor is planned for unit 3. The review of the results is
proposed if available in time.

- The areas concerning pressure vessel irradiation that should be reviewed are:

Same as for Units 1 and 2

- The areas concerning analytical methods that should be reviewed are:

Same as for Units 1 and 2

Information on code qualification and validation can be obtained in the frame of the contract.
For each code:

description of the code;
purpose for which is used;
main results of experimental validation;
error associated to the main parameters calculated by the code;
discussion of the results of the validation activities performed in the frame of
decision of NTT GPAN.

3.3.2 Thermohydraulic core design

3.3.2.1 Information on the status at Rovno NPP

No information was obtained on the requested information on correlation used, experimental
base, errors for: core pressure drop, void fraction distribution, heat transfer coefficient,
computers code used, experimental comparison and validation. The reason is that information
is proprietary data of Hydropress.

Due to the lack of documentation available on the T/H design, according to eastern experts,
information used for the evaluation of Stendal can be used.

In the following the information obtained in the frame of the present project is reported.

3.3.2.1 DNB and boiling crisis protection

Critical heat flux correlation developed by Hydropress. The allowed value is given by:

qperm = q c r i t ( l - % / 1 0 0 )

Where % is the error in per cent in determining the critical thermal flux that is 15% arising
from the 7% quadratic error.
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= qperm/qz

where qz is the real maximum thermal flux.

For unit 3 in normal condition the value is 1.73, in the worst condition 1.19.

The parameters considered in determining qcrit are the coolant rate, geometry, coefficient of
heat transfer, conductivity of materials.

Kurchatov Institute developed an algorithm for DNBR control but it is not implemented in
Rovno NPP.

The computer code used for hydrodynamic performance and DNBR calculation is CANAL.
For heat transfer coefficient, evaluation of coolant flow and hydraulic resistance ALFA code.
For fuel assembly and for fuel temperature TVEL.

Usually the model take into account three channels: the average channel, the hot channel and
the by pass. In case of not compliance with the DNBR limit it is requested to perform
calculation with more than three channel in order to determine the number of fuel rods
experiencing thermal crisis.

3.3.2.1.2 Fuel temperature and overheating protection

The maximum fuel temperature at rated power is 1690 °C at nominal power; if deviation of
parameters the maximum value is 1800 °C. The design limit is not to excede the fuel melting
temperature (assumed to be equal to 2600 °C with account of fuel burnup).

3.3.2.1.3 Core cooling channel and bypass flow rate

In Rovno unit 3 the core bypass ratio is about 3%. The components are 2.2% through guide
thimbles, 0.1% leakage from the vessel inlet nozzle directly to the vessel outlet nozzle, 0.7%
flow between baffle and barrel.

3.3.2.1.4 Hydrodynamic stability

Some kind of hydrodynamic instability (not specified) are taken into account.

The hydraulic load on internal, mainly where there is a change in flow direction and on control
rods.

The evaluation and the discussion of the previous subjects are not included in TSS. No
documentation was available, only oral information that such analyses were performed.

3.3.2.2 Assessment

The acceptance criteria are based on meeting the relevant requirements that the reactor core
will be designed with appropriate margin to assure that specified acceptable fuel design limits
are not exceeded during normal operation or anticipated operational occurrences (AOO).
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Specific criteria necessary to meet the above requirements are as follows:

1. One of the acceptance criteria for evaluation of fuel design limits provides assurance that
there be at least a 95% probability at a 95% confidence level that the hot fuel rod in the core
does not experience a departure from nucleate boiling (DNB) or transition condition during
normal operation or anticipated operational occurrence.

Uncertainties in the values of process parameters, core design parameters, and calculational
methods used In the assessment of thermal margin should be treated with at least a 95%
probability at a 95% confidence level.

Two examples of acceptable approaches to meet this criterion are:

a. For departure from nucleate boiling ratio (DNBR), critical heat flux ratio (CHFR)
or critical power ratio (CPR) correlations there should be a 95% probability at the
95% confidence level, that the hot rod in the core does not experience a departure
from nucleate boiling or boiling transition condition during normal operation or
anticipated operational occurrences; or

b. For DNBR, CHFR or CPR correlations, the limiting (minimum) value of DNBR,
CHFR, of CPR is to be established such that at least 99.9% of the fuel rods in the
core would not be expected to experience departure from nucleate boiling or
boiling transition during normal operation or anticipated operational occurrences.

2. Problems affecting DNBR or CPR limits, such as fuel densification or rod bowing, are
accounted for by an appropriate design penalty which is determined experimentally or
analytically. Subchannel hydraulic analysis codes should be used to calculate local fluid
conditions within fuel assemblies for use in PWR DNB correlations. The acceptability of
such codes must be demonstrated by measurements made in large lattice experiments or
power reactor cores. The effects of radial pressure gradients in the core flow distribution
should be evaluated.

3. The reactor should be demonstrated to have sufficient margin to be free of undamped
oscillations and other thermal-hydraulic instabilities for all conditions of steady-state
operation (including part loop operation), and for anticipated operational occurrences.

4. Methods for calculating single-phase and two-phase fluid flow in the reactor vessel and
other components should include classical fluid mechanics relationships and appropriate
empirical correlations.

5. The proposed technical specifications should be established such that the plant can be safely
operated at steady state conditions under all of the expected combinations of system
parameters. The safety limits and limiting safety settings must be established for each
parameter, or combinations of parameters, such that acceptance criterion 1, above, is
satisfied.

6. Preoperational and initial startup test programs should follow the recommendations of
Regulatory Guide 1.68, as regards measurements, and confirmation of thermal hydraulic
design aspects.

7. The design description and proposed procedures for use of the loose parts monitoring
system should be consistent with the requirements of Regulatory Guide 1.133.
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8. The effects of crud should be accounted for in the thermal-hydraulic design by including it in
the CHF calculations in the core or in the pressure drop throughout the RCS. Process
monitoring provisions should assure capability for detection of a three percent pressure
drop in the reactor coolant flow. The flow should be monitored every 24 hours.

3.3.2.3 Recommendation for improvements

None.

3.3.2.4 Recommendation for complementary studies

Evaluation of the error associated to the correlation used in DNBR and presentation of
how the acceptable DNBR value is determined.

Subchannel hydraulic analysis codes should be used to calculate local fluid conditions
within fuel assemblies for use in PWR DNB correlations. The validation of such codes
should be demonstrated through the measurements made in large lattice experiments or
power reactor cores. The effects of radial pressure gradients in the core flow distribution
should be evaluated.

3.3.2.5 Proposal for future evaluations

None.

3.3.3 Mechanical design of the core

3.3.3.1 Information on the status at Rovno NPP

The NPP provided all the information available at the plant, but no enough data are available to
perform an assessment. TSS standard content does not contain enough data to perform an
evaluation. There are good description of the components and the general criteria are listed,
but no basis for the specific analyses and no evaluations are reported.

Due to the lack of documentation available on the T/M design, according to eastern experts,
information used for the evaluation of Stendal can be used.

Referring to the operating experience on fuel assemblies, the following information was
collected. There is a program of surveillance for Iodine content in the primary coolant. The
core region with leaking assembly can be identified during operation. The assembly, that is
identified during refuelling, is then keep in a special cask. In the ROVNO plants, 14 leaking
assemblies with gas leaks were identified from the beginning of operation.

3.3.3.1.1 Codes and validation of codes

None.

3.3.3.1.2 Fuel rods

The rod is made of a Zr-l%Nb tube 9.1 mm outer diameter 7.72 inner diameter and 3837
length. Uranium dioxide pellets are 7.53 mm in diameter with a central hole of 2.4 mm. Fuel
stack length in cold state is 3530 mm. The fuel rods are evacuated and then filled with helium
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at 2.0 MPa. The pellet central hole reduces the temperature in the center of the fuel pellet and
lowers the probability of centerline melting during operation.

3.3.3.1.3 Fuel assemblies

Fuel rods are arranged in a triangular grid with spacing of 12.75 mm and spaced by 15
honeycomb type grids secured on a central channel. The lower grids is a support for fuel rods
and is fixed to a tailpiece. The axial forces are absorbed by a skeleton consisting of the guide
channels fixed on the fuel assembly cap end on the lower grid. The fuel assembly contains 312
fuel rods and 18 guide channels.

3.3.3.1.4 Control rods

There are 61 assemblies having 18 movable control rods. The height of the absorber rod is
4240 mm, the absorbing element is 3710 mm and the absorbing element diameter is 8.2 mm.
The absorbing material is B4C powder with density not less than 1700 ^

3.3.3.1.5 Burnable poison rods

For three years cycle, there are 54 fuel assemblies each having 18 fixed burnable poison rods.
The height of the burnable poison rod is 4250 mm, the absorbing element is 3550 mm and the
diameter is 9.1 mm. The burnable poison is CrB2 in aluminium matrix with boron density 50,
42, 36 kg/m3

3.3.3.2 Assessment

Due to the lack of sufficient information available on the thermal mechanical design, no
discussion is performed because no specific information was obtained in the frame of the
project.

3.3.3.3 Recommendation for improvements

None.

3.3.3.4 Recommendation for complementary studies

None.

3.3.3.5 Proposal for future evaluations

None.

3.3.4 Testing procedures and surveillance

3.3.4.1 Information on the status at Rovno NPP

3.3.4.1.1 Commissioning

At station commissioning test are performed in order to confirm performances that are
included in the TSS.
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For these experiment there is a special program where all initial data are specified, methods,
accuracy, methods for information processing and test criteria. Besides in the program some
safety measure are described as well. In addition all test participants are listed.

The results obtained are integrated in a report on the base of which specific permission are
done for operation.

The scope of the program was defined for both 440 and 1000 units, the information approved
by GAN and by Ministry of Energy. All the programs are elaborated in accordance to PBY.

At unit commissioning the following organization take part:

- Startup specialized organization;
- Scientific leader of the project;
- Kurchiatov Institute for the first unit of the series;
- VNIIAES is in charge for the following units;
- Chief designer Hydropress;
- Architect Engineer Energo Project Kiev;
- Operational staff of NPP.

Representative of all the above organizations form the group commissioning guidance.
Chairman is the plant Chief Engineer.

The licensing authority survey the process of commissioning and authorize the execution.

The physical test executed at different power level: at subcriticality, at minimum controlled
level (10'3-10-5 % N r a t , for some test 1%), at house need level about 8%, then at 40% 75%,
90%, 95%, 100%.

- Control rod insertion speed

All clusters tested, no fuel in core but dummy assemblies. Control rod drop in scram mode.
No numerical value listed in the report concerning the results, but the results are in the
allowed value. The required insertion time is 4 s.

During the drop test on November 13, 1993, overload were detected in two clusters. The
NPP explained that the reactor was switched off and that the drop test was successfully
repeated. Since August 1993, GANU has requested to perform cluster drop tests once in
3 months.

The test is performed at each new cycle.

- Procedure to reach criticality.

For the tests the procedure executed in two mode.

First mode: T ^ Q = 254 °C primary pressure 115 kg/cm^. Criticality with group 1 to 9 fully
withdrawn, group 10 at 27% from bottom core and boric acid concentration 8,3 g/kgj^o-
The correspondent BEPR-7 calculated values are TJ^Q = 254 °C primary pressure
160 kg/cm^ , group 10 at 80% from bottom core and boric acid concentration 8,7

Second mode: Tj^o = 280 °C primary pressure 160 kg/cm2. Criticality with group 1 to 9
fully withdrawn, group 10 at 80% from bottom core and boric acid concentration
8,3 g/kgH2o The correspondent BIPR-7 calculated values are T ^ Q = 2 5 4 °C primary
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pressure 160 kg/cm2 , group 10 at 80% from bottom core and boric acid concentration

In the test procedure it is reported that the minimum counting rate is inside the allowed value
but no numerical value is specified.

No neutron source are used in Rovno NPP.

Low power tests

- Determination of reactivity coefficient of temperature.

It is defined as the sum of the fuel and moderator contributions.

First test condition: Tmo from 256 °C to 260 °C, pressure 115 kg/cm2, H]_9 100%,
HJO 65%, boric acid concentration 8.3 g/kgH2O- The result is 9.4 10"3 beta °C~1, with beta
equal to 0,7%.

Second test condition: Tmo
 from 2 7 7 ° c t 0 2 7 9 °C, pressure 115 kg/cm2, Hj_9 100%,

Hio 53%, boric acid concentration 8.3 g/kgj^o- The result is 9.6 10~3 beta °C"1, with beta
equal to 0,7%.

- Value of working group control rods

There is coincidence between experimental and calculated values for control rod position up
to 200 cm from bottom. At 200 cm exp. .5 calc. .45, at 280 exp. .8 calc. .65. Values are in
beta effective.

Power test.

a) All reactivity coefficients are measured at minimum control level and at 75% N and 95%
N. Each refueling only at minimum controlled power.

b) Xenon oscillation test is performed only to the first of the kind reactor. In Unit 1 was
performed such test.

c) Peaking factor measured but not DNBR because not required. Same situation for
refueling.

3.3.4.1.2 Restart

- Procedure to reach criticality.

First step:
cold shutdown condition: temperature 20 °C, Boron concentration not less than 16 g/kgwo,
requested keff- 0.98 the actual - 0.95.

Second step:
temperature - 260 °C, Boron concentration not less than 16 g/kgH2O.
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Third step:
temperature - 260 °C, Boron concentration not less than 16 g/kgH2O, control rods groups 1
to 9 out of 350 cm from core bottom. Group 10 in start up range (from 40 % to 85 % from
core bottom). During the rods withdrawn, operator monitors the reactor period using AKNP
(ex-core system).

Fourth step:
boron dilution.

3.3.4.1.3 Operation

Information is under specific subject.

3.3.4.2

None.

Assessment

3.3.4.3 Recommendation for improvements

None.

3.3.4.4 Recommendation for complementary studies

None.

3.3.4.5 Proposal for future evaluations

None.

3.3.5 Fuel storage and handling

3.3.5.1 Information on the status at Rovno NPP

3.3.5.1.1 Subcriticality

- Limits of criticality for fuel pools.

As for unit 1 and 2.

- Fuel pools requirements.

In unit 3, the assemblies in the pools are distributed in one level. The pool contains 437
assemblies; 412 are stored in rank and 25 can be put in leak tight tube designed for the
storage of leaking assemblies.

The requested storage time before shipping of spent fuel depends from enrichment (i.e. 21
months for 1.6% and 2 years for 3%)

Requirements on pool are similar to the ones described for unit 1 and 2.

During the maintenance works in 1994 it is planned to replace the pool sections in order to
increase ist capacity.
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3.3.5.1.2 Storage: risk of irradiation, contamination by cladding rupture, failure of decay
heat removal

Due to the lack of sufficient information available, no discussion is performed.

3.3.5.1.3 Handling: risk of contamination and of falling containers

Due to the lack of sufficient information available, no discussion is performed.

3.3.5.2 Assessment

None.

3.3.5.3 Recommendation for improvements

None.

3.3.5.4 Recommendation for complementary studies

None.

3.3.5.5 Proposal for future evaluations

As for units 1 and 2
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Table 3.T.1 WER-440

Parameter

1 Rated thermal power
2 Primary circuit pressure
3 Nominal core coolant flow
4 Reactor height
5 Pressure vessel diameter
6 Steam generator pressure
7 Number of loops
8 Number of fuel assemblies
9 Number of control rods
10 Number of fuel rods in assemblies
11 Number of incore assemblies (unit 1/2)
12 Number of temperature sensors
13 Core outlet temperature
14 Core inlet temperature
15 Core pressure drop (unit 1/2)
16 Cycle
17 Operating life
18 Kq (unit 1/2)
19Kr(unitl/2)
20 Fuel assembly max outlet temperature

Mw
MPa
m3/h
mm
mm
MPa

°C

MPa
years
h

°C

1375
12,75

3990/40400
11800
4270
4,61
6

313/349
37
126
33/36
210
297
267
0,31/0,26
3
7000
1,29/1,35
1,52/1,55
312
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Table 3.T.2 WER-1000

Parameter

1 Rated thermal power
2 Reactor height
3 Pressure vessel diameter
4 Pressure vessel material
5 Core height when hot
6 Number of fuel assemblies
7 Number of control rod clusters
8 Number of fuel rods
9 Number of in core sensors
10 Number of temperature sensors
11 Primary circuit pressure
12 Steam generator pressure

13 Nominal core coolant flow
14 Number of loops
15 Core outlet temperature
16 Core inlet temperature
17 Core pressure drop
18 Number of control rods in cluster
19 Control rod diameter
20 Control rod service life
21 Absorbent material
22 Cycle
23 Operating life
24 Burnable poison rod material
25 Burnable poison rod life
26 Kq
27 Kz
28 Kr

MW
mm
mm

mm

MPa
MPa

m3/h

°C
°C
MPa

mm
years

years
h

years

3000
19122
4570
15X2HMOA
3567
163
61
312
64
95
15,7 0,2
6,3 0,1

+4000
86500-4800

4
317
287
0,38
18
8,2
5

powder B4C
3
7000

CrB2 + Al
1
1,35
1,49
1,50
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FIGURE 3 .F. 1. (WER 440)
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FIGURE 3.F.2
NUMERATION OF FUEL ASSEMBLIES AND GROUPS OF

CONTROL ROD REGULATORS IN THE ACTIVE CORE - UNIT 1 ROVNO NPP
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FIGURE 3.F.3
NUMERATION OF FUEL ASSEMBLIES AND GROUPS OF

CONTROL ROD REGULATORS IN THE ACTIVE CORE - UNIT 2 ROVNO NPP
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FIGURE 3.F.4. (WER 1000)
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FIGURE 3.F.5
NUMERATION OF FUEL ASSEMBLIES AND GROUPS OF

CONTROL ROD REGULATORS IN THE ACTIVE CORE - UNIT 3 ROVNO NPP
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Appendix 3.A.1

General Design Criteria for PWR Nuclear Power Plant
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3. INTEGRITY OF BARRIERS

3.1 Fuel

1) The reactor core and related cooling, monitoring and protection systems shall be designed
with enough margin to ensure that no damage is caused to the fuel cladding in plant
condition 1 and 2. Prompt inherent nuclear feedback characteristics must be garantee so
that they tend to compensate for a rapid reactivity increase over the entire power operating
range. Power oscillations which can result in conditions of fuel damage shall be prevented
or promptly and reliably detected and suppressed. Random statistical failures which can
occur shall be compatible with the capability of the primary coolant cleanup system and
consistent with the plant design bases.

2) In plant condition 3 and 4, it shall be possible to shutdown the reactor and to keep it in
shutdown state and to remove the decay heat.

In particular, for loss of coolant accidents, the core cooling capability shall be guaranteed
with respect to the following limits:

a) the maximum temperature of the cladding shall not exceed 1200°C;

b) the oxidation of the cladding shall nowhere be of a thickness greater than 17% of the
total thickness of the cladding itself;

c) the metal-water reaction shall not affect more than 1% of the zirconium present in the
cladding of the fuel rods active part;

d) variations in the core geometry shall not exceed those for which the core cooling
capability is demonstrated.

In regard to accidents entailing a rapid insertion of positive reactivity - such as a control
rod ejection accident - the enthalpy accumulated in the fuel shall not exceed 230 cal/g.

5.1 REACTOR TRIP SYSTEMS - REACTIVITY CONTROL SYSTEM

1) The reactivity control system shall be designed with suitable limits on the potential quantity
and rate of the reactivity increase to ensure that the postulated reactivity accidents do not
bring about the exceding of limits established for the enthalpy accumulated in the fuel and
the damaging of primary circuit pressure boundary. Among such accidents shall be
considered control rod ejection , steam line rupture, coolant pressure and temperature
variations and cold water injection.

2) The reactor shall be equipped with two independent and different trip systems.

One of these systems shall employ control rods and shall be able, with appropriate margins
and the reliability required in respect of each transient or accident, to shutdown rapidly the
reactor in plant condition 2, 3 and 4 and keep it subcritical in observance of the criteria set
forth under par. 3.1.

The second trip system (in the assumption that the other system is not available) shall
automatically and reliably shutdown the reactor in plant condition 2 and keep it subcritical
in compliance with criteria under par. 3.1.

3. A. 1/2



3) When the characteristic of the second shutdown system are not able to ensure the function
of rapid shutdown in case of events without the intervent of the first system, specific
measures shall be adopted for reducing the probability of the event and for mitigating the
conseguences.

4) The cold shutdown may be ensured through concentration control of the liquid poison in the

primary coolant.

5) The shutdown systems shall satisfy the following minimal requirements:

- single failure criterion for system design;

- indipendence of redundant components of individual systems;

- design of structures, systems and and components to withstand internal design basis events
and external natural ones;

- the operability of systems and components whether through offsite electric power alone or

through onsite one alone.

5.8 INSTRUMENTATION AND CONTROL SYSTEMS

1) The instrumentation and control systems shall permit adequate monitoring of variables and
systems for all the operational states and under transient and accident conditions.

2) During normal operation, provision shall be made, in particular, to enable a survey of
variables and systems that may influence the fission process, the reactor core, the reactor
coolant pressure boundary and containment integrity. Furthermore, adequate manual and
automatic control of these variables and systems within their operation ranges shall be
provided.

3) During of operational transients and accidents, adequate information shall be channeled to

the control room to unable operators to:

- bring the plant to a safe shutdown condition;

- determine whether the reactor trip system, safeguard and other safety-related systems
are performing their planned functions;

- diagnose situations where loss of integrity in the fuel barrier, reactor coolant pressure

boundary and containment has occurred or may occur;

- verify functioning of the plant systems to make possible appropriate decisions;

- maintain the release of radioactive material under control and promptly estimate what
action is to be taken.
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5.9 REACTOR PROTECTION SYSTEM

1) The protection system shall be designed to permit:

a) automatical actuation of the systems, including the reactor trip system, required to
assure that the fuel design limits established are not exceeded during any condition of
normal operation, including the effects of anticipated operational transients;

b) detection of accident conditions and actuation of the systems required to mitigate the
consequences of such conditions;

c) overriding the effects of incorrect interventions of the control system.

5.13 FUEL STORAGE AND HANDLING SYSTEM

1) The fuel storage and handling system shall be designed so as to:

a) prevent criticality by physical or process means, preferably by use of geometrically safe
configurations even in optimal moderation conditions;

b) prevent the dropping of fuel during handling operations;

c) prevent fuel stress in excess of acceptable limits;

d) prevent the dropping of heavy objects, including the transport container or its part on
the fuel or structure, parts or components relevant for safety;

e) permit adequate inspections and periodic tests on safety-related components.

2) Moreover, following requirements shall be satisfied for the irradiated fuel:

a) the system shall have adequate capability for heat removal under all operational and
accident conditions;

b) systems shall be provided to detect reductions in residual heat removal capability and
increases in radiation levels, so as to guarantee that appropriate safety actions are
undertaken;

c) provisions shall be made for water chemical characteristics and radioactivity content in
the irradiated fuel handling and storage pool monitoring and leak detection;

d) provisions shall be made for the visual control of refueling operations assuring
adequate trasparency of the pool water;

e) the storace capability shall be for 4/3 of the core at least;

f) provision shall be made for the storage of damaged fuel elements;

g) adequate systems for containment, segregation and filtering shall be provided;

h) provision shall be made for adequate shielding of radiation sources.
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3) Conditions for handling of fUel inside the plant shall be consistent with those established in
the transport regulations; in particular, qualification specifications for containers shall be
taken into account and space and equipment necessary for their decontamination shall be
provided.

7.3 EVALUATION OF RELEASES

In order to verify observance of the protection criteria of the general public, evaluation of
radioactivity releases into the environment shall be based upon cautious assumptions of the
parameters relating to the phenomena that characterize the evolution of the events.

The following conditions shall apply in particular:

a) the plant shall be considered for every event to be in the operating condition which will
be the more serious in respect of the release following the event itself;

b) the entire quantity of fission products contained in the gap between fuel and cladding is
available (release from the fuel; this quantity shall be evaluated cautiously with
reference to the conditions existing in the core at the end of an entire operating cycle
at full power;

c) the entire spectrum of fission products shall be examined; possible exclusion of any of
these from the release evaluation shall be motivated in view of the connected
radiological risk;

d) the number of fuel rods damaged as a consequence of the accident shall be evaluated
following a cautious analysis of the thermohydraulic conditions; such rods shall
belong, unless evidence to the contrary is offered, to the highest burn-up zone in the
core;

e) an "escape factor" of 1 for noble gases, halogens and cesiums, 10 for tellurium and 100
for barium and strontium, may be considered in connection with the passage from the
fuel gap to the primary loop;

f) the following shall be considered as already present in the primary coolant at the
moment of the event:

- equilibrium fission products arising from plant operation cautiously evaluated;

- activated corrosion products, where significant from the radiological viewpoint;
their possible exclusion from the release evaluation shall be justified also in face of
phenomena such as rapid depressurization and entrainment actions;

g) for events which entail power variations in the core, the peak of releases from fuel to
the coolant (spike) shall be evaluated and taken into account;

h) for events which entail release of radioactivity into the primary containment:

- no allowance shall be made - in the absence of evidence to the contrary - for plate
out phenomena within the primary loop;
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- at least 1% of the iodine released into the containment atmosphere shall be
considered under organic form; the remainder shall be assumed to be equally
subdivided into molecular iodine and paniculate iodine;

- activity released from the primary loop shall be considered - in absence of evidence
to the contrary present as areoform in the containment atmosphere;

- allowance may be made, if duly motivated, for natural and/or induced plate out
phenomena; plate out phenomena related to spray system actuation shall be limited
to the containment volume effectively served;

- the primary containment leak rate shall be assumed as not less than 0.5% of the free
volume for the first 24 hours following the accident and as 50% of this value for
successive times;

i) it shall be assumed that not less than 1% of the fission products released from the
primary containment escapes the filtering system;

j) the efficiency of filtering systems cannot be assumed to be greater than 99%.

The following specific conditions shall apply to particular accident sequences:

k) for large loss of coolant accidents in the primary loop, the number of rods to be
assumed to fail shall not be less than 10%;

1) for a control rod ejection accident the evaluation shall include, in addition to the release
of fission products present in the gap of the damaged fuel rods, the possible
contribution to release given by fission products present in the pellets;

m) for a fuel drop accident the evaluation shall include unless there is evidence to the
contrary - the release following the failure of two fuel elements; the fuel element
characterized by the highest burn up shall be considered for the purpose of the
analysis; as far as the decontamination factors are concerned for the passage from the
pool water to the building atmosphere, such factors shall be taken as:

- equal to 1 for noble gases;

- equal to 100 for iodine in the case of internal pressure on the fuel element not
greater than 85 atmospheres and of water head not less than 7 meters; the
decontamination factor shall be adequately re-evaluated in different conditions;

- the entrainment effect shall be estimated for the particulates;

n) for a loss of coolant accident in the secondary system the break shall be localized, in
respect of the containment system and the relief and isolation valves, so as to
maximize the radioactivity release to the environment without detriment to what has
been set forth under point 6.4; the inventory of fission products and activated
corrosion products present in secondary loop before the event shall be evaluated on
the basis of primary to secondary leak not less than that established in the technical
specifications.
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1. Neutron physics core design

This section describes the design bases and functional requirements used in the nuclear design
of the fuel and reactivity control system and relates these design bases to the General Design
Criteria, Appendix A. Before discussing the nuclear design bases it is appropriate to briefly
review the four major categories ascribed to conditions of plant operation.

The full spectrum of plant conditions is divided into four categories, in accordance with the
anticipated frequency of occurrence and risk to the public:

1. Condition I - Normal Operation
2. Condition II - Incidents of Moderate Frequency.
3. Condition III - Infrequent Faults
4. Condition IV - Limiting Faults.

In general the Condition I occurrences are accommodated with margin between any plant
parameter and the value of that parameter which would require either automatic or manual
protective action. ^

Condition II incidents are accommodated with, at most, a shutdown of the reactor with the
plant capable of returning to operation after corrective action. Fuel damage (fuel damage as
used here is defined as penetration of the fission product barrier, i.e., the fuel rod clad) is not
expected during Condition I and Condition II events. It is not possible, however, to preclude a
very small number of rod failures. These are within the capability of the plant cleanup system
and are consistent with the plant design basis.

Condition III incidents shall not cause more than a small fraction of the fuel elements in the
reactor to be damaged, although sufficient fuel element damage might occur to preclude
immediate resumption of operation. The release of radioactive material due to Condition III
incidents should not be sufficient to interrupt or restrict public use of these areas beyond the
exclusion radius. Furthermore, a Condition III incident shall not, by itself generate a Condition
IV fault or result in a consequential loss of function of the reactor coolant or reactor
containment barriers.

Condition IV occurrences are faults that are not expected to occur but are defined as limiting
faults which must be designed against. Condition IV faults shall not cause a release
radioactive material that results in an undue risk to public health and safety.

The core design power distribution limits related to fuel integrity are met for Condition I
occurrences through conservative design and maintained by the action of the control system.
The requirements for Condition II occurrences are met by the integrated protection system.

1.1 Fuel Burnup

The fuel rod design basis is described in Section 3.1.3. The nuclear design basis is to install
sufficient reactivity in the fuel to attain a region average discharge burnup of 36000
MWD/MTU at equilibrium. The above along with the design basis in Section Control of Power
Distribution, satisfies Appendix 3.A.1 Integrity of barriers, point 1).

1.2 Negative Reactivity Feedbacks (Reactivity Coefficient) Basis

The fuel temperature coefficient will be negative and the moderator temperature coefficient of
reactivity will be non-positive for power operating conditions, thereby providing negative
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reactivity feedback characteristics. The design basis meets Appendix 3.A.I Integrity of
barriers, point 1).

1.3 Control of Power Distribution

The nuclear design basis is that, with at least a 95 percent confidence level:

1. The fuel will not operate at a linear power density greater than 412 W/cm under normal
operating conditions including an allowance of 2% for calorimetric error and not including
power spike factor due to densification effects.

2. Under abnormal conditions including the maximum overpower condition, the fuel peak
power will not cause melting as defined in section 3.1.2.2.

3. The fuel will not operate with a power distribution that violates the departure from nucleate
boiling (DNB) design basis under Condition I and II events including the maximum
overpower condition, as discussed in section 3.1.2.

4. Fuel management will be such as to produce rod powers and burnups acceptable for the fuel
rod mechanical integrity analysis of section 3.1.3.

1.4 Maximum Controlled Reactivity Insertion Rate

The maximum reactivity insertion rate due to withdrawal of rod cluster control assemblies at
power or to boron dilution is limited. A maximum reactivity change rate of 75 pcm/s for
accidental withdrawal of control banks is set such that peak heat generation rate and DNBR do
not exceed the maximum allowable at overpower conditions. This satisfies Appendix 3.A.1,
Reactor control system, point 1.

The maximum reactivity worth of control rods and the maximum rates of reactivity insertion
employing control rods are limited so as to preclude rupture of the coolant pressure boundary
or disruption of the core internals to a degree which would impair core cooling capacity due to
a rod withdrawal or ejection accident. Following any Condition IV event (rod ejection,
steamline break, etc.) the reactor can be brought to the shutdown condition and the core will
maintain acceptable heat transfer geometry. This satisfies Appendix 3.A.1, Reactor control
system, point 1.

1.5 Shutdown Margins

Minimum shutdown margin as specified in the technical specifications is required at any power
operating condition in the hot standby condition and the cold shutdown condition.

In all analyses involving reactor trip, the single, highest worth rod cluster control assembly is
postulated to remain untripped in its full-out position (stuck rod criterion). This satisfies
Appendix 3.A.I, Reactor control system, point 2.

When fuel assemblies are in the pressure vessel and the vessel head is not in place, kefFwill be
maintained at or below 0.95 with control rods and soluble boron. Further, the fuel will be
maintained sufficiently subcritical that removal of all rod cluster control assemblies will not
result in criticality.

1.6 Stability

The core will be inherently stable to total core power output oscillations. Spatial power
oscillations within the core with a constant core power output, should they occur, can be

3.A.2/3



reliably and readily detected and suppressed before exceeding the specified fuel design limits.
This satisfies Appendix 3. A. 1, integrity of barriers, point 1.

1.7 Reactor Pressure Vessel Fluence

The peak fast neutron fluence at the pressure vessel inner wall will be 1. 1019 n/cm2 at the end
of the economical plant life, which is assumed to be 20 EFPY.

2 Thermohydraulic core design

The overall objective of the thermal and hydraulic design of the reactor core is to provide
adequate heat transfer which is compatible with the heat generation distribution in the core
such that heat removal by the reactor coolant system or the emergency core cooling system
(when applicable) assures that the following performances and safety criteria requirements are
met:

a. Fuel damage (defined as penetration of the fission product barrier, i.e. the fuel rod clad) is
not expected during normal operation and operational transients (Condition I) or any
transient conditions arising from faults of moderate frequency (Condition II). It is not
possible, however, to preclude a very small number of rod failures. These will be within the
capability of the plant cleanup system and are consistent with the plant design bases.

b. The reactor can be brought to a safe state following a Condition III event with only a small
fraction of fuel rods damaged (see above definition) although fuel damage might occur
which could preclude immediate resumption of operation.

c. The reactor can be brought to a safe state and the core can be kept subcritical with
acceptable heat transfer geometry following transients arising from Condition IV events.

In order to satisfy the above criteria, the following design bases have been established for the
thermal and hydraulic design of the reactor core.

2.1 Departure from Nucleate Boiling Design Basis

There will be at least a 95 percent probability that Departure from Nucleate Boiling (DNB) will
not occur on the limiting fuel rods during normal operation and operational transients and any
transients conditions arising from faults of moderate frequency (Conditions I and II), at a 95
percent confidence level.

The DNB design basis implies that every parameter involved in the DNB heat flux calculation
is fixed at its worst ( i.e. most conservative) value. Historically this basis has been met by
limiting the minimum departure from nucleate boiling ratio (DNBR) to 1.30.

2.2 Fuel Temperature Design Basis

During modes of operation associated with Condition I and Condition II events, there is at
least a 95 percent probability that the peak W/cm fuel rods will not exceed the UO2 melting
temperature with 95% confidence level. The melting temperature of UO2 is taken as 2804°C
unirradiated and decreasing by 32°C per 10,000 MWD/MTU. By precluding UO2 melting, the
fuel geometry is preserved and possible adverse effects of molten UO2 on the cladding are
eliminated. To preclude centre melting and as a basis for overpower protection system
setpoints, a calculated centerline fuel temperature of 2593°C has been selected as the
overpower limit.
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2.3 Core Flow Design Basis

A minimum of 93.9% of the Thermal Flow Rate will pass through the fuel rod region of the
core and be effective for fuel rod cooling.

Coolant flow through the guide tubes as well as that leakage from the core barrel-baffle region
into the core are not considered effective for heat removal.

2.4 Hydrodynamic Stability Design Bases

Modes of operation associated with Condition I and II events shall not lead to hydrodynamic
instability.

2.5 Other Considerations

The above design bases together with the fuel clad and fuel assembly design bases given in
Section 3.1.3.1 are sufficiently comprehensive so additional limits are not required.

Fuel rod diametral gap characteristics, moderator coolant flow velocity and distribution, and
moderator void are not inherently limiting. Each of these parameters is incorporated into the
thermal and hydraulic models used to ensure the above mentioned design criteria are met.

For instance, the fuel rod diametral gap characteristics change with burn up and the fuel rod
integrity is evaluated on that basis. The effect of the moderator flow velocity and distribution
and moderator void distribution are included in the core thermal evaluation and thus affect the
design bases.

Meeting the fuel clad integrity criteria covers possible effects of clad temperature limitations.
The fuel rod conditions change with time, a single clad temperature limit for Condition I or
Condition II events is not appropriate since of necessity it would be overly conservative. A
clad temperature limit is applied to the loss of coolant accident, control rod ejection accident,
and locked rotor accident.

3 Mechanical design of the core

The reactor is designed so that its components meet the following performance and safety
criteria:

1. The mechanical design of the reactor core components and their physical arrangement,
together with corrective actions of the reactor control, protection and emergency cooling
systems (when applicable) assure that:

a. Fuel damage (defined as penetration of the fission product barrier, i.e. the fuel rod clad) is
not expected during Conditions I and II events. It is not possible, however, to preclude a
very small number of rod failures. These are within the capability of the plant cleanup
system and are consistent with plant design basis.

b. The reactor can be brought to a safe state following a Condition III event with only a
small fraction of fuel rods damaged.The extent of fuel damage might preclude immediate
resumption of operation.

c. The reactor can be brought to a safe state and the core can be kept subcritical with
acceptable heat transfer geometry following transients arising from Condition IV events.
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2. The fuel assemblies are designed to withstand loads induced during shipping, handling, and
core loading, without exceeding the criteria of Section Fuel Assembly Structure.

3. The fuel assemblies are designed to accept control rod insertions in order to provide the
required reactivity control for power operations and reactivity shutdown conditions.

4. All fuel assemblies have provisions for the insertion of incore instrumentation necessary for
plant operation.

5. The reactor internals in conjunction with the fuel assemblies and incore control components
direct reactor coolant through the core. This achieves acceptable flow distribution and
restricts bypass flow so that the heat transfer performance requirements can be met for all
modes of operation. In addition, the internals provide core support and distribute coolant
flow to the pressure vessel head so that the temperature differences between the vessel
flange and head do not result in leakage from the flange during Condition I and II modes of
operation. Required inservice inspection can be carried out as the internals are removable
and provide access to the inside of the pressure vessel.

3.1 Fuel Design Bases

The fuel rod and fuel assembly design bases are established to satisfy the general performance
and safety criteria presented in Section 3.1.3 and specific criteria noted below.

3.1.1 Fuel Rods

The integrity of the fuel rods is ensured by designing to prevent excessive fuel temperatures,
excessive internal rod gas pressures due to fission gas releases, and excessive cladding stresses
and strains. This is achieved by designing the fuel rods so that the following conservative
design bases are satisfied during Condition I and Condition II events over the fuel lifetime:

1. Fuel Pellet Temperatures - The center temperature of the hottest pellet is to be below the
melting temperature of the UO2 (melting point of 2804°C unirradiated and decreasing by
32°C per 10,000 MWD/MTU). While a limited amount of center melting can be tolerated,
the design conservatively precludes center melting. A calculated fuel centerline temperature
of 2593°C has been selected as an overpower limit to assure no fuel melting. This provides
sufficient margin for uncertainties as described in sections 3.1.2.2.

2. Internal Gas Pressure - The internal pressure of the lead rod in the reactor will be limited to
a value below that which could cause (1) the diametral gap to increase due to outward clad
creep during steady-state operation and (2) extensive DNB propagation to occur.

3. Clad Stress - The VonMises criterion is used to calculate the effective stresses. The clad
stresses are under condition I and II events less than the Zircaloy 0.2 percent offset yield
stress, with due consideration of temperature and irradiation effects. While the clad has some
capability for accommodating plastic strain, the yield stress has been accepted as a
conservative design basis.

4. Clad Tensile Strain - For steady-state operation the total tensile creep strain is less than 1
percent from unirradiated condition. During Condition I and II transients the circumferential
strain (elastic plus plastic), calculated as the algebraic difference between the following the
transient, is less than 1 percent.
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5. Strain Fatigue - The cumulative strain fatigue cycles are less than the design strain fatigue
life. This basis is consistent with proven practice.

The fuel rods are designed for a peak pellet burnup of approximately 50000 megawatt days
per metric ton of uranium (MWD/MTU) in the fuel cycle equilibrium condition and
approximately 45800 MWD/MTU for the first core, while the fuel is designed for a region
average discharge burnup not grater than of 33000 MWD/MTU for the first core and
approximately 36000 MWD/MTU at equilibrium.

The detailed fuel rod design establishes such parameters as pellet size and density, dad-pellet
diametral gap, gap plenum size, and helium pre-pressurization level. The design also considers
effects such as fuel density changes, fission gas release, clad creep, and other physical
properties which vary with burnup.

3.1.2 Fuel Assembly Structure

Structural integrity of the fuel assemblies is assured by setting limits on stresses and
deformations due to various nonoperational, operational and accidental loads.

These limits are applied to the design and bottom nozzles, guide thimbles, grids and thimble
joints. The design bases for evaluating the structural integrity of the fuel assemblies are:

1. Non-operational loads such as those due to shipping and handling.

2. Normal and abnormal loads for Condition I and II - the fuel assembly component structural
design criteria are established for two primary material categories, namely austenitic steels
theory presented in the ASME Boiler and Pressure Vessel Code, Section III, are used as a
general guide. For the austenitic steel components Tresca criterion is used to determine the
stress intensities.

The design stress intensity value, Sm, is given by the lowest of the following:

1.1/3 of the specified minimum tensile strength or 2/3 of the specified minimum yield strength
at room temperature:

2. 1/3 of the tensile strength or 90 percent of the yield strength at operating temperature but
not to exceed 2/3 of the specified minimum yield strength at room temperature.

The stress intensity limits are given below. All stress nomenclature is per the ASME boiler and
Pressure Vessel Code, Section III.

Stress Intensity Limits

Categories Limit

General Primary Membrane Stress Intensity Sm
Local Primary Membrane Stress Intensity 1.5 Sm
Primary Membrane plus Primary Lending Stress Intensity 1.5 Sm
Total Primary plus Secondary Stress Intensity 3.0 Sm

The Zircaloy structural components, which consists of guide thimble and fuel tubes, are in turn
subdivided into two categories because of material differences and functional requirements.
For the guide thimble design, the stress intensities, the design stress intensities and the stress
intensity limits are calculated using the same methods as for the austenitic steel structural
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components. For conservative purposes, the unirradiated properties of Zircaloy are used to
define the stress limits.

3. Abnormal loads during Conditions HI or IV - Worst case represented by seismic and
blowdown loads during LOCA event.

a. Deflection or failure of components cannot interfere with the reactor shutdown or
emergency cooling of the fuel rods.

b. The fuel assembly structural component stresses under faulted conditions are evaluated
using primarily the methods outlined in Appendix F of the ASME Boiler and Pressure
Vessel Code, Section III. For the austenitic steel fuel assembly components, the stress
intensity and the design stress intensity value Sm are defined in accordance with the rules
described in the previous section for normal operating conditions. Since the current
analytical methods utilize elastic analysis, the stress intensity limits are defined as the
smaller value of 2.4 Sm or 0.70 Su for primary membrane and 3.6 Sm or 1.05 Su for
primary membrane plus primary bending. For the zircaloy components the stress intensity
limits are set at two-thirds of the material yield strength (Sm= 2/3 Sy), Sy, at reactor
operating temperature. This results in Zircaloy stress limits being the smaller of 1.6 Sy or
0.70 Su for primary membrane and 2.4 Sy or 1.05 Su for primary membrane plus bending.
For conservative purposes, the Zircaloy unirradiated properties are used to define the
stress limits. The grid component strength criteria are based on experimental tests. The
limit is less than the mean experimental collapse load value with a confidence level of 95
per cent.

4 Testing procedures and surveillance

The applicant for a construction permit or operating license is responsible for ensuring that
suitable initial test program will be conducted for the facility. The primary objective of a
suitable program are 1) to provide additional assurance that facility has been adequately
designed and, to the extent practical, to validate the analytical models and to verify the
correctness or conservatism of assumptions used for predicting plant responses to anticipated
transients and postulated accidents and 2) to provide assurance that construction and
installation of equipment in the facility have been accomplished in accordance with design.
Other key objectives are to familiarize the plant operating and technical staff with the operation
of the facility and to verify by trial use, to the extent practical, that the facility operating
procedures and emergency procedures are adequate. Initial test programs satisfying these
objectives should provider the necessary assurance that the facility can be operated in
accordance with design requirements and in manner that will not endanger the health and
safety of the public.

The test program is required to include suitable testing of all structures, systems and
components important to safety.

Testing and inspection of new fuel should be performed by the licensee to ensure that the fuel
is fabricated in accordance with the design and that it reaches the plant site and is loaded in the
core without damage, on line fuel rod failure monitoring and postirradiation surveillance
should be performed to detect anomalies or to confirm that the fuel system is performing as
expected; surveillance of control rods containing B4C should be performed to ensure against
reactivity loss.
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5 Fuel storage and handling

5.1 New Fuel Storage

A New Fuel Storage Facility (NFSF) consisting of one fuel rack is located within the fuel
building , and provides onsite dry storage for more than one core reload region.

5.1.1 Design Bases

The primary function of the new fuel storage rack is to provide for storage of new fuel
assemblies while preventing criticality, and protecting the fuel assemblies from excess
mechanical loadings. The fuel storage rack is composed of individual storage cells which are
inter-connected to form an integral structure. The cells are positioned in square or rectangular
arrays.

The criticality analysis will be consistent with ANS 57.3 (1983) including the highest
anticipated enrichment fuel, unborated water, and optimum moderation for the configuration
investigated.

The pitch between individual storage cells is the result of final detailed calculation of Keff
based on the characteristics of the material used.

Space between storage position in the rack is blocked by design to prevent insertion of fuel in
other than the prescribed location. All surfaces that come into contact with fuel assemblies are
made of stainless steel. These materials are corrosion resistant.

5.1.1.1 Safety Design Criteria

1. The NFSF is protected from the effects of natural phenomena, including earthquakes,
tornadoes, strong winds, floods, and external missiles.

2. The NFSF will perform intended function and maintain structural integrity after an SSE or
following a postulated hazard, such as fire or internal missiles. The NFSF uses the design
and fabrication codes commensurate with Category I.

3. Components of the NFSF are not shared with other units.

4. The NFSF is designed to store the new fuel assemblies in a subcritical array.

5. The NFSF, including the new fuel storage rack, precludes insertion of new fuel assemblies in
other than prescribed location within the NFSF.

6. The new fuel storage rack is designed for the following loads and combination thereof:

a. Dead loads
b. Live loads (fuel assemblies)
c. Crane uplift loads
d. Safe shutdown earthquake loads
e. Operating basis earthquake loads
f. New fuel assembly loads dropped onto (or into) the rack from the maximum height for

handling fuel over these racks.

7. The NFSF is monitored for evidence of excessive radiation level.
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5.2 Spent Fuel Storage

A Spent Fuel Storage Facility (SFSF) is located within the fuel building and provides onsite
storage for spent fuel elements. Spent fuel storage racks are located in the spent fuel pools,
which are constructed of reinforced concrete with a stainless steel lining and an integral part of
the fuel building.

The spent fuel pools provide a cooling and a shielding medium for the spent fuel. The facility
provides protection for spent fuel assemblies under conditions such as tornadoes, strong winds,
earthquake, and flooding and provides an efficient method for safe and reliable fuel handling
operations within the spent fuel pools.

5.2.1 Design Bases

The primary function of the spent fuel storage racks is to provide for storage of spent fuel
assemblies while maintaining a coolable geometry, preventing criticality, and protecting the fuel
assemblies from excess mechanical or thermal loadings. Each fuel storage rack is composed of
individual storage cells which are inter-connected to form an integral structure. The cells are
positioned in square or rectangular arrays.

The spent fuel storage racks are designed to meet the nuclear requirements of ANSI N.210
(1976)-(ANS 57.2). In particular the critically analysis will be consistent with this ANSI
Standard requirements including the highest anticipated enrichment fuel and unborated water.

The pitch between individual storage cells is the result of final detailed calculation of Keff
based on the characteristics of the material used.

Space between storage positions in the racks is blocked by design to prevent insertion of fuel
in other than the prescribed locations. All surfaces that come into contact with fuel assemblies
are made of annealed austenitic stainless steel. These materials are resistant to corrosion during
normal and emergency water quality conditions.

5.2.1.1 Safety Design Criteria

1. The SFSF is capable of withstanding the effects of natural phenomena, such as earthquakes,
tornadoes, strong winds, floods and external missiles.

2. The SFSF is designed to maintain structural integrity after an SSE to perform its intended
function following a postulated hazard, such as fire or internal missiles. The SFSF uses the
design and fabrication codes commensurate with Category I structures and the seismic
category assigned by Regulatory Guide 1.29.

3. Components of this system are not shared with other units

4. The spent fuel pool is designed to maintain fuel assemblies in ansubcritical array.

5. The fuel handling area and equipment are designed to prevent a drop of an unacceptable

object into the spent fuel pool.

6. The spent storage racks are designed for the following loads and combinations thereof:

a. Dead loads
b. Live loads (fuel assemblies)
c. Crane uplift load
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d. Safe shutdown earthquake loads
e. Operational basis earthquake loads
f. Thermal loads
g. Fuel assembly drop load

7. The SFSF, including the spent fuel storage ranks, is designed to preclude insertion of spent
fuel assemblies within the SFSF in other than prescribed locations.

8. The SFSF is monitored for evidence of excessive radiation level.

5.3 Spent Fuel Cooling And Purification System

The spent fuel pool and purification system main function is to remove the decay heat
generated by stored spent fuel assemblies. A second function of the system is to control and
maintain visual clarity and radioactive content of the spent fuel pool water and the refuelling
water.

5.3.1 Design Bases

5.3.1.1 Safety Design Criteria

The portion of the SFPCS associated with the cooling of spent fuel is safety related.

1. The safety-related portion of the SFPCS is protected from the effects of natural phenomena,
such as earthquakes, tornadoes, winds and external missiles (GDC-2).

2. The cooling subsystem is designed to remain functional after an SSE m and to perform its
intended function following the postulated hazards of fire, internal missiles, or pipe tube
changed.

3. The SFPCS is designed to control the water temperature of the spent fuel pool within
acceptable values following SEE.

4. Safety functions can be performed, assuming a single active component failure coincident
with the loss of offsite power. Components of this system are not shared with other units.

5. The active components are capable of being tested during plant operation. Provisions are
made to allow for inservice inspection of components at appropriate times specified in the
ASME Boiler and Pressure Vessel Code, Section XI.

6. The safety-related portions of the SFPCS use the design and fabrication codes consistent
with the classification assigned in accordance with ANSI N 18.2 - 1973 and ANSI N. 18.2
- 1975 (See section 3.2) and seismic category assigned by Regulatory Guide 1.29. The
power supply and control functions are in accordance with Regulatory Guide 1.32.

7. The capability to isolate components or piping is provided so that the SFPCS's safety
function will not be compromised. This includes isolation of components to deal with
leakage or malfunctions and to isolate nonsafety-related portions of the SFPCS.

8. The containment isolation valves in the system are selected, tested, and located in
accordance with the requirements of GDC-54 and 10 CFR 50, Appendix J.

9. The fuel pool cooling system maintains the spent fuel pool water temperature below 50°C
during a normal refuelling and 60°C considering the maximum decay heat generation rate
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resulting from the maximum anticipated spent fuel inventory with the maximum anticipated
fuel burnup.

10. System piping is arranged so that loss of piping integrity or operator error does not result
in draining of the spent fuel pool below a minimum depth above the stored fuel to ensure
sufficient cooling media for cooling the stored spent fuel (Regulatory Guide 1.13).

11. Redundant seismic Category I makeup water supplies are provided to ensure adequate
makeup capability.

12. A monitoring system is provided for the SFPCS to detect conditions that could result in the
loss of decay heat removal capability.

5.4 Fuel Handling System

The Fuel Handling System (FHS) provides a safe means for handling fuel assemblies and
control components from the time of receipt of new fuel assemblies to shipment of spent fuel.
This includes equipment necessary for reactor vessel servicing. Design considerations include
maintaining occupational radiation exposures ALARA during transportation and handling. The
Fuel Handling System is composed of cranes, equipment, special fuel handling devices, and a
fuel transfer system that are designed to meet the seismic and safety classifications.

5.4.1 Design Bases

5.4.1.1 Safety Design Criteria

The portion of the FHS that are safety related are the containment isolation features of the fuel
transfer tube and the crane structural components which prevent falling of major crane
components onto fuel assemblies or safe shutdown equipment.

1. The FHS is protected from the effects of natural phenomena, such as earthquakes,
tornadoes, strong winds, floods, and external missiles.

2. The FHS is designed to remain intact after an SSE or following the postulated hazards of
fire, internal missiles, or pipe breaks.

3. The FHS components are capable of being tested during plant operation. Provisions are
made to allow for inservice inspection and testing components at appropriate times.

4. The FHS is designed and fabricated to codes consistent with the seismic category assigned
by Regulatory Guide 1.29 and industry standard specifications.

5. The containment isolation provisions for the system are selected, tested, and located in
accordance with the requirements of GDC-54 and 10CFR 50, Appendix J.

6. The FHS is designed and arranged so that there are no handled loads which, if dropped,
could result in damage, leading to the release of radioactivity in excess of limits stated in
section 3.3 or impair the capability to safely shut down the plant. Refer also to section 3.4.4
for accidental load drop analysis criteria.

5.4.2 Analysis of Radioactive Releases

5.4.2.1 Method of analysis
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5.4.2.1.1 Physical model

The radiological consequence of a fuel handling accident is evaluated postulating the cladding
failure of all fuel rods of two assemblies (the dropped fuel assembly plus a stored assembly
assumed to be damaged by the dropped assembly).

Credit is taken for radioactive decay after reactor shutdown until beginning of fuel handling
operations. The activity is released from the pool to the fuel building atmosphere with no
additional time delay. Pool decontamination factors assumed are consistent with Ref. 1 and 2.

5.4.2.1.2 Assumptions and Conditions

The following assumptions are postulated in the calculation of the radiological consequences of
a fuel handling accident:

- The accident occurs at the minimum time at which spent fuel would be removed from the

reactor vessel.

- The accident results in breakage of the cladding of all fuel rods of two assemblies.

- The gap inventory of the two assemblies is calculated on the basis of maximum fuel burnup.
- The activity released from the failed fuel to the pool is assumed to be 100 percent of gap

inventory for noble gases, halogens and Cesium and Rubidium isotope, 10 percent of gap
inventory for Tellurium isotope, and 1 percent of gap inventory for all other isotopes.

- The pool decontamination factor is 1 for noble gases, 100 for iodine (weighted average on all
chemical species), 1000 for all other nuclides.

5.4.3 Cask drop accident

The movement of the transport container is done in such a way that height of an eventual drop
will not be higher than 7.80 m. The height is lower of the value 9 m for which the containers
are homologated according the IAEA norms.

The overhead traveling (bridge) crane is in seismic category I; it is provided with a double
rope, one of which is able to hold the weight without unbalance, as well as of double braking
systems and of redundant protections.

Fuel building and overhead traveling (bridge) crane are realized such a way that it is not
possible the transit of the transport container upon the spent fuel racks.

The surfaces on which the fuel container could drop are designed to withstand a 8 m fall of the
maximum weight of the full load fuel container; the floor slab of the operative plane (platform)
are designed for a 30 cm fall that correspond to the maximum foreseen lifting of the fuel
container and guaranteed by interlocks on crane.

All the operations are executed with bulkhead closed, then without possibility of water lose
from spent fuel pools in a situation of fuel container drop.

It is not foreseen that such an accident can give significant radioactivity release.
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REFERENCE DOCUMENTATION

Report

1 GRS/IPSN

2 Rovno CEC-93001

3 Rovno CEC-93002

4 Rovno CEC-93003

5 DES / 6

6 DES / 74

7

8

9

10

11

12

Title

Safety Evaluation of VVER 440/213 and of W E R
1000/320 Reactors (July 1992)

Conclusions of Eastern experts on safety assessment
performed by GRS-IPSN on Greifswald 5 and Stendal
(March 1993)

Task reports performed by NPP Rovno on W E R 440/213
assessment performed under IAEA project (March 1993) -
Chapters:

7.1 - Plant performance characteristics

7.2 - Results of safety related start up measurements

7.6 - Operational procedure - Control rod assembly
ejection as example of specific accident

7.7 - Operational occurrences - Table of reported events
at Units 1,2 Rovno NPP

7.8 - Reactor material embrittlement and findings

W E R 440/213 - Neutronic characteristic of the reactor
(March 1993)

A partial assessment of the safety of Greifswald - W E R
440/213 (March 1991)

A partial assessment of the safety of Stendal - W E R
320/1000

Information and drawings of Rovno

Operation Process Regulation - Unit 2 Rovenskaya NPP
(December 1988)

Installation drawings - W E R 1000

Organizational structure of operating organization - Rovno
NPP

TOB Unit 2 - § 4 - Safety analysis

Manual for elimination of unit emergency state - Rovno
NPP - Unit 3
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REFERENCE DOCUMENTATION (cont.d)

Report

13 320-TQ-NV-DI

14 320-TQ-HB-IIB

15

16

17

18

19

20

19-ERD-2

PORP-89

21 PNAE G-10-007-89

22 Riskaudit Report # 3

23 CT TAC - 84

24

25 20-E-RC-2

Title

NPS with W E R 1000 - ECCS - Supplement to the
instruction on accident conditions elimination

NPS with W E R 1000 - ECCS program of reactor residual
heat removal - Channels restoration

List of engineering documentation available at Rovno NPP

Organizational structure of operating organization - Rovno
NPP

Rovno NPP power Unit 2: Technical Safety Substantiation
of NPP construction and operation - Book 3 (2 Volumes)

Reactor W E R 1000 (Unit 3 Rovno) - Description and
operating instructions

Set points for protection and interlocks - Unit 3

Regulation and organization of personnel development at
the enterprises and organizations of USSR Ministry of
Nuclear Power (Minatomenergo)

Design standard for ferro-concrete structures of the
localizing safety systems of the nuclear power stations

Safety evaluation of W E R 440/213 and W E R 1000/320
reactors in Rovno NPP, Units 1,2 and 3 (May 1993)

Sanitary requirements to design and operation of NPP's
centralized heat supply systems

Rovno project: Short summary of national and foreign
thermal-hydraulic codes used for DBA analyses

Hermetic circuit n°3. Technical description and operation
manual
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REFERENCE DOCUMENTATION (cont.d)

Report Title

26 Rovno NPP power Unit 3 - Technical Safety Substantiation
of NPP construction and operation - Book 4

27 Technological specification for safe operation of Rovno
NPP Unit 3 WER-1000 reactors

28 Rovno NPP - Power Unit 3 - Technical Safety
Substantiation of NPP construction and operation. Revision

29 Control apparatus of neutron flux

30 Protection apparatus over the technological variables -
A3TII-01P - Technological description and operating
instruction

31 ,. Drawings

32 Fire protection rules for design of nuclear stations VSN 01-
87 - MinAtomEnergo of USSR - Moscow, 1987

33 Z-E-HAM Control and protection system of the W E R 1000 -
Automatic power controller APC-5C - Technical
description and maintenance manual (1991)

34 Method of component of critical concentration of boric
acid in the coolant and reserve of reactivity for burn-up
during reactor lifetime (1992)

35 Procedure of calculation of the burn-up and isotopic
composition of the spent nuclear fuel (1992)

36 Album of neutron-physical characteristics of the sixth fuel
loading of the reactor of Unit 3 of the Rovno NPP (1992)

37 Methods for determining the coefficient of computation of
fuel assembly power by signals, coefficients of conversions
of background currents KS1, KS2 and coefficients of
computation of energy release in reactor core height by
signals (1988)

38 Album of neutron-physical characteristics of the eleventh
fuel loading of RAPS block N2 reactor (1992)
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REFERENCE DOCUMENTATION (cont.d)

Report

39

40 1-E-TB

41

42

43

44 PNAE G-7-009-89

45 PNAE G-7-010-89
• - ,

46

47

48

49

50

51

52 PNAE G-7-008-89

Title

ASU TP system equipment reactor inside monitoring
SVRK-01 "GINDUKUSH" - Instruction manual (1990)

Instructions on radiation safety of Rovno NPP (1990)

TOB - Rovno Unit 2 - Book 2

Process alarm setting chart - W E R 440, Units 1-2 (1991)

Liquidation of accidents at reactor plant B-213 - Units 1-2 -
Instructions

Equipment and pipelines of atomic power plants welding
and facing guidelines

Equipment and pipelines of nuclear power plants - Welded
joints and overlays - Inspection regulations

Atomic power plant reactor - Nuclear safeguard regulations
(1990)

Incore control system - Technical description and
maintenance manual (1992)

TOB - Rovno Unit 3 - Book 2

Rovno NPP - Power Unit 3 - Technical Safety
Substantiation of NPP construction and operation -
Revision - Book 3

Rovno NPP - Power Unit 2 - Technical Safety
Substantiation of NPP construction and operation -
Revision - Book 1

Rovno NPP - Power Unit 2 - Technical Safety
Substantiation of NPP construction and operation -
Revision - Book 2

Regulation for design and safe operation of the atomic
power plant equipment and pipelines
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4 PRESSURIZED COMPONENTS

4.1 BASIS FOR EVALUATION

To perform Rovno NPPs' safety assessment, reference has been made to Safety Analysis
Report standard format contained in USNRC Regulatory Guide 1.70 Rev.3. Details on
areas of review and acceptance criteria are described in the appendix 4. A. 1.

4.2 GENERAL DESIGN BASIS

4.2.1 Information on the status at Rovno NPP

Applicable codes and standards

The codes applied to design, fabricate and inspect Rovno NPP are the following:
OPB (General safety principles of NPPs during design, construction and operation);
PBJ (Reactor installation safety requirements);
Norms for strength analysis for equipments and pipes of NPPs (PNAE G.7-002-86,
G.7-008-89 "PAEV", G.7-009-89 "OP", G.7-010-89 "PK", and others);
General requirements for safe operation of Nuclear Power Plants (PNAE G1-011);
Codes for strength calculation for reactor, steam generator, vessels and pipes
elements of Nuclear Power Plants and Test Reactors and Installations (1973);
Temporary techniques for calculation of brittle fracture of nuclear reactor vessels
(1981).

Classification of structures, components and systems
Approaches of classification according to the existing rules are presented in this sub-item.
The programme to effect such classification is adopted and now is being implemented,
however, this programme is not yet completed.
In units 1, 2, 3 TOBs there is no classification based on the existing rules. Depending on
OPB-82 (NE, OSB etc.) only the safety relevance and safety categories are presented.
Systems and equipments are divided into different safety classes, depending on the function
they perform:

Systems: 1, 2, 3, 4
Components and equipments: A, B, C

Design, fabrication and inspection criteria are less stringent going from Class 1 to 4 and
from A to C. For instance, design by analysis is required for Group of Equipment A.
There are two seismic categories:

I) Components and equipments of safety class A, B;
II) Components and equipments of safety class C.

Safety related systems (e.g. RCS and ECCS) are seismic category I. They must withstand
the maximum earthquake (SSE) without loss of their intended function.
Tables with safety and seismic classification of RCS systems, components and equipments
are provided in the TSSs (or TOBs) books.
This classification was strictly applied to the design of Unit 3. Although the edition of the
code applied to Unit 1,2 design did not require such a classification, nevertheless systems
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and components is underway according to this criterion. As a consequence, the in-service
inspection program of Unit 1,2 will be made consistent with Unit 3 program.

Missile protection
For all the Units, missile trajectories are considered in compartment design within primary
containment; also, the potential for objects dropping from the crane was considered under
defining the ways loads are moving along but not moving above the equipment important
for safety. As a general criterion, pipe whip restraints are not provided for those systems or
part of systems where missiles generated from component or equipment ruptures cannot
impact components that are important to safety.
Inside containment, pipe whip restraints are provided for the following systems:

a) Primary loops;
b) Surge-line;
c) ECCS lines from RCS branch up to check valves;
d) Main steam and feed-water lines, inside containment.

Pipe whip restraints were not installed in high energy lines outside containment, i.e. Main
Steam (MS) and Feed Water (FW) lines.
RCS main components (reactor pressure vessel, main circulation pumps, steam generators,
pressurizer) and their supports were designed to withstand thrust forces due to Double
Ended Guillotine Breaks (DEGB) postulated in all the welds.

Seismic design
The seismic input to design NPPs is provided by the Earth Institute for each site. For
Rovno NPPs, two earthquake levels are provided:

a) design earthquake (Operating Basis Earthquake - OBE): return period = 102

years; 5th level of MSK scale;
b) maximum earthquake (Safe Shutdown Earthquake - SSE): return period = 104

years; 6th level of MSK scale.
However, RCS components and their supports of all the Units were designed assuming
different earthquake levels: 6th level of MSK scale (OBE) and 7th level of MSK scale (SSE).

Design specifications for RCS components
The list of design transients used in the analysis are reported in TSSs books. These
transients are classified with respect to three plant conditions:

1 - Normal operation;
2 - Violation of normal operation (ECCS are not needed for safe shut-down):

OBE, Station Black-out;
3 - Emergency condition (SSE, Loss Of Coolant Accident - LOCA, Steam

Generator Tube Rupture - SGTR).
The methodology for the combination of dynamic responses (e.g. SSE and LOCA) adopted
in the calculations is the Absolute Summation Method, thus peak values of each response
are linearly added to determine the combined stresses. It is the Ukrainian opinion that for
defining the allowed stresses in emergency condition the lower margin coefficients are used.
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4.2.2 Assessment

Unit 1,2 and 3 were designed and constructed in compliance with the codes valid at the
design time (OPB-74/82, PNAE-73, PBJ-74, NPP rules, etc.). New rules were issued later
on (OPB-88, PBJ-89, PNAE G.7-002-86, G.7-008-89 "PAEV", G.7-009-89 "OP",
G.7-010-89 "PK", and others). At present, the Gidropress is evaluating whether operating
Units meet the new requirements or not. Also, depending on the results, if necessary, back-
fitting measures to eliminate or mitigate potential safety problems would be assessed.
Eastern experts precised that updated or newly designed pipelines are calculated on the basis
of the new norms. The necessity of the equipment and pipelines strength reassessment is not
considered up to now.
Generally speaking, the classification criteria for the pressurized components of the Reactor
Coolant System (i.e. safety classes, quality groups and seismic categories) are comparable
with the western criteria.

4.2.3 Recommendation for improvements

None.

4.2.4 Recommendation for complementary studies

Depending on the results of Gidropress study, evaluation of back-fitting measures
eventually needed to eliminate or mitigate potential safety problems arising from the
implementation of new rules should be performed.

4.2.5 Proposal for future evaluations

Potential for high energy pipelines fracture outside containment should be evaluated (see
also 8.2.3 and 8.3.3).

4.3 UNIT 1, 2

4.3.1 Structural Analyses and computer codes

4.3.1.1 Information on the status at Rovno NPP

Pressurized components of Unit 1-2 were designed on the basis of rules. In calculations of
reactor vessel and steam generator strength programmes of pressure thin shell approach
were used (no FEM Analysis).
After Rumania earthquake (1979), although seismic effects were not taken into account at
the design stage, Units 1 and 2 were re-analyzed using site specific seismic input; as a
result, it was found that turbine building might not survive SSE without any strengthening
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countermeasure. However, although seismic loads were not included in Unit 1-2 design,
lateral supports for main components and equipments (i.e. steam generator, pressurizer,
main coolant pumps) were installed.
After RPV tilt was discovered in Unit 2, in 1990 RCS and connected systems of Unit 2
were re-evaluated using the FEM code ASTRA-A (static analysis, only). Thanks to
similarities between Units 1 and 2, results should apply to Unit 1.
Today, Finite Elements Codes are used for nuclear pressurized components. An agreement
between GANU and Gidropress is underway to perform the overall structural analysis,
making use of the latest FEM codes. Strength assessments are scheduled to be carried out
under the Ukrainian "Rovno programme", and this will cover not only the reactor unit
equipment (Gidropress design office) but also the other safety relevant systems
(Energoproect Kiev Institute). The FEM analysis will take approximately 1 year.
As regards the qualification of computer codes, all the software packages used for the stress
analysis went through qualification tests.

4.3.1.2 Assessment

Structural integrity calculations for Unit 1,2 were performed in accordance with 1973
edition of applicable Codes. According to Gidropress opinion, the new version of the codes
(1986) would prescribe more stringent requirements to prevent the occurrence of brittle
fracture of the reactor pressure vessel and other components. Therefore, it is deemed
advisable to re-evaluate potential for brittle fracture in safety related components.

4.3.1.3 Recommendation for improvements

None.

4.3.1.4 Recommendation for complementary studies

As a general recommendation, brittle fracture potential should be re-evaluated for
Unit 1,2 safety related systems and components, according to the requirements of new
edition of the code (i.e. PNAE G-7-002-86). Specific structural integrity studies will be
discussed in the following sections.

4.3.1.5 Proposal for future evaluations

None.

4/4



4.3.2 Reactor coolant system and connected systems under pressure

4.3.2.1 Information on the status at Rovno NPP

Summary description

Process and Instrumentation Diagrams (P&IDs), elevation drawings, basic design data are
reported in TSS books.
At least 2 isolation valves are provided for the systems connected to the RCS (e.g. passive
and active ECCS, make-up system).

Overpressure protection
Primary side is protected against overpressure by 2 independent safety valves. Two pulse
valves are supplied for each safety valve to provide the steam relief function; they cannot be
isolated in case of stuck open condition without intercepting the safety valves.
Prevention of cold pressurization is attained by administrative procedures, intended to allow
primary coolant expansion as much as practical. However, an independent automatic system
is not provided as back-up for the operator. In Western plants different solutions exist, for
example, Power Operated Relief Valves (PORVs) are used to maintain the Reactor Coolant
System pressure within the allowable limits, during low temperature operation. The
pressurizer PORVs are used to this purpose if they are supplied with actuation logic, armed
when plant operation is at temperature below the Reference Transition Temperature (i.e.
TR). This system is automatic, and is provided as back-up to the operator.
As far as the secondary side is concerned, each MS line is equipped with 2 safety valves, 1
isolation valve and 1 BRU-A valve.
The pressure set points are the following:

po = 125 kg/cm2

Pde.ign = 140 kg/cm2

Psv-i = 147 kg/cm2 (open); 133 kg/cm2 (shut)
Psv-2 = 149 kg/cm2 (open); 138 kg/cm2 (shut)
Ptort = 195 kg/cm2 (system hydrostatic test)

140 kg/cm2 (system leakage test)
The safety relief tank is equipped with 3 rupture disks (pmax = 15 kg/cm2).

RCS materials and fabrication
Material specifications are given in the sections pertaining to specific systems or
components.
Welds are divided into 3 Categories (I, II, III), which correspond to group of equipment
and pipes A, B and C. Based upon the inside pressure, category II is divided into 2 groups
(a, b), and category III into 3 groups (a, b, c). For instance, category II welds are divided
in high pressure (p > 50 kg/cm2) and low pressure category (Ha, lib). Examples of group
of equipment and weld categories are shown in Table 4.T. 1.
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Table 4.T.1 - Groups of equipment and weld categories of RCS

Component

Reactor Pressure Vessel
Pressurizer
Primary Loops
Surge line
ECCS lines
Main Coolant Pumps
Steam Generator (Secondary Side)

Group of
Equipment

A
A
B
B
B
B
B

Weld Category

I
I

Ila
Ila
Ila
Ila

I, Ila

Category I welds shall comply with the most stringent requirements. For instance, welding
process is qualified through sample examination by 100% radiographic and ultrasonic
testing. Welding process must be approved by the Nuclear Authority. Welders are certified
(examination every 2 years). Welding is performed on the basis of technical specifications
which specify base and filling materials, preheating temperature, post-weld heat treatment
and so on.
Pre-service NDEs are performed: 100% UT and RT for category I welds.
The requirements for the fabrication of carbon steel components are the following:

Brittle fracture is prevented by controlling the reference transition temperature (TK0);
this temperature is estimated through Charpy curve data and the yield stress at 20°C.

The requirements for the fabrication of stainless steel components are the following:
Prevention of IGSCC is based on selection of austenitic stainless steels stabilized
with titanium; the maximum carbon content is 0.08%; oxygen content in reactor
coolant is maintained as low as 0.01 ppm.
During fabrication, control of susceptibility to IGSCC is performed on base and
weld materials, through intergranular corrosion tests on small specimens.
Control of 6-ferrite in weld material is performed.

RCS preoperational testing
The preoperational testing program was comprehensive for the prototype reactor only. The
Loviisa NPP was considered the prototype reactor for Unit 1,2; a standard document
describing prototype testing was prepared. On Rovno units, hydraulics performance was
tested prior to charging the fuel elements into the core, but installing elements simulating
the fuel assembly. Also, test program included control of thermal expansion displacement at
significant locations, where trajectories were recorded during heat-up and cool-down
transients; moreover, during these transients the temperatures were recorded along the
surge-line, in several locations, and the values compared with the results of the prototype
reactor.
Significant discrepancies were not found between Rovno Unit 1,2 and the prototype reactor.

RCS inservice inspection and testing
According to the 1990 edition of the surveillance code, system and component inservice
inspections are based upon group of equipment. These new rules are implemented wherever
practical. However, accessibility to the plant is assured only for those areas requested at
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design time. It is not clear to what extent it is possible to comply with the new rules. Note
that some welds in the secondary side of steam generator have been upgraded to the IS I
requirements of group of equipment A.
As far as inspection extension is concerned, all of the category I welds are inspected once
every 4 years (30.000 hours). Methods used are: Visual Test (VT), Ultrasonic Test (UT),
Dye-Penetrant Test (PT), Magnetic particle Test (MT), Radiographic Test (RT). For
instance, MCL welds must be 100% inspected by VT and UT once every 4 years.
Less stringent requirements apply to category II welds.
Generally, when a crack is detected, the component is either repaired or replaced; flaw
evaluation by analysis is performed only on a case-by-case basis, when repair or
replacement is not practical.

RCS Leak detection system
Inside containment, in the controlled area and outside controlled area, leakage from RCS
are collected and kept separated . Inside containment, leakages from valves, pump seals,
etc. are collected and kept separated by the organized leakage system; according to western
terminology, this corresponds to the identified-leakage detection system. These leakages
return to circuit through the make-up-blow-off system. The actual leak places are known
and collected the way the organized leakage scheme requires. For VVER 440 (V-213) units
the total rated value of organized leakages is 14 t/h. Under increase of flow rate through the
system of organized leakages up to 60 t/h, the reactor should be unloaded and shutdown in
normal mode.
As far as leakages from cracks in the RCS are concerned (the unidentified leakages,
according to western terms), they are collected from the floor of SG box and discharged to
the trap waters sump to the system of containment's special canalization after which the
water is moved for treatment. Non-organized leakages (according to Western terminology
unidentified leakages) are collected from the floor by the system of permanently opened
traps of special canalization and by gravity, and are discharged from containment to the trap
waters sump. It is the Eastern opinion that it is practically impossible to diversify RCS
leakages and leakages from other systems.
Beside the water trap collection system, monitoring of airborne paniculate radioactivity is
provided as an independent leak detection system; this system was designed against the 6*
grade earthquake of the MSK scale. Moreover, monitoring of airborne gaseous radioactivity
is provided, as well as sensors to monitor temperature, pressure and humidity of the
atmosphere inside containment.

4.3.2.2 Assessment

Overpressure protection
In western plants, low temperature over-pressurization is prevented through administrative
procedures and the installation of ad-hoc systems. Considered the remarkable embrittlement
of the RPV because of high End-Of-Life (EOL) fluences, low temperature pressurization
potential shall be minimized.
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RCS materials and fabrication
As regards the RCS materials, neither Charpy USEs nor fracture toughness values are
prescribed for ferritic materials, in the as-built and the end-of-life condition. The procedure
to define the reference brittle-to-ductile transition temperature, TK0, is different from the
ASME method (RTNDT); though it is deemed that the values would be close (Russian
opinion : about 30°C in a first approach), verification should be done on actual material
data of RPV materials.

RCS preoperational testing
The analysis of flow-induced vibrations was not required by design, therefore the
comparison between calculated and measured values is not possible. During preoperational
tests, pipelines were not monitored to evaluate potential problems due to vibrations.

RCS inservice inspection and testing
Inservice inspection program of pressurized components is quite exhaustive in terms of
inspection intervals and examination techniques adopted. Nevertheless, GANU deems that
the quality of NDEs should be improved. In particular, concern was raised upon the
capability of ultrasonic testing to detect and size defects in stainless steel components.
Unfortunately, due to lack of time, in-depth discussion on NDE equipment qualification and
NDE personnel certification was not possible.

RCS Leak detection system
In Unit 1,2, continuous monitoring of leakages from unidentified sources is not possible
through the existing leakage detection systems. As a matter of fact, an estimate of such a
leakage is obtained by comparing coolant flow rates through the make-up system and the
blow-down system. Operational limits are established in the Technical Specifications:

2 t/h («33 1/min), if leakage location is identified; 0.2 t/h («3 1/min), if not.
When the difference reaches 5 t/day («3.5 1/min), the plant must be shut-down.
Instead, according to western requirements, all the leakages from unidentified sources must
be kept separated and continuously collected to the sump, where the level and the flow must
be monitored; a prompt response is required in order to detect a leakage increase of about
41/min. in 1 hour or less; the technical specifications must prescribe the maximum
allowable leakage, generally in the order of few liters per minute. Therefore, the leakage
detection system should be improved or changed in order to insure an early detection of
cracks in the reactor coolant pressure boundary.
Also, continuous operation of airborne paniculate radioactivity system must be insured
following the SSE, to allow the operator to monitor the pressure boundary integrity after
such an event.

4.3.2.3 Recommendation for improvements

Hardware and software measures to prevent the occurrence of primary circuit low
temperature pressurization should be undertaken.

Unit 1, 2 leakage detection system should be improved or changed in order to insure
an early detection of cracks in the reactor coolant pressure boundary.
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4.3.2.4 Recommendation for complementary studies

Integrity of the airborne participate radioactivity system should be demonstrated in
case of SSE.

4.3.2.5 Proposal for future evaluations

Data on RCS material fracture energy and toughness should be collected; Western and
Eastern definitions of reference transition temperature (RTNDT and TK0) should be
benckmarked.

Review of NDE methods and NDE personnel certification should be performed.

4.3.3 Safety related secondary systems under pressure

4.3.3.1 Information on the status at Rovno NPP

According to the "Statement and Terms of Reference" (Appendix 2: Work Programmes for
Topics, Topic 4: Reactor Coolant System), this area was not required to be covered in
Phase I. However, during the discussion on the operational experience, the erosion-
corrosion of carbon steel FW lines was presented as a major concern. In fact, thinning of
elbows and pipes, mostly downstream of diaphragms, were discovered in Unit 1,2. As a
consequence, the inservice inspection schedule was accelerated; thickness control is now
performed every 2 years in those areas where erosion-corrosion is more likely to occur.
When excessive thinning is detected, the component is replaced by another one made of
austenitic stainless steel. Several components have been changed so far.

4.3.3.2 Assessment

None.

4.3.3.3 Recommendation for improvements

None.

4.3.3.4 Recommendation for complementary studies

None.
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4.3.3.5 Proposal for future evaluations

The review of safety-related secondary systems under pressure should be performed.

4.3.4 Components

4.3.4.1 Reactor Pressure Vessel

4.3.4.1.1 Information on the status at Rovno NPP

RPV material and fabrication

The base material used to fabricate the RPV is designated as 15Cr2MFA, a low-alloy steel
with a chromium content of 2.5-3%; according to the material specification, the copper
content can be as high as 0.3%. This steel was used to fabricate RPV parts other than the
beltline region. The RPV beltline was fabricated by welding the cylindrical ring to the
support ring (welds #1.5 and 1.6); these rings were fabricated making use of low-copper /
low-phosphorus steel, designated as 15Cr2MFA-A.
As regards weld materials, the filler material is designated as Sv-lOCrMFT. It should be
pointed out that the welding process used in the fabrication of Unit 2 was improved in order
to lower copper and phosphorus contents in the weld material. Table 4.T.2 summarizes the
chemical composition of Unit 1,2 RPV steels used for the fabrication of the belt line region.

Table 4.T.2 - Chemical composition of Unit 1,2 RPV steels

Unit
1

2

Material

15Cr2MFA-A
Sv lOCrMFT
15Cr2MFA-A
Sv lOCrMFT

C

0.17
0.05
0.17
0.08

Si

0.28
0.40
0.28
0.21

Mn

0.49
1.24
0.45
0.93

Ni

0.13
0.14
0.28
0.18

Cr

2.72
1.3

2.82
1.48

S

0.01
0.014
0.013
0.023

P

0.01
0.037
0.01
0.028

Cu

0.1
0.18
0.11
0.03

V

0.33
0.19
0.17
0.22

Mo

0.63
0.43
0.7
0.51

Cladding process was qualified against underclad cracking: a sample of RPV steel was
cladded using the same fabrication process; then, the cladding was removed to inspect the
base material by VT and PT examinations.
Note that there are not axial welds in front of the active core region, since the belt-line
rings are forging.
At design stage, radiation damage to RPV base and weld materials was calculated on the
basis of prediction curves; these were derived by statistical analysis of experimental data
from specimens irradiated either in surveillance capsules or in test reactors.
The RPV stud material is designated as 25CrlMV; minimum requirements for ultimate and
yield strength, elongation and reduction of area are provided in the codes, but minimum
fracture energy is not prescribed.

RPV neutron embrittlement surveillance
Surveillance capsules are provided to monitor RPV neutron embrittlement. There are 6
assemblies with 2 strings of capsules in each assembly; moreover, 2 more assemblies are
located in tubes above the core active region. Test specimens are machined from base
material, weld and heat affected zone. For each material, there are 96 Charpy-V, 48 tension
and 84 3-point bending specimens. Six assemblies were put in front of the active core
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region. According to PNAE G-7-002-86, the current transition temperature, TK, is
calculated as follows:

TK=TK0+ATT + ATN+ATF (1)

where TK0 is the initial reference transition temperature, and the other terms are the
temperature shifts due to aging, cyclic loading effect and radiation damage, respectively. It
is assumed that:

ATT = 0 ; ATN = 2 0 x 2 , ^ (2)

The cyclic loading contribution ATN is calculated on the basis of the fatigue usage factor;
for the belt line region, where the usage factor is very low, this term is set equal to zero.

The radiation embrittlement term is calculated as follows:

ATF = AF JLy»

where:

F (JL

AF = 800 (P +0,07Cu) (at 270° C; normal operation temperature)
(4)

AF = 800 (P + 0,07Cu) + 8 (at 250° C)

and f is the fast fluence ( E > 0.5 MeV, n/cm2). The range of applicability of Eq. (3) is:

1018 < f <1020n/cm2 (5)

So far, 4 assemblies have been removed from each unit. Table 4.T.3 summarizes some of
the critical data for Rovno Units.
The test results of Charpy-V specimen from the certain operated reactor vessel are used to
define the shift of critical temperature of embrittlement caused by neutron exposure T and
verification of A coefficient which was used under design justification of strength capacity.
If necessary, based on the correction results (especially when A exceeds the design value)
the verification calculation of resistance to embrittlement destruction is carried out for all
mode categories. By now the results of specimen tests (4 sets of each Unit were extracted
and tested) have shown that the T and A values do not exceed the design values and there is
no need for Eastern experts to carry out corrective calculations of vessel strength capacity
for both Units.

Reactor pressure vessel design
Design reference toughness curve was chosen as the lower bound curve of static fracture
toughness tests on specimens cut out from base material, weld and heat affected zone.
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Safety margins are introduced in the structural integrity calculations, in order to lower the
reference toughness curve, depending on the plant condition:

Normal Operation (I): toughness values are divided by 2 and a temperature shift
ATK = 30 °C is assumed;
Violation of normal operation (II) toughness values are divided by 1.5 and a
temperature shift ATK = 30 °C is assumed;
Emergency condition (III): the design reference toughness curve is used as it is.

Pressure-temperature limits are calculated by Linear Elastic Fracture Mechanics, assuming a
semi-elliptical defect, whose depth is 1/4 of the thickness, and the aspect ratio (crack depth
divided by half length) is equal to 2/3. The fracture toughness curve used is the Normal
Operation one, taking into account the neutron embrittlement shift; this shift is calculated
by Equation (3), making use of the end-of-life fluence.
As far as Pressurized Thermal Shock (PTS) analysis is concerned, no specific analysis was
performed for Rovno Unit 1,2. Generic analyses performed seem to be quite simple (e.g.
FEM analyses were not carried out); instead, a simple verification by rules were performed,
with reference to the most limiting locations, where semi-elliptical cracks were postulated.
The scope of such PTS analyses was to define the maximum allowable transition
temperature at the end of life (TKw in Table 4.T.3). As a result of calculations made with
reference to actual properties, measures were suggested for each reactor vessel : to insert 36
dummy elements and to increase water temperature to 55°C in unit 1, and to increase
temperature up to 55°C in unit 2. It was said that under such conditions, calculated design
life time was assured for 40 years. Studies were not available for review.

Table 4.T.3 - RPV belt-line critical data for neutron embrittlement surveillance.

Unit
1

2

3

Material
Forged
rings

Weld 5/6
Forged
rings

Weld 5/6
Forged
rings

Weld 3
Weld 4

9.61010

6.11010

2.910"

1.910"

NA

NA
NA

8.610"

8.0810"

2-59-1020

1.82.1020

5.7.10"

5.7.10"
4.5.10"

TK0

-50
-50

0

-35
0

15

-35
-55
-65
0
0

AF

9.04
13.4

39.7

7.9
9.0

20

23

20
20

TK

-8

110

40

93

17

42
42

TK(EOL)

9

156

58

128

54

77
71

TK(.)
NA

157

NA

157

NA

NA

LEGENDA:
< | > : Neutron flux, n/cm2- s
fE0L: End-Of-Life (40 yrs for RPV) Fluence. n/cm2

TK0: Initial transition temperature, °C
AF: Chemistry Factor in Eq. (3)
TK: Current transition temperature, °C (1994)
TK(EOL>: Projected transition temperature at the End Of Life, °C
TK(>>: Maximum allowable transition temperature, at the End of Life,
NA: Not Available
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It should be pointed out that, due to the higher copper content in the welds of Unit 1, 36
dummy elements were placed in the outer corners of the core, from the beginning of
operation, so to decrease the fluence to the RPV materials. As regards Unit 2, thanks to the
lower copper content of RPV weld material, this measure was not considered necessary.
The insertion of dummy elements in Unit 1 resulted in the attenuation of the lead factor; in
fact, the ratio between the flux at capsule location and the flux at the RPV inner surface
changed from 10 (i.e. the lead factor for Unit 2) to 2.
According to Gidropress' experts, the RPV annealing is not believed necessary; however,
the technology for such a treatment would be available and was demonstrated to be effective
in VVER 440/230 reactors.

Reactor pressure vessel support
The RPV is provided with a support ring that is secured on the well concrete beam through
fastening elements; the RPV support ring is made by several sectors; each sector is about 70
mm in length. The neutron flux and the end-of-life fluence for the support ring are shown
in Table 4.T.4.

Reactor pressure vessel inservice inspection
RPV is inspected according to the most stringent program. Every 4 years, the following
inspections are carried out:

a) RPV's rings, either base metal and welds, are 100% UT inspected; UT examination
are performed from outside the vessel;

b) RPV inner surface is visually examined by means of a manned shielded cabin;
c) RPV support fastening elements are visually examined.

Table 4.T.4 - Neutron flux and EOL fluence for RPV supports.
(Rough Estimation)

Unit

1
2
3

Flux, n/cm2- s

MO9

3-109

5-108

Fluence, n/cm2

(E > 0.5 MeV)

7.5-1017

2.3-1018

3.81017

According to new rules (1993), the following inspections are carried out every 2 years:
a) 100% UT and PT of control rod drive holes.

Finally, at each refuelling outage (about every year), the following inspections are carried
out:

a) 100% PT of RPV flange;
b) 100% UT and PT of bolts;
c) RPV upper head is visually examined.

The calibration of NDT equipment is performed either on standard blocks or on mock-up.
So far, no crack indication has been detected in the RPVs of Unit 1,2 (belt line, nozzles,
upper head, control rod drive holes, bolts).
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4.3.4.1.2 Assessment

RPV material and fabrication
As mentioned in § 4.3.2.2, neither Charpy-V USEs nor fracture toughness values are
prescribed for the ferritic materials.
The 15Cr2MFA steel is quite different from the steels used in Western RPVs because of a
high content of chromium and the limit for copper, that can be as high as 0.3%; this raises
some concern, because copper is considered one of the major contributors to neutron
embrittlement. However, the RPV beltlines of Unit 1,2 vessels were fabricated making use
of low-copper / low-phosphorus steel (i.e. 15Cr2MFA-A); chemical analyses specific of
Unit 1,2 materials indicated that the maximum copper content would be close to 0.1%; this
value is comparable with the copper content allowed in the western vessel steels. On the
other hand, the phosphorous content in the weld material of Unit 1,2 is slightly high; the
weld in the core region of Unit 1 RPV is the most sensitive to the neutron embrittlement.

RPV neutron embrittlement surveillance
The surveillance program to monitor RPV embrittlement is adequate in terms of capsule
position, number and type of specimens in the capsules. The irradiated specimens are
usually sent to the Kurchatov Institute in Russia, the scientific center where all the NPPs of
the former Soviet Union used to send surveillance specimens for testing; therefore, all the
expertise in this matter is concentrated in the Kurchatov Institute; it seems advisable to
make efforts to improve information exchanges among Kurchatov Institute, GANU and
Rovno NPP.
Table 4.T.3 shows the critical data on radiation embrittlement; unfortunately, some of the
critical data were not made available during the meetings of Working Group 2. Note that a
significant scatter in the TK0 values is evident in Table 3; hence, it appears that a safe
assessment of current transition temperature, TK, should take into account a standard
deviation term, as required in the Western approach.
Results from 4 sets of specimens, withdrawn in each Unit, demonstrated that AF and ATF

values have not exceeded the design values, so far. However, the design EOL fluences are
quite high. Moreover, studies performed by Kurchatov Institute would suggest that
saturation of irradiation does not occur, differently from western steels (this would also
raise doubts about the structure of Equation (3), that implies the saturation effectiveness);
hence, the radiation embrittlement would continue at the same rate up to the end of life.
Therefore, it is necessary to implement countermeasures to reduce the EOL fluence, in
order to lower the RPV material embrittlement.
According to western practice, RPV design should permit in-place annealing in case of
RTNDT exceeding a certain limit (about 110 °C). This is the case for Unit 1,2. Therefore, it
is recommended to study the feasibility of RPV annealing for Rovno Unit 1,2; this study
should also address the following issues:

a) demonstration of the annealing effectiveness for cladded RPVs;
b) post-annealing surveillance of material re-embrittlement.

4/14



Reactor pressure vessel design
From the RCS structural integrity point of view, the major safety concern is the response of
the RPV to the PTS event.
This safety issue have been studied and discussed in the last years within the western
technical community. The problem has been approached on the basis of probabilistic
fracture mechanics, taking into account probability distribution of most of the input data:
initial material toughness, initial transition temperature, material chemical composition, fast
neutron fluence and defect size. As a result, it was concluded that the risk due to the PTS
event is acceptable for western PWRs (e.g. Westinghouse reactors) as long as the transition
temperature of the RPV remains below the following values: 132 °C (270 °F) and 149 °C
(300 °F) for axial and circumferential welds, respectively. If these limits will be exceeded
by the end of life, a plant-specific PTS analysis report must be prepared and submitted to
the Nuclear Authority, at least 3 years before reaching the temperature limits.
Considered the differences between western and eastern design, the aforementioned limits
are not applicable a priori to Rovno Units. Therefore, a plant-specific PTS analysis report
should be prepared. For this purpose, the following data-bases, necessary for the analyses,
should be collected:
- initial material toughness, KIC;
- initial transition temperature, TK0;
- material chemical compositions;
- fast neutron fluence, and
- fabrication defects.

The general methodology to perform the PTS analysis (basic assumptions, input data,
computer codes, safety margins and so on) should be reviewed in the light of the western
approach.

Reactor pressure vessel support
According to western practice, surveillance program is required if the EOL fluence exceeds
MO17 ncm'2 (E > 1 MeV). As shown in Table 4.T.4, the RPV support EOL fluence
exceeds this limit in Unit 1 and 2 (even if a factor of 2 is applied to reduce the fluence to
the energy E > 1 MeV); therefore, the surveillance of support embrittlement should have
been required. Furthermore, the lower values of neutron flux and operating temperature of
RPV support should make RPV surveillance data not applicable.
At design stage, no evidence was showed to the reviewers that the integrity evaluation of
RPV regarding the potential of brittle fracture was covered even if Eastern experts
explained, that resistance against brittle fracture was evaluated; nevertheless, Gidropress
acknowledged that attention should be paid to this issue, in the light of latest research
results. The R & D Institute "NIIAR" is preparing the programme called "The vessel" on
irradiation of samples under different temperatures and fluxes and on analysis to these
parameters effecting the radiation embrittlement.
Re-evaluation of support ring design should define the most limiting situation in terms of
fatigue usage factors as well as temperature and stress distributions. The analysis should
make reference to the real plant configuration, i.e. taking into account the RPV tilt occurred
in Unit 2.
Also, the feasibility of NDEs of the support ring area and hardness measurements, to infer
the radiation induced embrittlement, should be evaluated.
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Reactor pressure vessel inservice inspection
Topics discussed in section 4.3.2.2 apply.

4.3.4.1.3 Recommendation for improvements

Measures to reduce the EOL fluence in Unit 1,2 should be taken, in order to lower the
RPV material embrittlement.

4.3.4.1.4 Recommendation for complementary studies

Plant-specific PTS analysis report should be prepared to demonstrate that the
probability of RPV brittle fracture is reasonably low. For this purpose, it will be
necessary to develop probabilistic data-base, based on information from other VVER
reactors.

The RPV annealing feasibility report should be prepared for Unit 1,2.

Significance of RPV support embrittlement should be investigated.

4.3.4.1.5 Proposal for future evaluations

Critical data on RPV material surveillance should be collected and evaluated further.

4.3.4.2 Pipes

4.3.4.2.1 Information on the status at Rovno NPP

The materials used for the fabrication of the reactor coolant system piping are 2 stainless
steels, designated as 08Crl8N12T and 08Crl8N10T. The first steel was used to fabricate
the MCLs, the second for the ECCS piping (high and low pressure injection lines), the
surge-line and the injection lines to the pressurizer.
Table 4.T.5 summarizes the material specifications.

Table 4.T.5 - Material specifications for piping steels in Unit 1,2.

1 Component

j MCL
[| MCL-to-PrcMurizer

Material

08Crl8N12T
08Crl8N10T

c
£0.08
£0.08

Si

S0.8
£0.8

Mn
£2.0
£2.0

Ni
11+13
9+11

Cr

17+19
17+19

S

£0.02
£0.02

P 1 Ti
£0.035
S0.03S

5C+0.7
5C+0.6

All the welds within the MCLs are examined every 4 years. So far, no crack indication has
been detected in the reactor coolant system piping.
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4.3.4.2.2 Assessment

RCS piping materials are austenitic stainless steel, stabilized with Ti; IGSCC or other
damaging mechanisms are not expected. The Leak-Before-Break criterion is not a design
basis for piping, thus pipe whip restraints are installed as mentioned in section 4.2.1.
However, the applicability of the Leak-Before-Break concept to primary and secondary
systems should be evaluated: in fact, the removal of barriers and restraints would make the
inspection easier and would reduce the dose to the personnel.
Due to lack of time, the criteria to design, fabricate and inspect the portion of safety-related
pipes in the primary containment penetration area (super-pipe) were not reviewed.

4.3.4.2.3 Recommendation for improvements

None.

4.3.4.2.4 Recom mendation for complementary studies

The applicability of Leak-Before-Break concept to primary systems should be
evaluated.

4.3.4.2.5 Proposal for future evaluations

According to the existing regulations the strength calculation criteria for the elements of
localizing groups are the same as for the other pipelines. The difference is that the
calculation parameters are taken at their maximum possible values under the most
unfavourable combination of loads.
However, the criteria to design, fabricate and inspect the safety-related pipes in the primary
containment penetration area (super-pipe) should be reviewed.

4.3.4.3 Component supports

4.3.4.3.1 Information on the status at Rovno NPP

RCS main component supports are designed to withstand the loads due to the combination
of thrust forces due to the DEGB and the SSE. Lateral supports against earthquake are
provided for steam generators, pumps and pressurizer.

4.3.4.3.2 Assessment

The criteria to design the main component supports comply with the western requirements.
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4.3.4.3.3 Recommendation for improvements

None.

4.3.4.3.4 Recommendation for complementary studies

None.

4.3.4.3.5 Proposal for future evaluations

None.

4.3.4.4 Pumps

4.3.4.4.1 Information on the status at Rovno NPP

The reactor coolant pump is a vertical, centrifugal, single-stage pump consisting of a
casing, removable part, electrical motor and auxiliary systems. The pump is equipped with
a flywheel to provide the needed coastdown feature. Disintegration testing was performed
on prototypical flywheels to demonstrate the safety margins of the stress analysis.
Inservice inspection of the flywheel is performed after 16.000 hours of operation by means
of PT examinations.

4.3.4.4.2 Assessment

During the design of components for MCP-317 and MCP-195 (including flywheels), the
strength capacity was considered for all possible conditions which is reflected in the pumps
technical specifications. However, no fracture mechanics analysis was performed (or
presented), nor requirements on material toughness were prescribed (or presented), even if,
in case of flywheel disintegration, missiles would be maintained within the pump sub-
compartment, without threatening any safety related system.

4.3.4.4.3 Recommendation for improvements

The pump flywheel should be inspected on a regular basis, at approximately 3-year
intervals by ultrasonic examinations. Locations to be inspected should be selected on
the basis of stress analysis results.
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4.3.4.4.4 Recommendation for complementary studies

Flywheel brittle fracture potential should be evaluated (or provided for review) by
linear elastic fracture mechanics. The results should define the most critical locations
to be inspected.

4.3.4.4.5 Proposal for future evaluations

None.

4.3.4.5 Steam generators

4.3.4.5.1 Information on the status at Rovno NPP

The material for headers, V-tubes and spacers is a Titanium-stabilized stainless steel
(0.8Crl8N10T). The vessel material is a low-alloy carbon steel, designated as 22K.
Table 4.T.6 shows the material specifications.

Table 4.T.6 - Material specifications for SG materials in Unit 1,2.

Component

Header.tubes
SG vowel

Material

08Crl8N10T
22K

C

£0.08
0.19+0.26

Si

1+2C)
0.2+0.4

Mn
52.0

0.75+1.0

Ni

9+11
£0.03

Cr

17+19
£0.3

S
£0.02
£0.03

P
£0.035
£0.03

Ti
5C+0.6

-

(*): for tubes : 1.5

There are 5536 V-tubes (<j) = 16 mm, t=1.4 mm), that are shaped by cold-bending process.
The V-tubes were connected to the header holes by single-pass welding, followed by
explosive expansion. Sealing tests on V-tubes-to-header joints were performed before and
after hydrostatic test. During fabrication, nozzle-to-vessel welds are 100% UT, MT, PT
and RT examined.
IGSCC tests were carried out on small specimens of base metal and welded joints.

Steam generator insenrice inspection
Although the secondary side of steam generators is classified as Group of Equipment B, the
inservice inspection program for most of the welds was upgraded to the Group of
Equipment A requirements. In fact, most of the SG welds are 100% UT inspected every 4
years of operation. Other secondary side welds, that are not safety related (category Ha),
are 20-̂ -50% VT, MT or PT and UT examined every 4 years; the volume controlled is
changed at each inspection; if a defect is found, the extension of examinations is doubled,
and it becomes 100% if more defects are found. So far, no crack indication has been
detected in the SG vessel.
The integrity of V-tubes is insured by monitoring the radioactivity of secondary side water;
measurement of radioactivity is performed in the live steam and in the blow-down line
water. Based on the knowledge of radioactivity in the primary and secondary sides, the
leakage amount is estimated. When this estimated leakage exceeds 5 1/h, the plant must be
shut down. Then, detection of leaking V-tubes is performed by luminescent tests
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examination (and in case of problems by PT ou MT) of the headers from the primary side,
while keeping the secondary side under pressure (18-45 kg/cm2).
The chemistry of secondary side water is controlled through water sampling in FW lines
and in SG drainage lines. The following parameters are controlled: Na, Fe, O2, Cu, Cl,
pH, electrical conductivity, oil, hydrazine.

Operational experience
The main problems encountered so far were discussed.
A fabrication defect was found in one steam generator tube-to-header weld in Unit 1. The
V-tube was plugged.
During maintenance work, some tube-to-header welds were damaged in one steam
generator of each Unit; the tubes were plugged. The total number of plugged tubes of the 2
steam generators is between 100 and 170; they are part of the upper tube packages.
The review of the operational experience brought to light the problem of cracks found in the
stud holes of hot header flanges (primary side). The problem was first discovered in 1982:
following an overcooling transient, cold water entered the SG hot headers and resulted in
the rupture of several studs (steel designation: CrN35VT-VD) in one of the hot header
flanges. Note that before the overcooling transient, the same SG was identified to be
affected by primary-to-secondary side leakage resulting in a radioactivity level exceeding
the limit prescribed for the secondary side water. During the subsequent inspection, the hot
header cover was found partially open; also, cracks were found inside the stud threaded
holes. Then, the inspection was extended to other SGs, and more cracks were found in
other SGs. As a temporary remedy, the cracks were repaired by welding and the holes were
re-threaded. Afterwards, the Units were put in operation. In the following months (1982-
83), the upper part of the hot header was replaced in 5 SGs of Unit 1. Other
countermeasures were taken:
a) the procedure to tighten studs and nuts was modified;
b) the stud lubricant was changed from sulfite of molybdenum to copper-graphite (1986);
c) more stringent limit for chloride content in the secondary side water was implemented

(from 500 to 50 ppm);
d) the water level excursion inside the SG was controlled more accurately.
Moreover, since then NDEs (UT, ET, PT) of all the studs and threaded holes have been
performed once every 4 years.
These countermeasures were found effective in solving the problem in other VVER plants.
Instead, in 1992-93 the problem occurred again in Unit 1 and 2. Therefore, more repair
work was needed in other SGs. Evaluation of the latest inspection results (1992-93) is under
way.
Table 4.T.7 shows the SG repair program performed so far.

Table 4.T.7 - Repair program of hot header upper parts in Unit 1, 2

Unit
1
2

1982
SG4, 3, 1

-

1983
SG2, 5

-

1992
-

S G I , 3, 4, 5, 6

1993
SG 2, 4, 5
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4.3.4.5.2 Assessment

According to western practice, the SG V-tube bundle integrity is insured by performing
eddy current testing (ET) on a regular basis. Instead, in all the Rovno Units, no
examination is performed on SG V-tubes to verify the minimum required thickness. The
monitoring of secondary side water radioactivity is used to infer the primary-to-secondary
side leakage. The leakage limit prescribed in the Technical Specification (5 1/h) was
established without verifying the margin existing against the tube rupture (Leak-Before-
Break verification); however, this limit seems reasonably low.
As regards the problem of cracks found in the SG stud holes, repair and improvement
actions were performed, but the problem is not yet demonstrated to be solved. As a
consequence, a root cause analysis should be performed (or presented) to find out or
demonstrate the solution.

4.3.4.5.3 Recommendation for improvements

Steam generator V-tube NDEs shall be performed on a regular basis, by means of the
eddy current technique.

4.3.4.5.4 Recommendation for complementary studies

Margin against the V-tube rupture (Leak-Before-Break verification) should be
demonstrated for the operational limits of primary-to-secondary side leakage.

The SG V-tube plugging criterion, based on the requirement of minimum thickness,
should be established and approved by GANTJ.

Root cause analyses should be performed (or presented) to find the solution to the
cracks in the stud holes of the SG hot header. Also, potential occurrence in the cold
headers should be assessed.

4.3.4.5.5 Proposal for future evaluations

None.

4.3.4.6 Pressurizer and relief valves

4.3.4.6.1 Information on the status at Rovno NPP

The pressurizer is made of carbon steel, designated as 22K (see Table 4.T.6); the internal
surface is cladded. The pressurizer is classified as seismic category I component. Among
other aspects, the design included the brittle fracture analysis for those transients resulting
in cold coolant entering the pressurizer through the surge-line.
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The inservice inspections are performed as described in section 4.3.2.1. So far, no crack
indication has been detected in the inspected areas.
The overpressure protection valves are described in section 4.3.2.1. The safety valve
performance is tested every year. However, these valves were not qualified to discharge
water or 2-phase coolant.

4.3.4.6.2 Assessment

In some transients water or 2-phase mixture might be discharged through the safety valves.
Therefore, demonstration of this feature should be given in the qualification process of the
valves.

4.3.4.6.3 Recommendation for improvements

Qualification testing should be performed to demonstrate the intended function of
primary side safety valves when water or 2-phase mixture is discharged (see also
11.2.4).

4.3.4.6.4 Recommendation for complementary studies

None.

4.3.4.6.5 Proposal for future evaluations

None.

4.3.4.7 Valves

4.3.4.7.1 Information on the status at Rovno NPP

In Unit 1, 2 gate valves were installed in the primary loops, with the purpose to make loop
isolation possible. This feature was never used for maintenance, since the valve tightness is
questionable. The valve body is made of austenitic stainless steel, designated as
08Crl8N12T (see Table 4.T.5). In 1993-1994, all the removable parts of the valves were
replaced and successfully tested.

4.3.4.7.2 Assessment

None.
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4.3.4.7.3 Recommendation for improvements

None.

4.3.4.7.4 Recommendation for complementary studies

None.

4.3.4.7.5 Proposal for future evaluations

None.

4.3.4.8 ECCS components and service water components

4.3.4.8.1 Information on the status at Rovno NPP

Schematic of ECCS is reported in TSS books.

Design, fabrication and inspection requirements for ECCS are those applied to group of
equipment B and seismic category I systems.
Preoperational testing was performed to demonstrate system operability.
To mitigate the consequences of thermal shock, the temperature the water in the
accumulator tanks was increased up to 55°C in Units 1 and 2.
So far, no crack indication has been found in the inspected areas.
Service water components were not covered in the assessment.

4.3.4.8.2 Assessment

None.

4.3.4.8.3 Recommendation for improvements

None.

4.3.4.8.4 Recommendation for complementary studies

None.

4.3.4.8.5 Proposal for future evaluations

None.

4/23



4.3.4.9 SG valves

4.3.4.9.1 Information on the status at Rovno NPP

This topic is covered in section 4.3.2.1.

4.3.4.9.2 Assessment

In some transients water or 2-phase mixture might be discharged through the SG safety
valves. Therefore, demonstration of this feature should be given in the qualification process
of the valves.

4.3.4.9.3 Recommendation for improvements

Qualification testing should be performed to demonstrate the SG safety valve intended
function when water or 2-phase mixture is discharged (see also 11.2.3.1.2).

4.3.4.9.4 Recommendation for complementary studies
None.

4.3.4.9.5 Proposal for future evaluations

None.

4.3.4.10 BRU-A

4.3.4.10.1 Information on the status at Rovno NPP

In each of the two semi-header, one BRU-A valve is installed downstream of the main
steam isolation valve (MSIV). The BRU-A valve is not qualified to discharge either water
or 2-phase mixture.

4.3.4.10.2 Assessment

According to recommendations of WG 7 - System Analysis, possibility of installing the
BRU-A valve upstream of the MSIV is being considered. In this case, in some transients
water or 2-phase mixture might be discharged through the BRU-A valves. Therefore,
demonstration of valve performance should be given in the qualification process.
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4.3.4.10.3 Recommendation for improvements

Qualification testing should be performed to demonstrate the BRU-A valve intended
function when water or 2-phase mixture is discharged (see also 11.2.3.1.2).

4.3.4.10.4 Recommendation for complementary studies

None.

4.3.4.10.5 Proposal for future evaluations

None.

4.3.4.11 Pipes and support

This area is covered in other sections.

4.4 UNIT 3

4.4.1 Structural Analyses and computer codes

4.4.1.1 Information on the status at Rovno NPP

Seismic loads were incorporated in RCS design specifications; FEM static and dynamic
analyses were performed. Stress reports were not reviewed during the meetings, because
they were not available.

4.4.1.2 Assessment

Unit 1, 2 topics apply.

4.4.1.3 Recommendation for improvements

None.
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4.4.1.4 Recommendation for complementary studies

As a general recommendation, brittle fracture potential should be re-evaluated for
Unit 3 safety related systems and components, according to the requirements of new
edition of the code (i.e. PNAE G-7-002-86). Specific structural integrity studies will be
discussed in the following sections.

4.4.1.5 Proposal for future evaluations

None.

4.4.2 Reactor coolant system and connected systems under pressure

4.4.2.1 Information on the status at Rovno NPP

Summary description

Process and Instrumentation Diagrams (P&IDs), elevation drawings, basic design data are
reported in TSS books.
At least 2 isolation valves are provided for the systems connected to the RCS (e.g. passive
and active ECCS, make-up system).

Overpressure protection
Primary side is protected against overpressure by 3 independent safety valves which are also
used as relief valves. They cannot be isolated in case of stuck open condition; this complies
with the current rules.
As far as the secondary side is concerned, each main steam line is equipped with 2 safety
valves, 1 BRU-A valve and 1 isolation valve.
The pressure set points are the following:

po = 160 kg/cm2

Pdcign = 180 kg/cm2

p s v = 186 kg/cm2 (open)
p to l = 250 kg/cm2 (system hydrostatic test)

200 kg/cm2 (system leakage test)

RCS materials and fabrication
Unit 1, 2 topics apply.

RCS preoperational testing
Preoperational testing program was comprehensive for the prototype reactor only.
As regards Rovno Unit 3, preoperational testing included:
a) control of thermal expansion displacement at significant locations, where trajectories
were recorded during heat-up and cool-down transients;
b) RPV internals monitoring (accelerometers) to record flow-induced vibrations, prior to
charging the fuel elements into the core, but installing elements simulating the fuel
assembly.
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Significant discrepancies were not found between Rovno Unit 3 and the prototype reactor.

RCS inservice inspection and testing
Unit 1,2 topics apply.

RCS Leak detection system
The situation presented in Unit 1,2 section apply also to Unit 3; in this case, the design
limit for identified leakage is 2.5 t/h.

4.4.2.2 Assessment

Overpressure protection
Unit 1,2 topics apply.

RCS material and fabrication
Unit 1,2 topics apply.

RCS preoperational testing
During pre-operational testing, pipelines were not monitored to evaluate potential problems
due to vibrations.

RCS inservice inspection and testing
Unit 1,2 topics apply.

RCS Leak detection system
In Unit 3, continuous monitoring of leakages from unidentified sources is not possible
through the existing leakage detection systems. Again, an estimate of such a leakage is
obtained by comparing coolant flow rates through the make-up system and the blow-down
system; when the difference reaches a certain limit the plant must be shut-down.
Operational limits are established in the Technical Specifications, as follows:

2 t/h («33 1/min), if leakage location is identified; 0.7 t/h («12 1/min), if not.
Western requirements for LDS are discussed in Unit 1,2 section (§4.3.2.2); the conclusions
drawn apply also to Unit 3.

4.4.2.3 Recommendation for improvements

Hardware and software measures to prevent the occurrence of primary circuit low
temperature pressurization should be undertaken (see also § 11.3.4.3).

Unit 3 leakage detection system should be improved (or changed) in order to insure an
early detection of cracks in the reactor coolant pressure boundary.

4/27



4.4.2.4 Recommendation for complementary studies

Integrity of the airborne participate radioactivity system integrity should be
demonstrated in case of SSE.

4.4.2.5 Proposal for future evaluations

Data on RCS material fracture energy and toughness should be collected; Western and
Eastern definitions of reference transition temperature (RTNDT and TK0) should be
benckmarked.

Review of NDE methods and NDE personnel certification should be performed.

4.4.3 Safety related secondary systems under pressure

4.4.3.1 Information on the status at Rovno NPP

According to the "Statement and Terms of Reference" (Appendix 2: Work Programmes for
Topics, Topic 4: Reactor Coolant System), this area was not required to be covered in
Phase I. However, during the discussion on the operational experience, the erosion-
corrosion of the feedwater lines was said to be a problem also for the Unit 3. As a
consequence, the accelerated ISI program is applied also to Unit 3 secondary side piping; so
far, excessive thinning has not been discovered nor replacements have been made.

4.4.3.2 Assessment

None.

4.4.3.3 Recommendation for improvements

None.

4.4.3.4 Recommendation for complementary studies

None.

4.4.3.5 Proposal for future evaluations

The review of safety-related secondary systems under pressure should be performed.

4/28



4.4.4 Components

4.4.4.1 Reactor Pressure Vessel

4.4.4.1.1 Information on the status at Rovno NPP

RPV material and fabrication
The RPV belt-line is fabricated by welding the lower ring to the upper ring (weld #1.3)
and the upper ring to the support ring (weld # 1.4).The material used is designated as
15Cr2NMFA-A, a low-alloy steel having a chromium content of 1.8-^2.3 % and,
differently from Unit 1,2 steel, a nickel content of 1.2-8-1.5 %. The other part of the RPV
are made of 15Cr2NMFA steel. Note that the "-A" specification indicates a more stringent
control of impurities that are detrimental as concerns the neutron embrittlement, namely
copper, phosphorous and sulfur.
As regards the weld materials, the filler material to weld 15Cr2NMFA-A steel is designated
as SvlOCrGNMA-A, whereas the filler material to weld 15Cr2NMFA steel is designated as
SvO8CrNMTA. Table 4.T.8 summarizes the chemical composition of the RPV belt-line
steels.
As regards the cladding process qualification, neutron embrittlement prediction and RPV
stud material, Unit 1,2 topics apply.

RPV neutron embrittlement surveillance
Surveillance capsules are provided to monitor RPV neutron embrittlement. There are 6
assemblies and 5 sets of capsules in each assembly. They are located above the active core
region, where the neutron flux and the flux spectrum is quite different from RPV wall. The
lead factor ranges from 1 up to 4.5, depending upon the position of the specimens in the
capsule.

Table 4.T.8 - Chemical composition of Unit 3 RPV steels

Component

Upper Ring
Weld # 3

Lower ring
Weld # 4

Support rine
Bottom # 1
Weld # 5

Material

15Cr2NMFA-A
SvlOCrGNMA-A
15Cr2NMFA-A

SvlOCrGNMA-A
15Cr2NMFA-A

15Cr2NMFA
SvO8CrNMTA

c
0.17
0.06
0.17
0.06
0.15
0.16
0.04

Si

0.28
0.36
0.28
0.36
0.25
0.28
0.38

Mo

0.41
0.76
0.42
0.79
0.38
0.48
0.84

Ni

1.2
1.64
1.18
1.59
1.12
1.26
1.25

Cr

2.0
1.72
1.83
1.75
1.8
1.89
1.59

S

0.011
0.008
0.012
0.007
0.012
0.015
0.007

P

0.0085
0.008
0.009
0.008
0.01
0.016
0.01

Cu

0.03
0.03
0.03
0.02
0.05
0.11
0.01

v
0.12

0.1

0.1
0.1

Mo

0.53
0.63
0.52
0.62
0.53
0.52
0.59

The first capsule was withdrawn in 1991, 5 years after the plant start up; as usual, the
specimens were sent to Kurchatov Institute for testing. So far, only preliminary data have
been provided to GANU and Rovno NPP; however, these data were not made available for
review.
The current transition temperature, TK, is calculated according to the procedure presented in
section 4.3.4.1.1. Critical data of RPV surveillance are shown in Table 4.T.3.

Reactor pressure vessel design
Pressure-temperature limits are calculated as mentioned for Unit 1-2.
The plant is planned to be operated during 10 years with ECCS temperature equal to 20°C,
and 50°C after this period. PTS analysis performed by Gidropress showed that with a value
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of 20°C, no life-time problem is expected during 10 years. Measures were proposed to be
sure that in every case this condition is respected. Complementary calculations should be
completed not later than 1996. No more than 10 years after beginning of operation, it is
planned to install an heating system in order to respect a 50°C value for temperature of the
ECCS. Also, the RPV annealing is not believed necessary. However, relevant reports were
not made available for review.

Reactor pressure vessel support
In Unit 3, the RPV support design is similar to that described in Unit 1,2 section.
Table 4.T.4 shows neutron flux and EOL fluence values applicable to Unit 3.

Reactor pressure vessel inservice inspection
Unit 1,2 topics apply.
The first inspection was scheduled before completion of 20.000 hours of operation. The
following inspections shall be performed at least 30.000 hours after the previous one.
In principle, NDEs are performed in all the welded joints and in the base material areas
where stress concentration is expected.

4.4.4.4.2 Assessment

RPV material and fabrication
The materials used in the fabrication of Unit 3 RPV were improved to reduce the content of
impurities, the main contributors to neutron embrittlement. Also, the nickel content was
increased so that better mechanical properties were attained; however, according to western
experience, the nickel is also a contributor to the neutron embrittlement, and should be
considered in the AF formulation (see Eq. (3)). GANU expressed the same concern on this
matter.

RPV neutron embrittlement surveillance
Given the location of the surveillance capsules inside the RPV, it is foreseen that
uncertainties will arise in applying results from surveillance specimens to RPV materials. In
fact, neutron flux and neutron spectrum are quite different from those impinging on the
RPV belt-line.
According to western practice, first surveillance capsule should have been withdrawn after
1.5 or 3 EFPYs of operation, depending on the predicted transition temperature shift at
vessel inside surface; instead, conclusive results of the first set of specimens, which were
withdrawn in 1991, 5 years after the commissioning, have not yet been received from
Kurchatov Institute. These data should be provided as soon as possible, in order to monitor
the RPV embrittlement in a timely manner. However, preliminary results would indicate a
minor embrittlement.
The effect of nickel on the embrittlement of VVER steels should be investigated further.
Based on topics discussed in Unit 1,2 along with the uncertainties due to the nickel effect on
neutron embrittlement, need for implementing countermeasures to reduce the EOL fluence
should be evaluated. Also, contingently upon actual results on transition temperature shift
and results from PTS analyses, it might be necessary to prepare the RPV annealing
feasibility report in the future.
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Reactor pressure vessel design
PTS analysis topics discussed in Unit 1,2 section apply to Unit 3.

Reactor pressure vessel support
Topics discussed in Unit 1,2 section apply to Unit 3.

Reactor pressure vessel inservice inspection
Topics discussed section 4.3.2.2 apply.

4.4.4.1.3 Recommendation for improvements

Measures to reduce the EOL fluence in Unit 3 should be taken, in order to lower the
RPV material embrittlement.

4.4.4.1.4 Recommendation for complementary studies

The effect of nickel on the embrittlement of VVER-1000 steels should be investigated
further.

The transferability of surveillance data to RPV materials should be investigated
further.

Plant-specific PTS analysis report should be provided to demonstrate that the
probability of RPV brittle fracture is reasonably low. For this purpose, it will be
necessary to develop probabilistic data-base, based on information from other VVER
reactors, for the following input data:

a) initial material toughness, K,c;
b) initial transition temperature, TK0;
c) material chemical compositions;
d) fast neutron fluence, and
e) fabrication defects.

Significance of RPV support embrittlement should be investigated.

Contingently upon surveillance results on transition temperature shift and results from
PTS analyses, the RPV annealing feasibility report should be prepared.

4.4.4.1.5 Proposal for future evaluations

Critical data on RPV material surveillance should be collected and evaluated further.

4/31



4.4.4.2 Pipes

4.4.4.2.1 Information on the status at Rovno NPP

The primary loop pipes are fabricated in ferritic steel, designated as 10GN2MFA. The
specification of chemical composition is shown in Table 4.T.9.

Table 4.T.9 - Material specifications for piping steel in Unit 3.

| Component
I MCL

Material
10GN2MFA

C
0.08+0.12

Si
0.17+0.37

Mn
0.8+1.1

Ni
1.8+2.3

Cr
SO. 3

S
£0.02

P
SO. 02

Mo 1
0.4+0.7 1

The pipes are cladded inside making use of an austenitic stainless steel strip, designated as
Sv-04Cr20N10G2B. IGSCC tests were performed on cladding material.
Elbows were fabricated from straight pipes through the hot bending process. No problem
was reported due to cladding debonding.
As regards ISI, Unit 1,2 topics apply.

4.4.4.2.2 Assessment

IGSCC or other damaging mechanisms are not expected. The Leak-Before-Break criterion
is not a design basis for piping, thus pipe whip restraints are installed, as mentioned in
section 4.2.1. However, the applicability of the Leak-Before-Break concept to primary and
secondary systems should be evaluated: in fact, the removal of barriers and restraints would
make the inspection easier and would reduce the dose to the personnel.

4.4.4.2.3 Recommendation for improvements

None.

4.4.4.2.4 Recommendation for complementary studies

The applicability of Leak-Before-Break concept to primary systems should be
evaluated.

4.4.4.2.5 Proposal for future evaluations

The criteria to design, fabricate and inspect the safety-related pipes in the primary
containment penetration area (super-pipe) should be reviewed.
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4.4.4.3 Component supports

4.4.4.3.1 Information on the status at Rovno NPP

Unit 1, 2 topics apply.

4.4.4.3.2 Assessment

The criteria to design the main component supports comply with the western requirements.

4.4.4.3.3 Recommendation for improvements

None.

4.4.4.3.4 Recommendation for complementary studies

None.

4.4.4.3.5 Proposal for future evaluations

None.

4.4.4.4 Pumps

4.4.4.4.1 Information on the status at Rovno NPP

Flywheel is made of 08xl8H10T steel. Performed calculations (type : unknown and may be
not fracture mechanics analysis) was not provided, even if it was said that results are
acceptable.
Unit 1,2 topics apply.

4.4.4.4.2 Assessment

Unit 1, 2 topics apply.

4.4.4.4.3 Recommendation for improvements

The pump flywheel should be inspected on a regular basis, at approximately 3-year
intervals by ultrasonic examinations. Locations to be inspected should be selected on
the basis of stress analysis results.
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4.4.4.4.4 Recommendation for complementary studies

Flywheel brittle fracture potential should be evaluated (or presented for review if
available) by linear elastic fracture mechanics. The results should define the most
critical locations to be inspected.

4.4.4.4.5 Proposal for future evaluations

None.

4.4.4.5 Steam generator

4.4.4.5.1 Information on the status at Rovno NPP

The material used in the fabrication of SG headers is ferritic steel, designated as
10GN2MFA (see Table 4.T.9). The primary side is cladded. Tubes were connected to
header by welding, followed by a wet explosive expansion; the headers were examined by
eddy current technique to detect potential cracks between the holes.
After about 5 years of operation, all the tube-to-header joints were heat treated at 450° C
for 20 hours, in order to reduce the residual stresses.

Operational experience
Following information was received during the Rovno meetings, but in view of Eastern
comments, should be verified.
The main problem encountered so far has been the corrosion cracking in dissimilar metal
welds. These are in the transition pieces (ferritic steel) placed between the SG vessel
nozzles (ferritic steel) and the blow-down lines (austenitic steel). The cause analysis
revealed that the problem arose also because the blow-down lines were not continuously
operated; therefore, the deposition of corrosion products and the concentration of impurities
promoted the corrosion. The situation should have improved since the mode of operation
was changed: now a minimum flow rate is always maintained in the blow-down line of each
SG. Nevertheless, the welds are changed every 2 years of operation, on a regular basis.
Several cracked welds have been replaced so far, but using a similar fabrication process and
the same materials.
Other sources mentioned no changes of welds.

Steam generator inservice inspection
Unit 1,2 topics apply. Moreover, an acoustic emission device is used in one SG at each shut
down or refuelling, when the hydrostatic test is performed. So far, no crack indication has
been detected in the inspected areas.

4/34



4.4.4.5.2 Assessment

Depending on the confirmation of received information, as regards the corrosion problem in
the dissimilar metal welds, a root cause analysis should be performed to avoid recurrence of
the problem in the future.

4.4.4.5.3 Recommendation for improvements

Steam generator V-tube NDEs shall be performed on a regular basis, by means of the
eddy current technique.

4.4.4.5.4 Recommendation for complementary studies

Margin against the V-tube rupture (Leak-Before-Break verification) should be
demonstrated for the operational limits of primary-to-secondary side leakage.

The SG V-tube plugging criterion, based on the requirement of minimum thickness,
should be established and approved by GANU.

Depending on the confirmation of received information, root cause analysis should be
performed of Unit 3 steam generator corrosion cracking in dissimilar metal welds.

4.4.4.5.5 Proposal for future evaluations

None.

4.4.4.6 Pressurizer and relief valves

4.4.4.6.1 Information on the status at Rovno NPP

Unit 1,2 topics apply to Unit 3, except for the vessel material, that is designated as
10GN2MFA (see Table 4.T.9).

4.4.4.6.2 Assessment

Unit 1,2 topics apply.
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4.4.4.6.3 Recommendation for improvements

Qualification testing should be performed to demonstrate the intended function of
primary side safety valves when water or 2-phase mixture is discharged (see also
11.3.4).

4.4.4.6.4 Recommendation for complementary studies

None.

4.4.4.6.5 Proposal for future evaluations

None.

4.4.4.7 Valves

4.4.4.7.1 Information on the status at Rovno NPP

Gate valves are not installed in the primary loops, differently from Unit 1,2.

4.4.4.7.2 Assessment

None.

4.4.4.7.3 Recommendation for improvements

None.

4.4.4.7.4 Recommendation for complementary studies

None.

4.4.4.7.5 Proposal for future evaluations
None.
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4.4.4.8 ECCS components and service water components

4.4.4.8.1 Information on the status at Rovno NPP

Schematic of ECCS is reported in TSS books.

Design, fabrication and inspection requirements for ECCS are those applied to group of
equipment B and seismic category I systems.
Preoperational testing was performed to demonstrate system operability.
So far, no crack indication has been found in the inspected areas.
Service water components were not covered in this assessment.

4.4.4.8.2 Assessment

Based on the information gathered, no significant problem was found in the ECCS.

4.4.4.8.3 Recommendation for improvements

None.

4.4.4.8.4 Recommendation for complementary studies

None.

4.4.4.8.5 Proposal for future evaluations

None.

4.4.4.9 SG valves

4.4.4.9.1 Information on the status at Rovno NPP

This topic is covered in section 4.4.2.1.

4.4.4.9.2 Assessment

Unit 1,2 topics apply.
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4.4.4.9.3 Recommendation for improvements

Qualification testing should be performed to demonstrate the SG safety valve intended
function when water or 2-phase mixture is discharged (see also 11.3.3.1.2).

4.4.4.9.4 Recommendation for complementary studies

None.

4.4.4.9.5 Proposal for future evaluations

None.

4.4.4.10 BRU-A

4.4.4.10.1 Information on the status at Rovno NPP

In each main steam line of Unit 3, one BRU-A valve is installed upstream of the MSIV.
The BRU-A valve is not qualified to discharge either water or 2-phase mixture.

4.4.4.10.2 Assessment

In some transients water or 2-phase mixture might be discharged through the BRU-A
valves. Therefore, demonstration of valve performance should be given in the qualification
process.

4.4.4.10.3 Recommendation for improvements

Qualification testing should be performed to demonstrate the BRU-A valve intended
function when water or 2-phase mixture is discharged (see also 11.3.3.1.2).

4.4.4.10.4 Recommendation for complementary studies

None.

4.4.4.10.5 Proposal for future evaluations

None.
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4.4.4.11 Pipes and support

This area is covered in other sections.
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AREA OF REVIEW AND ACCEPTANCE CRITERIA

1 DESIGN OF STRUCTURES, COMPONENT, EQUIPMENT AND SYSTEMS

1.1 General design criteria applicable to Reactor Coolant System

Overall requirements (General Design Criteria - GDC)
GDC 1 Quality standards and records
GDC 2 Design bases for protection against natural phenomena
GDC 4 Environmental and dynamic effect design bases

Protection by multiple fission product barrier
GDC 10 Reactor design
GDC 14 Reactor coolant pressure boundary
GDC 15 Reactor coolant system design

Fluid systems
GDC 30 Quality of reactor coolant pressure boundary
GDC 31 Fracture prevention of reactor coolant pressure boundary
GDC 32 Inspection of reactor coolant pressure boundary
GDC 35 Emergency core cooling
GDC 36 Inspection of emergency core cooling
GDC 37 Testing of emergency core cooling

1.2 Classification of structures, components and systems

Safety classification
Provide criteria for the safety classification of pressure retaining components; provide tables
where system and component safety classes are specified.

Seismic classification
Provide table of systems and components designed to withstand the Safe Shutdown
Earthquake (SSE) without loss of capability to perform their safety functions. These plant
features are those necessary to assure:
- integrity of the Reactor Coolant Pressure Boundary (RCPB);
- the capability to shut down the reactor and maintain it in a safe condition;
- the capability to prevent or mitigate the consequences of accidents.

System quality group classifications
Identify fluid systems or portions of fluid systems important to safety. Define Applicable Codes
and Standards.
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1.3 Missile protection

Internally generated missiles (inside containment)
Identify internally generated missiles associated with component overspeed failures, missiles
that could originate from high energy fluid system failures and missiles due to gravitational
effects.
Essential systems and components shall be protected by individual missile-proof structure,
physically separating redundant systems or components or providing special localized
protective shields or barriers.

1.4 Protection against dynamic effects associated with the postulated rupture of
piping

Postulated piping failure in fluid systems outside containment
Identify all high (T > 93 °C (200 °F) or p > 1.9 MPa (275 psig)) and moderate energy fluid
systems.
Demonstrate that piping failures outside containment would not cause the loss of needed
functions of safety-related systems necessary to shut down the plant. This can be accomplished
by: 1),separating high and moderate energy systems from essential systems and components;
2) protecting safety related plant features with protective structures; 3) taking other special
protective measures to ensure the operability of safety-related features.
Provide description of the measures to protect against pipe whip, blow-down jet and reaction
forces, such as pipe restraints and barriers.

Determination of break locations and dynamic effects associated with the postulated rupture
ofpiping
Provide criteria used to define break and crack locations and configurations, inside and outside
containment. Determine the forcing functions of jet thrust and jet impingement and pipe whip
dynamic effects.

Leak-Before-Break evaluation procedure
Demonstrate that the probability of fluid system piping rupture is extremely low, to rule out
pipe whip restraints. LBB applies to Class 1 and 2 piping systems only. Degradation
mechanisms are examined. Postulate through-wall cracks in the most limiting locations, large
enough to be detected by different leak detection systems, under normal conditions;
demonstrate crack stability under accident loads.

1.5 Seismic design

Seismic input
Provide design response spectra (OBE and SSE) for seismic Category 1 structures, systems
and components.
Design time history: when no specific time history is provided, an artificial time history can be
used if its response spectra envelop the design response spectra.
Provide specific percentage of critical damping values.
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Seismic system analysis
Provide applicable seismic analysis methods (response spectra, time history, equivalent static
load). Provide methods to develop design floor response spectra. Provide method for
combination of modal responses.

Seismic subsystem analysis
Provide applicable seismic analysis methods (response spectra, time history, equivalent static
load). Provide method for combination of modal responses. Determine the number of
earthquake cycles. Provide method to analyze multiply supported equipments and components
with distinct inputs.

1.6 Mechanical systems and components

Special topics for mechanical components
Provide Design Specifications for the components of the reactor coolant pressure boundary.
Based on experience from similar plants, specify transients to be used in the design and fatigue
analysis of Class 1, CS components and supports. The transients should be classified with
respect to plant and systems operating conditions. Provide description and qualification of
computer programs used as well as description of experimental stress analysis programs.
Provide description of elastic-plastic stress analysis methods, if adopted.

Dynamic testing and analysis
Describe piping vibration, thermal expansion and dynamic effects testing to be conducted
during startup functional testing.
Dynamic responses of structures within reactor vessel should be analyzed for prototypical
reactors.
Flow-induced vibration testing of reactor internals should be conducted.
Dynamic system analysis of LOCA+SSE to demonstrate design adequacy.
Discussion on the correlations between dynamic analysis and testing results.
Provide dynamic system analysis methods to evaluate piping systems (see 4.1.1.5).

ASME Code Class 1, 2 and 3 components, components supports
Provide loading combinations, system operating transients and stress limits.
Design and installation of pressure relief devices (loading combination, stress criteria).
Evaluation of Code Class 1, 2 and 3 components supports.
Snubber operability assurance: structural analysis and systems evaluation; characterization of
mechanical properties; design specifications; installation and operability verification; use of
additional snubbers; inspection and testing; classification and identification.

Inservice testing of pumps and valves
Provide programs, procedures and operational limits for inservice inspection of safety-related
pumps and valves.
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2 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

2.1 Summary description

Provide description of reactor coolant system and its components. Describe thermal-hydraulic
behavior in all foreseeable conditions, included natural circulation operation (station black-
out).
Provide flow diagram of RCS with pressures, temperature, flow rates, coolant volume.
Provide P&IDs of RCS and connected systems, outlining the following:
- extent of systems within containment;
- separation between RCS and secondary system;
- isolability of any fluid system provided by isolation valves between radioactive and

nonradioactive section of the system, isolation valves between RCPB and connected systems
and passive barriers between RCPB and other systems.

Provide elevation drawing with principal dimensions of RCS.

2.2 Integrity of Reactor Coolant Pressure Boundary

Compliance with Codes
Provide table with safety classification of RCS components. Define applicable codes and code
cases.

Overpressure protection
Overpressure protection system should prevent exceeding RCS pressure limits during any
condition of operation. Provide number, type and location of safety and relief valves installed
in the fluid systems (e.g., for PWR: pressurizer relief and safety valves, steam generator relief
and safety valves on the secondary side).
Safety valves designed to limit pressure to less than 110% of RCPB design pressure.
Relief valves should have sufficient capacity to preclude actuation of safety valves during
normal operational transients.
Describe overpressure protection system for low temperature operation to prevent brittle
fracture of components.
Valve design basis, installation and inspection requirements are covered in 4.1.1.6.
Post TMI requirements: one normally open gate valve upstream of each relief valve, to be
closed in case of power operated relief valve stuck open.

RCPB materials
Provide a list of specifications for the principal materials (ferritic, austenitic, nonferrous, weld)
used for each components.
Compatibility of materials with reactor coolant: describe water chemistry and methods to
control it; if cladding is not used, corrosion allowances must be indicated;

Fabrication of ferritic materials:
- fracture toughness tests for pressure retaining component materials to define reference

transition temperature, R T N D T ; minimum service temperature for components other than
RPV and bolting, with thickness > 63.5 mm (2.5"): R T N D T + 5 6 ° C ( R T N D T + 1 0 0 ° F X "nless
calculated using the Fracture Mechanics approach;
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- control of welding: preheat requirements and maximum interpass temperatures to avoid cold
cracking; qualification of welders for limited accessibility, unless 100% nondestructive
examination is performed; control of underclad cracking in low-alloy steel; wrought seamless
tubular products and flanges must be 100% UT examined.

Fabrication of austenitic stainless steel
- avoid stress corrosion cracking by controlling sensitization of stainless steel and by cleaning

or flushing finished surfaces; check compatibility between stainless steel and nonmetallic
thermal insulation.

- control of welding: control of delta ferrite in stainless steel welds; qualification of welders for
limited accessibility, unless 100% nondestructive examination is performed; wrought
seamless tubular products and flanges must be 100% UT examined.

Inservice inspection and testing ofRCPB
The RCPB is defined as RCS piping, vessel, pumps and valves up to and including:
- the outermost containment isolation valve in system piping that penetrates the primary

reactor containment;
- the second of two valves normally closed during normal reactor operation in system piping

that does not penetrate primary reactor containment;
- the reactor coolant system safety and relief valves.
Accessibility to components to be inspected must be assured.
Inspection requirements applicable are those for safety Class 1 components.
Provide categorization for part of system and components; methods to be applied for visual,
surface and volumetric examinations; inspection intervals; criteria to evaluate defects found in
service; repair or replacement criteria; system leakage and hydrostatic pressure test
requirements.
Details must be given in the Technical Specifications.

Detection of leakage through RCPB
Three independent systems shall be provided. Two of them shall be: Reactor sump monitoring
and the Airborne Paniculate Radioactivity monitoring system. The leakage detection systems
are designed to withstand all seismic events not requiring a shut down, but the Airborne
Particulate Radioactivity monitoring system must survive the SSE. Leakage from identified and
unidentified sources must be kept separated. Limits for leakage must be provided in the
Technical Specifications.

2.3 Reactor vessel

Reactor vessel materials
Provide material specifications for RPV and applicable appurtenances, such as shroud support,
studs, control rod drive housings, etc.
Provide information on manufacturing process, fabrication, heat treatments and nondestructive
examinations performed. Provide information on nondestructive examinations performed:
required examinations, acceptance standards, qualification and certification of NDE personnel.
Ferritic materials shall be tested to demonstrate minimum fracture toughness and to define the
R T N D T - Belt-line material must have a minimum Cv upper-shelf energy of 102 J (75 ft-lbs) in
the unirradiated state, 68 J (50 ft-lbs) throughout the entire life.

4.A.1/6



RPV material surveillance program
RPV surveillance program needed when EOL fluence exceeds 10 n/cm . Each capsule must
contain at least: 12 Charpy-V and 3 tension specimens for base and weld material and 12
Charpy-V specimens for HAZ. The number of capsules ranges from 3 to 5, depending on the
predicted embrittlement. Withdrawal schedule is every 3 effective full-power years.
For multiple reactors, an integrated surveillance program is possible.
Material for RPV studs should have o u < 1170 MPa (170 ksi), and must meet minimum
Charpy USE requirement (>61 J).

Pressure-temperature limits
Provide limits on pressure and temperature for: preservice system hydrostatic tests; inservice
leak and hydrostatic tests; normal operation, including heatup and cooldown; reactor core
operation. Describe LEFM methodology, initially postulated crack, safety margins and
equations used to calculate R T N D J shift due to radiation embrittlement.

Reactor vessel integrity
Design: assure accessibility to areas to be inspected; EOL fluence shall not exceed
1.10 n/cm2; design should permit in-place annealing in case of reference temperature shift
exceeding 11 l°C(200°F).
Materials: material selection is limited to 533 Gr.B Cl 1, 508 Cl 2 and 508 Cl 3, because of
lack of data on other materials. Data base on neutron embrittlement to develop predictive trend
curves must be consistent with the material selected.

2.4 Components and subsystem design

Reactor coolant pumps
Performance. Provide demonstration of adequate core cooling flow rate to maintain a
Departure from Nucleate Boiling Ratio (DNBR) within design limits. Assurance of adequate
forced circulation flow rate must be demonstrated by conducting preoperational tests.
Sufficient rotation inertia must be provided by a flywheel, to provide adequate flow during
coastdown in a station black-out condition.
Operating speed must be below the first critical speed. Design and test speed is 125% of
operating speed.

Pump flywheel integrity
Demonstration of structural integrity is obtained through:
a) selection of material with:

- NDT < -7 °C (10°F) and minimum Charpy USE of 68 J (50 ft-lbs).
Fracture toughness: KJC > 165 MPaVm (150 KsWin) at operating temperature or
operating temperature > R T N D T + 5 6 ° C ( R T N D T + 1 0 0 ° F ) -

b) Preservice inspections:-100% UT; MT or PT for bores, keyways, splines, holes.
c) Design: stress limits for normal conditions 1/3 Cy; for overspeed condition 2/3 av.

Shaft and bearing verified against all design loads. Overspeed test.
d) Inservice inspection of high stress areas by UT every 3 1/3 years, 100% every 10 years;

PT of 100% exposed surfaces.
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Steam generators
Provide basic design data (schematic, materials, design temperature and pressure for primary
and secondary sides, number of tubes, tube dimensions).
Provide design loads, loading combination and service limits. Design must take into account
accessibility for those areas to be inspected. Manhole required for inspecting primary and
secondary sides. The primary side is designed, manufactured and inspected in accordance with
safety Class 1, secondary side with safety Class 2.
Crevice areas must be minimized to avoid denting. Stress corrosion testing to demonstrate
corrosion resistance of materials.

Steam generator materials
Provide specifications for primary and secondary side materials. Selection of materials should
minimize denting and corrosion of the tubes. Full-depth expansion technique is the preferred
design for expanding the tubes after tube to tube-sheet welding.
Assure tube material compatibility with environment: provide secondary water chemistry
control.

Steam generator tube inservice inspection
Access for inspection of tubes must be provided. Eddy current technique to be used for
detecting imperfections 20% or more through the tube wall. Personnel and equipment
qualified. 100% inspection prior to service; inservice inspection should cover at least 3% of the
total number of tubes. First inservice inspection after 6-months of full power operation.
Provide plugging criteria.

Reactor coolant piping
Overall description of piping with classification and basic design data. Design requirements,
material requirements, fabrication, inservice inspection and testing are covered in other
sections.

Pressurizer
Provide basic design data for pressurizer, surge line and pressurizer spray system (schematic,
materials, design pressure and temperature).
Design: provide accessibility to areas which must be inspected. Provide operation conditions
for pressurizer spray line, with emphasis to thermal loads (thermal fatigue). Provide operating
loading cycles.
Test and inspections. Provide ISI program for pressurizer (Class 1 component).

Pressurizer relief tank
This system is not safety-related (Class 2), but it should be classified as seismic Category I, if
its rupture can endanger other safety related systems. Tank rupture disks having a relief
capacity comparable to pressurizer relief and safety valves capacity must be provided.

Valves
Provide number, type and location of valves in RCS. Provide design pressure and temperature,
materials and flow capacity. Loading combination and stress limits (for Class 1 valves),
preservice test program, ISI requirements and periodic testing program are covered in 4.1.1.6.
Provide description of RCS high point vents to discharge noncondensible gases.
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Component support
Design bases: supports should allow lateral thermal movements and provide restraint during
accident conditions. Loading combinations and stress limits are covered in 4.1.1.6.

3 ENGINEERED SAFETY FEATURES

3.1 Emergency core cooling system

Describe design bases and functional requirements. Assure that ECCS is functional after SSE.
Provide protection against missiles. Provide schematic P&IDs, equipment and component
descriptions and basic design data (temperature, pressure and flow rate). ECCS classification
is: safety Class 2 and seismic Category I. Provide design specifications for components, load
combination and stress limits. Demonstrate accessibility to areas to be inspected. Identify
material specifications and discuss compatibility with environment. Describe preoperational
test program performed on ECCS. Describe reliability tests and inspections to be performed
during normal operation.

3.2 Inservice inspection of Class 2 and 3 components

List components subjected to inspections. Provide accessibility to areas to be inspected.
Describe examination categories, methods, inspection intervals, evaluation criteria and system
pressure tests. Augmented ISI must be adopted for high-energy fluid system piping between
containment isolation valves (100% volumetric examination of welds).
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5 ELECTRICAL SUPPLY

5.1 BASIS FOR EVALUATION

The primary document against which the safety assessment evaluation of the electrical
supplies has been undertaken is the IAEA, document Safety Guide No 50-SG-D7(Rev 1)
"Emergency Power Systems at Nuclear Power Plants" supplemented by the United
Kingdom's Health and Safety Executive (HSE) document "Safety Assessment Principles for
Nuclear Power Plants". These documents have been used because the IAEA publication is an
accepted treatise by all constituent members of the IAEA and the HSE publications is an
example of a document used in western countries and Japan which details the requirements
with which operators of nuclear power plants must as a minimum, comply with so as to
operate to accepted modern standards and good practice. This section of the report therefore
uses an a framework for comment, assessment principles detailed in these two documents

5.2 UNITS 1&2

5.2.1 General Design Criteria and Classification

5.2.1.1 Information on the status at Rovno NPP

As detailed earlier in the total report, these two units are of the WWER 440/213 design,
being now approximately 20 years old. The electrical systems design and installation is
typical of the time not the attention being given, as would be the case today, to modern
design concepts such as diversity, to protect against common cause failures and redundancy
against randomly occurring failures. Attempts have been made by the operators to overcome
these inadequacies by 'backfitting' measures and where relevant these are highlighted within
the report.

5.2.1.2 Assessment

In this section of the report the assessment has been done under individual topic headings.
No attempt has therefore been made of a generic assessment of the general design criteria and
classification.

5.2.1.3 Recommendations for improvements

None.

5.2.1.4 Recommendations for complementary studies

None.

5/1



5.2.1.5 Proposals for future evaluations

None.

5.2.2 Off-Site Electricity Supplies

5.2.2.1 Station/Grid Electrical Connections

The Rovno NPP is connected to the Ukrainian National Grid by 4-330 kV overhead
transmission lines. Additionally, there are feeds into the 110 kV local distribution network.

5.2.2.1.1 Information on the status at Rovno NPP

During the plant visit made during March/April 1993 the Ukrainian and Russian electrical
grids were fully interconnected. It was therefore assessed at that time that because of the
geographically large grid and high level of connected MW generating capacity, for all intents
and purposes infinite bus-bars, problems of grid instability were unlikely to be encountered.
However since this initial visit the Ukrainian and Russian grids have been split. Staff at the
power plant and the external experts were not able to confirm the extent of the split, whether
partial or total, and as such the question of grid instability due to loss of other Ukrainian
power plants as well as Rovno was not able to be addressed.

In the lifetime of the station there have been 2 complete losses of off-site power both outages
being due to a combination and high winds and ice loading on the conductors. The first loss
of supply occurred approximately 8-9 years ago when the time duration was for 2 minutes.
Approximately 2 years ago, there was a 5 minute loss of supply when severe winds damaged
a number of the transmission lines. In both instances, the on-site supply arrangements
functioned correctly. Although in the 2 instances when total off-site power was lost to the
site, the loads supplied by the on-site diesel generator plant were not as would be anticipated
in emergencies situation, consequently the diesel generators were not subjected to then-
designated load as would be the case under a full emergency condition.

5.2.2.1.2 Assessment

As the external experts and NPP staff were unable to offer detailed information on the grid
split or confirm whether grid stability evaluations had been performed the question of the
level of stability was unable to be addressed.

5.2.2.1.3 Recommendations for improvements

The question of grid stability is extremely important for the safe operation of any connected
power plant which because of possible off-site radiological considerations is especially
important for nuclear facilities. Because of the Ukrainian/Russian grid disconnection reserve
generating capacity will have been lost along with spinning reserve. These generator losses
along with the enforced changes in grid interconnections and hence the overall systems
characteristics will have changed the level of grid stability of which measures for
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improvement may be necessary. This will be particularly pertinent to Rovno as it may mean
that because of these changes in the level of grid stability the station internal electrical power
system will need to be reinforced.

(i) The nuclear power plant operators should carefully study the grid stability
evaluation to determine whether additional measures are required to be taken to
improve the plants internal electrical power systems (see 5.2.2.1.4).

5.2.2.1.4 Recommendations for complementary studies

Because of the Ukrainian/Russian grid split there is a need, if not already done, to carry out
an electrical grid stability evaluation.

This work will not be able to be performed by NPP staff. The measures that may be required
to improve grid stability are outside the terms of reference of this report. However the
answers from the studies that will be performed will be of immense importance to the
continued safe operation of the NPP. For instance the questions of spinning reserve capacity
needing to maintain the system stability along with other grid disturbances that could lead to
drops in system frequency and voltage will need to be addressed by the NPP operators.

(i) Load flow and grid stability studies should be undertaken to determine optimum
conditions to maintain a stable grid system.

5.2.2.1.5 Proposals for future evaluation

None.

5.2.2.2 Grid Transmission Lines - electrical protection

5.2.2.2.1 Information on the status at Rovno NPP

The protection on the grid transmission lines consists of differential balance or pilot relay
protection using the actual power lines as the physical connections for a superimposed high
frequency protection signal and a sequence network protection system for unbalanced line
currents. The differential balance method of protection using a carrier frequency
superimposed on the generator frequency (50Hz) and measuring relative phase angle
comparison is a well tried and accepted method of protection for long distance (greater than
50km) transmission lines. In the event of a single phase fault there is a 'one-shot' only auto
close facility on the end of line circuit breaker whereas in the event of a three phase fault the
tripping is instantaneous and with no auto close feature.
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5.2.2.2.2 Assessment

The method of electrical protection used on the grid transmission is regarded as acceptable.

5.2.2.2.3 Recommendations for improvements

The load flow and grid stability studies identified under recommendation 5.2.2.1.4(i) will
highlight deficiencies in the electrical protection of the grid transmission lines.

(i) The results of the load flow and grid stability recommended under 5.2.2.1.4(i)
should be assessed and if necessary supplementary measures be taken to upgrade the
transmission line electrical protection system.

5.2.2.2.4 Recommendations for complementary studies

The incidence of loss of external electrical suppliers to the NPP indicate inadequacies with
the transmission lines to accommodate the extreme environmental conditions which can be
expected within the Ukraine.

With the reduced grid size, losses of transmission lines could have detrimental effects on the
overall system stability. There is therefore a need when carrying out stability studies, to pay
particular attention to reasonably expected extreme weather conditions the occurrence of
which could lead to loss of transmission lines. This may then indicate that additional
transmission line capability and capacity needs to be installed. These studies will not be able
to be completed by NPP personnel but rather by the Design Institutes of Ukrainian or STC of
UkrSCNRS.

5.2.2.2.5 Proposals for future evaluations

None.

5.2.3 On-Site Electricity Supplies

5.2.3.1 Turbo Alternators

5.2.3.1.1 Information on the status at Rovno NPP

Reactor units 1 and 2 each have 2 turbo alternators. For the turbo alternators there is
provided a circuit breaker on the outgoing side, hence, allowing electrical power to be fed to
the reactor installation from the NPP main sub-station/grid in the event that the plant
generator is unavailable. This is a good point of design on the Rovno plant but is by no
means universal in Russian designed nuclear power plants.

Each alternator of the steam turbine is protected from electrical faults by circulating current
protection on the phase windings; field failure protection and overspeed (frequency)
protection. In the event of the alternator electrical protection operating the turbine is tripped.
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5.2.3.1.2 Assessment

In discussions with GANU inspectors it was ascertained that there are, under certain transient
conditions, control system inadequacies in matching reactor power, turbine output and
feedwater input such that a reactor shutdown is the only solution. This control system
inadequacy consequently means that the power plants are unable to effect load rejection and
run back to house load. Has to be done by operator actions. On unit 3 the control system is
more sophisticated and the unit will under most situations run back to house load.

5.2.3.1.3 Recommendation for improvements

None.

5.2.3.1.4 Recommendation for complementary studies

None.

5.2.3.1.5 Proposals for future evaluations

None.

5.2.3.2 Internal Electrical Distribution System

5.2.3.2.1 Information on the status at Rovno NPP

For all units, the primary distribution voltage within the plant is 6 kV. Subsequent to this is
a 0.4 kV system fed via 6 kV/0.4 kV transformers. The power system distribution is carried
out exclusively by a cable installation run either in cable ducts or on trays.

The philosophy for continuance of electricity supply within the power plant after the tripping
of a turbo alternator is to connect the systems to the external 110 kV grid or in the event of
this being unavailable, connect designated safety loads to standby diesel generators. This is
achieved in units 1 and 2 by the installation of a 6 kV reserve distribution system. The feed
source for this system is from the local 110 kV grid installation through a star/delta/delta
transformer. The reserve system is permanently energised by the transformer and in the event
of a turbine trip an automatic system of closing and opening of circuit breakers refeeds the
station load from the HOkV local distribution grid. In the event of the HOkV failure the
diesel generators pick up the load. For electrical loads designated as safety critical
continuous supplies are provided by either battery systems or uninterruptible AC systems.
These systems are discussed under separate headings within the body of the report.

5.2.3.2.2 Assessment

Assessment of the internal electrical distribution systems is carried out under relevant
individual sections of the report.
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5.2.3.2.3 Recommendation for improvements

None.

5.2.3.2.4 Recommendations for complementary studies

None.

5.2.3.2.5 Proposals for future evaluations

None.

5.2.3.3 Electrical Essential Services Safety Systems

5.2.3.3.1 Information on the status at Rovno NPP

In nuclear power plants the safety systems can be basically identified as (i) the protection
systems for sensing unsafe conditions and then automatically initiating appropriate actions
for maintaining these conditions and (ii) the safety actuating systems such as decay heat
removal which assure the preservation of the safe condition. To assist the protection and
safety actuating systems to achieve their objectives the essential services (or safety system
support) are an important element in of the design and operation of nuclear power plants.
Additional to the primary objectives of serving protection and safety actuating systems
essential services may serve safety related systems, for instance amongst others, ventilation
and fire fighting, as well as being linked to systems external to the plant. It is therefore
essential during any safety assessment of nuclear power plants to identify the items of
protection, safety actuations and safety related systems which rely on the effectiveness of the
essential services.

In case of units 1 and 2 the electrical essential services are provided by 3 x 100% safety
systems.

Each safety system consists of a diesel generator back-up and non-interruptible DC and AC
systems. For the 2 units, the diesel generators are rated at 1.6 MW, electrical output. The
method of producing the DC supply is via a solid state rectifiers and the AC non-
interruptible supplies are produced by solid state thyristor bridge inverters.

5.2.3.3.2 Assessment

The assessment of each element of the electrical essential services system is included
essential services systems is included under individual sections.

5.2.3.3.3 Recommendation for improvements

None.
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5.2.3.3.4 Recommendation for complementary studies

None.

5.2.3.3.5 Proposal for future evaluations

None.

5.2.3.4 Diesel Generators

5.2.3.4.1 Information on the status at Rovno NPP

A simple schematic representation of the NPP internal electrical distribution system
including the connection of the diesel generators is shown in Figure 5.F.I. For clarity this
has been shown as a figurative representation and it is not meant to indicate the actual plant
situation.

The 6 diesel generators for both units are all housed in one building. Each individual unit
being partitioned off from the others by a solid wall. The diesel generates rooms are all
heated and kept continually manned. Each generator has dedicated service channels, for
example fuel and cooling water. Starting for the diesel engine is by compressed air fed from
cylinders which are kept fully charged by a locally placed compressor.

5.2.3.4.2 Assessment

5.2.3.4.2.1 The diesel engine

The diesel engine supplied for the plants is the same engine as is used in a number of Soviet
diesel powered submarines. Because of the fact that the engine was not specifically designed
for power plant operation, there is a problem in the output rating between 1.2 and 1.6
megawatts where because of an exhaust gas air compressor turbine not delivering full power,
the fuel to air ratio mix is incorrect and hence causes uneven running of the engine.
Discussions with the power plant designers indicate that the full load power anticipated under
full conditions is 1.4 MW, right in the middle of the problematic operating range.

5.2.3.4.2.2 Monitoring

All diesel generators are monitored at a local panel to the diesel generator. In the main
control room, the current, voltage and frequency of the alternator is indicated but only a
single alarm for the diesel engine parameters is indicated in the main control room. In the
event of the alarm being raised, there is a need for a verbal communication between the main
control room and the diesel house to ascertain the actual fault.
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5.23.4.23 Testing

The diesel generators are tested on a scheduled basis as follows:-

i Manual start-up monthly no load connection - 5 minutes duration.

ii Automatic start-up monthly, load to 1.2 - 1.4 MW - 15 minutes duration.

This monthly automatic testing checks the operation of the 'step by step" controller
(see 5.23.4.2.5) with the pumps in by-pass mode.

iii Manual start-up and synchronisation with the network three monthly - 1 hour
duration.

5.23.4.2.4 Fuel

Within the generator house, there are individual day tanks (6 hour running) for each diesel
generator. The main fuel tanks (8 days running) are held in a separate building some 30
metres from the diesel generator house. These tanks are underground and as such they do not
have afcy form of engineered frost protection. Similarly, the underground pipe from the main
fuel tank to the day tank is also unprotected. NPP and Atomenergoproekt staff have
indicated that the design took into consideration the depth of frost penetration but this fact
has been unable to be substantiated by any documents seen by the Western expert.

There are procedures for checking the quality of the diesel fuel. Before new diesel is put into
the underground tanks, an on-site laboratory chemical analysis is carried out of the fuel.
Subsequent to this, the tank fuel is chemically analyzed every 3 months along with tests for
both sludge and water content of fuel. All the fuel for the diesel generators comes from the
one state company.

5.23.4.2.5 Mode of operation of the diesel generator

To alleviate the shock loading on the generators by the connection of all loads at one instant
in time, a system of load addition at varying intervals between 10 and 20 second (step-by-
step) is employed. However dependent upon the temperature of the primary circuit
delineates which one of two methods of loading (modes 1 and 2) is employed. Tables 5T1 -
5T2 identify the two modes of step-by-step loading. Included in the step-by-step system is
an inhibit function which prohibits the operator connecting or disconnecting any item of
plant to the generator for 30 minutes after completion of the step-by-step programme.
The temperature difference parameter indicating to which mode of operation the generator
responds effectively describes as to whether the reactor is in shutdown or normal operational
states. In either situation there have been identified some failures which will require
electrical power in shorter times than the generator turn-up time of approximately 35
seconds. Consequently the diesel generators on units 1 and 2 start-up not only on no-volts at
the 6 kV switchboards but also on what are known as technological parameters. These
technological parameters are primary circuit water leak, make-up water pipe rupture; seismic
effects and steam collector rupture. Anyone of these parameters will start the diesel
generators and initiate the step-by-step loading procedure.
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5.2.3.4.3 Recommendation for improvements

None at present.

5.2.3.4.4 Recommendations for complementary studies

During the course of the visits and after perusal of documents provided by the NPP, no
indication has been found of the philosophy used to designate which plant and equipment
should be connected to the diesel generator and as such important items may not be
connected to the diesel installation. For instance, just as two examples, there are no fire
protection pumps or ECCS intermediate cooling (group A) pumps connected to the diesel
generator. It is considered that this lack of a coordinated logical approach for the connected
loads to the generator is a serious omission. The following is therefore recommended:-

(i) Following is recommended : There is a need based, on the design basis analysis, to
establish the minimum electrical power requirements of identified safety plant needed
for each initiating fault within the design basis and present these results in a safety
schedule, from which will be identified the generator size, the diesel engine size and the
loading schedule.
It should be shown whether the existing information is sufficient. The Eastern experts
explained: The design documents and Technical substantiation of safety (TSS) give
clear description of main principles of special services, including AC and DC power
supply; principles of normal power supply system and power supply in case of loss of
normal power supply sources; the list of categories of loads which are fed from AC and
DC emergency power sources with names and capacity of these loads; loading schedule
of DCs .
In the Safety Analysis given in TSS all these factors were taken into account, including
temporary factors necessary for assessment of safety systems modes. Rovno NPP
performed several tests to validate loading schedule. The explanation concerns also
5.2.3.5.4,5.2 3.6.2,5.2.3.6.4.

Comment by the Eastern experts fully accepted. However, it has still to be mentioned
that there needs to be a detailed fault scenario for all postulated incidents.

5.2.3.4.5 Proposal for future evaluation

None.

5.2.3.5 DC Installation

5.2.3.5.1 Information on the status at Rovno

Each unit has 4 battery systems. One system, which is designated non-safety, feeds the
emergency lighting installation, switchgear solenoids and all non safety designated control
circuits. Keeping to the principle of 3 system redundancy, each unit has 3 battery
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installations which are kept charged by a rectifier fed from the 0.4 kV generator backed-up
installation. The DC safety systems feed turbine oil pumps, solenoids for safety switches,
reactor protection systems and emergency cooling control systems. There are no connections
between any of the safety DC systems.

5.2.3.5.2 Assessment

It was noted that the battery rooms were ventilated by a method of natural inlet and forced
extract. The batteries, during normal operation, 'float' on the DC bus-bars being permanently
trickle charged. Every year as part of the maintenance procedure the batteries are subjected
to a full discharge tests.

The battery rooms do not have any form of hydrogen monitoring and the method of
operation of the ventilation system is such that it is only manually initiated during a boost
charge, which happens after the annual discharge test. No ventilation is generally used
throughout the rest of the year. This is because it is considered that the trickle charge is of
such a low rate that egression of hydrogen is not possible.

It was also noted that none of the battery terminals were insulated. There have been a
number of instances within nuclear power plants where battery terminals have been
inadvertently shorted causing both plant and personal damage and injury, and also causing
potential problems to safety circuits.

5.2.3.5.3 Recommendations for improvements

The battery rooms and general installation are kept clean and tidy put with very little effort
and expense the overall effectiveness and reliability could be enhanced. The following are
therefore recommended:-

(i) All battery terminals are recommended to be insulated.

(ii) An analysis should be performed to ascertain the desirability of installing hydrogen
detection and monitoring, to provide automatic control of the ventilation equipment.
This is recommended for two major reasons. In the first instance there is a reliance on
human actions during the boost change period. Although this is an action that is
improbable to be overlooked after regular maintenance the same cannot be assumed
after possible discharge during emergency operation. The second reason for making
the recommendation is because of the question of hydrogen egression during normal
float charge. The reference documents provided by the plant to the author do not
make any reference to this question and no design documents were provided by NPP
staff to back up this assertion.

5.2.3.5.4 Recommendations for complementary studies

As for the loading schedule of the diesel generators there is an apparent lack of a safety
schedule (see 5.2.3.4.4) which should provide the basis, for determining exactly what
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elements of the 'emergency system' need to be fed from the battery installation. This
examination would assist in determining the nominal electrical size of the individual battery
systems.

(i) A safety schedule (see 5.2.3.4.4(i)) should be produced in order to be used to confirm
whether or not the DC system is adequate for the operations (it will need to perform in
both normal and emergency operation).

During the course of the visits and after perusal of documents supplied to the authors
evidence of the effectiveness of the battery changes has not been found forthcoming. It is
important that the chargers are able to restore the batteries from a discharged condition to a
minimum charge state within an acceptable time whilst at the same time supplying the
demands of the steady state loads followings an initiating loss of power.

(ii) After completion of work detailed in 5.2.3.5(i) a detailed assessment should be
completed of the battery chargers effectiveness.

5.2.3.5.5 Proposal for future evaluation

None.

5.2.3.6 Uninterruptible AC Supplies

5.2.3.6.1 Information on status at Rovno NPP

To each safety battery installation is connected a solid state inverter for supplying
uninterruptible AC supplier. These units primarily supply pneumatic control valves. The
inverters are housed in separate cabinets within the safety systems switchrooms. In the event
of an inverter failure, there is an electronic by-pass switch which operates in 20 mS and
connects the system to the normal 0.4 kV installation. On units 1, 2 there are two inverters
without bypass switch and one rectifier in each train. The method of switching from one
inverter to another in the event of failure is by hand.

5.2.3.6.2 Assessment (see 5.2.3.4.4)

As for all the systems in the essential services for safety system support the uninterruptible
AC system is extremely important. There is therefore a need to quality its adequacy for the
work required to be performed by the system. As for all the systems within the electrical
essential services installations evidence of this adequacy has not been found during the
course of either the visits or study of supplied documents.

5.2.3.6.3 Recommendations for improvements

Apart from the generic question of the segregation of emergency system equipment no
proposals for immediate improvements are recommended at this stage.
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5.2.3.6.4 Recommendations for complementary studies

There is a need to confirm the adequacy of the uninterruptible AC installation. As for both
the diesel/generator and battery installations.

(i) As for the diesel/generator (see 5.2.3.4.4(i» a safety schedule to determine the
adequacy of the system should be produced.

5.2.3.6.5 Proposal for future evaluation

None.

5.2.3.7 The Cable Installation

5.2.3.7.1 Information on the status as Rovno NPP

Within the power plant the majority of cables are solid cored aluminium conductor cables.
The msulation is oil impregnated paper covered by an aluminium over sheath and a vinyl
plastic over layer. Some power cables of 6 and 0.4 kV have armouring against mechanical
damage. But there is no wire armouring for control cables and the majority of power cables
of0.4kV.

5.2.3.7.2 Assessment

5.2.3.7.2.1 The Cable Installation

Within Russian designed nuclear power plants there have been many problems with cable
installations both for power and instrumentation use. These problems have often been as a
result of poor manufacture showing themselves as insulation breakdown and consequent
electrical short-circuits as well as poor installation. Because of there problem GANU have
instituted a programme in conjunction with both Swedish and Finnish agencies, to investigate
these cables inadequacies. As an initial step in the investigation the NPP personnel in
conjunction with Swedish staff have tried to identify the plant locations of safety circuit
cables so that they can determine the size of the problem for introducing effective
segregation. Initial findings from this investigation suggest this will he extremely difficult to
complete without major reconstruction. Additionally Swedish test houses and laboratories
are carrying out fire tests on samples on fire retardant pastes used to cover the cable sheaths
to ascertain their capabilities against accepted international standards. Presently these results
have not been supplied to GANU.

At a meeting in Kiev in November 1993 convened by GANU, representatives of NPPs,
Ministry of Domestic Affairs, power plant designers and Goscomatom discussed the
problems of the cable installations and their possible solutions. NPP agreed to supply
detailed information an cable installations to GANU who in conjunction with the Swedish
authorities would agree remedial actions to be completed by the power plants. It is intended
that there will be a free flow of information on these cable problems not only within the
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Ukraine but across the whole of the old Soviet Union. Although this meeting had led to a
spirit of cooperation their is an apparent lack of a detailed, time scheduled action plan and as
such GANU are not happy with progress on the cable situation within NPP's.

5.2.3.7.2 Fire Retardant Properties of Cable

The vinyl plastic oversheath for the cable is not of a fire retardant nature. To overcome this
problem, safety circuit cables have been treated with a fire retardant "paste". This paste was
originally manufactured in Hungary but latterly because of problems obtaining this paste a
Ukrainian produced substitute has been used. The quality of the Ukrainian or Hungarian fire
retardant paste has not been checked or verified by the NPP staff. Acceptability of the
qualities of the paste is by virtue of a signed certificate of acceptability by the former Soviet
Nuclear Regulatory body. However it is known that Ukrainian manufactures life projection
for the effectiveness of the paste is 8 years and already the plant is over 20 years old.

The thickness of application of the paste is important as regards the derating aspects of the
cable. The Hungarian manufactures indicate that 8mm thickness is required all over the
cable to effect fire retardation properties and course minimal derating problems. Obviously
therefore care in application is an extremely important pre-requisite for the effectiveness of
the paste.

The question of chemical reaction between the paste and the oversheath has apparently been
addressed by the Hungarians and found not to be a problem. No such questions have been
addressed by the Ukrainians although in their tests, the Swedes are to study this question for
all the manufactures of pastes.

5.2.3.7.2.3 Cable Connections

Where cables are terminated at either switches or plant, visual inspections have demonstrated
that this does not appear to be a very satisfactory practice. Cable glands are not used, hence
cables go directly into equipment and are therefore susceptible to vibration and possible
breakdown were they pass through the metallic cable box or switch panel. The actual
termination of the aluminium cable to the terminals is carried out using a copper cable lug or
socket, soldered onto the cable. There has been many problems, within Western Europe and
America whereby aluminium cables have been terminated using copper lugs or terminations,
not least of which is the problem of oxidation between the copper and aluminium. The
practice is now no longer used in western nuclear power plants. It is also the case that were
aluminium cables have been used, the method of terminating the cores is by aluminium lugs
or sockets using hydraulic compression and crimping tools rather than hot applications of
solder. Rovno NPP has never faced serious problems relating to cable lugs.

5.2.3.7.2.4 Cable Penetrations

The method of taking cables through the containment wall uses a copper busbar held on lead
seals within a ceramic pipe. The cables are jointed to this copper bar on both sides of the
containment by the use of a copper sleeve soldered to the aluminium cable and copper bus
bar. The joint is insulated with silk and a thermo setting over sheath. Problems have been
encountered in both units of condensation problems which have caused shorting of both the
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power and control cables. Conductivity tests are not done across the copper and aluminium
joints, but a method of test using a thermal imaging camera is used at 3 monthly intervals to
check for hot spots.

5.2.3.7.3 Recommendation for improvements

The cooperation agreements between the Ukrainians and Scandinavian partners could prove
to be extremely beneficial to the power plant operators. However the cable installation is a
crucial link in the overall safety systems and as such the work must be progressed with all
haste.

(i) The NPP personnel should produce a strategy with definite time scales to upgrade
the cable installation taking into consideration all aspects of modern practices including
where necessary the installation of new western standards cables and associating
jointing and terminating techniques.

5.2.3.7.4 Recommendation for complementary studies

(i) The existing complementary studies presently being pursued by Scandinavian
agencies should be expedited with all haste and the results be included in the strategy
recommended in 5.2.3.7.3(i).

5.2.3.7.5 Proposal for future evaluation

None.

5.2.3.8 6 kV Switchgear

5.2.3.8.1 Information on the status at Rovno NPP

All the 6kV switchgear on the two units is of the low volume oil circuit breakers (OCB) type.
There are no high voltage fuses or switches within the systems. The OCB's are of the
solenoid closing and spring opening type. Throughout nearly 40 years unit operation of
Rovno NPP 1 and 2, there has been very little problems with the circuit breakers.

5.2.3.8.2 Assessment

Because of the operational history of the circuit breakers it is not considered that any
immediate remedial or replacement actions need to be taken with regards to the circuit
breakers. Continued regular maintenance and analysis of any necessary remedial work will
help to alleviate failures and indicated any trends towards wearout and or common cause
failures.
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5.2.3.8.3 Recommendations for improvements

None.

5.2.3.8.4 Recommendations for complementary studies

None.

5.2.3.8.5 Proposals for future evaluation

The anticipated completion of unit 4 will lead to an increase in fault level at the main
electrical switching, site sub-station. Although there are transformers, between the grid
voltage and the 6kV switchgear, their impedance may not sufficiently attenuate the fault level
to come within the fault breaking capacity of the switchgear. There is therefore a need to
investigate the limit of fault level above which the 6kV OCB's will fail to operate under fault
operation. The anticipated completion of unit 4 will lead to an increase in fault level at the
main electrical switching, site sub-station. On the side of 6 kV fault level depends mainly on
the capacity step down voltage transformers with no fault limiting reactors.
Equipment for each unit was selected on the basis of the design values of fault current which
were defined with reference to unit 4.

5.2.3.9 0.4 kV Switchgear

5.2.3.9.1 Information on the status at Rovno NPP

All the 0.4kV plant is controlled by automatic air-break contactor switchgear. A number of
failures have been experienced with this switchgear when the switches have failed to close.

5.2.3.9.2 Assessment

As a number of these 0.4kV contactor units are in the electrical supply for safety critical
systems it is essential that they do not degrade the overall reliability of the total system.

5.2.3.9.3 Recommendations for improvements

(i) See recommendation § 13.3.2.3. for 0.4 kV switches.

5.2.3.9.4 Recommendations for complementary studies

None.
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5.2.3.9.5 Proposals for future evaluation

None.

5.2.3.10 Transformers

5.2.3.10.1 Information on the status at Rovno NPP

The generator transformers for units 1 and 2 are 250 MVA 15.5 kv/330 kV single tap oil
primary and water cooled, secondary. The local transformers, for station load, are rated at 25
MVA 15.5/6.0kV with voltage regulators. They are oil/forced air cooled.

5.2.3.10.2 Assessment

The oil immersed transformers are protected by a combination of winding circulating current
protection, gas egression within the winding (Bucholz); loss of flow of the cooling medium
and high oil temperature. There is no winding temperature monitoring.

During the operation of the NPP, problems have been experienced with 330kV HV insulator
bushing breakdown on the generator transformer. The method of insulation is oil
impregnated paper. Although during the courses of the visits it was not possible to ascertain
the actual breakdown mechanism it could be due to the well known phenomena of 'waxing
and treeing1 which particularly affects high voltage organic insulations subjected to high
electrical stresses and loading.

The 6 kV/0.4 kV transformers are all natural air cooled, single tap and rated at either
1000, 630 or 400 KVA. The transformers are positioned in the same area as the 0.4 kV
switchgear being in effect a continuation of the switchpanel.

The protection of the local supplies 1000 kVA air cooled transformers consists of one set of
current transformers operating two separate sets of suitably connected relays for over current
and earth fault. The first relays are set to operate instantaneously but effectively in series
with them are timed relays which are a back up to the instantaneous units. Operation of the
relays trips the main 6kV transformer feed OCB.

5.2.3.10.3 Recommendations for improvement

Although not of direct nuclear safety significance, loss of the generator transformer could
necessitate the functioning of the emergency power systems to feed station load. Therefore
the problem of breakdown of the insulation bushing needs to be investigated possibly with a
view to replacement by a more modern and efficient design.

(i) - The question of replacement of the transformer high voltage insulation bushings
should be investigated.
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5.2.3.10.4 Recommendation for complementary studies

None.

5.2.3.10.5 Proposals for future evaluation

None.

5.2.3.11 System Fault Levels

5.2.3.11.1 Information on the status at Rovno NPP

The electrical fault level at any point in a distribution system is that current and hence power
that will flow at and into the fault. It is important therefore that both the electrical protection
is graded accordingly and that the switchgear is of such a construction as to be able to safely
interrupt the fault current and hence disconnect the faulty plant or equipment. The actual
value of the fault level will vary dependent upon such items as the connected generator
capacity and type of load.

To keep the value of fault level to acceptable levels, that is, levels at which the switchgear
and protection will operate safely and correctly, invariably fault limiting reactors, effectively
large inductors, are connected into the electrical distribution system, usually at or near the
point of supply. At Rovno NPP none are installed. NPP electrical system fault level are
periodically checked to determine the protection settings.

5.2.3.11.2 Assessment

Because of the lack of any specifically designed fault limiting reactors the system fault level
is restricted by the components of the system, basically the transformers and to a far lesser
extent the cable installation. Discussions with designers indicated that the 6kV switchgear
was designed to 80 kA and at 0.4kV the design level was 32 kA.

5.2.3.11.3 Recommendations for improvements

Documentation or information on system fault levels was not gained during the visits. It is
considered that assurance needs to be gained that the fault levels are within the capability of
both the HV and M V switchgear.

(i) An electrical load flow and fault level analysis should be performed on the electrical
system within both units.

5.2.3.11.4 Recommendations for complementary studies

None.
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5.2.3.11.5 Proposal for future evaluations

None.

5.2.3.12 Equipment Qualification

5.2.3.12.1 Information on the status of Rovno NPP

It is understood that the method of accreditation of equipment for use in nuclear power plants
is as follows:

i A design institute provides a generic requirement to a constructor. This basically is a
black box design with no detail of practical operation or construction.

ii A delegated factory then takes on the responsibility for converting the generic designs
into practical applications. At no stage is there any feedback to the design institute.

iii Factory tests of the equipment are witnessed by a member of the Ukrainian regulatory
commission. This has been the practice since the 1986 Chernobyl disaster. The tests
are not witnessed by NPP staff.

iv The representative of the nuclear regulatory authority, after witnessing the tests,
agrees that the equipment is acceptable for use within the power plant.

There is no quality assurance department presently within the nuclear power plant and
therefore, the correctness of the test programme and the results for the nuclear safety case are
effectively specified by the manufacturing company.

5.2.3.12.2 Assessment

Procedures for qualifying equipment for use in nuclear power plants and the methods of
installation seen to be tenuous and appear to absolve the NPP management of responsibility.
The lack of an acceptable quality assurance (QA) programmes for all the activities associated
with the electrical systems is a serious deficiency.

Although operating experience can provide valuable information on limits of extrapolation,
failure modes and or rates, it is not apparent that NPP staff are collecting the necessary
information to make up the suitable data bases to justify the operational experience argument.
Equally so it was not apparent that efforts had been made to justify qualification by analysis,
although this method is not to be recommended before other methods of qualification, as it is
only as good as the mathematical models used and these must be justified by experimental
data or operating experience.
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5.2.3.12.4 Recommendations for improvements

Because the procedures for equipment qualification for use in power plants appear to be
lacking in both a formalised structure for acceptance and Quality Assurance in the design,
manufacture, testing, commissioning and operation the following are recommended:-

(i) A QA programme should be instituted for all aspects of the electrical systems. (See §
12.3.3).

(ii) As part of the QA programmes NPP staff should take a more proactive part in all
aspects of the electrical system for example involvement the specification and tender
stage; participation at factory testing and consultation in the formulation of the test
schedules is also recommended.

(iii) NPP management should institute the setting up of suitable data bases to
demonstrate a 'track record' to add justification to the operating experience argument.

5.2.3.12.4 Recommendations for complementary studies

None.

5.2.3.12.5 Proposal for future evaluations

Other aspects of qualification regarding the capability of equipment to fulfil its performance
requirements under design basis conditions will be highlighted as a result of other
recommendations and they too need monitoring and assessing for acceptability.

5.2.3.13 Electrical Protection

5.2.3.13.1 Information on the status of RovnoNPP

Electrical protection of cables, plant and equipment on the units is over current and earth
fault relays. Fuses are not used anywhere in the system, even at the 0.4 kV level. The
protection grading is achieved by introducing a time element into the relay. The
maintenance, testing and setting of the relays is done by the plant Protection Department.

5.2.3.13.2 Assessment

The method of protection grading is inverse definite minimum time (IDMT). This is a well
tried and accepted method of protection but because of the time grading, elements of the
system near the power source can carry through fault current for relatively long periods of
time. The number of levels of protection are invariably limited to 4-5 levels graded at
approximately 400mS each, because of this potential for high fault throughput. It therefore
means that equipment has to be sufficiently robust so to withstand high levels of fault current
throughput for relatively long periods of time.
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5.2.3.13.3 Recommendation for improvements

The question of protection grading and through fault withstand capability is inextricably tied
up with fault level calculations and load flows.

(i) It is therefore recommended that as a result of recommendation 5.2.3.11.3(i)
confirmation of the protection levels throughout the two units is obtained. At the same
time the through fault withstand capability of the equipment, especially the cables and
joints is confirmed to be acceptable. A number of measures to improve reliability are
being incorporated by the NPP into the existing electrical installation including
addressing the question of non-opening of circuit breakers.

5.2.3.13.4 Recommendation for future studies

(i) The question of grading a system from sources of two different source impedances
and hence varying input fault levels needs to addressed to confirm that the protection
will operate under all anticipated normal and abnormal conditions. In the case of the
safety systems fed from the diesel generator bus bars, the plant and equipment on these
distributions is fed from varying source impedances. Studies therefore need to be
completed to confirm that the protection will operate across the whole spectrum of
anticipated operational conditions including abnormal situations for instance failure of
a circuit breaker to open. The results of this analysis may confirm additional electrical
protection is required for example the installation of fuse links.

5.2.3.13.5 Proposals for future evaluation

None.

5.2.3.14 System earthing (including lightning protection)

5.2.3.14.1 Information on the status at Rovno NPP

It is important in any nuclear power plant that there is an effective system of earthing to
assist in the safe and reliable operation of the plant. Effective earthing prevents over
voltages or spurious tripping and is essential to ensure positive isolation of electrical faults.
An efficient system of lightning protection protects not only buildings and structures but also
electrical and electronic equipment which could be affected by electromagnetic radiation.

At Rovno there has been laid a matrix of earth rods connected together by underground
cables. To this matrix is connected all the metallic building structures; electro/mechanical
plant and electrical system neutrals.

The lightning conductor system is also bonded to the earth mat matrix.

The design of the system including the lightning protection is as detailed in an old Soviet
Union document with lower documents issued by the old USSR Ministry of Energy detailing
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maintenance and testing requirements. The maintenance and test of the system is carried out
as part of the regular maintenance programme.

5.2.3.14.2 Recommendation for improvements

None.

5.2.3.14.3 Recommendations for complimentary studies

Although it was stated that the system was designed in compliance with the URALTOP
guidelines, visual inspection of earthing conductors did not give complete confidence that in
some instances the earthing conductors were of such a size and condition as to be able to
conduct the earth fault currents and limit the over voltages to values which would be safe for
personnel and plant.

(i) Detailed studies should be carried out of the total installation to confirm that the
design of the installation does comply with modern standards and also that the actual
equipment used in the system will cope with anticipated earth fault currents.

During the course of the discussion the question of electromagnetic compatibility was
addressed. Apparently this is a question that has not been considered by power plant staff
but it is a potential source of danger especially to and between electronic equipment.

(ii) It is recommended that an assessment should be made to determine whether any
source of electromagnetic interference either on or in the vicinity of the site could
course malfunction in or damage to safety related equipment or instrumentation. If
such interference is possible design and implementation measures will need to be taken
such that protective measures are provided.

5.2.3.14.5 Proposal for future evaluation

None.

5.2.3.15 Emergency Lighting

5.2.3.15.1 Information on the status at Rovno NPP

There is within the two units a basic emergency lighting scheme which is fed from one
central battery system per reactor.

5.2.3.15.2 Assessment

The major disadvantage with a centralised battery fed emergency lighting system is that there
are a number of common cause failure modes primarily battery failure and fire. These
problems are overcome by having individual light fittings with their own self contained

5/21



battery and charger units. The Eastern experts explained that the emergency lighting is
supplied by two sources (AC and DC), hence handing to reduce common cause failures.

The actual layout and design of the emergency lighting system was not apparent from the site
visits. In designing such systems it is important to identify two primary considerations firstly
the need to illuminate possible escape routes in the event of emergency situations and
secondly to adequately illuminate areas in which possible work will be required to be
completed again during emergency situations.

5.2.3.15.3 Recommendation for improvements

Because of the propensity to common course failure of centralised battery fed emergency
lighting installations consideration should be given to the use of self contained emergency
lighting units.

(i) Consideration should be given to including self contained emergency lighting fittings
especially in areas where emergency works may reasonably be expected to be carried
out and also personnel escape routes.

5.2.3.15.4 Recommendations for complementary studies

None.

5.2.3.15.5 Proposal for future evaluation

The design of the emergency lighting installation needs to be evaluated against modern
standards. It is therefore proposed that this work is carried out taking as a reference
document an accepted standard, for example the British Standard BS 5266 "Code of Practice
for the emergency lighting of premises". Design development and implementation is carried
out in accordance with national standards and codes. Application of Western standards might
be possible after this problem is solved on the state level.

5.2.3.16 Operational Considerations

5.2.3.16.1 Information on the status at Rovno NPP

The operational aspects of operations and maintenance of the electrical equipment and
distribution were only investigated in general terms no attempt being made to audit the
documentation and its associated recording systems. Operation of the electrical systems is
basically in the hand of the power plant operators where as maintenance and subsequent
testing is done by specialist power plant departments.

The operational aspects of the electrical systems are carried out in compliance with the
Russian Government document "Rules for the operation of electrical plant and systems". For
the testing and maintenance requirements the procedures are detailed in the document
"Scopes and norms for the testing of electrical equipment". Neither of these publications or
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plant specific documents were seen or studied during the course of the visits. In discussions
with NPP staff they indicated, and in fact evidence was seen, that electrical plant and
equipment is maintained according to a predetermined schedule. Time did not permit a
detailed examination of the maintenance procedures.

The question of staff training was addressed especially with regards to the expertise of staff
working on safety critical systems. It was deemed from discussions with NPP managers that
training of staff was an compliance with the two old USSR Gosatomenergonadzor documents
RD-7-21 " Instructions for organising and controlling the training, retraining and qualifying
of nuclear power station staff and RD-3-3 "Typical provisions for the examination of
leading staff and engineers on the professional knowledge, regulations, norms and
instructions associated with nuclear power plant". More detailed requirements on training
are included in the document PORP-89 "Regulation on personnel development at the nuclear
organisations belonging to the USSR Ministry of nuclear power", issued by
Atmenergoproekt. Again time did not permit a detailed examination of training procedures
and records.

5.2.3.16.2 Assessment

None.

5.2.3.16.3 Recommendation for improvements

None.

5.2.3.16.4 Recommendation for complementary studies

There is a need to identify whether the method of operation of the electrical systems of the
NPP is to modem standards.

(i) Studies and an assessment should be made against modern practices as outlined in
say IAEA nuclear safety standards, of the effectiveness of electrical operation,
maintenance and testing. Any inadequacies highlighted should be rectified in the NPP
operational procedures.

5.2.3.16.5 Proposals for future evaluations

It is important that as the primary NPP essential service, the electrical system is operated and
maintained correctly. It is therefore proposed that a future evaluation audit against the
perceived ideals the total operational and maintenance systems associated with the electrical
operational aspects of the NPP. In carrying out this audit it would be important to identify
safety related procedures such as the provisions for modifications of safety related plant and
equipment.
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5.3 UNIT 3

5.3.1 General Design Criteria and Classification

5.3.1.1 Information on the status at Rovno NPP

Unit 3 consists of 1 WWER 1000/320 reactor with 4 secondary loops rather than the 6 found
on the earlier WWER 440/213 reactors. The reactor has been operational for approximately
8 years. The electrical output is 1000 MVA from one turbo alternator.

The design of the electrical system shows considerable improvements over the earlier
400/213 units in that concepts of segregation particularly, have been given serious
consideration. The concepts of 3 way 100% redundancy for the safety systems as practised
on the earlier 440/213 reactors, has been continued in the design of unit 3.

In general however there are still doubts about the qualification of some of the equipment
and these inadequacies are highlighted in the appropriate sections.

5.3.1.2 Assessment

As for units 1 and 2 the assessments have been done under individual topic headings. No
attempt has therefore been made of a generic assessment of the general design criteria and
classification.

5.3.1.3 Recommendation for improvements

None.

5.3.1.4 Recommendation for complementary studies

None.

5.3.1.5 Proposals for future evaluation

None.

5.3.2 Off Site Electricity

The comments made under 5.2.2 are applicable to this section of the report
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5.3.3 On Site Electricity Supply

5.3.3.1 Turbo alternator

5.3.3.1.1 Information on the status at Rovno NPP

Unlike units 1 and 2, each of which have 2 250 MVA alternators, unit 3 only has a single
1000 MVA turbo alternator. Again as for the smaller unit the alternator is supplied with an
outgoing circuit breaker.

Electrical protection is as for the smaller units (see 5.2.3.1.1) and the problem of being
unable to effect load rejection and run back to house load applicable to the 250 MVA
alternators. It is said not to be relevant to the 1000 MVA units. This is because the control
system is of more modern and sophisticated design.

5.3.3.1.2 Assessment

The control system is debatable of matching reactor power and turbine output. At load drop
unit is able to run back to house load. See § 5.2.3.1.2.

5.3.3.1.3 Recommendation for improvements

None.

5.3.3.1.4 Recommendations for complementary studies

None.

5.3.3.1.5 Proposals for future evaluations

None.

5.3.3.2 Internal electrical distribution system

The comments made under 5.2.3.2 are equally applicable to this section of the report.

5.3.3.3 Electrical essential services safety systems

The comments made under 5.2.3.3 are equally applicable to this section with the exceptions
that the diesel generator sizes are 5.6 MW per safety system.
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5.3.3.4 Diesel generators

5.3.3.4.1 Information on the status at Rovno NPP

As for units 1 and 2 there are three generator backed-up electrical safety systems. The diesel
generators are housed in separate heated buildings which are continually manned. Starting of
the diesel is by compressed air supplied from bottles 3 which are topped up by a locally
placed compressor. In the event of compressor failure the bottles can supply four starts
before total exhaustion. It is however possible to interconnect generator starting air
compressors.

At a floor level below the diesel generator is the air tank room and compressors. Also in this
room are lubricating oil tanks, water storage tanks for engine cooling and a large essential
users pump. All these items are in a single area these being no dividing walls to alleviate
common cause failures. The area is protected from fire by a 'deluge' system operated by fire
detection (but not smoke) heads. The heads are tested four times a year and a full deluge test
is carried out annually.

In an adjacent room to the diesel generator is a local needs panel. Connected to this panel
amongst others are the diesel generator fuel pump, the lubrication pump and the cooling
water pump. It was noticed that this local needs panel, fed at 0.4 kV was supplied by a
locally placed 6.0kV/0.4 kV transformer which in turn was fed by a 6.0 kV cable from the
main building. In other words the 6kV is generated by the diesel alternator transmitted by
cable to the essential services panel in the main building and then retransmitted back to the
local needs board transformer back in the diesel generator house.

5.3.3.4.2 Assessment

5.3.3.4.2.1 The diesel engine

Operating experience, generic on WER's 1000 (Kozloduy 5), showed that problems of
lubrication during start-up phase exists.

5.3.3.4.2.2 Testing

The diesel alternators are start tested monthly off load for a period of 5 minutes. The
operation of the step-by-step load system is tested at the same time. Annually immediately
before the annual refuelling shutdown, the diesel generators are tested for two hours at
nominal rated power.

5.3.3.4.2.3 Fuel

The general comments made under 5.2.3.4.2.4 are applicable to unit 3 diesel generator except
that the local day tank will keep the diesel running for 8 hours and the main tank has 7 days
supply at full load.
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5.3.3.4.2.4 Mode of operation

The only signal that starts the diesel generator is a loss of voltage on the 6.0 kV bus bars.
There are no problems, as on units 1 and 2, with the slow run up times of the diesel engines.
A step-by-step load system is employed and this is detailed in table 5T-3.

5.3.3.4.3 Recommendation for improvements

The long cable runs between the diesel generator and the local needs panel after a high risk
of damage from external causes and common cause failures such as bus bar failures in the
main building 6kV bus bar chamber/OCB panel.

(i) Consideration should be given to altering the existing installation such that these
excessive cable lengths are reduced.

(ii) Special consideration to be given to the protection of the cable length to for all
postulated accident scenarios including seismic disturbance.

Because of the propensity of possible common cause failures and damage from external
causes for instance missile generation the construction of the air tank room should be
considered.

(iii) Consideration should be given to reducing the possibility of common cause failures
and external event failures in the air tank rooms.

(iv) Consideration should be given to improve lubrication system of the engine during
the start-up phase.

5.3.3.4.4 Recommendation for complementary studies

The recommendation 5.2.3.4.4(i) is equally applicable for unit 3 as for units 1 and 2.

5.3.3.4.5 Proposal for future evaluation

None.

5.3.3.5 The DC installation

The comments made under 5.2.3.5 are applicable to this section of the report.

5.3.3.6 Uninterruptible AC supply

The comments made under 5.2.3.6 are applicable to this section of the report.
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5.3.3.7 Cable installation

5.3.3.7.1 Information on the status at Rovno NPP

The comments included under 5.2.3.7.1 are applicable to unit 3, with the exception of the
cable penetrations through the containment. In the case of unit 3 the method of through
containment wall penetration is somewhat different. For this unit a factory made penetration
is used. This factory made penetration consists of a large ceramic pipe through which are
embedded in an epoxy resin a number of copper bus bars for the passage of both power and
control. Unfortunately, the epoxy compound has proven to be hygroscopic as at the initial
commissioning of unit 3, the ohmic resistance of the conductor to conductor insulation was
effectively infinity whereas the latest tests have shown that this value has dropped to the
region of 2M Ohm. Obviously, as the resistance is dropping, the leakage current will
increase to a level which effectively produces a short circuit.

5.3.3.7.2 Assessment

The comments made under 5.2.3.7.2 with the exception of cable penetrations are applicable
to unit 3.

5.3.3.7.3 Recommendation for improvements

In addition to those detailed under 5.2.3.7.3 the following is recommended: -

(i) The construction of the through containment wall penetration should be assessed
with a view to replacing with more acceptable equipment not susceptible to moisture
ingression.

5.3.3.7.4 Recommendation for complementary studies

The comments made under 5.2.3.7.4 are applicable to this section of the report.

5.3.3.7.5 Proposals for future evaluations

None.

5.3.3.8 6 kV Switchgear

5.3.3.8.1 Information on the status at Rovno NPP

The switchgear is of an air-break spring closing and opening design. This switchgear was
installed on unit 3 because of its superior fault level rating. However, there have been a
number of problems associated with this switchgear, not least of which is its propensity to
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spurious operation. On average, there have been 2 failures per year of these breakers out of a
total of 160 switches.

5.3.3.8.2 Assessment

See 5.3.3.8.3 recommendations.

5.3.3.8.3 Recommendation for improvements

Because of the relatively high failure rate of these switches actions need to be taken to
remedy these inadequacies. The following is therefore recommends:-

(i) The design of the circuit breaker along with the reports of spurious operation
should be carefully analyzed to determine a suitable course of action to alleviate further
problems and failures.

5.3.3.9 0.4 kV Switchgear

The comments made under 5.2.3.9 are applicable to this section of the report.

5.3.3.10 Transformers

Except for the fact that the generator transformers are rated at 1250 MVA and the station
load transformers rated at 63 MVA the comments made under 5.2.3.10 are applicable to this
section of the report.

5.3.3.11 System fault levels

The comments made under 5.2.3.11 are applicable to this section of the report.

5.3.3.12 Equipment qualification

The comments made under 5.2.3.12 are applicable to this section of the report.

5.3.3.13 Electrical protection

The comments made under 5.2.3.13 are applicable to this section of the report.

5.3.3.14 System earthing and lighting protection

The comments made under 5.2.3.14 are applicable to this section of the report.
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5.3.3.15 Emergency lighting

The comments made under 5.2.3.15 are applicable to this section of the report.

5.3.3.16 Operational considerations

The comments made under 5.2.3.16 are applicable to this section of the report.
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TABLE 5T3

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
*23

UNIT 3

Equipment

Turbine shaft seal pump
Turbine lubrication pump and barring gear
Emergency lighting
Uninterruptible power supply
Category II consumers
Safety system rooms - ventilation
ECCs HP injection pumps
ECCs LP injection pumps
Service water 'A' pumps
MCR and RCR ventilation
Heater bank, air conditioning
Reactor void cooling fans
Ventilation fans reactor building
Leak water pumps
Vacuum containment pumps
Air conditioning computer rooms
Air conditioning I&C rooms
Ventilation fans steam generator area
Intermediate cooling pump (SUS)
Sprinkler pumps
Emergency feedwater pumps
Turbine rotor elevation pump
Diesel generator local needs board

Manually connected after step-by-step procedure

Fuel
Fire

pond pump
pump

Boron injection pump
MCR air conditioning system
Battery chargers
Desiccant dryer heater

0
X
X
X
X
X
X

X

Time ]nterval
(seconds)
10

X
X

X
X
X

20 30 40

X
X
X
X
X
X
X

X
X

X
X

* Believed time interval for connection
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6. INSTRUMENTATION & CONTROL

6.1 BASIS FOR EVALUATION

6.1.1 Introduction and objectives

A prime consideration was to ensure that any recommendations were capable of
implementation. Total conformity with modern practice is not a feasible option and the short
to medium term objective must be to raise the quality of the plant design, hardware and
operation to an acceptable but not necessarily to the highest level. Modern standards,
although preferable, will not be achievable in many cases and the actions to be taken must
therefore depend on the safety significance of the system under consideration and on the
related diverse and/or redundant systems which back it up. Such considerations will assist
with defining the level of safety which is required in each case and the subsequent
modifications which will be necessary. Safety is not totally vested in hardware and it must be
emphasised that the right philosophies must reside in the safety, operational, and maintenance
cultures. These, too, needed to be examined in the light of modern practices.

Clearly, the available time did not permit close study of the architecture of the control and
protection system on the whole. The work was confined to examining the principles employed
and forming a judgement on how these principles were applied in practice. Relatively little
detail will therefore be found below. It is also important to note that some systems were
ignored either because they do not contribute in a major way to plant safety or because
superficial examination suggested that fiirther work was unlikely to be profitable.

6.1.2 The method of assessment and relevant codes

Individual systems were discussed in turn with specialists from the Kurchatov Institute,
Moscow; Gidropress, Moscow; the Ukrainian Atomenergoproekt Institute and the Ukrainian
State Committee on Nuclear and Radiation Safety as well as with Rovno NPP staff. These
discussions were supplemented by visits to selected plant areas. We were unable to review
plant design documentation and in very few cases were able to see plant instructions.
Ultimately, safe operation and the relative importance attached to safety issues depends on the
plant operating license which also was unavailable during the study.

The Rovno plants were commissioned in the early to mid 1980's (Unit 1 -1980; Unit 3 - 1986)
and the oldest was presumably designed sometime in the early 1970's. It would therefore be
unreasonable to expect compliance with the standards of the 1990's. However, there exist
several standards which set out the general principles on which reactor control and protection
systems should be designed. Examples of these are:

a) The "General Principles" documents published by the International
Electrotechnical Commission (IEC, 1966; 1967; 1969a; 1975a).

b) The IAEA "Safety Codes", particularly those on the Safety of Nuclear Power
Plant Design and on Protection Systems and Related Features (IAEA, 1980-
1989)
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c) The documentation used within the former USSR, for example
(USSR, 1982; 1990). The present authors are not familiar with this and have
only recently seen a copy of the Atomic Power Plant Nuclear Safety
Regulations (USSR, 1990). This copy was, of course, published since the
design of the Rovno plants but it must have followed earlier versions and
cannot differ greatly from them.

The above codes were generated by different bodies but, in general, agree closely between
themselves. For example, one of the more important instrumentation principles is the so-
called single failure criterion. It is found in both a) & b) and USSR, 1990 contains a virtually
identical requirement:

" 29. SINGLE FAILURE PRINCIPLE - the principle, in compliance with which,
the system must fulfil the preset functions at any initial event that requires its
operation, and at a failure of one of the active elements, or passive elements
having mechanical moving parts, irrespective of the initial event".

In the same way, very similar rules on the use of safety protection systems for non-safety
purposes are to be found in all three sources. USSR, 1990 states:

" 2J.2.14 The emergency protection should be separated from the monitoring and
control systems to such an extent that damage to or failure of any element of
the monitoring and control systems would not influence the ability of the
emergency protection to fulfil its functions."

This is expanded with more detailed guidance in, for example, IEC, 1979a.

It is therefore reasonable to expect good agreement in principle between the above codes and
the Rovno systems. It is then fair to comment on any areas in which those systems depart in
practice from the principles. Such comment would be based on the authors' experience and
knowledge of NPP in western countries and, where applicable, would be supported by the
many detailed standards which are now available in the nuclear field. Examples of these are
given in IEC,1969b; 1975b; 1977 and 1979b to 1991b. Many of these documents were
published since the design of ROVNO, but most, including the general codes were written to
enshrine conventions dating from the earliest days of nuclear power. They set out long
standing good practice and should not be ignored.

It is again emphasised that acceptable, rather than ideal safety criteria were identified.

6.1.3 Limitations and problems which were encountered

In addition to the difficulties of limited time, communication problems were encountered on a
number of occasions and the data below may well contain misunderstandings. These problems
occurred despite great goodwill on both sides and had a number of important roots:

a) There were cases in which transliteration was impossible, translated words
had no technical meaning and we could not find a way out.
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b) Differences in culture and experience lead to unfamiliar technical reasoning
and it sometimes became very difficult to establish the rationality behind a
particular situation. In these circumstances it was easy either to answer the
wrong question or to imagine nonexistent deficiencies

c) The western visitors were generalists whilst their eastern counterparts tended
to specialise. This led to discussions with the wrong people and, because of
a) & b), this was not necessarily obvious. We then tended to obtain either
confusing or even wrong information.

These matters are not trivial and caused at least 4 major identifiable and unresolved technical
difficulties.

Despite three prolonged attempts, we were unable to draw an unambiguous
line between the control and safety protection systems.
The methods used for isolation between these two systems were not clearly
established. They seemed to vary from transformers to relays via other
technologies. This difficulty was, of course, compounded by the definition
difficulties.
Three different sets of working ranges, two different numbers of echelons and
a number of different overlaps were discussed for the ex-core neutron
detectors on Units 1 & 2.
The ex-core neutron detector testing regimes were not established.

These matters were not, of course, malicious, merely the result of the causes set out above. A
particularly good example of what can happen is the transmission system which, for some
days, seemed to contain either one or two cables. It was finally, and correctly, resolved as
having two cores in a single sheath.

The Eastern specifications admit the multi-functional use of the systems, it means a safety
system can be used also for control functions. At the same time, the functions coincidence
would not disturb the requirements for NPP safety and impair the quality of safeguard
systems. The implementation of this principle must be clearly shown when working out the
probabilistic safety analysis comprising quantitative and qualitative reliability analysis.

Note that source b) above has possible safety implications:

a) Eastern practice seems to depend much more on the operator than does that
in the west. Protective actions can therefore differ greatly in detail and
comment on this can lead to misunderstanding. However, when a protective
action has been started, the operator intervention is not necessary and it is
technically excluded.

b) Western interpretation of Reactor Safety System isolation is apparently much
more strict and the absence of regulatory detail made this a difficult area.
Eastern experts provided following additional information: For each function
in every train there is a full set of sensors. The voting 2 out of 3 is realized
within the train. That is why the personnel on the unit 3 has no isolation
problems.
When it is necessary to transmit information from the safety system into the
computer, one may use the galvanic distributor with the help of optic
transistor converter. In every case, it is implemented using design base
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criterion which says: "No breakdown in the system must have an influence
upon the availability of any system, which is important for the safety" (this
notion includes safety systems and normal operation systems the breakdown
of which is a "starting event". Two latter systems are also divided on the level
of instrumentation and control). This explains the great number of sensors
measuring one and the same parameter (for example, the level in the steam
generator is measured by 29 sensors).

6.1.4 General description of the system and of its background

The assessment is based on the premise that the purpose of reactor instrumentation is to
permit operation of the plant in a safe and economical manner and to ensure that it can be
shutdown promptly in the event of faults. The instrumentation may provide information which
leads to immediate action, such as a reactor trip, or it may provide data for subsequent
analysis. In most cases it is considered bad practice for single instrument assemblies to
provide both control and protection functions, so that instruments are normally classified as
providing either "Control" or "Protection".

In addition, the overall instrumentation system comprises some instruments which may be
termed "conventional" (such as thermocouples and pressure sensors) and others which are
specific to the nuclear field (such as radiation sensors). This report will use the eastern
convention of "Technological" for "Conventional".

Instrumentation requirements, including features such as response time, reliability, and
probability of failure must be related to the way the plant is controlled and the ways in which it
can malfunction. The required levels of high reliability for control and protection systems can
be achieved in a number of ways:

By ensuring that the basic equipment is fail-safe.
By using redundancy and coincidence to protect against random failure.
By using different means to accomplish the same task ie functional diversity.
By using different versions of equipment for the same function ie. equipment
diversity. Both types of diversity protect against common mode failure.
By providing high levels of testability. Routine testing can lead to a lower
incidence of unrevealed faults.
By design validation.
By the application of ergonomic design principles. An effective "man
machine" interface is now recognised as being essential for safety.

The use of redundancy and diversity leads to complex systems and if each element is designed
to be fail-safe, spurious trip rates are likely to be high. This is counteracted by the use of
voting systems in which each parameter is represented by replicated instruments and actuation
initiated by an appropriate combination of signals eg. 2 out of 3 (2oo3). In this way spurious
shutdown due to single instrument faults is essentially eliminated and the withdrawal of
equipment for test and maintenance purposes becomes possible.
This assessment has been based on these arguments and the following areas were kept
particularly in mind:
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Design requirements
- Failure to safety
- Redundancy

Diversity
- Isolation
- Interconnection and independence
- Maintainability repairability and testability
- Automatic testing and failure detection

Standardisation of design and equipment
Environmental influences
- Fire
- Seismic shock
- Ventilation
- Electromagnetic interference
- Accident conditions
- Other external hazards (natural and man-made phenomena)
- Security
Operator/plant communication

Central control room (purpose, design, ergonomic aspects and layout)
- Equipment
- Emergency control room
- Local control boards

Overall plant safety systems are complex and are classified into many sub-systems. At Rovno
these include the Safety Protection System, the Information System, the Safety Control
System and the Safety Supplies System. These are broken down further in the following
sections. In each case, a brief description of the instrumentation is provided and areas of
potential safety concern identified. In most cases there are similarities between Units 1 & 2
and Unit 3. When this applies, one of the descriptions is limited, only differences being
described.

One of the fundamental bases of safety is a clear understanding of purpose. Thus, all sections
start with a statement of requirement.

6.2 UNITS 1,2

6.2.1 The reactor control & protection system (RPS)

6.2.1.1 Information on the status at Rovno NPP.

A) The purpose of the system.

The following extracts are taken from USSR, 1990:

11 45 CONTROL AND PROTECTION SYSTEMS - a combination of hardware,
software, information facilities designed to provide a safe chain reaction
process."

11 46. SYSTEMS (ELEMENTS) OF REACTOR PLANT THAT ARE
IMPORTANT FOR SAFETY - the safeguard systems (elements), as well as
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normal operation systems (elements) whose failures disturb normal operation
of the reactor plant and can cause design and beyond-the-design breakdown".

" 2.3 REQUIREMENTS OF CONTROL AND PROTECTION SYSTEMS
2.3.1 General requirements.

2.3.1.1. The reactor plant should comprise the control and protection
systems intended for:
- Controlling the reactor plant reactivity and power;

Monitoring the density of the neutron flux, rate of its variation,
technological parameters required for protection and control of the reactor
plant reactivity and power;
- Shifting the reactor core to the subcritical state and maintaining it in the
subcritical state."

" 2.1.6 The reactor plant detail design should provide for:
- normal operation systems (the reactor plant monitoring and control systems
inclusive)
- a safeguard system
- technical facilities and measures intended to control the beyond-the-design
breakdowns."

These latter items are considered below under the headings "Control", "Safety Protection" and
"Engineered Safeguards" respectively.

B) Description and Implementation of the System.

The Reactor Safety System comprises the Reactor Protection System (RPS) (with 2 sub-
systems, one for the core and one to maintain core cooling), a radioactivity localiser system
and a safety logistics system. Both RPS sub-systems are independent. They use different
sensors and electronic equipment.

The Reactor Core Protection system uses information provided by two independent sets of
neutron flux sensors, each set consists of 3 sensor trains and activates by a voting 2 out of 3.
The reactor protection and prevention actions AZ1, 2, 3, 4 are activated if one of the two sets
starts to work.

The Reactor core cooling protection sub-system is designed in a similar way. Instead of
neutron flux signals technical parameters, such as temperature, pressure, water flow, and
water level are used.

The configuration of the sections provided for reactor control and protection is shown in
Figure 6.F.1 and, for the purposes of analysis, may be split into 2 parts, viz, the Safety
Protection System (SPS) and the Control System. This is done to establish the integrity of the
former and the degree of segregation between the two.

The control system contains the Auto Power Regulator and may, depending on definitions,
contain elements of the so-called Preliminary Protection System such as the Power Limiter.
Separated functions, also part of the overall plant control and protection system are boron
reactivity control, incore instrumentation, turbine control, etc. These systems are provided
with data on neutron flux, temperature, pressure, fluid level (in both the primary and
secondary circuits), control rod position, etc. and demand set points. They provide outputs to
the plant and to the operators.
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These systems operate in 3 basic modes viz, normal operation, preliminary protection (power
set back) and safety protection. Reactor control is exerted through the control rods and by
relatively slow changes in boron poison.

Each reactor has 37 control rods divided into 6 groups. Groups operate in prescribed ways in
order to maintain the required reactor power distribution and their movements are patterned
by appropriate logic based on the plan, current requirements and their current positions.
Under refiaelling conditions, reactivity is controlled only by boron poison, all rods are inserted
and none are held in reserve for emergency shut off.

Reactor protection is based upon 4 levels of control rod action. In ascending order of
effectiveness. They are:

AZ4 - Further retraction of control rods prevented.

AZ3 - Controlled insertion of each group

AZ2 - Insertion of each group in turn at maximum speed.

AZ1 - Reactor scram, insertion of all control rods simultaneously at maximum
speed.

AZ1 and AZ2 perform similar functions but on different timescales. For AZ1, all the rods fall
together, whilst AZ2 drops them in groups of six, sequentially any three rods (three out of six)
initiating the next group of rods. This initiation is by means of switches opened by the falling
rods as they near the bottom of their travel. AZ2 reduces reactor power more slowly than
AZ1 and therefore generates lower dynamic stresses in the circuit. This is said to offer major
advantages and is encouraged by setting the power trip set point for AZ1 somewhat higher
than that for AZ2.

AZ means "Emergency Protection" and therefore by definition all of the actions belong to the
SPS. However, AZ2 and AZ3 are effectively preliminary protection functions and would not
necessarily be considered part of the SPS in Western systems.

According to their rules, Eastern experts explained the approach taken to design the reactor
protection system:

1. For each postulated initial event a criterion for actuation of the protection system is
chosen.

2. The accident analysis is performed taking into account the actuation of all levels of
reactor protection systems (AZ1, 2, 3, 4).

3. Presently, it is foreseen to perform accident analysis by Eastern experts for the cases of
non-operation of AZ2 and AZ3, and non-actuation of AZ1 by the first criterion, it means
AZ1 is only activated by the second criterion (the functional diversity of AZ1 activation is
checked.

At the time of the March 93 visit, the protection system hardware on units 1 and 2 differed.
Both units have now, however, been upgraded to the most modern digital hardware system
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available within the CIS. This applies only to the SPS systems, original equipment is still
employed in many other applications.

The protection systems provide a variety of additional trips apart from those initiated directly
by power. For example, protection system action is also launched by low steam generator
level; low pressurizer level; low pressuriser pressure etc. There is no interlock to prevent cold
water injection leading to brittle fracture of the primary vessel at temperatures below the
transition temperature but feedwater is maintained at >55 C. In some cases, the trips used are
different on Units 1 & 2 from those on Unit 3 and the reasons for this are not clear (see
recommendation 6.2.1.5a) below).

6.2.1.2 Assessment.

Details of the assessment appears in the sections below. The following general comments are,
however, relevant.

The RPS design criteria and those of its components have not been clarified. This may be due
to misunderstanding or may be a genuine problem. In either event this lack of clarity
influences the whole of the rest of the assessment and should be eliminated (recommendation
6.2.1.5a)). Having said that, one felt that sufficient probing would have led to adequate safety
justifications - at least in principle. Hence the recommendation for an audit of the trip list if
this is easier.

One feels less confidence in the way in which the trips are applied on the plant. They will
undoubtedly be present but in general, attention to detail is not to the standards expected in
western nuclear installations although features such at test and calibration seem good. It is
difficult to address this aspect with helpful recommendations but it may be associated with
staff training. Is the training sufficiently broad that people see problems either on the fringes
of, or even outside their immediate orbit? Do they then seek solutions? We were assured that
staff are trained to the top level safety documents and that they keep the system under review,
but felt that jobs tended to be set in compartments and that, although staff possessed great
skill in detail, wider outlook was lacking. There is no doubt that the eastern system does
depend much more than that in the west on operator training (recommendation 6.2.1.5b).

The recommendation to review operating procedures (6.2.1.4a) might also be helpful. We
think that this is already in hand. We wondered if the operator interfaces - particularly in an
emergency - were clear.

Redundancy on a 2oo3 basis is widely used but standards of isolation and segregation are
relatively poor by western standards. Some opportunities to improve this were taken when
the new SPS's were installed but others were missed. The situation would be improved by
diversity but we saw no examples of equipment diversity and were unable to identify any
functional diversity. The latter may exist but we were unable to follow Primary Initiating
Event (PIE) paths to prove it. Recommendation 6.2.1.4b) is very important.

In general the systems are based on Ioo2 or 2oo3 and rely on lool during maintenance.
Thus, for one shift every few months, safety depends on a single guardline and it is arguable
that this violates the single failure criterion. Surely a failure somewhere in the logic could
prevent a parameter from tripping. This, too, is a serious matter and should be examined
(recommendation 6.2.1.4c)).
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One also wonders about the validity of AZ2 and of its relationship with AZI. For AZ2 to
succeed, it is necessary for many mechanical switches to operate in turn and the failure of any
one of them could stop the process with only a fraction of the rods inserted. However, if the
AZ2 condition persists for 10s, AZ1 is automatically initiated. Apparently there are few
recorded instances of AZ2 on W E R 440/213's and it therefore seems reasonable to ask
whether its existence is justified (recommendation 6.2.1.5c)?. If it is, are the switches reliable
and if not, what could happen (recommendation 6.2.1.5d))?

The Eastern experts believe that the doubts expressed by the Western experts in relation to the
effectiveness of AZ2 are based on the considerations that if one switch fails the insertion of the
rods will cease. The falling of rod will stop. The AZ2 logic is so configured that it will lead to
falling of the next set of rods, even if any rod of this set will not generate a signal (logic (2-1)
out of 2). We may say the same in relation to the recommendations 6.2.1.5e and 6.2.1.5. The
logic is the same when lifting the rods.

In this context, some of the figures quoted for system reliability were difficult to understand.
Many were expressed in units of "failures per unit time" when they ought to have been
"probability of failure when called on to operate". The former is meaningless when applied to
something like a guardline and leads to units of (time)n when used to evaluate redundant
systems. In any event, some of the numbers were difficult to believe (recommendation
6.2.1.5e)).

6.2.1.3 Recommendations for improvements.

These are given in the following detailed sections and more will arise from the complementary
studies.

6.2.1.4 Recommendations for complementary studies.

a) Review operating procedures and their documentation in the light of the
above.

b) Review the trip and alarm Postulated Initiating Event (PIE) lists and trees.
Establish that each PIE is covered by action from the "parameter of greatest
concern" and ascertain whether events are covered by more than one
parameter. This recommendation is meant to prove that the RPS is effective
against all possible PIE's and to establish the presence of functional diversity.
Once again this work should already be available (see USSR, 1990 Section
2.3.2.22) but it should be audited.

c) Examine methods of operation and maintenance in the light of the trip
configuration and the single failure criterion. If necessary, make
recommendations for procedural changes.

6.2.1.5 Proposals for future evaluations.

a) Review all of the trip and alarm actions provided by the RPS and segregate
them into their respective sub-systems. Compare them with the requirement
lists which should be available from the plant safety case. Compare those
provided on Units 1 & 2 with those on Unit 3. The purpose of this review
would be to establish the effectiveness, in principle, of the RPS. If this work
has already been done, audit the existing schedules. Note that this

6/9



recommendation is not the same as that of d) below. It is meant to be simpler
and quicker, accepting the trip requirements without asking the reasons for
them.

b) Examine the basis of I&C training with particular emphasis on safety culture
and philosophy. Compare existing training with IAEA and other
recommendations.

c) Examine the justification for AZ2.
d) If the answer to recommendation 6.2.1.5c) is "no", carry out a quantitative

failure mode and effect analysis (FMEA) on the AZ2 system with particular
attention to the rod switches. If this shows unreliability, ensure that the
existence of AZ2 does not make some accidents worse.

e) Examine the computed system failure probabilities in the light of western
practice and compare the results with western expectations for similar
systems.

6.2.2 Neutron flux instrumentation

6.2.2.1 Information on the status at Rovno NPP.

A) The purpose of the system.

The ex-core neutron flux instrumentation exists to provide data for the reactor control and
protection systems over the foil range of reactor powers. Since it is part of the SPS,
engineering to appropriate standards is required.

B) Description and Implementation of the System.

1. General: On both units, the main ex-core neutron flux system comprises 2 echelons
(each containing 6 chambers). They cover, respectively, from 10 % to 10 % foil power
("source range") and from 10 % to 120% ("operational range") although the validity of these
limits is not clear (see below). There are, in addition, 3 more source range detectors which
supply data to the reserve control room, spare ex-core detectors and 6 special units for use
during refuelling.

The ex-core detectors are located in dry tubes outside the reactor pressure vessel and are
surrounded by high hydrogen concrete (so-called Serpentenit). They are grouped with two of
each type in three sectors around the core and they feed two identical protection trains, each
operating 2oo3 on both echelons. The detectors are not withdrawn from high flux during
operation at foil power.

2. The ex-core source range echelon: A schematic diagram of one of the neutron flux
monitoring trains is shown in Fig.6.F.2. Each source range detector feeds a local,
conditioning amplifier and discriminator, the output of which drives a current to frequency
convenor. The convertors produce uniform, 8v pulse trains at a frequency between 0.05Hz
and 50KHz which is linearly proportional to the original detector mean stochastic pulse rate.
This pulse train is transmitted to comparator units where it is converted to a dc level and
compared with a dc set point. The output from the comparator units is logic level 1 for the
"healthy" condition and logic level 0 for an "un-healthy" (ie. tripped) condition. Analogue
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level and period data are also derived. We were told that the pulse transmission system is
used because it reduces the effect of interference.

Appropriate indication is provided to the operator and there are also small CRT displays in the
control room and in the safety equipment room. The operator is expected to adjust level trips
(6 at a time) during startup and during operation at reduced power. In the former case he
resets each trip decade by decade over the full range as power increases. This is apparently
done from the desk under administrative control, feed back from the safety equipment room
ensuring that the correct adjustment has been made.

3. The ex-core operating range echelon. Gamma compensated dc fission chambers are
used to drive a pulse transmission system analogous to that used for the source range. This
time, pulse rate is proportional to chamber dc output.

The operator is provided with data similar to that from the source range. He has similar duties
in resetting trip levels but there is an upper level trip at 110%, outside his control.

4. Main nucleonic (convenor) cabinets: These are located in a locked room near the
main control room. Source range, operating range and refuelling range are in separate racks.

The detector signals and, presumably, the calibration of the convenors is monitored by
channel intercomparison. Alarms are generated if differences exceed 2%. This is an on-line,
continuous process and supplements testing by input of test signals once a month. The
equipment is removed from service for about a shift for this purpose by switching between the
detectors and test source with reed relays.

5. Channel switching and overlap: We were told that the system switches automatically
between the two echelons and that it provides two decades overlap - one more than the
minimum demanded by USSR, 1990 (section 2.3.2.11).

6. Refuelling configuration: In this configuration the reactor is held subcritical with high
boron concentration, additionally all the control rods are dropped. Boron is checked by
periodic chemical sampling and, since the main ex-core chambers are insufficiently sensitive,
reactivity is monitored with 6 additional fission chambers sited at the core boundary. These
chambers give a counting rate of about 100 sec" and operate on a 2 train (Ioo2); 2oo3 basis.
They provide alarms to the operators who are then able to inject more boron.

Criticality is measured by rod worth methods before restart.

6.2.2.2 Assessment.

1. General: In the view of Western experts the ex-core flux monitoring system is
complex - particularly in the operating range (see comments below). To replace it on units 1
& 2 is now probably impractical but thought should be given to alternative and simpler
systems for other reactors (recommendation 6.2.2.5a)). The Eastern experts explained that in
the case of switching off the Reactor Protection and Control System (SUS) all the control
rods drop into the lower position of the core and the reactor is switched off very easily.

The justification for using such a system is apparently that it reduces the effect of electrical
interference. This may be true to a degree but the complexity is a high price for alleviating a
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problem which can solved easier by other means. In any case, pulse transmission does nothing
to reduce interference susceptibility at the front end of the chain ie at its most vulnerable point.
We were told that this aspect is dealt with by "special tuning" but were unable to understand
this. If it exists it will almost certainly degrade channel range coverage - itself a possible
problem. In any case, if interference is sufficiently bad to justify the present complexity it
remains a potential safety threat and should be reviewed in more detail (recommendation
6.2.2.4a)).

One also notes the absence of a true shut-down amplifier system ie a simple, totally
independent, top level power trip to catch the reactor if all else fails (USSR, 1990 (section
2.3.2.1)). Although the 110% trip margin for reactor shutdown goes some way to fulfill this
function, this can be adjusted by the operator and thus can lead to human failure
(recommendation 6.2.2.5b)).

2. The ex-core source range echelon: It proved difficult to establish the true working
range of this channel. At one time we were told that it covered from 10 % to 1% full power
(essentially impossible with a pulse fission chamber). It was then suggested that there were, in
fact, two source range chambers (with sensitivities proportional to 100cm and 10cm coated
areas respectively) functioning as one. Finally, observation of the control room displays
suggested 10 % to 10 %. We do not know, however, whether this represents a cleaned up
display ie an artifact of the transmission system or the true performance of the chambers i.e.
we were unable to establish that the processed and displayed signal represented physical
reality. The use of frequencies as low as 50KHz for pulse transmission suggests a bias against
high frequencies on the part of the designers and one therefore speculates upper chamber pulse
rates no greater than about 10 sec . Six decades then leads to a low end rate of about
0.1 sec" which does do not reconcile well with a the expected gamma pulse pileup
environment nor with the alleged interference situation. A detailed examination of the
chamber operating regime is justified (recommendation 6.2.2.4b)).

The source range channel provides both level and period trips and, during startup, the
operator is expected to move the level trips decade by decade. This has a number of
disadvantages. Not least, it introduces complexity, extends the physical boundary of the SPS
into the control room, leads to operator boredom and leaves only administrative control to
prevent him moving the trips above the prescribed level - thereby generating excess margin.
He is human, becomes tired of a repetitive process and could move one or more of the trips to
top power at beginning of the exercise (recommendation 6.2.2.3a)). Such an error would be
compounded by the absence of an excess margin alarm (recommendation 6.2.2.3b)). A far
better method would be to remove the action from the operators by installing rate limited
variable trips (recommendation 6.2.2.3c)). It was claimed that the channels are fail safe and
that their extension into the control room does not matter, but failure to safety is not totally
possible.

It is probably arguable that the above level trips are unnecessary anyway. The purpose of
narrow margin level trips is to catch unexpected reactor transients and this is also done very
effective by the period trip facility. It is probably unnecessary to have both. We were told
that the two together provide operator confidence but if so, he has a false sense of security.
Both signals come from same source and, essentially, the same processors^ They are neither
diverse nor redundant. This is unsatisfactory and could lead to reliance on a false comparison
(recommendation 6.2.2.4c)). By Russian rules PBJa-AS-89 two protection functions -
overpower and period trip - are required.
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The low end transmission frequency of O.O5cps needs consideration in the context of period
measurement. At this level, a change in reactor power of, say, a factor two will not be seen
for at least 10 seconds and reliable period data will be delayed by some multiple of this time.
Safety is probable justified by arguing that slow detection of transients does not matter at low
power but it is another point against unnecessary complexity.

3. The ex-core operating range echelon: As has been stated, this channel operates in a
similar way to the source range but the criticisms apply with more force.

Once again, we were unable to establish the valid working range. The Eastern experts
explained that the working range of neutron flux measurement is 10"4 - 100% in the
logorithmic scale and 0.1 - 120% in the linear scale (recommendation 6.2.2.4b)).

A dc fission chamber is a narrow range device and, after a period of operation, generates
background (bias) currents of order 3 x 10 % of the current immediately before power
reduction (eg Goodings,1975). The actual currents depend on design and at Rovno their
effective values are reduced by compensation. However, it can easily be shown that such
compensation becomes unreliable at factors greater than, say, 30. Thus, the residual bias
currents will be about 10 % of the full power working current giving an effective range (with
100% error at the bottom end) of 5 decades. This is difficult to reconcile with a claimed
accurate working range of 6 decades. It suggests either false security and inadequate overlap
or excess compensation with the attendant risk of overcompensation. This is not a full power
problem nor perhaps a serious safety matter but it does suggest inadequate design and possible
violation of USSR,1990 (section 2.3.2.11) (recommendation 6.2.2.4b)).

The arguments against complexity apply with more force to the operating range than they do
to the source range. Neutron flux protection at power is close to ultimate reactor protection
and should be implemented with the utmost simplicity compatible with performance
(recommendation 6.2.2.5a)).

The operating range also provides period and level protection and, during startup and during
periods of running at reduced power, the operator is expected to move the level trips
appropriately. He has a prescribed scale. Safety again depends on the operator and
recommendations 6.2.2.3a, 6.2.2.3b, 6.2.2.3c and 6.2.4c apply. It was noted that operator
error is covered to an extent by the high level trip at 110% but we cannot be sure about
transients starting at, say, 1% power. In any case, complexity needs to be addressed.

One wonders whether the problem of period trip delay at 0.05 Hz transmission frequency
becomes serious at powers within the operating range (recommendation 6.2.2.4d)).

4. Main nucleonic (convenor) cabinets: These are situated in two bays about 5m apart
and are inadequately segregated. This is discussed further in section 6.2.7 below.

It is understood that reed relays are used for switching between the detectors and the test
signal source. In the experience of the Western experts reed relays have been found to be
unreliable and based on this experience one must therefore question the reliability with which
the detectors are reconnected at the end of the test (recommendation 6.2.2.4e)). We do not
know if reeds are used to switch between echelons.
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5. RefUelling configuration: Prompt criticality is not credible and the absence of
automatic intervention in the event of high refuelling counting rate is probably acceptable.

The refuelling flux system would probably not detect faulty loading and the effect of this
would not be seen until in-core data was obtained after return to power. Unless the defect
were very serious, subsequent shutdown to correct it would be quite uneconomic and safety
could then come to depend on operator/administrative action and the reliability of single rod
correction movement (recommendation 6.2.2.5c)).

6.2.2.3 Recommendations for improvements.

a) Review the procedures which control operator action in moving the source
range and operating range trips.

b) Install excess margin alarms on the source range and operating range level
trips.

c) Instal modern, rate limited, variable trips on the source and operating range
echelons. This recommendation, if adopted, would replace a) and b) above.

6.2.2.4 Recommendations for complementary studies.

a) Review the electrical interference susceptibility of the channels. This should
be focused on the electronics hardware as the frequency modulated signal
transmission system should have a relatively high level of interference
immunity. This can be done by theoretical assessment based on design data
plus operator experience followed by active test on the plant. It would not
need to be at power for this purpose.

b) Examine the design of the source and operating range sensors in the light of
the expected neutron and gamma fluxes at their installed positions and likely
chamber activation.

c) Review the need for both variable level and period trips on the source and
operating range channels. If possible, simplify the requirements.

d) Examine the transient response of the operating range period meter and
compare it with safety requirements over the full power range.

e) Carry out an FMEA on the operating range channels with particular attention
to the test facilities and switching reliability, both on test and between
echelons.

6.2.2.5 Proposals for future evaluations.

a) Review the design of the ex-core neutron flux system with a view to making
it simpler and easier to analyse.

b) Examine the possible need and use for a simple PR channel which does not
provide any control functions and is intended as a high reliability scram
channel.

c) Examine the consequences of incorrect fuel loading followed by a failure to
correct the flux distribution by single rod movement.
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6.2.3 Technological instrumentation

6.2.3.1 Information on the status at Rovno NPP.

A) The purpose of the system.

The technological parameter instrumentation exists to provide data (other than flux data) for
the reactor control and protection system. It includes all of the instruments apart from those
which measure radiation. When the outputs are used in the SPS, engineering to appropriate
standards is-required.

B) Description and Implementation of the System.

The plant contains a complex web of thermocouples, pressure transducers and other sensors.
Time did not permit a detailed review and it was thought that reasonable industrial practices
would ensure adequate levels of safety (if not necessarily of reliability).

Dedicated temperature and pressure sensors are used in the SPS in an analogous way to the
ex-core flux detectors. New instrumentation suites are provided for this purpose and are
discussed further in section 6.2.7 below. The condition of the associated sensors was not
checked and it was noted that channels used for other purposes employed much older
equipment. It is thought, for example, that the ECCS panels are of the old type but we have
no data on their reliability.

No information was obtained on the detailed design of the pressure sensors and thermocouples
nor or their accuracy and suitability in terms of range coverage. We were given conflicting
data on thermocouple accuracy - it seems probable that they achieve about ±2 C. We also are
not sure about sensor qualification for the operating environment but think it possible that they
are not qualified in the western sense for operation in post accident conditions.

Once again sufficient redundancy seems to be provided although there was little diversity, (in
terms of different sensor designs measuring the same parameter).

6.2.3.2 Assessment.

See comments in section 6.2.3.2B) above. A proper survey was not possible in the available
time and it was argued that this area is less likely to be safety critical than others. However
closer study is recommended when time permits (recommendation 6.2.3.5a)).

6.2.3.3 Recommendations for improvements.

None.

6.2.3.4 Recommendations for complementary studies.

None.
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6.2.3.5 Proposals for future evaluations.

a) Review the technological parameter sensors and sub-systems and examine the
way in which principles and practice in this area impinge on safety.

b) Investigate if periodic 'flushing' of the transmitter impulse lines can result in
common mode failures. The associated administrative procedures should be
reviewed.

6.2.4 Safety protection functions

6.2.4.1 Information on the status at Rovno NPP.

A) The definition and purpose of the system.

IAEA, 1980 defines the purpose of the Safety Protection system as follows:

" The protection system shall be designed:

(a) To initiate automatically the operation of appropriate systems including, as
necessary, the reactor shutdown systems in order to ensure that specified
design limits are not exceeded as a result of anticipated operational
occurrences.

(b) To sense accident conditions and to initiate the operation of systems required
to mitigate the consequences of such accident conditions.

(c) To be capable of overriding unsafe actions of the control system.

The following safety functions may require initiation by the protection system (although
not all apply to all of the present plants):

(1) Safe shutdown of the reactor.
(2) Maintenance of the reactor coolant pressure boundary within design limits

during all operational states
(3) Residual heat removal during anticipated operational occurrences and

accident conditions.
(4) Initiation of any necessary safety actions by safety system support features.
(5) Emergency core cooling during and following accident conditions.
(6) Reactor containment isolation during and following accident conditions.
(7) Reactor containment pressure and temperature reduction after any accident.
(8) Containment atmosphere clean-up.
(9) Radioactive waste effluent isolation.
(10) Control of airborne radioactive material including its ingress to any necessary

operating areas and its escape to the environment."

6/16



IAEA, 1988 contains the following:

Protection system functions:
701. The protection system shall be designed:

(1) To initiate automatically the operation of appropriate systems including,
as necessary, the reactor shutdown systems in order to ensure that
specified design limits are not exceeded as a result of anticipated
operational occurrences;

(2) To sense accident conditions and to initiate the operation of systems
required to mitigate the consequences of such accident conditions;

(3) To be capable of overriding unsafe action of the control system.
Protection system reliability and testability:
702. The protection system shall be designed for high functional reliability and

periodic testability commensurate with the safety functions to be performed.
Redundancy and independence designed into the protection system shall be
sufficient at least to ensure that:
(1) No single failure results in loss of protection function
(2) Removal from service of any component or channels does not result in

loss of required minimum redundancy unless the acceptable reliability of
operation of the protection system can be otherwise demonstrated.

703. The protection system shall be designed to ensure that the effects of normal
operation, anticipated operational occurrences and accident conditions on
redundant channels do not result in loss of its function, or it shall be
demonstrated to be acceptable on some other basis. Design techniques, such
as testability including a self-checking capability where necessary, fail-safe
behaviour functional diversity, diversity in component design or principles of
operation, shall be used to the extent practical to prevent loss of a protection
function.

704. Unless adequate reliability is obtained by some other means, the protection
system shall be designed to permit periodic testing of its functioning when the
reactor is in operation, including the possibility of testing channels
independently to determine failures and losses of redundancy that may have
occurred.

705. The design shall be such as to minimize the likelihood that operator actions
could defeat the effectiveness of the protection system."

It follows that separation between the Control and the Safety Protection Systems (SPS) is of
fundamental importance. Thus, any review must take into account the concept of
independence which is defined in IAEA, 1980 as follows:

" 7.8.Independence

As discussed in section 6, there are a number of equipment failure causes that could result
from external influences, anticipated operational occurrences, accident conditions or
internal failures within a portion of the system itself. To reduce the effects of such failures
on the safety systems, the principle of independence is applied in the following three ways
so that the systems accomplish the safety tasks after any PIE, while retaining the
capability to meet the requirements of this Guide:
(1) By maintaining independence between or among redundant safety system

components
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(2) By maintaining independence between or among safety system components
and the effects of a PIE or PIE's.

(3) By maintaining independence between or among safety system components
and non-safety components

Independence is achieved in the design of safety systems by using functional isolation and
physical separation between various parts of the system.
Certain areas in the plant tend to become natural centres of convergence for redundant
equipment and wiring. In these areas the extent to which independence might be lost after
certain PIE's shall be carefully ascertained as a basis for establishing an overall design that
shall meet the reliability requirements and goals. Examples of such centres include
containment penetrations, motor control centres, cable spreading rooms, equipment
rooms the control room and the plant process computer."

The basic design criteria at Rovno NPP are in compliance with IAEA recommendations
(1982). At Rovno NPP the computers are not used to control systems which are important for
safety. The self-checking of safety systems is performed without computers. The main
computer is used only to register the malfunctions.

The Rovno systems should respect these principles. In general this requires the highest
standard of design and integrity and needs, at least, a clear distinction between control and
safety functions. It is also seen that protective actions and equipment designs are related to
the Design Base Accidents, which, at Rovno, include main coolant pipe failure.

The Eastern experts explained that the safety protection functions at Rovno NPP correspond
to IAEA recommendations (1980. 701, 702, 703, 704, 705).

B) Description and Implementation of the System.

The main problem during the second visit was to obtain a clear definition of the SPS. At first,
it was argued that functions such as those provided by the Power Regulator ie preventive
protection were part of control and, consequently, that rod movements AZ2 - AZ4 were not
within the SPS. This lead to difficulties in identifying isolation and we were then told that
AZ2 etc were indeed part of the SPS. This, however is not compatible with the distinction
drawn in USSR, 1990, viz:

" 39. EMERGENCY PROTECTION SIGNAL - a signal produced in the
emergency protection equipment set so as to actuate the emergency
protection members and supplied to the recorders, and to the unit and local
control boards to warn the personnel.

40. PREVENTIVE PROTECTION SIGNAL - a signal produced and recorded
by the monitoring and control systems for initiation of the functions of
preventive protection and warning of the personnel on probable disturbance
of normal operation."

This is a matter which needs resolution. The outcome governs comment on either SPS
integrity or on SPS isolation and the recommendations below must be read in that light.

According to new rules (1990) AZ2 has to be called PZ2 (preliminary protection 2), but this is
a mere terminological question and not a configurational one. In fact, this is a control function

6/18



which is performed by other facilities - the electronical devices of the reactor control and
protection system.

The SPS is included in Figure 6.F.1 and appears in more detail in Figure 6.F.3. It comprises
two redundant trains, each consisting of three identical channels. The voting within each train
is 2oo3 and either train can independently initiate a reactor scram.

Inputs are obtained from the ex-core neutron detectors, thermocouples, primary circuit
pressure sensors, pressuriser level and steam generator (secondary) level. The relevant
transducers are dedicated and should be of appropriate quality.

The layout of the system is indicated in Figure 6.F.4. The equipment is relatively new but is
substantially the same in functional terms as that fitted since commissioning. There are,
however a number of important new operational differences:

Interlocks and set-point bypasses are automatic rather than manual.
Plant parameters are displayed on CRTs in the main control room relative to
appropriate set-points.
The voting logic is digital rather than analogue but software is not used.. It
uses solid state logic with relay backup in high current cases.
Data from the protection system is monitored and recorded on two PCs, one
in the equipment room and the other in the control room.
The system includes on-line self-testing. 2oo3 channels are compared and
unusual disagreement generates an alarm.

The SPS supplies information to other parts of the control and protection system in the form
of analogue signals and as trips. The degree and quality of isolation in these cases was not
established but it is believed that optical isolation is used in places.

The operators reported that experience with the new system is fair. It has been in operation on
Unit 1 for more than three years, including one year in passive mode and we asked them
whether it worked in the way that they would expect from its design. We were told that the
quality is not high and that there have been defects and spurious operation. The "system is
good but not excellent".

6.2.4.2 Assessment.

As has been noted, good safety practice requires clear identification of the SPS but
considerable difficulty was encountered in this respect. It is strongly recommended that this
matter be settled (recommendation 6.2.4.3a))

Protection by redundancy appears well established but no diversity was seen. We were told
that the plant operating procedures list the protection parameters but we were unable to
establish the existence of an authoritative event tree which would prove with confidence that:

All PIE's would be caught.
Each would trip on the parameter of greatest concern.
All, or perhaps most, would be caught by more than one parameter.
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It should, however, be possible to examine the data and establish the matter (recommendation
6.2.1.4b)).

As can be seen from Figure 6.F.4, the layout of the SPS is not good - particularly since none
of it is clearly identified. The two neutron detector suites are side by side in what is, from a
fire point of view, one room. The same fire enclosure contains the safety protection logic, the
power limiter etc., the control rod logic and the control rod power supplies. The two
technological parameter train suites are separated but one of them is adjacent to other
equipment behind the control room. We did not trace the various cables but think that
appropriate separation is unlikely. Some attempt should be made to provide better isolation
and, although this could be difficult for some cable runs, it would be easy to fit decent doors
to some of the rooms. There are redundant, but operating ventilation trunks which should be
disconnected and sealed (recommendation 6.2.4.3b)).

The security for the safety protection system rooms is not to be standards accepted in Western
nuclear power plants. One lock opens most of the SPS. The seals are thin wire and plasticine.
The neutron detector cabinets can all be opened with a single key, secured by a piece of string
and accessible to anybody with business anywhere in the suite of rooms. There may well have
been interlocks to prevent unauthorised access but these were not obvious (recommendation
6.2.4.3c)). Doubt about security puts extra weight on the validity of interlocks
(recommendation 6.2.4.4b)

An appreciable quantity of replacement equipment is stored in the larger of the rooms together
with a fair quantity of packing material. This should be removed because of the fire hazard
and to reduce reasons for access (recommendation 6.2.4.3d)). Many of the CR drives have
substantial power components and many of these have no covers. In our view this is both a
personnel and a fire hazard (recommendation 6.2.4.3e)). The arrangements on Unit 3 seem
much better in this respect so that improvement is obviously possible.

It might be worthwhile to follow up the comments made by the operators and to see if any
other improvements can be made (recommendation 6.2.4.4a)).

6.2.4.3 Recommendations for improvements.

a) Examine the reactor safety and control system. Clearly identify the
components nominated as the Safety Protection System. Label or otherwise
distinguish these components (including their sensors and cables).

b) Provide fire protection and such isolation as is possible for the components of
the SPS.

c) Improve the security of the SPS, key control etc.
d) Remove unnecessary equipment, packing etc from the vicinity of the SPS and

its associated equipments.
e) Provide protection on the open terminals in the CR equipment room.

6.2.4.4 Recommendations for complementary studies.

a) Review any operating problems which have been encountered and take action
where possible.

b) Tabulate and check the safety bypasses and interlocks. (NPP explained that it
is done).
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6.2.4.5 Proposals for fiiture evaluations.

None.

6.2.5 Control functions

6.2.5.1 Information on the status at Rovno NPP.

A) The purpose of the system.

The reactor control system is designed to facilitate economic and safe operation of the plan. It
is independently supervised by the protection system.

Note that USSR, 1990 has the following clause:

" 2.3.1.5 At least one of the reactor shut-down systems (not fulfilling the function of
emergency protection) at normal operation, abnormal operation and in case
of design failure should feature:
An effectiveness sufficient to shift the reactor core to the subcritical state and
maintain it in the subcritical state, with the probable reactivity release taken
into account."

B) Description and Implementation of the System.

The plant operates under a number of regimes:
N-mode - The reactor is controlled with the rods against demanded neutron

flux/power (flux > 5%).

T-mode - Main steam pressure is stabilized by regulating the reactor power. If
permissible power is exceeded by 2.5 % or in case of actuation of
AZ 3,4, the regulator switches automatically from T to N.

Each of both modes has a surveillance state when reactor is self regulating. Regulator is
actuated in N-mode if neutron differential power > 2 %, in T-mode if main steam differential
pressure > 0.8 bar.

The choice between modes is governed partly by prescribed rules and partly by operator
choice. Thus:

For0<P<5% N-mode. Control rod position is matched to operator demanded
power. Below 5% manual control is used.

For5%<P<100% So called regulatory regime. P-mode although N-mode can be
selected by the operator.

P=100±2% or So called stabiliser state of N or T-mode. Is used at a fixed power
p=±0.8 bar level eg. 50% 70% etc.

Switching between modes is automatic although the operator has over-ride in some cases.
Additional signals from the Power Limiter and the Preliminary Protection Logic systems limit
power in the event of, for example, the loss of a main coolant pump.
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N-mode functions are vested in the Auto Power Regulator which has input from both ex-core
neutron flux trains (6 channels) together with temperature and flow information. Output is
sent to the control rod logic which in turn ensures that the correct rod group pattern is used.
Operator input to this logic permits modification of the rod pattern to deal with, for example,
single rod displacement.

The power regulator also provides a logic output to the turbine regulator and interacts with it.
These systems are complex. Their ability to cope with different operating conditions and the
level of operator intervention which is necessary were not pursued. However, see section
6.2.14.

Where possible, 2oo3 redundancy is used.

6.2.5.2 Assessment.

The control system was not assessed in detail beyond an attempt to ascertain the segregation
between control and protection (see below). In particular, we were not able to establish the
existence of the "reactor shut-down system (not fulfilling the function of emergency
protection)" referred to in 6.2.5.1 A) above although, of course, this function is fulfilled by the
operator's scram button. The NPP experts explained that the reactor shutdown may be realized
by changing the margins of automatic power limiter and power regulator.

It was noted that much of the equipment was original fitment and contrasted with the new
SPS chains. This relatively old plant needs ventilation and this leads to the possibility of
fire/smoke paths. The installation of most of the racks in a single fire enclosure is not good
modern practice but there seems little that can be done as far as the control and control rod
logic systems are concerned.

We were told that an upgrade plan is in existence and saw a quantity of what could have been
new instruments for installation but it was not obvious that extra fire barriers were possible in
the main room (see Fig.6.F.4).

6.2.5.3 Recommendations for improvements.

Because of the close affinity between the control and the protection systems, similar
recommendations apply. From 6.2.4.3 above:

a) Examine the reactor control system. Clearly identify the components
nominated as control components. Label or otherwise distinguish these
components.

b) Provide fire protection and such isolation as is possible for them.
c) Improve the security of the equipment rooms.
d) Remove unnecessary equipment, packing etc from the vicinity of the

equipments.
e) Provide protection on the open terminals in the CR equipment room.

6.2.5.4 Recommendations for complementary studies.

None.
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6.2.5.5 Proposals for future evaluations.

None.

6.2.6 Power limiter and preliminary protection system

6.2.6.1 Information on the status at Rovno NPP.

A) The purpose of the system.

These systems prevent plant damage in the event of unusual operating conditions. This
function is also provided by the safety protection system but preliminary protection avoids
unnecessary shutdowns.

USSR, 1990 defines:

" 27 PREVENTIVE PROTECTION - a safety function provided by the reactor
plant monitoring and control system to prevent actuation of the emergency
protection and/or disturbances of the allowable parameters and safe operating
conditions (total or partial power drop, control interlocking or initiation of
equipment operation ...."

B) Description and Implementation of the System.

These facilities are responsible for, amongst other things, the initiation of functions AZ2 to
AZ4 (only units 1, 2). They are interconnected as shown in Figure 6.F.1 and together form a
substantial system of 10 to 20 racks.

Their inputs are mainly temperatures plus signals reporting the state of specific plant elements.
For example, they need to know the status of the main coolant pumps. Each system contains
a set of algorithms such as - "If power increases to 103%, reset control rod regulation
automatically to 100% irrespective of the demands of the controller". Similarly - "If loss of
one or more main coolant pumps generate a prescribed power set back".

The preliminary protection logic is very similar to that in the power limiter but has more of
these conditions. Neither, was considered in detail. It was apparent that the installations are
similar on all three reactor units (see Figure 6.F.1 and Figure 6.F.5). Analogue hardware is
employed.

6.2.6.2 Assessment.

As has been implied, these facilities occupy a curious no-man's land between the SPS and the
control system. The above stated purpose could be read both ways and they could be defined
as belonging to either, although definitions such as those quoted in 6.2.4. IB), and 6.2.6.1 A)
suggest strongly that they are part of the Control System. The reasoning must be practical
since the definition could influence the standard of plant.

In addition, connections between instrumentation which performs protection and
protection functions must be appropriately isolated.

non-
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Since the power limiter and the preliminary protection functions are similar, it is not clear why
both are required (recommendation 6.2.6.5a)).

6.2.6.3 Recommendations for improvements.

None but note that the comments on the control system apply equally well to these
instruments.

6.2.6.4 Recommendations for complementary studies.

None but note that the comments on the control system apply equally well to these
instruments. See also section 6.2.7 below.

6.2.6.5 Proposals for future evaluations.

a) In the longer term it could be advantageous to study the joint role of these
instruments, their design and their background.

6.2.7 Segregation between control and protection

6.2.7.1 Information on the status at Rovno NPP.

A) The purpose of the system.

Separation is necessary to prevent common mode failures; to prevent operation of one system
prejudicing that of the other; and to help clarify the role of the SPS. Operator and
maintenance psychology is also involved.

USSR, 1990 states:

" 2.1.3 The reactor plant detail design should determine the reactor plant systems
that are important for safety, with indication of the safeguard functions and
basic characteristics (procedure of functioning, operating conditions, block
diagrams , effectiveness, monitoring and diagnosis facilities, speed of
response, service life, reliability)."

" 2.3.2.22 The list of parameters needing an emergency protection, settings and
conditions of actuation of the emergency protection system, as well as the
time of passage of signals to the emergency protection working members,
should be well grounded in the reactor plant detail design.
The settings and conditions of actuation of the emergency protection system
should be so selected that the limits of safe operation could not be disturbed."

These are clarified in IAEA,1988a):

" Separation of protection and control systems.

706. Interference of the protection system and the control systems shall be
prevented by avoiding interconnections or by suitable functional isolation. If
signals are used in common by both the protection system and any control
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system, appropriate separation (e.g. by adequate decoupling) shall be ensured
and it shall be demonstrated that all safety requirements of Section 7 of this
Code are met."

B) Description and Implementation of the System.

The ex-core neutron flux instruments generate both control and protection data on all ranges
and this is almost certainly also true for many of the technological parameters. Segregation
and/or isolation is therefore necessary.

Unfortunately we were unable to understand the isolation clearly. Interconnections exist - in
both logical and analogue terms but nobody we met was able to state the isolation techniques -
either in principle or in practice. It was claimed that the national rules allow the use of safety
equipment for non-safety purposes but we were unable to ascertain the conditions of use nor
to compare them with, for example, TEC, 1979a).

Eastern experts explained that the systems separation according to their signals are ensured by
electronic galvanic decoupling device using the following principle: no malfunction in control
system will lead to failure of protection system. Somewhere the Western experts were not in
the position to understand the technical basis for galvanic decoupling devices.

6.2.7.2 Assessment.

Discussions on this topic were very unsatisfactory and, although the true situation may well
eventually prove acceptable, the lack of clarity is worrying. There is also the questions of
definition as regards preliminary protection. Further worries were generated by the extension
of the SPS into the control room (for trip adjustment).

Attention is also drawn to the way in which elements of the SPS are spread in the region of
the control room (Figure 6.F.4) and lack of segregation between various equipments. Little
can be done about this while the classification is uncertain.

Similarly, little can be done about assessing isolation while the system boundaries are uncertain
and the first recommendation is therefore to fix these boundaries in an unambiguous way
(recommendation 6.2.7.4a)).

6.2.7.3 Recommendations for improvements,

a) Recommendation 6.2.4.3a) applies.

6.2.7.4 Recommendations for complementary studies.

a) Carry out an FMEA (Failure Mode and Effect Analysis) of the Safety
Protection System and associated parts of the Control System to justify their
isolation and the reliability of the SPS. Such data may already be available. If
so, audit it.

6.2.7.5 Proposals for future evaluations.

None.
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6.2.8 Engineered safety systems and safeguard action control

6.2.8.1 Information on the status at Rovno NPP.

A) The purpose of the system.

To protect the public and plant in the event of a DBA and to militate the consequences of an
accident beyond the design base. This includes initiation of localisation systems, emergency
core cooling systems etc.

B) Description and Implementation of the System.

Each unit is equipped with three redundant safety systems trains. Each train comprises three
channels voting 2oo3. Temperature, pressure, differential pressure and level measurements
are provided at appropriate points within the system. The pressure and level sensors
transmitters are located in three separate transmitter rooms inside the reactor building. The
transmitters can be replaced during operation at power but the thermocouples can only be
replaced during reactor shutdown.

Trip actions depend on the perceived problem. For example, the Control Safety Process
System (a subsystem) trips on one of 6 conditions, the first of which is, for example:

"Pressuriser level less than 3260mm from datum and core outlet pressure less than 110
kg.mm"2"

The functions of this sub-system are to close localising valves; start the protective and support
systems by stepped startup and to start and monitor the sprinkler system (Rovno NPP, 1993).

Another safety train causes reactor shutdown on low steam generator level.

It was not clear how many of these engineered safeguards systems reside in the new
technological safety trains but most of them seem to be of 1980 vintage.

According to basic design criteria to ensure the isolation, the Eastern experts explained:
1. No malfunction in the system of normal operation using information must lead to the loss
of the safety function. In this connection, the information, for example from the safety system
sensors (one of trains) is sent to the facilities of this system, is used there to ensure the safety
and is transmitted from it, when necessary, into the system of normal operation (for example
the monitoring) with full galvanic isolation.
2. The cables of a train are segregated from the cables of another train. Power cables and
monitoring cables are laid separately. If in any place there the monitoring cable is laid in a
common cable compartment together with safety cable, it must be done on separate facilities
and it is not allowed to lay these cables in compartments with the cables of another safety
train.
3. The power supply of measuring devices within a train which uses 2oo3 voting is ensured
from different sources. These general design criteria for different devices may be implemented
by different technical means.
4. Control circuits in main and emergency control rooms are physically and galvanically
separated in order to avoid losses caused by common cause failures like for example fire,
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flooding, chain rupture, short-circuit. This isolation is performed in every train of systems
which are important for safety.
6.2.8.2 Assessment.

From the descriptions given in Rovno NPP,1993, these systems should be quite satisfactory
but in view of their age it is possible that the installations themselves are less so.

In this area, the trip conditions and the required actions are more complex than in the case of
the SPS and that it is therefore not possible to rely with any certainty on failure to safety. The
protection functions of the cooling system on unit 3 are performed according to voting 2oo4
(2 out of 4). There are also the problems of identification, segregation and isolation noted in
the case of the reactor control and protection system. An appropriate survey is justified
(recommendations 6.2.8.4a) to 6.2.8.4c)).

The testing policy was not discussed but is clearly important (recommendation 6.2.8.4d)

Once again time prevented a detailed survey although a careful examination of one part of the
system - electrical supplies was made (see section 5).

6.2.8.3 Recommendations for improvements.

None.

6.2.8.4 Recommendations for complementary studies.

a) Generate clear, unambiguous definitions of the engineered safeguards
systems, their functions and interactions. Identify and label the sensors,
cables and instruments concerned.

b) Compare the above functions with the plant safety needs.
c) Carry out an FMEA on the systems as installed.
d) Examine testing procedures in the light of the above.

6.2.8.5 Proposals for future evaluations.

None.

6.2.9 In-core monitoring system

6.2.9.1 Information on the status at Rovno NPP.

A) The purpose of the system.

The purpose of this system is to determine power distribution as function of space and time
within the reactor and to monitor power peaking. This is necessary to:

Optimise refuelling.
Avoid local boiling ie to ensure the maintenance of an adequate margin to
delayed nucleate boiling (DNB).
Detect the detachment of control rods from their mechanisms.

6/27



Support the detection of CR which have been moved in an unauthorised
manner.

The in-core system has significant safety influence because the ex-core flux system cannot
detect axial power offsets nor approach to DNB.

B) Description and Implementation of the System.

1. Sensors: The in-core monitoring system comprises 216 thermocouples and 36
instrumented fuel stringers, each of which contains 7 rhodium self powered detectors
(SPND's). 210 of the 349 fuel assemblies are monitored by individual thermocouples at the
channel outlets and the remaining 6 thermocouples are located in the pressure vessel coolant
mixing zone. The thermocouples are grouped together for cold junction compensation. Note
that these thermocouples are additional to those used for control and protection.

2. Data acquisition, computation and display: A similar system is used on all three units.
On Units 1&2, data are read every 15 sec and a core map produced every 5 minutes. The map
is available to the operators on request. As on Unit 3, computation of changes in the self
power detector sensitivities takes place offline, appropriate corrections being sent periodically
to the display computer.

Alarm facilities exist to warn of unusually high power peaks. They will not indicate a power
reduction such as might be caused by a dropped control rod but the operators carry out a
visual scan once per shift and again immediately after significant control rod movements.

3. Calibration and accuracy: Rhodium self powered detectors on their own have
relatively poor absolute accuracy in the assessment of reactor power distribution. This is
partially due to inaccuracy in their basic sensitivity to neutron flux but mainly because of the
variation of rhodium activation crossection relative to that of fission in fuel. Rhodium has an
epithermal activation resonance which makes the detector very sensitive to unexpected
spectrum effects. Thus, the performance of the system depends on intercomparison of
detectors, integration of their outputs in space and time and the comparison of the result with
power determined by another route. In principle this is done over all time since the beginning
of fuel life and a continual check performed on the relationship between flux and power on the
one hand and between flux and signal on the other. Discrepancies are identified and special
investigations made. Comparisons between old detectors with new fuel and new detectors
with old fuel help to provide detector burnup information. This process starts with the input
of sensitivity data supplied by the manufacturer.

4. Additional points: The limits for failure of sensors during operation appear to be well
defined and high failure rates are not generally a problem. Before re-start of the unit following
refuelling, all of the sensors must be functioning correctly.

The stated design life for the SPNDs is 3 years, but some failures do occur after 1 year of
operation. Apparently, the SPNDs are supplied with a 3 year manufacturer's guarantee. The
failure of thermocouples is generally limited to single figures per year.

Reliability of the system is claimed on the basis of experience. The first were installed on a
W E R 440 reactor in 1974 and on a W E R 1000 in 1980.
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6.2.9.2 Assessment.

1 Sensors: No detailed information is available but from published data one would
expect acceptable performance.

2 Data acquisition and computation and display: More details of the system are given in
section 6.3.9. We were told, however, that the computers on Units 1&2 are not big enough
even to run Hindukush and therefore suffer from undercapacity to a greater extent than those
on Unit 3. The comments of section 6.3.9.2 therefore apply with even more force.

3 Calibration and accuracy. The claimed overall absolute power accuracy is ±1.5% at an
instrument reducing to ±5% on adjacent stringers. This is surprisingly good and is allegedly
based on long experience. The problem with such claims is, of course, that of finding a similar
system against which to substantiate the figures but it can be done, given sufficient effort on
such topics as fuel post irradiation examination - to ascertain burnup. In the present case one
suspects that the results represent no more than an internally consistent set and must ask the
extent to which this represents the true world at that accuracy. There are (7x36-1) time
dependent detector relative calibration coefficients and it would be surprising if plausible fits
were not obtained.

In our view the absolute error in power ascribed to a remote stringer is probably closer to
±10% than ±5% but this is still small compared with the claimed margin to DNB of+40%

4 Additional points: The design appears to have been dominated originally by the
dropped control rod problem but this is now no longer the case.

There is again no diversity but this is not an immediate difficulty in a system which effects
safety only in the medium term. However, the detection and display process will not be fail
safe although the system is self testing and has built in failure detection for an alert operator.
One assumes that there are no processes which can introduce a 30-40% cross core bias and
lead to DNB.

As a side issue, it is interesting to ask how the detectors are tested before startup. Insulation
checks are possible but is no neutron flux and therefore no neutron current to prove even the
existence of rhodium.

The overall impression is that of a good system which could be improved significantly with
better computers (see section 6.3.9 below).

6.2.9.3 Recommendations for improvements.

None.

6.2.9.4 Recommendations for complementary studies.

None.
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6.2.9.5 Proposals for future evaluations.

a) Recommendation 6.3.9.5a) applies.

6.2.10 Failed fuel detection

6.2.10.1 Information on the status at Rovno NPP.

A) The purpose of the system.

To detect fuel failures which could indicate erroneous operating conditions and/or be a hazard
in the event of an accident. To provide an ability to note trends

USSR,1982(?) specifies that the reactor must be shut down if:

1% of all fuel elements show fission gas leakage
or - 0.1% show direct contact between the fuel and the coolant.

B) Description and Implementation of the System.

The detection of failed fuel cladding is achieved by monitoring primary circuit activity levels.

The following measurements are made:

2MeV gamma from 85Kr -i
Using the same sensor.

Gammas from i3i l -•

Fast neutrons from Bromine

In addition, bulk gamma activity of the primary circuit is measured at one point using two
sensors with different sensitivities. Bulk coolant rare gas activity is also determined by gas
flow ion chamber measurements on stripped gas samples.

All of the measurements are made automatically but actions are manual. Indication and alarms
are provided in the radiological room, the main control room and the reserve control room. In
the event of high signals the operator has 48 hrs to ascertain the cause before he is obliged to
shut the reactor down. He can do this by gamma spectrometry or by the analysis of coolant
dry residue samples.

6.2.10.2 Assessment.

It is understood that the systems on reactors 1&2 are similar in principle to those on Unit 3.
They are therefore discussed in section 6.3.10 below.

6.2.10.3 Recommendations for improvements.

None.
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6.2.10.4 Recommendations for complementary studies.

None.

6.2.10.5 Proposals for future evaluations.

None.

6.2.11 Primary circuit leak monitoring

6.2.11.1 Information on the status at Rovno NPP.

A) The purpose of the system.

Primary circuit leak monitoring is important for its ability to signal vessel leak before break.
This may be particularly important for Units 1 & 2 because of their particular containment
arrangement.

B) Description and Implementation of the System.

Important primary circuit components are fitted with catch tanks which in turn have liquid
level sensors. It is possible to determine leakage and to quantify to a certain extent by the
pumping required.

Some moisture meters are used although these are not quantitive in leak terms.

It is also noted that the level in the deaerator drops rapidly if leakage occurs and operating
rules call for shutdown in the event of 0.2m loss in 24hrs. Trend information at higher
sensitivity is possible.

6.2.11.2 Assessment.

This parameter is of considerable importance but the present author's are unsure of the
required sensitivity. Experience suggests that something significantly better than 0.2m in
24hrs is necessary. Recommendation 6.2.11.4a) addresses this.

6.2.11.3 Recommendations for improvements.

None.

6.2.11.4 Recommendations for complementary studies.

a) Examine the claimed sensitivity with which leakage from all of components
(and emergency heat exchanger) can be detected and compare it with that
specified by vessel designers. .
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6.2.11.5 Proposals for future evaluations.

None.

6.2.12 Boron monitoring

6.2.12.1 Information on the status at Rovno NPP.

A) The purpose of the system.

Boron is used for reactivity control and appropriate monitoring is necessary.

B) Description and Implementation of the System.

Boron level is controlled by a special system which is able to recognise that the regulator
control bank is consistently away from its normal position. Boron concentration is increased
by injecting H3BO4 and lowered by injecting water. The total coolant inventory of a W E R
440 is 210m (210Te) and the boron removal rate is that contained in 6Te of coolant per
hour.

Boron concentration is measured by automatic instruments (discussed in section 6.3.12 below)
and by chemical analysis of manual samples. This is done twice per shift or more frequently if
required. The operator decides the action to be taken on the results.

6.2.12.2 Assessment.

See section 6.3.12 below.

6.2.12.3 Recommendations for improvements.

None.

6.2.12.4 Recommendations for complementary studies,

a) Recommendation 6.3.12.5a) applies.

6.2.12.5 Proposals for future evaluations.

None.

6.2.13 Secondary side monitoring

6.2.13.1 Information on the status at Rovno NPP.

A) The purpose of the system.

Monitoring of secondary circuit activity levels is important for identifying steam generator
tube rupture. Early isolation of a steam generator in this situation avoids depletion of the
primary circuit water inventory and prevents transfer of activity to the secondary circuit.
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B) Description and Implementation of the System.

Measurements are made at the following locations:-

Three sensors on each steam line with a measurement range 10 to 10 Ci/I.
The sensors are outside the system of sealed compartments ie the effective
containment.
One sensor in the bypass line at each steam generator inlet, (10 to 10 Ci/1).
One sensor in the main condenser gas exhaust (10 to 10 Ci/1).

[Note that 1 Ci/1 equals 3.7 x 1013Bq/m3]

Indications of activity level are provided in the radiological monitoring room, the main control
room and the reserve control room. If the set-point for isolation of a steam generator is
exceeded, a specific, rather than a group alarm is generated but no automatic action is taken.

The design of the sensors and the monitoring electronics was not discussed.

6.2.13.2 Assessment.

No comments.

6.2.13.3 Recommendations for improvements.

None.

6.2.13.4 Recommendations for complementary studies.

None.

6.2.13.5 Proposals for future evaluations.

None.

6.2.14 Turbine regulator

6.2.14.1 Information on the status at Rovno NPP.

A) The purpose of the system.

To control the turbine and to protect it and the rest of the plant from damage in non-normal
circumstances.

B) Description and Implementation of the System.

There are two 220MW turbines and two steam collectors but the latter are normally valved
together so that each turbine draws steam from a common mains. The regulators are based on
analogue technology with hydraulic valve mechanisms. Each has 2 channels which are
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compared. An alarm is generated against significant difference. Normally, one turbine runs in
automatic mode and the other in follower mode. Both in automatic mode leads to instability.

Various protection modes exist. For example, if the manifold pressure increases by more than
2.5Kg.cm and the turbine regulator fails to follow, the reactor power regulator takes action
to control pressure. The reactor regulator has priority in such circumstances. If the operator
detects a problem he can isolate the turbine.

6.2.14.2 Assessment.

No detailed assessment was made but we did ask whether the reactor regulator and the turbine
regulator were well matched in terms of their frequency responses. We found that there may
be problems in this area because the combination occasionally goes unstable and causes a
reactor shutdown. This is not a primary safety problem but should not happen
(recommendation 6.2.14.5a)). The matter may be made worse by recent changes in the
effective structure of the Ukrainian Power Grid.

Apparently there were other problems with these regulators 7 or 8 years ago but they were
corrected by on-site modification.

6.2.14.3 Recommendations for improvements.

None.

6.2.14.4 Recommendations for complementary studies.

None.

6.2.14.5 Proposals for future evaluations.

a) Examine whether the alleged system instability is a problem and if so propose
modifications.

6.2.15 Main and emergency control rooms

6.2.15.1 Information on the status at Rovno NPP.

A) The purpose of the system.

The main control room (MCR) is designed to facilitate safe operation of the plant under both
normal and abnormal conditions. The reserve control room (RCR) is present so that the plant
can be shutdown and held in a safe state if the MCR becomes uninhabitable for any reason.
The facilities of the RCR should include:

Shutting down the reactor.
Monitoring the state of the reactor core (flux).
Starting & monitoring safety trains.
Monitoring cooling & other safety parameters
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B) Description and Implementation of the System.

1 Main control room: The facilities seem appropriate. New displays were installed on
Unit 2 between March and December, they seem effective.

2 Reserve control room: The RCR is about 30m from the MCR along a corridor. At the
time of visiting (Unit 2), refurbishing work was nearing completion and, although the room
itself was complete, some of the panels needed attention.
The room contains:

Emergency shutdown facilities.
Three source range detector channels driven from independent ex-core
detectors (the reading at full power was 10 %).
Three sets of appropriate technological parameters.
Loop breakers/limiters
Boron regulating and emergency insertion controls
Emergency cooling controls.

Engineered safeguards monitoring displays.

One suite of the SPS Technological Parameters equipment is situated at one end of the room.

6.2.15.2 Assessment.
(1) Main control room: No comment

(2) Reserve control room: The operators expressed the opinion that they would be
happy to work in the RCR but we thought it less than satisfactory. That on Unit 3 is much
better for its purpose and improvement in Units 1 & 2 is possible. The following points are
relevant:

The MCR and the RCR have common ventilation and if, for example, the
former were on fire, the RCR could well fill with smoke.
The available communications (within the plant and externally) are not as
good as on Unit 3.
In the event of an emergency the shift manager is expected to grab
procedures documents and take them with him to the RCR. This is very
unsatisfactory. An addition set should be provided.
The general facilities (desk, chairs etc.) and atmosphere are not such as to
encourage calm decision taking under stress.
The authority for access, keyholding and the like were not obvious to us. If a
particular person were incapacitated at a critical time, could people get in?
In contrast, is normal security adequate. We thought that the seals were
ineffective.

In our opinion, the above points need to be addressed (recommendation 6.2.15.3a)).

We did not ask questions about exercises but it would certainly be wise to exercise the use of
the RCR (recommendation 6.2.15.3b)).
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We were given to understand that there is no accident decision room, separate from the RCR,
which would help to prevent visitors etc. generating stress on the operators. Apparently this
has been approved in principle but is not yet available (recommendation 6.2.15.3c)).

6.2.15.3 Recommendations for improvements.

a) Address the points listed in section 16.2.15.2 (2) above.
b) If not already in the programme exercise the RCR facilities on a regular basis.
c) If not already available, set up an accident decision room, separate from the

RCR.

6.2.15.4 Recommendations for complementary studies.

None.

6.2.15.5 Proposals for future evaluations.

None.

6.2.16 Data processing system

6.2.16.1 Information on the status at Rovno NPP.

A) The purpose of the system.

To record plant parameters for subsequent display and analysis

B) Description and Implementation of the System.

Data processing is based on the use of two computers, one operational and one in reserve (see
section 6.3.9). They use common input and output interfaces. Details of the parameters
monitored and the information displayed in the main control room were not discussed.
However, it was noted that the information is updated every 2.4s. Discussions did indicated
that the equipment is reliable.

Time also did not permit discussion of the "man - machine" interface. However, the quality of
the control room displays was not as good as may be found on many western equipments.
Some of the VDUs had jitter and the colour seemed ambiguous. This is not a primary safety
problem but may be worth improving when time and funds permit.

6.2.16.2 Assessment.

This system is not of primary safety significance. However, for improved accident prevention
and operator support the installation of a new system should be considered. A new system
would be particularly useful for analysing signal sequences in post accident evaluation.

6.2.16.3 Recommendations for improvements.

None.
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6.2.16.4 Recommendations for complementary studies.

None.

6.2.16.5 Proposals for future evaluations.

a) Evaluate the benefits offered by installing a new system.

Section 6.3.9 discusses the advantages of new computer systems. This could impact on the
DAS.

6.2.17 System cables, containment penetrations and equipment segregation

6.2.17.1 Information on the status at Rovno NPP.

A) The purpose of the system.

To provide reliable interconnections of a standard compatible with that of the relevant system
and, if necessary, capable of withstanding the conditions generated by a DBA.

6.2.17.2 Assessment.

Details are given below. In summary, although the cable installations are unsatisfactory it
would be quite uneconomic to bring them up to current standards. However, closer study to
ascertain whether the defects lead to significant safety problems (recommendation 6.2.17.4a))
is necessary.

1. Cable quality and failures: The containments of Units 1&2 contain old types of cables
with, for example, silk insulation. Such cables can deteriorated markedly under adverse
conditions and should be replaced if used in critical applications (recommendation 6.2.17.3a)).

In addition a number of cable failures have occurred in vinyl insulated types - primarily loss of
insulation. It appears that this was due to core wandering in poor quality material. Testing is
a help but the cables are deteriorating between tests and then fail unexpectedly. We were told
that control cables are involved and that the numbers are disturbing if not a current safety
problem. An economic solution is not obvious but it might be helpful to ask whether a few
critical cables are worth changing (recommendation 6.2.17.3b)).

2. Fireproofing and segregation: Units 1&2 have many cables with flammable sheaths.
Fire proof sealant (an asbestos sand mixture) has been applied to penetrators and fire barriers
and cables have been covered with a proprietary fireproof mixture. However, the
effectiveness of these coatings is not clear and their use on a large proportion of cables is a
potential safety concern in terms of heat build up within cable bundles. This has not been
tested and a review seems advisable (recommendation 6.2.17.4b)). Full review would be a
mammoth task.

Visits to the plant suggest that the quality of the cable installations, including supporting trays,
protective trunking and conduits is poor. The cables were not always effectively clamped to
the trays. They did not appear to be labelled nor colour coded (recommendation 6.2.17.3c)).
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We were told that monitoring and safety cables were generally segregated from, for example,
power cables but we think that the segregation between control and protection equipment in
terms of functionality is not consistent with modern design requirements. The main areas of
concern are the cables of redundant protection and safety system trains. Plant design drawings
must be reviewed to establish the severity of this problem (recommendation 6.2.17.4c)).

The 'fire protection and suppression equipment seemed inadequate in a number of the I&C
areas, particularly in the cable installations. Furthermore, an inspection showed that many of
the access doors between cable compartments were open (recommendation 6.2.17.3d)).

3. Penetrator leakage: Problems have been experienced with moisture ingress into the
containment penetrations followed by significant reductions in insulation. The degradation is
monitored, but a solution should be found. It was also suggested that borated water has
effected the transmission properties of penetrations used for frequency based signals (0.05 - 50
KHz, 8 V). The essential problem is the absence of test cocks such that failures occur without
warning.

We were told that the situation is just acceptable at present but that the matter would be
serious if the leakage develops. Unfortunately no recommendation is possible (other than
assessment (recommendation 6.2.17.4d)) because the penetrators are difficult to change. It is
relevant to ask whether penetrator quality effects the validity of the qualification awarded to
other equipments and, particularly to the adjacent cables (recommendation 6.2.17.4e)).

4. Fusing: It appears that a number of cables are not correctly protected in the event of
overload. This problem has been studied and improvements proposed, but many of the
necessary changes have not yet been implemented (recommendation 6.2.17.3e)).

5. Connectors: Level sensors are installed in a number of the reactor building pump
compartments. The cable connections of many of them were covered by plastic sheet which is
apparently necessary to prevent spurious indication during spray system tests. This suggests
poor basic design (recommendation 6.2.17.4f)).

6.2.17.3 Recommendations for improvements.

a) Examine the use of old style (eg fabric insulated) cables in the plant and
examine the consequences of their failing. Take whatever consequent actions
are appropriate.

b) Examine the possibility of improving the vinyl cable failure situation by
replacing a few, key cables.

c) Improve the labelling of cables, particularly those used in control and
protection.

d) Where possible, improve fire protection, suppression and fire door discipline.
e) Carry out the proposed improvements to cable overload protection.

6.2.17.4 Recommendations for complementary studies.

a) Carry out an FMEA on a significant random sample of the plant control and
instrumentation cable installation to discover the consequences of failure and
hence establish the need for additional actions.
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b) Examine the cable schedules and identify any cables vulnerable to overheating
as a result of the use of fire protection coatings. Carry out such tests as are
necessary to demonstrate safety..

c) Examine the plant drawings and demonstrate acceptable segregation between
the cables belonging to redundant safety trains.

d) Assess the consequences of increased numbers and degree of penetrator
failure..

e) Justify the qualification of adjacent cables in the light of c) above.
f) Examine the connectors described in 6.2.17.2 5) and assess the possible

consequences of taking no further action.

6.2.17.5 Proposals for future evaluations.

None.

6.2.18 Environmental conditions and equipment qualification

6.2.18.1 Information on the status at Rovno NPP.

A) The purpose of the system.
• - .

To ensure that the quality of installed equipment matches the designer's specifications and
principles.

B) Description and Implementation.

1. Design quality process: Because of difficulty in establishing clearly the separate
functions of the control and the protection system, an attempt was made to establish the
design process. It is understood to be:

a) There exists a top level code of practice (USSR, 1982 (?)) for the design of
protection systems. This document was claimed to be analogous to
USSR, 1990 but has not been examined. We are told that it originated in the
Kurchatov Institute and is used by all concerned.

b) On the basis of this Code, Gidropress generates specific technical
requirements for the system. These cover all sub-systems and guarantee
compatibility. They include enough data to permit compatible detailed
design.

c) Individual organisations/factories design and build components of the system
eg the flux channels. A sample is made and tested ie Design Approved at this
stage and detailed documents are produced. Gidropress drafts the design
approval documents.

d) The system is brought together and commissioned by yet another
organisation. It is tested at the plant for compliance with the specifications
produced in b).

e) A Scientific Coordinator (the Kurchatov Institute) acts throughout as a kind
of Engineer-Architect but the autonomy of each participant and the
possibilities for misunderstanding were not clearly established
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It is interesting to note that, up to 1985 no special specifications existed for nuclear
instruments. They were judged against relevant "commercial" specifications.

2. Seismic testing: As has been stated, all equipment should have been Design Approval
tested. We were assured that this included seismic testing and that certification existed. The
problem would probably lie in finding those certificates and in verifying the test.

3. Quality documentation: All of the important documents are archived but not
necessarily at the plant. Thus, although a formal quality audit is possible in principle, it could
be very difficult in practice.

6.2.18.2 Assessment.

1. Design quality process: The process described seems very reasonable but it departs
from modern QA practice in the apparent difficulty of locating documentation. This could,
however, be only a cultural difference.

In the context of the current review, it could be worth comparing the "USSR" top level
documents with those originating in the IAEA and IEC. The instrument DBA specifications
might also be worth comparing with equivalent qualification documents (recommendation
6.2.18.5a)).

2. Design approval testing: If this has been done properly no problems exist. This
premise should be tested (recommendation 6.2.18.5b)).

3. Quality documentation: As has been stated, full documentation might be difficult to
find and we were only able to ask for and examine plant archives. We chose commissioning
test records and maintenance test records dating to 1986 for items of equipment selected at
random. They were available, well kept and, as far as we could tell from the Russian, quite
comprehensive. No fault was found.

4. Other environmental and qualification matters:

a) Reliability of the ventilation systems for I&C areas is a potential cause for concern
depending on the validity of the type approval. Failure of the ventilation system could
produce comon mode failure of safety related systems. This is worth pursuing
(recommendation 6.2.18.5c)).

b) The normal operating ambient temperature for the ex-core flux system convenors is
between 40 and 60°C. Information on their maximum operating temperature was not
available but it is believed to be of order 50°C and environmental qualification may therefore
be an important safety concern. It would certainly be so in accident scenarios. The operating
procedures require that the ventilation system be switched off following an accident and it is
highly probable that this would result in an unacceptable temperature rise. Questions as to the
qualification of the transmitters is supported by studies at the Greifswald plant. These
suggested that the transmitters will fail within 30 minutes of a serious accident. Clearly, this
requires further investigation (recommendation 6.2.18.5c)).

c) What are the consequences of penetrator leakage under DBA conditions
(recommendation 6.2.18.5d)).
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Note that, if the above recommendations raise qualification questions, it will effect many
different systems. Further detailed investigation will then be required.

6.2.18.3 Recommendations for improvements.

None.

6.2.18.4 Recommendations for complementary studies.

None.

6.2.18.5 Proposals for future evaluations.

a) Compare the design principle documents and DBA specifications used at
Rovno with those originating in IAEA and IEC. Identify any significant
differences.

b) Select one instrument at random and carry out a full QA audit starting with
the specification and including the design approval work.

c) Examine in detail the consequences of ventilation failure on control and safety
equipment. Pay particular attention to the ex-core flux system convenors and
to potential accident conditions.

d) Examine the effect of penetrator leakage in the event of a DBA.

6.2.19 Testing and calibration.

6.2.19.1 Information on the status at Rovno NPP.

A) The purpose of the system.

To ensure that equipment is and remains fit for its purpose. To show trends.

B) Description and Implementation of the System.

Three different styles of test were described:

Probing - Normal testing - usually done monthly.
Testing - Normal operational testing in depth. Involves disconnecting and testing,

for example, cable leakage. Normally done annually.
Extreme - Stress testing with, for example, overvoltage.
Testing Power cable are tested this way every 4 years. Control cables are done

once - on installation.

Generally speaking the more modern trip items are fitted with in-situ diagnosis system and
non-compliance causes failure alarm.

The safety and protection system is probed monthly by the operators. This is achieved by
generating a test signal which is input at the convertor and monitor it at the channel. It allows
the channel, set-points and logic to be checked and takes about a shift.
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Neutron detectors are calibrated by the manufacturers and their outputs checked between
themselves and against reactor power output periodically. The latter is always done after
maintenance or startup or if the channels differ between themselves by more than 2%. Five
"independent" measurements of reactor power are claimed:

Plant electrical output.
Primary temperatures and flow.
Secondary feedwater flow and temperature.
Ex-core neutron sensors.
In-core flux system.

It is accepted that at least two of these are not absolute and that others contain significant
assumptions but the five together form, or should form, a consistent set which provides data
on equipment performance.

Thermocouples as such are not tested but their channels and all other sensors are. Pressure
sensors are calibrated annually.

6.2.19.2 Assessment.

The testing regime seems to be effective and well documented. However, much of the
probing of the newer equipment is done automatically by channel intercomparison. The
strategy for this was not reviewed and, because of its importance is worth examination
(recommendation 6.2.19.5(a)).

We did find one inconsistency in that we were told that the ex-core chambers themselves were
not tested and then, that they were. Regular testing of these chambers is both possible and
desirable (recommendation 6.2.19.3a)).

We also recommend annual electromagnetic compatibility (EMC) testing by earth disturbance
and other well established methods. This would be designed to reveal slow deterioration of
the installation which cannot be seen in any other way. Such testing is easy at shutdown
(recommendation 6.2.19.3b)).

6.2.19.3 Recommendations for improvements.

a) If the ex-core neutron sensors are not regularly tested, institute such testing.
Ensure that it covers every aspect of the chamber including the insulation of
the electrode(s), the saturation characteristics and all other parameters which
govern the ability of the unit to fulfil its function. If this is not possible,
ensure that the chambers are regularly replaced.

b) Set up a programme of regular EMC testing.

6.2.19.4 Recommendations for complementary studies.

None.
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6.2.19.5 Proposals for future evaluations.

a) Review the on-line monitoring strategies and demonstrate that they cover the
most likely faults. Prove that the existence of the monitoring system does not
degrade channel safety.

6.2.20 Other systems and general comments

6.2.20.1 Information on the status at Rovno NPP.

1. Post accident monitoring: There are no dedicated post accident monitoring
facilities. Reliance would be placed on the ex-core detectors.

2. Control rod interlock: There is apparently one with the which prevents
excessive withdrawal speed. See comment below.

3. Effluent monitoring: Stack, effluent and general site monitoring facilities are
provided. Data from the stack is reported to the activity monitoring panel
and effluents are sampled every shift. Fixed alarm points are provided.

There is an activity laboratory off-site.

4. Dependence on operators: The operating philosophy apparently depends
strongly on the operators and it is therefore reasonable to question their
abilities. This is particularly important at a time when there may be loss of
skills for political reasons. One should also ask about standards of
maintenance.

6.2.20.2 Assessment

1. Post accident monitoring: The ex-core neutron detectors cannot replace the
remote reading installed high range gamma monitors which would be required
in many accident situations. Such facilities should be available. In any event
would the ex-core detectors be available to monitor the core after a DBA?
(recommendation 6.2.20.5a)).

2. Control rod interlock: It is vitally necessary to prevent excessive rod
withdrawal speeds and this is best done by design within the mechanism. The
provision of a special interlock implies that fast withdrawal is possible and if
this is true, it means that reactor safety may depend directly on the interlock.
This must be investigated and, if possible, corrected. It is not sufficient to
depend on an interlock followed by the SPS (recommendation 6.2.20.5b)).

3. Effluent monitoring: No detailed assessment was made.

4. Dependence on operators: It was clear from discussions with plant personnel
that they have a high level of understanding of the operation of the equipment
and that they are personally highly competent. Having said that one gained
the impression that their skills, or at least their attitudes, are
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compartmentalised and restricted. This could be a disadvantage and is against
the general philosophy set out in USSR, 1990. This point has already been
made (recommendation 6.2.1.5b)).

General comment: Despite all of the comments in the above sections, inspections of the plant
showed that the equipment was generally in reasonable condition and well maintained.

6.2.20.3 Recommendations for improvements.

None.

6.2.20.4 Recommendations for complementary studies.

None.

6.2.20.5 Proposals for future evaluations.

a) Examine the scenario of a runaway rod withdrawal accident and, if first level
prevention lies solely with an interlock, make modifications.

a) Examine the need for improved post accident monitoring.

6.3 UNIT 3

6.3.1 The reactor control & protection system

6.3.1.1 Information on the status at Rovno NPP.

A) The purpose of the system.

As for Units 1&2.

B) Description and Implementation of the System.

The Unit 3 system is similar in function to those of Units 1&2 but uses different hardware and
provides additional facilities. The development level is higher than the original fit on Units
1&2 although the SPS system has not yet been replaced. Upgrade is expected in 1996. It is
claimed that the interconnections between control and protection equipment at a functional
level are similar on all 3 Units. The scheme for Unit 3 is shown in Figure 6.F.5.

The reactor control rod insertion processes on Unit 3 have three rather than four levels of
action - the AZ2 used on Units 1&2 does not exist and the set becomes:

PZ2 - Further retraction of control rods prevented.

PZ1 - Controlled insertion of each group
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AZ1 - Reactor scram, insertion of all control rods simultaneously at maximum

speed.

Another major difference is that the core is big enough to allow Xenon driven axial instability.

6.3.1.2 Assessment.
See section 6.2.1.2. The recommendations of 6.2.1.4 apply as do recommendations
6.2.1.5a),b)ande).

Xenon instability is seen and does lead to inadvertent shutdown. This type of problem is made
worse by reactor load following and could become serious if new grid regimes are introduced.
This is an availability rather than a safety issue although all operational inconveniences do
impinge on safety in some way.

6.3.1.3 Recommendations for improvements.

None.

6.3.1.4 Recommendations for complementary studies.

a) Recommendation 6.2.1.4a) applies.
b) Recommendation 6.2.1.4b) applies.

c) Recommendation 6.2.1.4c) applies.

6.3.1.5 Proposals for future evaluations

a) Recommendation 6.2.1.5a) applies.
b) Recommendation 6.2.1.5b) applies.
c) Recommendation 6.2.1,5e) applies.

6.3.2 Neutron flux instrumentation

6.3.2.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2

B) Description and Implementation of the System.

The neutron flux instrumentation is analogous to that of Unit 1&2 but employs 3 echelons.
There are two redundant safety trains located, correctly, in physically separate rooms.

The claimed range coverage is as follows: -

Source range - 10 to 10 % full power
Intermediate range - 10 to 100% full power
Power range - 10'1 to 120% full power
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It might be thought that the ranges of the 3 echelons provide an effective "shut down" echelon
but this is not so. The power range is not isolated from all other functions and is not an
effective sentinel.

The source and intermediate range detectors are automatically withdrawn from their normal
operating positions when the power level is above normal range coverage. All the changes
between different ranges, interlocks and set-point bypasses are automatic.

The distance between the detectors and their transmitters is approximately 10m and between
the transmitters and the convenor processing electronics approximately 180m. The
transmitters are located inside the containment and it is therefore probable that environmental
qualification is a safety consideration. Chambers last 5 or 6 years.

Testing is done in an analogous way to that on Units 1&2:

The detector signals for the three channels (six for the operating range) within
a particular train are monitored and compared continually. Recalibration is
necessary if the difference between channels exceeds 2%.
The operational range channels are calibrated monthly by heat balance.
Manual testing of the convenors and processing electronics is done annually
We were unable to find out if the detectors themselves are tested on a regular
basis.

Separate detectors and processing electronics are used for the information displayed in the
reserve control room.

6.3.2.2 Assessment

See section 6.2.2.2. It is accepted that the systems are different in many ways and one is not
sure about, for example, the detailed operating procedures. Nevertheless, the
recommendations in 6.2.2.3, 6.2.2.4 and 6.2.2.5 apply.

6.3.2.3 Recommendations for improvements.

a) Recommendation 6.2.2.3a) applies.
b) Recommendation 6.2.2.3b) applies.
c) Recommendation 6.2.2.3c) applies.

6.3.2.4 Recommendations for complementary studies.

a) Recommendation 6.2.2.4a) applies.
b) Recommendation 6.2.2.4b) applies.
c) Recommendation 6.2.2.4c) applies.
d) Recommendation 6.2.2.4d) applies.
e) Recommendation 6.2.2.4e) applies.
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6.3.2.5 Proposals for future evaluations.

a) Recommendation 6.2.2.5a) applies.
b) Recommendation 6.2.2.5b) applies.
c) Recommendation 6.2.2.5c) applies.

6.3.3 Technological instrumentation

6.3.3.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2

B) Description and Implementation of the System.

The technological parameters system on Unit 3 does not have the benefit of new safety trains.

6.3.3.2 Assessment.

See section 6.2. The recommendation of 6.2.3.5 applies

6.3.3.3 Recommendations for improvements.

None.

6.3.3.4 Recommendations for complementary studies.

None.

6.3.3.5 Proposals for future evaluations.

a) Recommendation 6.2.3.5a) applies.

6.3.4 Safety protection functions

6.3.4.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2

B) Description and Implementation of the System.

This protection system also has two redundant trains, each containing three channels. Voting
is again Ioo2 from 2oo3.
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Similar architecture and hardware are used in the SPS and the engineered safety system. The
voting logic and comparators use digital hardware with static logic, ie outputs held fixed at 1
or 0. The logic is arranged such that in a "healthy" condition the output from each unit is 1
and in a "tripped" condition the output is 0. The two redundant trains are located in physically
separate rooms. All interlocks and set-point bypasses are automatic.

The design requirements for reliability of each train were quoted as follows (but see comment
below):

Failure to operate - 10 per year (?)

Spurious operation - 10 per year

It is claimed that a probabilistic analysis has been completed but the results were not available.
We gained the impression that the system did not meet the above requirements.

Monitoring of the sensors is performed by on-line comparisons. The trains are also tested by
functional comparison.

6.3.4.2 Assessment.

See section 6.2.4.2.

The layout of the SPS on Unit 3 is better than that on Units 1&2. Nevertheless,
recommendations 6.2.4.3 a), possibly 6.2.4.3c) and 6.2.4.4a) & b) apply.

One wonders about the validity of the automatic interlocks and bypasses and the extent that
safety is vested in them.

Comment is made elsewhere about the units used for expressing reliability. An attempt was
made to settle this question but it remains unresolved. Failure to operate cannot have
dimensions of time - suppose it were never asked to operate? The discrepancy between
requirement and possible performance is of interest (recommendation 6.3.4.5a)).

It is noted that some functional details are different from those on Units 1&2. For example,
the power range upper trip is set at 107% rather than 110%. Loss of main coolant pumps
leads to different power set back:

Loss of 1 pump - reduce power to <60%
Loss of 2 pumps - reduce power to <40%

These changes are initiated by the preliminary protection logic.
The ventilation arrangements on Unit 3 are better than those on Units 1&2.

6.3.4.3 Recommendations for improvements.

a) Recommendation 6.2.4.3a) applies.
b) Recommendation 6.2.4.3c) possibly applies.
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6.3.4.4 Recommendations for complementary studies.

a) Recommendation 6.2.4.4a) applies.

b) Recommendation 6.2.4.4b) applies.

6.3.4.5 Proposals for future evaluations.

a) Examine the reliability assessments for the SPS and compare them with the
specifications.

6.3.5 Control functions

6.3.5.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2

B) Description and Implementation of the System.

The basic architecture is similar to that described previously for Units 1&2. See section 6.2.5
and Figure 6.F.5

Control may be based on temperature or on ex-core flux, the latter being the most used. The
different operating modes are>

0 to 10% power - Manual control

10 to 50% power - Automatic control based on ex-core neutron flux

>50% power - Secondary circuit pressure (turbine regulator)

As has been stated, the core is big enough for Xenon driven instability. In these circumstances
the power regulator is inadequate and operator action is necessary. He works with
information from the in-core monitoring system but even so, the core can exceed operating
limits and may have to be shut down. Other reactors such as the W E R 1000 at Kozloduy
have a similar problem and there are, at present no suitable control methods. The Kurchatov
Institute is working on the subject.

6.3.5.2 Assessment.

See section 6.2.5.2

The Xenon problem could, in principle, generate a large enough instability to overcome the
built-in margin to DNB. This should be checked (recommendation 6.3.5.5a)).
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6.3.5.3 Recommendations for improvements.

a)
b)

6.3.5.4

None.

6.3.5.5

a)

Recommendation 6.2.5.3a) applies.
Recommendation 6.2.5.3b) applies.

Recommendations for complementary studies.

Proposals for future evaluations.

Examine the possible consequences of Xenon instability, particularly under
load following conditions and ensure that no threat to safety exists.

6.3.6 Power Iimiter and preliminary protection system

6.3.6.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2

B) Description and Implementation of the System.

The power regulator and limiter are implemented with analogue rather than digital hardware.
The operating criteria for the power limiter are:

No. OF MCPs
OPERATING

4
3
4

2 (adjacent)
2 (opposite)

No. OF FEEDWATER
PUMPS OPERATING

2
2
1
1

Ior2

ALLOWED POWER

102%
69%
52%
42%
52%

An additional constraint is that the power must be reduced by 10% if the frequency drops to
49Hz.

6.3.6.2 Assessment.

See section 6.2.3.2

6.3.6.3 Recommendations for improvements.

a) Provide a MCR display which indicates the allowed and actual power.

6/50



6.3.6.4 Recommendations for complementary studies.

None.

6.3.6.5 Proposals for future evaluations.

None.

6.3.7 Segregation between control and protection

6.3.7.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2

B) Description and Implementation of the System.

6.3.7.2 Assessment.

Time did not permit a detailed assessment of both reactor types but it was clear that the
general segregation on Unit 3 is better than that on Units 1&2. Control and protection
functions are physically separated, racks are closed, ventilation is duplicated etc. It is
necessary, however, to ensure that this is correctly done (recommendation 6.3.7.3a)).

We were unable to discuss isolation between the control and protection systems and this must
be examined (recommendation 6.3.7.3a)).

6.3.7.3 Recommendations for improvements,

a) Recommendation 6.2.7.3a) applies.

6.3.7.4 Recommendations for complementary studies.

None.

6.3.7.5 Proposals for future evaluations.

None.

6.3.8 Engineered safety systems and safeguard action control

6.3.8.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2.
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B) Description and Implementation of the System.

Once again, three redundant safety systems trains are provided. Each of the three consists of
four channels with 2oo4 voting within each train. If one of the channels in a particular train
fails, the voting is modified to 2oo3. A schematic diagram for one safety system parameter is
given in Figure 6.F.6

The transmitter and other hardware is very similar to the protection system equipment
described in the previous section. That for different trains is located in physically separate
rooms. To reduce the probability of spurious actuation the voting logic is arranged such that
in a 'healthy' condition the outputs are 0, and in a 'tripped' condition they change to 1 ie they
are opposite to those in the SPS. Again, no figures were available from the probabilistic safety
evaluation of the design.

Each train is taken out of service once per shift for testing. This is achieved by the use of a
bypass switch located in the appropriate equipment room. The use of bypasses is under strict
administrative control. After the train has been bypassed, the system is tested automatically by
computer. The details of the testing were not discussed.

6.3.8.2 Assessment.

See section 6.2.

There could also be concern about the difficult of designing for failure to safety on safeguards
equipment and the reliability of the test switches - how do we know that the equipment is put
back to service correctly? Both of these would be covered by an FMEA (recommendation
6.3.8.4c)).

6.3.8.3 Recommendations for improvements.

None.

6.3.8.4 Recommendations for complementary studies.

a) Recommendation 6.2.8.4a) applies.
b) Recommendation 6.2.8.4b) applies.
c) Recommendation 6.2.8.4c) applies.

d) Recommendation 6.2.8.4d) applies.

6.3.8.5 Proposals for future evaluations.

None.
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6.3.9 In-core monitoring system

6.3.9.1 Information on the status at Rovno NPP.

A) The purpose of the system. See section 6.2.

B) Description and Implementation of the System.

The system used on Unit 3 is very similar that described previously for Units 1&2. The main
differences are:

There are 64 rather than 36 SPND instrumented stringers.
The SPNDs are longer and therefore more sensitive (a factor 10 increase in
the current generated).
Each stringer has 2 thermocouples.
95 rather than 210 thermocouples are used on the channel outlets so that the
total number of thermocouples is (64x2+95). There are no mixed outlet
coolant thermocouples.
The nominal margin to DNB is 30%.

Low level signals are sampled every 40mS. This is twice the cycle time of 20ms - 2 readings
are necessary to avoid errors due to contact bounce on the reed relays used for sampling.
High level signals are sampled with transistor switches every lmS. The conditioning
amplifiers and ADCs are duplicated.

The data are processed by two identical, CM-2M based computer systems, one of which is
operational with the second in reserve. These machines run the "Gindukush" software which
recovers the data, does preliminary processing to correct sensor readings with simple, stored
coefficients, calculates power distributions, DNBR's etc, compares the results with set points
and drives the displays. These machines support the overall data acquisition system.

A second pair of processors does more extensive calculations off-line and provides up to date
values of correction coefficient twice per month.

There is also an external mathematical support machine, used for reactivity calculations and
similar work.

Accidents which could incapacitate the computers (eg fire in the single computer room) are
not safety critical. Procedures permit operation without the computers although power must
be reduced to 70% if the machines are not back on line within 2 hours.

6.3.9.2 Assessment.

In-core power distribution determination via flux measurement is a difficult field and large
errors are possible. In power plant situations the main validation is that of experience and in
this context it was claimed that the Rovno hardware and software enjoy essential continuity
since the mid 1980's. External validations have been carried out eg by Skoda in 1980. The
software for the W E R 1000/320 was also specially verified during 87-88. There has been
some variation of hardware since, but were told that this did not violate the software
continuity.
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The main current issue is that the CM-2M is outdated and is at its limit, allowing no
development. The present installation does not allow adequate data backup, makes it difficult
to improve the displays and prevents installation of additional facilities such as loose parts
monitoring. Higher standards of operator support such as power distribution prediction could
well be justified on safety grounds and modern operator interface computer techniques are not
being used. It is not clear that one should go as far as the installation of expert systems but it
is certainly true that operator support is not up to modern standards (recommendation
6.3.9.5a).

It was agreed that the control room displays are poor by modern standards although this was
not a safety problem.

6.3.9.3 Recommendations for improvements.

None.

6.3.9.4 Recommendations for complementary studies.

None.

6.3.9.5 Proposals for future evaluations.

a) Evaluate the possible benefits of installing improved computers in place of the
outdated machines. This is potentially more relevant for unit 3 due to its
higher core power ratings (compared to Units 1 and 2).

6.3.10 Failed fuel detection

6.3.10.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2.

B) Description and Implementation of the System.

The instrumentation on Unit 3 is similar to that described previously for Units 1&2 but it
includes an additional a gamma spectrometry system which samples each of the four primary
circuit loops.

The activity levels at which action is necessary are different from those on Units 1&2. For
example, investigation must be initiated at 10 Ci.l and the reactor must be shut down at
10 Ci.l" . These figures are bigger from those on Units 1&2 by about an order.

6.3.10.2 Assessment.

As is stated in section 6.2.10.1, USSR,1982(?) sets limits on the permitted degree of fuel
failure. These have been interpreted as coolant activity operating limits but there is
considerable scope for doubt about the conversion factors used. Fission product escape from
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failed fuel varies widely depending on the relationship between the time required for diffusion
out of the element to the halflife of the isotope in question. The literature is full of conflicting
data. However the activity levels specified are quite high and operational problems are
unlikely.

Otherwise, the systems seem very comprehensive and should prove satisfactory in service. It
was agreed that the stripper chambers occasionally suffer from insulator contamination but this
is normal and not a safety issue.

6.3.10.3 Recommendations for improvements.

None.

6.3.10.4 Recommendations for complementary studies.

None.

6.3.10.5 Proposals for future evaluations.

None.

6.3.11 Primary circuit leak monitoring

6.3.11.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2.

B) Description and Implementation of the System.

This system was not assessed on Unit 3.

6.3.11.2 Assessment.

See section 6.2.

6.3.11.3 Recommendations for improvements.

None.

6.3.11.4 Recommendations for complementary studies,

a) Recommendation 6.2.11.4a) applies.

6.3.11.5 Proposals for future evaluations.

None.
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6.3.12 Boron monitoring

6.3.12.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2.

B) Description and Implementation of the System.

The system on Unit 3 is similar to that on Units 1&2. Three boron meters are provided in the
primary circuit. They are backed up by chemical analysis of samples.

The boron meters operate by neutron absorbtion and have an inherent drift of order ±0.5 g.l"1-
Information suggests that the accuracy and calibration stabiity of this equipment is poor.

6.3.12.2 Assessment.

The stated accuracy of the boron meters is probably acceptable when monitoring shutdown
concentrations of order 16 g.l" but becomes an embarrassment when the boron level is being
reduced during startup and under operating conditions. Drift of 15-20% per week is common.
This is overcome by making comparisons with the manual sampling results - this may be done
every half hour at startup. The errors are not a problem when monitoring higher
concentrations of perhaps 40-60 g.l in storage tanks.

An additional problem is the fact that the meters determine ioB
whilst the chemists assay total boron. The ratio of IOB to n B changes with irradiation and
this generates discrepancies. These are kept within bounds by leakage of boronated coolant
consequent make up with fresh material but could become more serious if leakage were
controlled. Fortunately, this is again not a primary safety problem. The differences between
the meters and the chemists can be reconciled and, provided that the cause is known, increase
in the concentration of total boron (fixed IOB) can be accepted within reason. Safety will be
invoked if the concentrations become high enough for plating out or for similar mechanisms
for removal from solution to occur (recommendation 6.3.12.5a)).

6.3.12.3 Recommendations for improvements.

None.

6.3.12.4 Recommendations for complementary studies.

None.

6.3.12.5 Proposals for future evaluations.

a) Evaluate the feasibility of installing boron meters which have improved
calibration stability.

b) Examine the safety implications of high total boron concentrations. This is
not a matter of high priority.
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6.3.13 Secondary side monitoring

6.3.13.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2

B) Description and Implementation of the System.

The instrumentation used on Unit 3 is identical to that described previously for Units 1&2,
with the addition of one sensor on the steam separator.

6.3.13.2 Assessment.

No comments.

6.3.13.3 Recommendations for improvements.

None.

6.3.13.4 Recommendations for complementary studies.

None.

6.3.13.5 Proposals for future evaluations.

None.

6.3.14 Turbine regulator

6.3.14.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2

B) Description and Implementation of the System.

The turbine regulator controls either the secondary circuit pressure or the turbine electrical
power, depending on the operating mode of the reactor power regulator. A schematic of
turbine regulator system is given in Figure 6.F.7. Two identical microprocessors are used, one
operational and one in reserve. Discussions suggested that the processor is based on an 8 bit
INTEL design. The two computers share the same sensors and conditioning units.
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The input parameters are secondary circuit pressure (three measurements) and electrical
power and frequency. The control algorithm is based on two loops, one, which has fast
response to protect against over speed, and a second, with slower response for the regulating
functions. The normal operating mode is control of the secondary circuit pressure.

The software has built in self-testing but time did not allow a detailed discussion on how this is
implemented. Calibration of the conditioning amplifiers is monitored by sampling signals
before and after the amplifiers. Monitoring of the operational computer is performed by the
standby computer. It is assumed that operation on the standby alone is permitted for only a
limited period as no monitoring could then be provided.

The equipment was delivered in 1984/5 and commissioned in 1986.

6.3.14.2 Assessment.

No comments, beyond noting that we were unable to evaluate the matching problem discussed
in section 6.2.14 (recommendation 6.3.14.5a)).

6.3.14.3 Recommendations for improvements.

None.

6.3.14.4 Recommendations for complementary studies.

None.

6.3.14.5 Proposals for future evaluations.

a) Recommendation 6.1.14.5a) applies.

6.3.15 Main and emergency control rooms

6.3.15.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2.

B) Description and Implementation of the System.

1. Main control room: The Unit 3 MCR is intermediate in development between an older
"manual" MCR and one based fully on computer technology. Data are displayed page by page
on VDU's but the controls are all on manual boards which line the room. The VDU's are
backed up and operation is permitted in the event of their failure. The layout is conventional
with three operator positions. An additional, small VDU displays the ex-core flux data in a
format similar to that used on Units 1&2.
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The displays run on Gindukush software and the information is frequently updated. For
example, the in-core data is refreshed every 16 seconds, 2 seconds being available on demand.
The accuracy of demanded information was said to be:

Temperature : ±0.18°C
Power coefficient : ±0.5%

These are quite different from the figures quoted in section 6.2.8

The operator can demand a variety of displays and there is a single display of most important
parameters - analogous to a Safety Parameter Display System screen.

2. Reserve control room: The RCR is on a floor about 10m below the MCR. It contains
all the necessary basic systems including 3 source range flux channels (period & power from
dedicated sensors) and signals from the two safety trains. Separate sensors and processing
electronics are used for this information.

Telephone and tannoy communication with the plant is provided, as is a complete set of
operating manuals.

The ventilation system is separate from that of the MCR.

6.3.15.2 Assessment.

1. Main control room: The MCR and its displays seem well designed for their purpose
and they apparently suit the operators. We were told that both were satisfactory although
more on-screen parameters would be appreciated. More parameters related to the one of
immediate interest ie a more comprehensive display (from a bigger computer?) seem to be
required. An expert system would also be nice but meanwhile the present instructions are
quite acceptable.

To us, the displays seemed comprehensive enough but their quality was not that which we
have come to expect. They shimmered and we found the colour contrast inadequate.
However, the operators are used to this and seemed to have no trouble. They would probably
agree, however, that hum plus poor horizontal hold on the flux display left a great deal to be
desired.

We checked that the displays bear a one-to-one relationship with the back panel diagrams.

2. Reserve control room: The RCR is much better than that of Units 1&2 and is difficult
to fault. It had the atmosphere of a place in which one could work and, on reflection, one
suspects that it is exercised (recommendation 6.3.15.3a)).

The accident decision room will presumably be the same for all 3 units (recommendation
6.3.15.3b)).

6.3.15.3 Recommendations for improvements.

a) Recommendation 6.2.15.3b) applies.
b) Recommendation 6.2.15.3c) applies.
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6.3.15.4 Recommendations for complementary studies.

None.

6.3.15.5 Proposals for future evaluations.

None.

6.3.16 Data processing system

6.3.16.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2

B) Description and Implementation of the System.

The system architecture is similar to that described previously for Units 1&2. The differences
which exist and the 'man-machine' interface are discussed in sections 6.2.10 and 6.3.10.

6.3.16.2 Assessment.

No comment.

6.3.16.3 Recommendations for improvements.

None.

6.3.16.4 Recommendations for complementary studies.

None.

6.3.16.5 Proposals for future evaluations.

None.

6.3.17 System cables, containment penetrations and equipment segregation

6.3.17.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2.
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6.3.17.2 Assessment.

Refer to the comments for Units 1&2 in section 6.2.17. Generally, the overall quality of the
cable installations was found to be better on Unit 3.

As has already been noted, the levels of physical segregation on Unit 3 are better than those on
Units 1&2. The SPS, control circuits and control rod logic are in separate rooms although the
power transformers for the last named are situated in a corridor.

The cables for redundant protection and safety systems trains use diverse, segregated routes.
A detailed analysis would be required to identify any weak points.

We were unable to discuss the other factors identified in section 6.2.17.2 and, in consequence,
must make the same recommendations (recommendations 6.3.17.3a) to e) and 6.3.17.4a) to f).

6.3.17.3 Recommendations for improvements.

a) Recommendation 6.2.17.3a) applies.
b) Recommendation 6.2.17.3b) applies.
c) Recommendation 6.2.17.3c) applies.
d) Recommendation 6.2.17.3d) applies.
e) Recommendation 6.2.17.3e) applies.

6.3.17.4 Recommendations for complementary studies.

a) Recommendation 6.2.17.4a) applies.
b) Recommendation 6.2.17.4b) applies.
c) Recommendation 6.2.17.4c) applies.
d) Recommendation 6.2.17.4d) applies.
e) Recommendation 6.2.17.4e) applies.

f) Recommendation 6.2.17.4f) applies.

6.3.17.5 Proposals for future evaluations.

None.

6.3.18 Environmental conditions and equipment qualification

6.3.18.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2
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6.3.18.2 Assessment.

Refer to the comments on Units 1&2 in section 6.2.18 (recommendations 6.3.18.5a) to d)».

The transmitter rooms are located inside the containment and this adds force to
recommendation 6.3.18.5a).

Recommendation 6.3.18.5c) is reinforced by the fact that extensive use is made of older digital
hardware in the Unit 3 protection and safety system. This equipment is installed in cabinets
with fan assisted cooling and the reliability of these fans is important. The reliability of the
room ventilation systems may also be a safety issue.

6.3.18.3 Recommendations for improvements.

None.

6.3.18.4 Recommendations for complementary studies.

None.

6.3.18.5 Proposals for future evaluations.

a) Recommendation 6.2.18.5a) applies.
b) Recommendation 6.2.18.5b) applies.
c) Recommendation 6.2.18.5c) applies.
d) Recommendation 6.2.18.5d) applies.

6.3.19 Testing and calibration.

6.3.19.1 Information on the status at Rovno NPP.

A) The purpose of the system.

See section 6.2.

B) Description and Implementation of the System.

These issues are addressed in section 6.2.19 and the same recommendations apply.

As in Units 1&2 monitoring of sensors is performed by on-line comparisons of signals within
the same train. Limits are imposed for the maximum deviation within a group of sensors.

6.3.19.2 Assessment.

No comments.
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6.3.19.3 Recommendations for improvements.

a) Recommendation 6.2.19.3a) applies.

b) Recommendation 6.2.19.3b) applies.

6.3.19.4 Recommendations for complementary studies.

None.

6.3.19.5 Proposals for future evaluations.

a) Recommendation 6.2.19.5a) applies.

6.3.20 Other systems and general comments

6.3.20.1 Information on the status at Rovno NPP.

The items discussed in section 6.2.20 apply.

6.3.20.2 Assessment.

No comments.

6.3.20.3 Recommendations for improvements.

None.

6.3.20.4 Recommendations for complementary studies.

None.

6.3.20.5 Proposals for future evaluations.

a) Recommendation 6.2.20.5a) applies.
b) Recommendation 6.2.20.5b) applies.
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7 CONTAINMENT

7.1 BASIS FOR EVALUATION

The evaluation of the containment building for ROVNO NPP (Units 1, 2 and 3) was based
mainly on the IAEA design basis for the containment system (Safety Guide No. 50-SG-lZ)
and on 10CFR50, Appendix A. Both documents contain the general criteria that are followed
by most Western NPP for the design, construction, inspection and testing of the containment
building.

The evaluation focused more specifically on the following aspects, which are included in the
above-mentioned documents:

• The main objective of a containment system is to keep radioactive emissions to the
environment within acceptable limits under accident conditions.

• The containment structure - including access openings, penetrations and containment
heat removal system - should be designed so as to accommodate with a sufficient
margin the calculated pressure and temperature conditions resulting from any loss-of-
coolant accident (LOCA), without exceeding the design leakage rate. Considerations
regarding protection against external events may be combined with other
considerations.

• The containment should be designed to permit:

Proper periodic inspection of all important areas, such as penetrations,
The establishment of an adequate surveillance programme,
Periodic testing of the leaktightness through the containment walls and
penetrations featuring resilient seals and expansion bellows.

• The piping systems that penetrate into the containment should be provided with leak
detection and isolation systems, as well as with redundancies of the containment
capabilities. The design of these piping systems should feature capabilities to test
periodically the operability of the isolation valves and to determine if valve leakage is
within acceptable limits.

• The containment should meet the test requirements provided for preoperational and
periodic verification of the leaktightness of the containment and of the systems and
components that penetrate into it. The purpose of the tests is to ensure that leakage
through the containment and from systems and components penetrating into the
containment do not exceed the allowable leakage rate. The evaluation criteria of the
containment testing programme are based on the ANSI/ANS-5 6-8 Standard
"Containment System Leakage Testing Requirements" and on Appendix J to
10CFR50, which specifies the minimum acceptable containment system leakage rate
test requirements to ensure valid testing.

• During normal operation, hydrogen and oxygen are released as a result of radiolysis in
the core. Their escape from the reactor coolant system by leakage may lead to
combustible concentrations under unfavourable geometrical conditions. After a loss-
of-coolant accident, a mixture of hydrogen and air could be formed in the containment
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atmosphere. Therefore, the amount of hydrogen formed during normal operation and
loss-of-coolant accident conditions should be calculated; if the estimated quantities
may lead to hydrogen concentrations above the ignition limit, a hydrogen monitoring
or sampling system should be installed, and measures would be taken if required to
ensure that local or global hydrogen concentrations do not reach levels which could
endanger containment integrity.

In short, the two main aspects considered in the evaluation of the containment in ROVNO
NPP Units 1, 2 and 3 are the following:

• Maintain structural integrity in case of internal or external loads generated in the
postulated events (LOCA, earthquake, etc ...) during the life of the NPP.

• Maintain leaktightness of the pressure-retaining boundary in order to maintain below
the allowable limits the release of radioactivity to the environment.

The experts were given the design documentation (drawings) and they were provided with
information on the calculation results. There was no possibility to present documents jointly
possessed by all the design organizations-participants for review.

7.2 UNITS 1 & 2

7.2.1 Loading Design Rules

7.2.1.1 Information on the Status at ROVNO NPP

During the design stage of Units 1 and 2, there were no specific codes or rules applicable to
the design of the containment building of nuclear power plants; consequently, classic
construction and design regulations applicable to civil works were adopted, and the level of
conservation was increased in some cases, as in the case of the earthquake. A factor 4 was
considered for the calculation of the Maximum Design Earthquake (MDE) applicable for the
maximum earthquake in 10,000 years, instead of the factor 2 recommended by classic
construction regulations applicable to civil works.

According to the TOB, the following criteria were considered:

• The containment to be designed to withstand any design load occurring during a
LOCA up to the break of a reactor cooling pipe (§ 500 mm), and to ensure radioactive
products are confined to the containment,

• The reinforced concrete containment provided with a metal liner to be designed to
maintain its structural integrity under the effects of temperature, pressure and other
internal mechanical loads, as well as under the effects of external loads (such as
earthquake and pressure wave),

• All leaktightness components (isolation valves, pipes, electrical penetrations, etc ...) to
be protected against the action of jets, impact waves and missiles which could result
from a LOCA. Position of the isolation valves ensuring containment leaktightness in
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emergency conditions. Valves to be located so that the length of pipe between them
and the containment penetration is minimal.

The following load levels and combinations were taken into account in the structural design of
the containment:

• The basic level (or normal operation) covers the following types of loads:

Long term equipment load (dead weight and permanent loads of equipment and
structures),

Short term equipment loads (maintenance, temperature variations, changes of fluid
level, etc...),

Normal operation conditions (pressure, temperature),

Abnormal operation conditions (extreme operation conditions and small
accidents),

Normal climatic conditions

• In addition to normal operation loads, the special level (accident level) includes the
design basis accident loads (overpressure, underpressure, missile impact loads, thermal
effects), seismic loads, pressure wave and extreme climatic conditions.

A load level "before operation" was considered during the construction of the power plant.
The table below shows the load combinations considered in the design.

Combina
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The following three pressure levels are considered inside the containment:

• Normal operation: -20 mm water column,
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• Abnormal operation: > 1,1 bar (abs),

• Design Basis Accident: 2,5 bar (abs) and 0,85 bar (abs).

The maximum temperature levels considered in the design are as follows.

• Normal operation: 60°C,

• Abnormal operation: 70°C,

• Design Basis Accident: 127°C.

The seismic levels considered in the design are 5 and 6 MSK.

The effect of equipment dropped from the crane in the Reactor Building Hall was also
considered, taking into account the following aspects:

• There are administrative rules preventing the passage of the loaded crane above a unit
in operation.

• During the refuelling outage, the transport of heavy loads (reactor cover dome,
control rod actuator devices, reactor vessel dome, equipment hatches, etc ...) up to
their storage positions should be performed on established paths. These paths run
above vertical walls inside the containment and above the most solid areas of the
containment; furthermore, a maximum height (20 cm) with respect to the floor is
established to minimize the effect of a possible drop.

In any case, these areas were evaluated in function of the impact load implied by the
drop of these equipment items. Since the plant would be in shutdown mode, this load
was not combined to any from the normal operation mode, nor was it considered to
happen simultaneously with seismic loads.

• The fuel handling machine constitutes an exception to the previous point, since there is
only one machine for the two units and it is stored above the fuel transfer pool. In
other words, the machine has to be passed above the unit in operation to bring it to the
unit in refuelling. In this case, the maximum height above ground is maintained and a
pre-established transport path is used; the zones that could be affected by the
equipment drop were evaluated in function of this impact load combined to the
maximum containment underpressure during normal operation (-20 mm water
column).

This point is treated in § 8.2.4.

The design of ROVNO NPP Units 1 and 2 did not take into account the loads of an aircraft
crash, nor did it consider the loads produced by hydrogen explosions inside the containment.
The documents regulating design and construction of Rovno NPP did not consider the loads of
an aircraft crash as well as hydrogen explosions inside the containment. There is also no
precise provisions as to aircraft crash cases in the contents of existing normative documents.
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ROVNO NPP staff are currently negotiating with civil and military authorities the creation of
an exclusive area around the power plant where aircraft flights would be forbidden, thus
eliminating the need to consider the aircraft crash in the design. As regards the pressure wave,
ROVNO NPP staff are trying to obtain a ban on railway and road transport of explosives
inside a determined sector surrounding the plant.

Regarding the pressure wave caused by explosions outside the containment, the Rovno NPP
management is negotiating with the competent organizations on the subject of prohibition of
explosives transportation by rail and roads through the NPP adjacent areas (the pressure wave
value considered is 30 kPa).
As to the 10 kPa and lower pressure waves originating on-site it seems expedient to calculate
the necessity of specific protective screen mountings or the possibility of positioning the
explosives at safe distance.

The IAEA has conducted the advisory meeting (November 29 to December 3, 1993) on the
bubble device experimental and calculated performances and their comparison in the
framework of non-budget programme on the W E R NPPs safety. This meeting resulted in
the report WER-SC-085 "Containment and Confinement Performance at NPPs with
W E R 440/213 and W E R 440/230 Reactors.

7.2.1.2 Assessment

Even though there was no specific regulation regarding containment buildings at the time the
units were designed, the following criteria, coinciding with Western practices, were adopted at
the design stage:

• Reduction of ventilation system penetrations to a minimum.

• Isolation valves fitted to every system passing through the containment. Devices to
check the leaktightness of valves (no evidence was given).

• Double access doors to the containment featuring interlocks between them to avoid
simultaneous opening and local devices to check leaktightness.

• Electrical penetrations with local devices to check leaktightness (no evidence was
given).

• Interface with the fuel pool achieved by means of a double liner with a leak collection
system.

• Bubble condenser tower connected to the steam generator box and is provided with
sufficient capacity to handle the design basis accident (a guillotine break of the reactor
cooling pipe).

• Auxiliary systems (spray system) to reduce and condense the effects of the design
basis accident (three independent lines).

• A metal liner covers the entire surface of the containment. In some walls, this liner is
on the external surface, while in others it is on the internal surface or embedded in
concrete.
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On the other hand, the design of these units presents certain peculiarities (such as the
following) that distinguishes it from the containments more commonly used in Western
countries for pressure water reactor NPPs:

• Numerous equipment hatches in the containment roof, which facilitate maintenance
operations and the replacement of internal components, but involves a higher number
of possible leak paths through sealing joints.

• The containment geometry (figures 7.F.I and 7.F.2) is formed by three large
parallelepipeds (steam generator box, bubble condenser tower, and recirculating
ventilation). The steam generator box is connected with the bubble tower by the right-
angled corridor the floor of which has the ventilation aperture. The volume of
recirculating ventilation is approximately 5000 m3. There is also a whole series of
small chambers inside the containment which are connected to the above-mentioned
volumes through relief valves.

These geometric shapes are not the most usual for pressure-retaining containment
buildings, due to:

Corners with high stress concentration factors
Walls bending instead of the traction that would result from a cylindrical surface.
This represents thicker walls and more reinforcement bars than are required for a
cylindrical containment with the same internal pressure.

Regarding the aircraft crash load in the containment design, Western standards indicate that it
should be taken into account only if a probabilistic study has allowed to establish, in function
of the flight itineraries, that the site location presents a higher possibility of impact than a
determined value. In the case of ROVNO NPP, while this load is not mentioned for Units 1
and 2, it is taken into account for Unit 3. This seems incongruous, considering the proximity
of the three units. In order to eliminate this discrepancy, the ROVNO NPP staff will take
measures with the authorities to prevent planes from passing above the plant and avoid
considering these loads.

The possibility of hydrogen formation inside the containment or the consequences of such an
event were not envisaged in the design of these units. Considering the geometry of the steam
generator box, featuring equipment hatches in the upper part and several internal chambers, it
seems expedient to analyse prolifiration and the possibility of hydrogen accumulation in the
containment chambers under normal operation, violation of normal operation and accident
cases. Furthermore, the existence of hydrogen storage tanks in the plant could have an impact
on the pressure wave load to be considered , despite the restrictions placed on the transport of
explosives near the power plant.

Containment behaviour under severe accidents beyond design conditions has not yet been
considered in these units. In Western countries, utilities are carrying out an evaluation of the
maximum structural capacity of the containment in view of internal pressure.

The Eastern experts explained that for DBA the calculations have justified the required
strength of the construction under the maximum internal pressure. Detection of separate
construction sectors having high strength performances is unreasonable.
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7.2.1.3 Recommendations for Improvements

None.

7.2.1.4 Recommendations for Complementary Studies

Regarding internal missiles risk, general recommendation is given in § 8.2.3.1.4.

Regarding the consideration of the aircraft crash load in the containment design, the
actions taken by ROVNO NPP staff to disregard this type of loads should be included in
a design document. Complementary recommendations are given in § 9.3.4.4.

It is also recommended to carry out a study evaluating the possible formation of
hydrogen pockets during the design basis accident, their possible location and the
potential risk of explosions taking into account the feed of medium from confinement to
the hydrogen recombining system by the ventilation system. In accordance with the
results of this study, it may be necessary to plan a system of hydrogen recombiners or
ignitors.

Regarding the load represented by the external pressure wave, it would be necessary to
quantify its value taking into account among others the hydrogen tanks stored in the
plant and then re-evaluate the containment areas which are more exposed (bubble
condenser tower, due to the large surface exposed to the exterior). The possible
occurrence of this event and the loads with which it would combine should be previously
evaluated (see recommendation in § 9.3.5.4).

In order to evaluate safety margins (for beyond design accidents), it is also
recommended to perform analyses of the maximum structural capacity of the
containment and of its penetrations in function of the internal pressure.

7.2.1.5 Proposals for Future Evaluations

More detailed evaluation of devices to check the leaktighness of valves and electrical
penetrations is proposed.

7.2.2 Load Values, including Normal Condition, Safety Coefficients and Criteria for
Materials

7.2.2.1 Information on the Status at ROVNO NPP

The maximum pressure and temperature values allowable in the containment at the different
operation levels, as well as the seismic levels and pressure wave, are indicated in section
7.2.1.1.

As mentioned in this section, the units present two operation load levels: basic and special.
The loads considered in both combinations include safety coefficients which tend to increase
the effect of loads regardless of their actuation mode. For example, 0.9 or 1.1 coefficients are
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used to maximize the permanent dead weight loads to cause the worst effect.

The 1.1 coefficient is used in combination with other loads in a vertical descending direction,
so as to increase the compression stresses. The 0.9 coefficient is used in combination with
other loads in a vertical ascending direction to increase the traction stresses.

The possibility of a simultaneous actuation of the loads contained in the "long term equipment
loads" and "short term equipment loads" sections has been taken into account. In these cases,
coefficients ranging from 0.5 to 1 are used, according to whether it is considered that all loads
actuate simultaneously or that only loads whose possibility rate is higher than a determined
value actuate simultaneously.

The coefficient employed for seismic loads is 1.

The coefficient employed for the internal pressure (2.5 bar) during the design basis accident
is l .

7.2.2.2 Assessment

The official design documentation of these units could not be completely reviewed during the
meetings held in ROVNO NPP and Kiev (the calculations were not available). Only the
personal notebooks of the Energoproekt Kiev Institute staff who participated in the design
were available. Because of the scarce documentation used during the meetings, and since it
was based on Russian standards issued after the design phase of the project, it was not possible
to assess the status of Units 1 and 2 based on Western practices.

7.2.2.3 Recommendations for Improvements

None.

7.2.2.4 Recommendations for Complementary Studies

The information was provided on the appropriateness of the project material
characteristics for the new normative documents. It seems expedient to carry out more
detailed comparison of material characteristics and margin coefficients considered in the
project with ones presented in the "Design Standards for Ferro-Concrete Structure of
the Localizing Safety Systems of the Nuclear Power Stations" PNAE-G-10-007-89 and
"Rules of Installation and Running of Localizing Safety Systems of the Nuclear Power
Stations" PNAE-G-10-021-90 and with the existing normative documents and to define
whether there are discrepencies affecting the construction calculation results, while in
case of short-term temperature increase this may be neglected.

7.2.2.5 Proposals for Future Evaluations

None.
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7.2.3 Thermohydraulic Analysis for Determination of Overpressure or Underpressure,
Peak Pressure and Time Characteristics

7.2.3.1 Information on the Status at ROVNO NPP

The design basis accident postulated is the guillotine break of the reactor cooling system pipe
(LOCA). The maximum values for pressure and temperature inside the containment are 2.5
bar (abs) and 127°C.

Two systems have been set up to reduce pressure build-up in the containment during the
LOCA.

• Bubble condenser tower,
• Sprinkler system.

The safety function of the bubble condenser tower is to decrease pressure in the containment
during a LOCA occurring within the boundaries of the steam generator box, by way of
condensation of the steam generated during the release of superheated coolant. The safety
function of the sprinkler system is to reduce pressure by spraying the sprinkler solution in the
containment volume (ensuring its quality regarding the degree of dispersion and uniformity of
their distribution) to ensure condensation of the steam formed during the accident.

The accident analyses were performed by the Russian Thermotechnical Institute (VII) with the
calculation program VSPLESK. The mathematical model used takes into account a total free
volume of ~ 48,000 m distributed in six chambers (figure 7.F.3). The maximum pressure
reached is 2.35 bar, taking into account a performance level of 100% for the bubble condenser
tower components (figure 7.F.4).

The maximum period during which the containment remains overpressurised is 12 minutes.
The sprinkler system is activated upon reaching an absolute pressure of 1.1 kg/cm inside the
containment and is not disconnected when the pressure falls to 0.85 kg/cm2. Should the
pressure rise again:

- up to 0.9 kg/cm2, the first pump is connectec by the operator;
- up to 0.95 kg/cm2, the second pump is connected by the operator;
- up to 1.0 kg/cm2, the third pump is connected by the operator.

7.2.3.2 Assessment

Figure 7.F.4 shows that, in the event of a design basis accident, the containment design
pressure is not exceeded, thanks to the actuation of the bubble condenser tower, followed by
that of the sprinkler system.

The overpressure phase of the containment lasts 12 minutes and goes rapidly back to negative
pressure values, thus stopping leakage to the environment and to adjacent rooms.

At this point, the operation and performance level of the bubble condenser tower remains
incertain, since tests have never been carried out on representative models. This statement
applies both to its structural capacity and to its behaviour from the thermohydraulic
perspective.
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The dynamic loads generated in each tray (gap-cap) during the condensation phase (sloshing)
could affect the integrity of the tray components (sleeve, caps, valves, etc ...). As far as we
know there is no documentary evidence that these components have been analyzed
numerically.

It seems that some tests have been performed but it is unknown if the thermohydraulic
calculations performed with the Russian program have been or not contrasted with a test. The
qualification process of the program is not known.

The project of carrying out a complete series of tests on scale models or complete models of
the bubble condenser tower appears is the best method to observe and verify the behaviour of
this component. This project, in which would participate all countries featuring this type of
NPP (WER 440/213), would help to know in more detail the performance level of the bubble
condenser tower. The conclusions of this project should be extrapolated to Units 1 and 2 of
ROVNO NPP. The "ENERGOPROJEKT" institute has carried out verification calculations
for Rovno Localizing Safety Systems Constructions in the framework of the IAEA RER
9/004. The calculations have justified the strenght of constructions and separate procedures of
construction components reinforcement were defined.

Complementary information is given in § 10.3.9.

7.2.3.3 Recommendations for Improvements

None.

7.2.3.4 Recommendations for Complementary Studies

None.

7.2.3.5 Proposals for Future Evaluations

See § 10.3.9.5.

7.2.4 Description of the Design, Structural Analysis and Status

7.2.4.1 Information on the Status at ROVNO NPP

Two types of models were used for the containment analyses :
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a) for the dynamic analysis, taking into account the interaction between the steam generator
box, bubble condenser tower and reactor building hall:

Reactor
building
hall

Steam
generator
box

Bubbler
condenser
tower

I I I I I II I II I I I 11 I I I I

b) an individualized model of the steam generator box and bubble condenser tower to calculate
their eigenfrequencies:

Steam
generator
box

Bubbler
condenser
tower
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For the thermal analyses, extreme temperatures during normal operation were considered, ie
+20°C and +55°C. This At = 35°C was considered jointly to calculate displacements and
maximum strains in the containment at its interface with adjacent structures (turbine building).
The boundary conditions for analysis of horizontal thermal expansion are shown below:

walls anchored to
building slab basemat

the

walls not anchored to the
building slab, capable of
sliding horizontally

Steam generator box

Reactor shaft

Bubbler condenser tower

Calculations talcing into account overpressure and internal negative pressure, permanent loads,
short-term and long-term technical loads were performed through the use of formulae and civil
construction standards. The walls separating the various inner chambers of the containment
were designed taking into consideration the maximum differential pressure during the design
basis accident.

7.2.4.2 Assessment

In the analyses carried out, a lack of detail was perceived in the mathematical models used to
represent containment behaviour.

The complete reactor building is a structure with very singular characteristics. It is joined to
the slab by the bubble condenser tower and the reactor vessel shaft. The other parts rest on
the vertical walls of the auxiliary chambers located below the containment.

Above the steam generator box is the reactor building hall with the crane and fuel transfer
pools. It is joined laterally to the turbine building structure and the bubble condenser building,
which precludes the reactor hall constructions horizontal sliding. These unions are
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theoretically not very stiff and would allow horizontal sliding; however, they are more stiff in
the vertical direction, but the influence was considered negligible by the designer.

In summary, the containment boundary conditions are quite complex which is why the models
used to represent containment behaviour should not be too simple.

On the other hand, it was not possible to verify the level of conservatism or degree of precision
of the calculations, since a structural integrity test measuring strains and stresses was never
performed. In accordance with Western requirements (ASME code) it is necessary to conduct
a test with at least 1.15 times the containment design pressure and to verify the stress and
strain levels during the test.

Currently, there are a large number of FEM analysis programs which can be used to represent
the static and dynamic behaviour of complex structures according to their layout and boundary
conditions and may be used to analyze the static (pressure, temperature) and dynamic
(earthquake) load cases of the containment.

Pipe penetrations in the containment should maintain their integrity during normal and accident
operation conditions. This is why it is an extended practice in the Western project to apply
more restrictive design criteria for this component than for the rest of the piping (MEB 3-1).
That is, the maximum allowable stresses in the piping section between isolation valves are
lower than in the rest of the line. This criterion has not been considered in ROVNO NPP, but
in any case, the penetrations are calculated in accordance with the existing rules covering
maximum possible parameters in the pipe (the maximum operating and accident modes). The
calculations are performed using up-to-date calculating verification programmes with enough
margin coefficients, thus there is no need to apply the decreased allowed stresses.

7.2.4.3 Recommendation for Improvements

None.

7.2.4.4 Recommendations for Complementary Studies

The following studies are recommended to be performed :

* Seismic reevaluation of the containment building (including the bubble
condenser tower) using an analysis model with sufficient detail to accommodate
all the peculiarities of the boundary conditions and interfaces with adjacent
structures. Such evaluations will allow to updatedly assess structure durability
capacities (conservative level) and decisions to be taken under the accident
conditions will be sufficiently justified.

* Reevaluation of internal pressure and thermal loads in the containment
building, with a detailed finite element model, taking into account geometrical
and boundary conditions.

* Reanalysis of tray components, using finite element analysis models which take
into account interaction with the fluid content.
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At medium term, preparation and realization of a test in one of the two units at
design pressure (2.5 bar abs) and verification of the containment stress level and
strain.

Reanalysis of the piping section between the isolation valves against more
restrictive criteria than those used in the rest of the line, to guarantee the
integrity of the pressure-retaining boundary.

7.2.4.5 Proposals for Future Evaluations

None.

7.2.5 Penetration including Design, Execution, Behaviour

7.2.5.1 Information on the Status at ROVNO NPP

Units 1 and 2 show the following types of penetrations in the containment pressure retaining
boundary:

• Personnel access locks (4)
• Equipment hatches
• Pipe penetrations (figure 7.F.5)
• Ventilation penetrations
• Electrical penetrations
• Reactor cover dome
• Fuel pool gate

The structural integrity (design basis accident) and tightness criteria required in the rest of the
containment have been taken into account in their design.

Use of the personnel access locks is controlled by an administrative procedure. There are
interlocks to prevent doors from being open at the same time. An equalizing valve is provided
to open a door with a pressure differential in the lock.

Electrical penetrations seems to include a device for testing local ieaktightness (see § 7.2.1.2).

The number of penetrations to the containment are kept to a minimum for ventilating systems.

Locks and hatches are subjected to a programme for periodical replacement of seal joints to
avoid their deterioration.

The pipe penetrations have been designed to support pipe break loads.

Each pipe and ventilation penetration has been fitted with isolation valves inside and outside
the containment (quick acting shutoff valves with pneumatic actuator). Figure 7.F.6 shows the
criteria followed for installing these valves. Only the drain lines fo the steam generator box to
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the ECCS pump have a single external valve but they are equipped with a guard pipe to
prevent pipe break in the section between the valve and the containment from leading to
bypass of the containment.

7.2.5.2 Assessment

The penetration design ensures integrity and leaktightness of the containment pressure-
retaining barrier against the maximum loads which could be produced inside or outside the
containment during operation in normal or accident conditions. The criterion is in keeping
with Western practice for the design of these components.

All the penetrations have been designed for an internal containment pressure of 2.5 bar (abs)
and seems to be equipped with devices to ensure their leaktightness (see § 7.2.1.2).

The condition of the seal joints in hatches and locks could not be verified in situ since both the
units were in service; however, it was verified that these joints were subject to a periodic
replacement programme.

It was observed that a telephone wire was passing through the seal joint of the personnel
access lock. This was also observed in the access doors to containment auxiliary equipment
areas. This prevented leaktight closure of the door and contributed to the increase in the leak
level. It was repaired immediately and the control was improved.

The isolation valves of the pipe penetrations are grouped together in chambers where it has
been estimated that there is no possibility of their being affected by jets, internal missiles, etc ...
Although this design criterion is in keeping with Western practices, it has not been
documented in the project. Due to Eastern practice, the available assembling, compositive and
design drawings of pipelines give the clear picture of the possibility of internal hazards
influencing on the isolation valves.

7.2.5.3 Recommendations for Improvements

See § 7.2.6.3.

7.2.5.4 Recommendations for Complementary Studies

It is recommended to document the condition of the isolation valves with regard to
internal hazards.

7.2.5.5 Proposals for Future Evaluations

None.
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7.2.6 Leaktightness Test

7.2.6.1 Information on the Status at ROVNO NPP

Since 1990, a global leak test campaign is conducted annually during refuelling outages. The
results of the global test are given below:

UNIT

1

2 s

YEAR

1990

1991

1992

1993

1990

1991

1992

MAXIMUM TEST
PRESSURE (Kpa)

134.3

183.2

203.0

170.0

161.8

199.3

207.9

PREDICTION AT
DESIGN PRESSURE (250 Kpa)

(mass %/day)
181.0

110.7

98.7

88.0

172.0

142.0

98.4

Local test campaigns are carried out on the following components:

COMPONENT
Electrical penetrations

DN250 valves (bubble condenser
tower)

DN500 valves (bubble condenser
tower)

Personnel access locks

Hatches

Ventilation isolation valves

Isolation valves

TEST METHOD
Pressurization

Vacuum box +
actuation load

Vacuum box +
actuation load

Pressurization

Pressurization

Pressurization

Pressurization

PERIODICITY
Yearly

Yearly

Yearly

Yearly

Yearly

Yearly

Yearly

QUANTITY
25%

25%

25%

25%

25%

25%

25%
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The welds between liner plates and between these and the penetrations are also inspected. A
programme of weld repairs is carried out in each refuelling outage to improve the leaktightness
level.

The containment global test method used is the "absolute method" which calculates the leak
between two pressure values, taking into account adjustments due to temperature and
humidity. Thermocouples are placed in each of the inner containment chambers. Before
collecting data, these chambers undergo a period of homogenization lasting several hours.

During the global test, the doors and air traps of all the internal containment chambers are kept
open, and also the doors which communicate the bubble condenser tower and air traps are
kept open.

At present, the maximum level of allowable leaks is 100% the total containment volume per
day, ie approximately 48,000 m3/day, at an absolute pressure of 250 Kpa. This evaluation was
performed by the Kurschatov Institute and is presently pending approval by GANU.

7.2.6.2 Assessment

In comparison with Western practices, the leak rate existing in the two units is very high. If it
is compared to other power plants of the same design such as Greifswald (Germany) or Paks
(Hungary), with values between 0.6% and 14%, the leak rate observed is still very high.

However, according to the accident analyses performed, during the design basis accident the
containment would remain overpressurized for a total of approximately 12 minutes, ie, 1/120
of the duration of a day. This could justify the high rate of allowable leaks. The studies
performed by the Kurchatov Institute seek to demonstrate that the radiological impact on the
environment during this time is lower than the maximum allowable value and their approval by
GANU is pending.

As may be observed from the previous table, the leak level decreases every year as a result of
the inspection and test campaigns conducted during the refuelling outages.

The points the most critical for leaktightness are the liner welds, especially those embedded in
the concrete. In 1991, a procedure for the repair of these welds was put into practice in
Units 1, 2.

On comparing the test procedure followed at ROVNO with the basic standards Western
practice (ANSI/ANS-56-8) the following conclusions are reached:

• In both cases the leaktightness test programme includes a global (or Type A) test,
penetration (or type B) test, and isolation valve (or Type C) test

• The leak level is determined in both systems using the "absolute method", taking into
account the adjustment of values owing to temperature and humidity

• At ROVNO NPP leaktightness tests are carried out annually to meet GANU's
requirement for reducing the leak level after each refuelling outage. In the West, this
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periodicity is lower, once a preoperational test has demonstrated that the total leak, at
design pressure, is lower than the maximum allowable value.

• At ROVNO NPP, the tests at reduced pressure are carried out every year in such a
way that the parameter registration of hermetic volume after temperature stabilization
in the Safety Localization System (SLS) in mode 'Measuring" is made during the time
interval not less than 8 hours". The test results are compared with operational criterion
at the absolute pressure of 1,3 kg/cm . The results of previous tests of SLS serve as an
operational criterion for every next test. The sources criteria of SLS for further
operation is.
(L1.3 + ALl,3)i < (L1.3 + ALl,3)i-l, where:
i - year of testing; LI,3 and AL1,3 - leak and error of leakage determination at
absolute pressure 1,3 kg/cm2.

• Rovno experts explained that the actual situation at units 1 and 2 is characterized by
the increased containment leaks due to the tightness failures in the area of pressure
retaining boundary inaccessible for maintenance activities. This increased leak may be
allowed by the radiation situation values (the calculations have been performed jointly
with the Russian Kurchatov Institute). That is why the proposal to carry out a
leaktightness test at 2.5 bar cannot be implemented and it is not of prime necessity.
The tests are scheduled to be carried out at the decreased pressure under the special
programme approved by the supervising authorities (see recommendation 7.2.6.4).

• No preoperational test at design pressure was conducted at ROVNO NPP. This is the
complete opposite to Western practice (ANSI, KTA, 10CFR50, ASME, etc ...) and
implies that a maximum leak value at reduced pressure could not be homologated

During the global test, all the inner doors of the containment chambers are kept open to
facilitate homogenization of the test. This is correct from the viewpoint of conducting the
global test; nevertheless, because the bubble condenser tower is in service, the doors between
the air traps and the bubble condenser chambers should be closed and, if this is not possible,
their leaktightness should be tested individually. A high leak rate through these doors could
lead to a bypass to the condenser trays.

The Eastern experts explained that with the beginning of 1994, at Rovno NPP is carried out
the test of SLS with simultaneous overpressure in air traps and depression in the other
containment areas. At the same time, the integral leak from air traps and the integral speed of
leakage into the remainder containment zone of localization is defined.

7.2.6.3 Recommendations for Improvements

Continuation of the liner weld repair programme is recommended.

It is also recommended to improve the seal of the personnel air locks to the containment
and the adjacent chambers, by removing elements (dirt, telephone wires, deteriorated
joints, etc ...) which could affect leaktightness.
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7.2.6.4 Recommendations for Complementary Studies

Plans should be made to carry out a leaktightness test at a pressure so near as senseful to
the design pressure of 2.5 bar (absolute) in order to

- detect new possible leak ways,
- qualify the leaks at a reduced pressure.

7.2.6.5 Proposals for Future Evaluations

None.

7.2.7 Operational Experience

7.2.7.1 Information on the Status at ROVNO NPP

During all the years of operation of these units, no problems were detected in the containment
and trie penetrations which could affect their integrity.

Due to the increase in water table level caused by the leaks from the cooling towers
communications, the hydrotechnique equipments (e.g. cooling tower, spray ponds, channels)
were maintained with the result of considerable drop of water table level in the area of units 1
and 2. The water table level cannot contribute any more to the construction displacements.
The calculated inclination of bubble condenser building is O.957xlO'5 degrees, the value is
within the allowed limits.

Corrosion problems were not observed in the steel liner during annual inspections. Nor were
any anomalies detected in the interfaces and connections with adjacent buildings after the
global leaktightness tests.

7.2.7.2 Assessment

Since startup of Units 1 and 2, there has been no internal or external event which could affect
containment operation from the perspectives of structural integrity and leak levels.

Displacements of the buildings have either disappeared or decreased significantly since the
cement injections in chalk stratum given between 1988 and 1990. Nevertheless, the canals to
the cooling towers should undergo impermeabilization once again to reduce the level of water
filtration and, in the long term, to prevent an increase in the water table.

From the structural point of view, no deterioration has been observed in the penetrations or in
the liner. Furthermore, the leaktightness level is improving annually owing to the repair and
test campaigns conducted every year.
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7.2.7.3 Recommendations for Improvements

None.

7.2.7.4 Recommendations for Complementary Studies

Measures to impermeabilize the cooling towers and water canals should be studied.

7.2.7.5 Proposals for Future Evaluations

None.

7.3 UNIT 3

7.3.1 Loading Design Rules, Including Normal Conditions, Safety Coefficients and
Criteria for Materials

7.3.1.1 Information on the Status at ROVNO NPP

During the Unit 3 design phase, the classical construction and design rules applicable to civil
works were followed as in the case of Units 1 and 2. The following criteria were also
observed:
• The containment was designed to support any design loads arising during a LOCA up

to the break of the reactor cooling pipe (0850mm) and ensures the confinement of
radioactive products inside the containment.

• The prestressed concrete containment with a steel liner was designed to maintain its
structural integrity under the effects of temperature, pressure and other internal
mechanical loads, as well as the effects of external loads (earthquake, pressure wave,
aircraft crash).

• All tightness components (isolation valves, pipes, electrical penetrations, etc ...) are
protected against the actions of jets, impact waves and missiles which may be caused
by LOCA. The position of the isolation valves ensures containment tightness in
emergency conditions. The location of these valves also ensures that there is a
minimum pipe length between the containment penetrations and the valves.

To avoid high differential pressure values in the walls of the containment inner chambers
during the accident sequence, relief openings have been provided. The size of these relief
openings ensures that the dynamic pressure differential at the walls of the main coolant pump
chamber and that of the steam generators does not exceed 1.7 kg/cm2, and that for the
remaining spaces and in the event of any possible pipe rupture it will be lower than 0.5
kg/cm .

The containment structural design took into account the same load levels and combinations as
in Units 1 and 2 (see 7.2.1.1), except that here, aircraft crash load was also considered. This
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load was combined with normal operation conditions, normal climatic conditions and long-
term plus short-term equipment loads. The equivalent value of the load of aircraft falling
down at a speed of 750 km/h is 10 tonnes.

For this unit it is also necessary to take into account the prestressed tendons (1000 tonnes) in
all load combinations.

Inside the containment, the following pressure and temperature levels are considered:

• Normal operation: 20mm water column; 60°C (maximum).

• Design basis accident: 5 bar (abs) and-0.2 bar; 150°C (maximum).

The seismic levels considered in the design are 5 and 6 MKS.

The design did not include the fall of equipment handled by the crane, especially the spent fuel
cask, since this item has a double chain handling device.

Even though the design takes into account the aircraft crash and pressure wave loads, the
ROVNO NPP staff is negotiating with the civil and military authorities for the creation of of an
area of exclusion around the plant where flights are prohibited and the transport of explosives
by road and railway is not allowed. Consequently, these loads need not be considered.
Figures 7.F.7 and 7.F.8 show the containment with its main dimensions.

7.3.1.2 Assessment

Although there was no specific regulation regarding the containment buildings at that time, the
following criteria were adopted in the design stage in keeping with Western practice:

• Internal steel liner with minimum number of welds.

• Personnel access through airlocks with leaktightness test systems.

• As a general rule, the pipe penetrations have two or three actuated isolation valves.

• The cylindrical area is isolated structurally from the adjacent structures.

• The internal structures and walls are laid out so as to protect the containment from
missiles produced internally.

• The existing leak level demonstrates the high quality of liner weld inspection and
execution.

• Sufficient free space and adequate layout of the containment to accommodate the
effects of the design basis accident.

• Auxiliary systems (spray system) to reduce and condense the effects of the design
basis accident.

7/21



The geometry of the containment, ie cylindrical with an elliptical dome and flat base, is similar
to that of Western NPPs with the same type of reactor. At ROVNO, the containment base is
approximately 6 metres above the reactor building basemat.

ROVNO NPP staffs position as regards elimination of aircraft crash and pressure wave loads
is coherent with the measures to be taken for Units 1 and 2, mentioned in point 7.2.1.2.

The design of this unit has not taken into account the possibility of the formation of hydrogen
inside the containment after the accident, nor the consequences thereof.

An aspect not yet considered in these units is the containment behaviour during the occurrence
of severe accidents beyond design conditions. In the West, especially in the US, Spain, etc,
the utilities are carrying out an evaluation of the containment ultimate structural capacity at
internal pressure, on the based on the Standard Review Plan, NUREG 0800.

7.3.1.3 Recommendations for Improvements

None.

7.3.1.4 Recommendations for Complementary Studies

Regarding the consideration of aircraft crash load in the containment design, the actions
taken by ROVNO NPP staff to disregard this load should be included in a design
document.

It would be necessary to carry out a study to evaluate the possible formation of
hydrogen bubbles and their location during the design basis accident, and to evaluate
the risk of explosion. According to the results of this study, it may or may not be
necessary to plan a system of hydrogen recombiners or igniters.

In order to evaluate safety margins, it is recommended that analyses be performed on
the ultimate structural capacity of the containment and its penetrations against internal
pressure.

7.3.1.5 Proposal for Future Evaluation

None.

7.3.2 Load Values including Normal Conditions, Safety Coefficients, Criteria for
Materials

7.3.2.1 Information on the Status at ROVNO NPP

The pressure, temperature, prestress tendon, earthquake and other design load values are
given in point 7.3.1.1.
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As regards the load coefficients used, the same criterion as for Units 1 and 2 (see point
7.2.2.1) applies.

For the prestressed load, a factor of 1 is used for all the load combinations.

7.3.2.2 Assessment

The official design documentation for Unit 3 could not be reviewed during the meetings held in
ROVNO NPP and Kiev. Since the scarce information available was based on Soviet standards
developed after the project design phase, it was not possible to make an assessment comparing
the status of Unit 3 with Western units.

7.3.2.3 Recommendations for Improvement

None.

7.3.2.4 Recommendations for Complementary Studies

The information was provided on the appropriateness of the project material
characteristics for the new normative documents. It seems expedient to carry out more
detailed comparison of material characteristics and margin coefficients considered in the
project with ones presented in the "Design Standards for Ferro-Concrete Structure of
the Localizing Safety Systems of the Nuclear Power Stations" PNAE-G-10-007-89 and
"Rules of Installation and Running of Localizing Safety Systems of the Nuclear Power
Stations" PNAE-G-10-021-90 and with the existing normative documents and to define
whether there are discrepencies affecting the construction calculation results, while in
case of short-term temperature increase this may be neglected.

7.3.2.5 Proposals for Future Evaluations

None.

7.3.3 Thermohydraulic Analysis for Determination of Overpressure and
Underpressure, Peak Pressure and Time Characteristics

7.3.3.1 Information on the Status at ROVNO NPP

The maximum postulated accident (design basis accident, LOCA) is the double-ended
(guillotine) pipe break of a reactor cooling pipe of <j) 850 mm. The maximum pressure reached
is 5 bar (abs) and the maximum temperature is 150°C. The pressure-time curves
corresponding to the break of different pipe sizes are shown in Figure 7.F.9.
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7.3.3.2 Assessment

During the meetings held in ROVNO NPP and Kiev, the additionally available information and
documentation were presented.

7.3.3.3 Recommendations for Improvements

None.

7.3.3.4 Recommendations for Complementary Studies

See § 10.4.9.4.

7.3.3.5 Proposals for Future Evaluations

None.

7.3.4 Description of the Design and Structural Analysis

7.3.4.1 Information on the Status at ROVNO NPP

The finite element method was used in the containment analyses, with the LIRA program
developed in Kiev. Two types of models were used in function of the loads to be analysed:

• The dynamic analysis (seismic loads) used a "bar and concentrated mass" model,
starting from the Reactor Building slab and representing the auxiliary chambers and the
containment with its internal structures

• A tridimensiona! model was used for the analysis of the containment against internal
pressure and other loads; the model featured shell-type elements to represent the
cylindrical part and the dome. Boundary conditions are established at the base of the
cylinder

The base of the containment and the area near the equipment hatch were evaluated by means
of the formulae developed in civil construction standards. The comparison of the theoretical
values with the ones obtained during testing never could be carried out in a satisfactory
manner since the instruments failed.

7.3.4.2 Assessment

The finite element method and the models used in the analysis are similar to the ones used by
Western designers for similar containments.

The behaviour of the civil structures under the seismic loads transmitted by the ground has
been verified with a "bar and concentrated mass" model which takes into account the mass,
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stiffness and inertia of the containment internal structures, the containment itself and the
structures located underneath it.

In this particular containment, there are no interfaces with adjacent structures, since the
cylindrical part is isolated (gap) from the other buildings. However, the containment is located
above a series of auxiliary chambers, which could lead to dynamic amplification phenomena of
greater importance than if the containment were located directly on the reactor building slab
(as is the case in most Western nuclear power plants).

The tridimensional model served to evaluate the membrane and bending stresses caused by
pressure in the cylindrical part and dome, as well as the effect of the temperatures. It also
served to evaluate the aircraft crash in the containment dome. In this latter case, as the
containment slab does not rest directly on the ground, it would have been preferable to analyze
it with the finite element method, representing the containment supports in the walls of the
auxiliary chambers located beneath it and the location of the equipment hatch (11 x 5 m).

Such calculations will allow to updatedly evaluate the available construction durability
capacities (conservative level) and the decisions to be taken under the accident conditions will
be sufficiently justified.

Western standards (ASME) require the implementation and maintenance of instruments
indicating the state of the containment in the case of prestressed concrete containments. This
instrumentation is out of service in ROVNO NPP Unit 3; however, a programme of
instrumentation of the prestressed cables is being drawn up to obtain on-line information on
the state of these cables during plant operation. This proposal should be complemented with
the development of a mathematical model of the containment, sufficiently detailed to permit a
reliable comparison of the theoretical results obtained with the ones recorded on the
instruments. This would support the decision-making process in case of failure of the
prestressed tendons during plant operation.

The current structural analysis capabilities available at ROVNO NPP are quite limited in
software and in hardware. The programs developed in the numerical calculation institutes in
Kiev have not been updated or extended for a long time, and hardware availability is quite
limited.

The integrity of the containment pipe penetrations must be maintained under normal operation
and accident conditions. For this reason, it is current practice in Western countries to use more
restrictive design criteria for this component than for the rest of the piping (MEB 3.1). This
criterion was not considered for the Unit 3 pipe penetration design.

7.3.4.3 Recommendations for Improvements

It is recommended to develop a mathematical model of the containment, which takes
into account the operation of the prestressed tendons. This model would serve to
evaluate the influence of prestress load variations on the tendons once the instruments
are installed.

7/25



7.3.4.4 Recommendations for Complementary Studies

Re-analyze the pipe section between isolation valves with more restrictive criteria than
for the rest of the line and thus guarantee the integrity of the pressure-retaining
boundary is recommended.

7.3.4.5 Proposals for Future Evaluations

None.

7.3.5 Penetrations, Including Design, Execution and Behaviour

7.3.5.1 Information on the Status at ROVNO NPP

Unit 3 features the following types of penetrations:

• Personnel access locks (2) (figure 7.F. 10)
• Equipment hatches (2)
• Pipe penetrations (figure 7.F. 11)

• Ventilation penetrations
• Electrical penetrations (figure 7.F.12)

The structural integrity (design basis accident) and tightness criteria established for the rest of
the containment have been taken into account in the design of the penetrations.

The use of the personnel access locks (only 2) is controlled through an administrative
procedure. There are interlocks to prevent both doors from being opened at the same time.
The lock is equipped with an equalizing valve for opening the door with any differential
pressure.

Electrical penetrations seems to include a device for testing local leaktightness (no evidence
was given). The number of containment penetrations of ventilation systems has been kept to a
minimum.

The pipe penetrations of high energy lines (temperature and pressure), flued head and pipe, are
forged in one single piece. All the penetrations of the containment ventilation systems have
been provided with isolation valves on the inside and outside of the containment (except for
drain lines, which are provided with a single manual valve on the outside of the containment).

In the containment base of Unit 3, there is a large equipment hatch of approximately 11x5 m,
featuring a concentric hatch of smaller dimensions. The larger hatch would have been used
during the construction phase of the plant and in case of replacement of the steam generators,
while the smaller hatch would be used for maintenance operations during refuelling outages
and for the introduction and removal of spent fuel casks.
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7.3.5.2 Assessment

The design criteria of the penetrations coincide with Western practices in the following
aspects:

• Penetrations are designed to withstand the maximum internal containment pressure
(5 bar) during the design basis accident.

• Penetrations are provided with a device to verify (no evidence was given) their
leaktightness (eg, electrical penetrations) or to verify the leaktightness of their sealing
joints (as is the case for the personnel access locks and the equipment hatches).

• The isolation valves of the pipe penetrations also feature devices to check
leaktightness (no evidence was given).

The state of the seal rubber joints could not be verified in situ, since the unit was in operation;
however, it was established that there is a programme of inspection and periodic replacement
of these joints.

The drainage line of the containment is only provided with an isolation valve outside the
containment. A pipe break between the valve and the containment slab would result in a
containment bypass; in other words, a single failure could cancel the containment pressure-
retaining boundary.

The largest penetration of the containment is the equipment hatch located at its base. During
plant operation, it is bolted to the building slab. The structural behaviour of the slab against
internal pressure would be quite affected by the stiffness added by the equipment hatch. This
penetration would therefore have an important influence in studies performed in the long term
on the ultimate containment capacity against pressures exceeding the design pressure.

The isolation valves of the pipe penetrations are grouped in chambers where it was determined
that there is no possibility for them to be affected by jets, internal missiles, etc. This design
criterion coincides with Western practices, but was not documented in the project.

7.3.5.3 Recommendations for Improvements

The ECCS suction pipelines have a single isolation valve, so it is recommended to study
a device which would prevent pipe break ahead of the valve from leading to loss of
containment isolation.

The Eastern do not see enough grounds to apply the additional containment isolation measures
since:

- the pipelines were designed according to the conservative conditions of the
maximum accident situation and the stringent requirements of the normative documents;

- under normal operation modes the pipelines are normally not vulnerable to the
internal effects.
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7.3.5.4 Recommendations for Complementary Studies

Among the studies proposed in the previous sections to evaluate containment behaviour
during severe accidents, it would be necessary to include a study of the behaviour of
large penetrations, especially the equipment hatch.

It is recommended to document the design criteria followed to protect the isolation
valves against internal hazards.

7.3.5.5 Proposals for Future Evaluations

See §7.2.1.5.

7.3.6 Leaktightness Test

7.3.6.1 Information on the Status at ROVNO NPP

Since 1990, a global leak test at reduced pressure has been conducted annually in Unit 3
during refuelling outages. The results are given below:

YEAR

1986

1987

1988

1989

1990

1991

1992

500 Kpa

2.44±0.4

-

-

-

-

-

-

TEST PRESSURE

240 Kpa

-

-

-

-

0.13±0.04

-

-

170 Kpa

0.38±0.09

-

-

-

0.08+0.05

0.075

0.073

% total mass/day
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Likewise, local test campaigns are carried out on the following components:

COMPONENT
Electrical penetrations

Personnel access lock

Equipment hatch

Ventilation isolation valves

Isolation valves

TEST METHOD
Pressurization

Pressurization

Pressurization

Pressurization

Pressurization

PERIODICITY
Yearly

Yearly*

Yearly

Yearly

Yearly

QUANTITY
25%

100%

100%

100%

100%

*During plant operation, the leaktightness of the joint is tested each time it is used

The global leaktightness test is carried out in two phases: a first phase where, with the
ventilation system, a negative pressure is obtained in the containment of -150 mm water
column as a maximum. During this phase, the containment is inspected for leaks and, if any
are detected they are repaired.
Next, local tests are carried out on the penetrations. Finally, the containment pressurization
phase is carried out to achieve test pressure. During this phase, the outer surface of the
containment is inspected to detect possible leaks.

The global containment test method (pressurization) employed is the "absolute method" which
calculates the leak between two pressure values, bearing in mind the adjustments resulting
from temperature and humidity. A large number of thermocouples and dewpoint indicators
are distributed inside the containment, to measure the temperature during the test. The total
number of sensors and instruments used in the test is approximately 100.

Before data collection commences, the containment internal atmosphere undergoes a
homogenization process lasting a maximum of 10 hours. The collection of data takes
approximately another 10 hours, with data being recorded every 5 seconds.

At present, the maximum admissible leak is 0.3% of the total volume per day at design
pressure, or 0.08% of the total volume per day at the reduced pressure of 170 Kpa (abs).

7.3.6.2 Assessment

The maximum allowable leak rate is comparable to that of pressure water reactors of the same
power in the West. The wide difference between the leak levels in Units 1 & 2, and Unit 3
results from the fact that, in the first two units, the containment is maintained at overpressure
for 12 minutes, whereas in Unit 3 it is maintained for several hours. Consequently, Unit 3
presents better leaktightness than the other two units, owing to a better construction quality
and the existence of an inner steel liner where the number of welds has been reduced to the
minimum possible.
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If we compare the test procedure followed in Unit 3 with the basic standards employed in the
Western countries (ANSI/ANS-56-8), we obtain conclusions similar to those indicated in point
7.2.6.2.

• In both cases, the leaktightness test schedule includes a global, or Type A test, local
penetration, or Type B tests and an isolation valve, or Type C test

At ROVNO, moreover, a negative pressure test was carried out to detect major leaks

• Since 1990, the test has been conducted annually on Unit 3, whereas Western
standards allow for shorter periodicities. The test is performed at a reduced pressure
of 170 Kpa (abs) and the allowable leak value at this pressure is homologated with
that of the test at design pressure (500 Kpa) carried out prior to plant startup

To sum up, the leaktightness tests and the leak levels obtained in Unit 3 can be homologated
with Western practices.

7.3.6.3 Recommendations for Improvement

None.

7.3.6.4 Recommendations for Complementary Studies

None.

7.3.6.5 Proposal for Future Evaluations

None.

7.3.7 Operational Experience

7.3.7.1 Information on the Status at ROVNO NPP

No problems affecting the integrity of the containment and its penetrations have been detected
in the containment during the period of operation of Unit 3.

Displacements of the reactor building slab were produced by the modification of the subsoil
caused by water filtration from the cooling towers and channels and by the resulting increase
of the water table. Between 1988 and 1990, cement was injected at 15 m below the reactor
building slab; displacements of the structure have not been detected (see 7.2.7.1).

During the construction phase, sensors were embedded in the concrete to measure stresses
deformations, strains and temperature in the prestressed tendons. As the most part of sensors
do not function, the Rovno management is planning to recover the sensors during the routine
preventive maintenance.
Two prestressed tendons from the cylindrical area have remained out of service during plant
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operation. This situation has been analyzed by the Moscow Design Institute; as a result, it was
recommended to modify the prestressed load of the adjacent tendons.

The inspections carried out during the refuelling outages allowed the detection of two types of
problems concerning the prestressed tendons:

• Loss of their prestressed load

• Corrosion in the extremities of the tendon and in the bend zone

The tendons are only coated with grease to facilitate their installation and removal. The
corrosion phenomenon could be caused by corrosion under stress and by the lack of protection
from external environmental conditions. The loss of prestressed load could be caused by
plasticizing in the area near the tie-down of the tendon ends.

7.3.7.2 Assessment

The main problem of the Unit 3 containment is the prestressed system, which is subject to
corrosion problems and prestressed load losses. During each refuelling outage, about 20
tendons are inspected according to a procedure developed by the Energoproekt Kiev Institute.

Another important problem is that all the instrumentation planned and originally installed to
verify the state of the prestressed system is currently out of service, ie, the exact status of the
containment is not known during the operation of Unit 3, which goes against the safety criteria
established in Western countries (ASME) for this type of containment. The Eastern experts
explained that according to existing procedures, during the maintenance operations at Rovno
NPP are carried out the preventation works to analyze the condition of prestressed tendons
and their coverings. Using these data, the calculation of prestressed condition of protective
covering is made in order to certify the conformity with the project and requirements for safe
operation. The main design organization which makes calculations gives the authorization for
containment operation.

After cement injections in the subsoil, reactor building settlements have completely stabilized.

7.3.7.3 Recommendations for Improvements

Following is recommended :

* Continue with the process for re-instrumenting the prestressed tendons; instead
of attempting to cover 100% of the tendons, select those which are most
representative.

* It is important for the system to permit continuous monitoring: develop a
reliable and precise mathematical model to verify the effect of any variation on
the condition of the tendons.

* Develop a protector against tendon corrosion.
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7.3.7.4 Recommendations for Complementary Studies

None.

7.3.7.5 Proposals for Future Evaluations

None.
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FIGURE 7.F.11 • ROVNO NPP - UNIT 3
CONTAINMENT PIPE PENETRATIONS
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APPENDIX 7.A.1

LIST OF DOCUMENTATION AVAILABLE FOR REVIEW
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LIST OF DOCUMENTATION AVAILABLE FOR REVIEW

1. Technical Description and Adjustment and Operation Instructions for High Power Lines
BPY Series (Cable Penetrations) 1985

2. Operational Instruction Back Valves Dc 500 with Damper Designed of VTJ (AJl-Union
Thermotechnical Institute) AC 232 U7 1977

3. Operational Instruction Self-Closed Pressure-Relief Valve Dc 250 AC 240.00.00.00.U7
1978

4. Passport N78. 4152.00.000.NC Sealed Penetrations (Cable Penetrations) 1979

5. Evaluation of the Radioactive Sequences under DBA on Units 1 and 2 of ROVNO NPP
(at real untightness) Kurtchatov Institute 1992

6. The Decision on Permissible Leakage Value from Localization System of Units 1 and 2
of ROVNO NPP 1992

7. Permissible Untightness Values of Localization System of NPP Unit B-213 (WER-440)
Kurtchatov Institute 1990

8. The Testing Schedule of Sealed Hatch Tightness. Unit 1, ROVNO NPP N 95/1 - HUO
1992

9. The Testing Schedule of Sealed Door Tightness. Unit 1, ROVNO NPP N O/l - HUO
1992

10. The Testing Schedule of Dc 500 Valves N 56/1 - HUO 1992

11. The Testing Schedule of Dc 250 Valves N 57/1 - HUO 1992

12. The Tightness Testing Schedule of Sealed Valves of Vent Systems -2; -2; -4; -4 N44--
HUO 1993

13. Testing Schedule of Sealed Zone by the Underpressure Technique. Unit 1 N45-- HUO
1992

•1.4. Testing Schedule of Sealed Zone by the Overpressure Technique. Unit 1 N50— HUO
1992

15. Technical Description and Operational Instruction. Accident Localization System. Unit 1
13-7-P 1991

16. Rules of Creation and Operation of Safety Localization Systems for NPPs HA7 P-10-
021-90 1991
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17. Norms for Reinforced Concrete Construction of Safety Localization Systems of NPPs
Design HA7 P-10-007-89 1991

18 Construction Norms and Rules Part 2. Norms of Design Chapter 7. Construction in
Seismic Regions 1982

19. Construction Norms and Rules 2.01.07-85. Loads and Influences 1986

20. Construction Norms and Rules 2.03.04.84. Concrete and Reinforced Concrete
Construction under High Temperatures 1985

21. Construction Norms and Rules 2.02.01.83. Building Foundations 1985

22. Construction Norms and Rules 2.03.01.84 Concrete and REinforced Concrete
Constructions 1985

23. Construction Norms and RulesPart 2. Norms of Design hapter 2. Protectional Buildings
1985

24. Technological Operational Regulation of Unit 1 4.7-35U 1988

25. Hermetic Circuit Unit 3. Technical Description and Operation Manual 20-3-RC-2
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8. INTERNAL EVENTS

8.1 BASIS FOR EVALUATION

Internal events evaluation of the Rovno 1 and 2 units was based on observations made during
two plant visits, on studies of technical documents and drawings and on discussions with the
plant personnel and representatives of the Eastern design, regulatory and safety organisations.

The internal hazard assessment was carried out on the basis of the safety standards, guidelines
and practices laid down in the following documents:

IAEA Safety Series No 110 "The safety of Nuclear Installations" 1993

IAEA Safety Series No 50-C-D "Code on the Safety of Nuclear Power Plants: Design"
1988

IAEA Safety Series No 75-INSAG-3, "Basic Safety Principles for Nuclear Power
Plants" 1988

IAEA Safety Series No 5O-P-5, "Safety Assessment of Emergency Power Systems for
Nuclear Power Plants", 1992

IAEA Safety Series No 50-SG-D4, "Protection Against Internally Generated Missiles
and their Secondary Effects in Nuclear Power Plants", 1980

IAEA Safety Series No 50-SG-D2, "Fire protection in Nuclear Power Plants", 1992

US NRC Regulatory Guide 1.115, "Protection Against Low Trajectory Turbine
missiles"

US NRC NUREG-0612, "Control of Heavy Loads at Nuclear Power Plants", 1980

US NRC Regulatory Guide 1.70, "Standard Format of Safety Analysis Reports for
Nuclear Power Plants", 1978

The following documents were made available and were used as main sources of information
in the internal hazards assessment:

Safety Analysis Report (TOB) for Rovno NPP, ATOMENERGOPROJEKT, KIEV

USSR National standard for fire protection VSN 01-87

"Fire safety in design" KIEV 1987

Internal hazards assessment, Flooding, ENERGOPROJEKT Kiev

Plant layout albums for units 1/2

Miscellaneous drawings
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8.2 UMTS 1, 2

8.2.1 Fire

8.2.1.1 Design basis

8.2.1.1.1 Information on the status at Rovno NPP

Design basis for the Rovno NPP is described hereafter. Specific issues are dealt with in
subsequent sections.

From the point of view of active and passive fire protection measures, the design of units 1
and 2 is based on the requirements laid down in the following documents and standards:

1. Design standard VMSN-13 -74

2. Recommendations for the design of automatic fire suppression systems for cable
compartments, Moscow 1977, Ministry of Interior SSSR.

3. Design rules and standards SNiP 2.04.09.84

The plant design and construction pre-dates the introduction of the current National Standard
for Fire Protection VSN 01-87. However, the present state of the plant complies largely with
the requirements of this standard. The areas of noncompliance with the requirements of this
standard are discussed in further sections.

Main requirements of the fire protection standard VSN 01-87

This section of the report summarises salient points of VSN 01-87. Detailed information on
Rovno NPP will be given in other sub-chapters.

The standard VSN 01-87 lays down rules for plant design including segregation of redundant
safety systems, provision of rated fire barriers for various plant areas, requirements for
automatic detection and fire fighting systems, rules for fire water supply, design of smoke
extraction and ventilation systems. The main requirements of this standard are summarised
below.

Scope

The standard applies to new or modernised plant and buildings important to safety of
water cooled reactors. In addition, the standard defines requirements for fire protection
of new and spent fuel storage, radioactive waste incinerator, organic fuel systems,
cable compartments, turbine hall and main transformers.

Non-combustible materials

The standard requires buildings and structures of nuclear plant to be constructed from
noncombustible materials. (Noncompliance - see Section 8.2.1.2.1)
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Acoustic insulation, thermal insulation, wall lining and finishing should be made from
noncombustible or fire retardant materials. However, wooden floors are permitted in
control rooms.

Wall and floor lining materials in evacuation routes should be noncombustible or fire
retardant. (Noncompliance - see Section 8.2.1.2.1)

Fire resistance of structures and fire barriers

Load bearing walls in buildings and structures which contain radioactive materials or
fuel should have fire resistance of 2.5 hours. Other walls should have fire resistance of
1.5 hours.

Load bearing structures and walls, partitions, doors and penetrations in compartments
containing safety equipment should be constructed from noncombustible materials with
fire resistance not less than 1.5 hours (Noncompliance - see Section 8.2.1.3.2).

Cable penetration seals in safety and non-safety areas should have fire resistance of 1.5
and 0.75 hours respectively.

If compartments containing safety systems are located in a building containing non-
safety systems then the safety systems areas should be segregated by fire barriers with
a minimum 1.5 hr resistance.

Walls surrounding the main and auxiliary control rooms should have fire resistance of
1.5 hours and should be constructed from noncombustible materials nonpermeable to
gas and dust. The main and auxiliary control rooms should be spatially segregated.

Cable, pipe and HVAC duct penetrations should be sealed with noncombustible or fire
retardant materials with fire resistance not less than the fire resistance of the wall
which they penetrate.

Protection of electrical cables

The standard recommends that cables belonging to safety and fire protection systems
should be fire resistant. However, the use of fire retardant cables is permitted until the
production of fire resistant cables becomes established.

Cables belonging to fire detection and suppression systems in a given compartment
should not be routed through this compartment (except fire detector cables).

Horizontal metal cable conduits should have 0.75hr fire resistant partitions at 30m
intervals. Vertical conduits should have sealed partitions every 20m and at each floor
and ceiling.

Cable compartment cannot contain pipes belonging to systems other than fire fighting
systems.

Cable compartment cannot contain equipment other than drainage pumps and cabinets
with cable terminations. Cabinets with cable terminations, located in cable
compartments must be watertight to prevent the ingress of fire fighting water.

8/3



Pipes carrying combustible or flammable liquids and gasses are not permitted in
compartments containing electrical or safety equipment.

Cable rooms which are protected by fixed automatic fire suppression systems and are
located above other compartments should be watertight and fitted with drainage.

Only cables belonging to lighting, communication and signalling are permitted in halls,
corridors, staircases and other evacuation routes.

It is permitted to route other cables through corridors not designated as evacuation
routes provided the cables are in steel ducts and are covered over their entire length
with protective coating type OPK, "Polistop", "Poliplast" etc. The protective coating
should be applied :
- to the entire surface of power or single control cables,
- the top layer of control cables laid in multiple layers,
- the outer control cables laid in bundles.

Cables passing between panels in control rooms should be covered with fire resistant
coating applied to the entire surface of power cables and outer layer of control cables.

Fire protection for equipment containing oil

Lubrication oil systems for pumps located in the containment should be separated. One
system may be provided for 1 to 3 pumps.

Pressurised oil pipework with outlet pressures in excess of 0.1 Ma should be made
from seamless tubing with a minimum number of flanged connections.

Hot surfaces (above 45°C) located at a distance less than 5m from oil pipes or
equipment filled with oil should be insulated with noncombustible material and covered
with a metallic shield.

In places where oil leaks are likely provisions have to be made for collection and
removal of oil. Trays (minimum 50mm high) should be provided underneath oil filled
equipment (oil coolers, purifiers, pumps etc.) (Noncompliance - see Section 8.2.1.2.1)
Emergency drainage of turbine lubrication oil should be provided. The drainage tank
should be sufficient to accommodate oil from one turbine. One tank can serve one
turbine or a group of turbines. Similar emergency oil drainage systems should be
provided for other equipment.

The pipeline from the turbine/generator lubrication oil system to the emergency
drainage tank should be fitted with two valves arranged in series. One, located on the
turbine operating level, should be operated manually from a position not affected by a
potential oil fire. The second valve should be kept in a locked open position. The
emergency drainage system should permit the tank to be drained in 15 minutes.

Areas containing equipment for oil purification should be separated from other areas
by fire barriers and self closing doors with fire resistance not less than 1.5hours.
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Protection of diesel generators

Emergency diesel generators should be located in separate buildings. Diesel generators
together with their startup systems compressors and cylinders should be located in
isolated compartments (Noncompliance - see Section 8.2.1.3.1). Fuel tanks should
have emergency drainage facility located outside the building. Fuel tank rooms should
have direct exit to the outside or to a steel ladder outside. It is not permitted to locate
electrical equipment or rooms with permanent personnel presence underneath diesel
tank rooms.

Roof penetrations by exhaust tubes from diesel generators and pipework hotter than
150°C should be separated from the roof material by distance greater than 60 cm filled
with noncombustible material. Exhaust tubes should have spark arrestors and their
opening should be 2m above the roof level.

Supply of fire water

Nuclear power stations should have dedicated installations for the supply of water at
high pressure (not exceeding 1 Ma) for fire fighting inside and outside buildings and
structures.

Fire pumps should be located in two pumping stations and take water from
independent sources.

The fire pumps installation should take into account the possibility of a common cause
failure (e.g flooding).

The pumping station should have at least two pumps capable of supplying the
maximum design water requirement in accordance with SNiP 2.04.02-84 and two
pressure maintaining pumps - one operational and one in reserve. The reserve pumps
should start automatically if the running pumps fail.

Fire water system pipework supplying the fire hydrants should have a form of a ring
subdivided into smaller sections by valves. In the event of repair or maintenance the
isolated part of the ring should not contain more than 5 hydrants.

Fire protection of the turbine hall should be arranged so that any point in the hall could
be reached with two 5 1/s streams. Consideration should be given to using stationary
water cannon located on the turbine operating floor for cooling the turbine hall
structural steel members.

The fire water installation in the turbine hall should have provisions for connecting
external sources of fire water (e.g. mobile fire fighting units).
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Automatic systems for fire detection and suppression

Fire suppression systems

The areas of a nuclear plant which require fire detection and suppression system are
defined by the ministry for nuclear energy SSSR.

In addition fire detection should be installed in the following areas:

all compartments of emergency diesel generators
compartment with electronic and electrical equipment (control rooms,
computer rooms, safeguard equipment, neutron flux control systems, reactor
protection system)
6kV and 0.4kV switchgear rooms, relay rooms (Noncompliance - see Section
8.2.1.4.1)
technological control rooms without constant personnel supervision.

Water is recommended as a fire suppression medium for:

cable rooms
air cooled generators
power transformers

lubrication system of turbine generators and pumps

Foam is recommended as a fire suppression medium for:

tanks with organic fuels

Gaseous fire suppressant are recommended for:

computer rooms
containers with low activity waste

For transformer fire protection it is recommended to use water deluge systems with an
output of 0.2 1/s per lm2 of the protected surface area.

Fixed systems are recommended for lubrication systems for turbine generators and
turbine driven feedwater pumps. The spray density should be 0.2 1/s per lm of the
area of the tank top and side surfaces. The systems should be manually initiated with
the valves located in a safe place.

Fire detectors

The standard recommends the use of:

smoke or combined thermal and smoke detectors for cable compartments,
thermal detectors for organic fuels storage areas, diesel fuel rooms and
lubrication oil systems
differential and gas pressure detection for transformers
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Fire detector installation should comply with SNiP 2.04.09-94

"Double-knock" system should be installed in cable rooms. The activation of a second
detectors should automatically initiate fire suppression, close ventilation systems and
produce visual and audible alarms.

Fire fighting systems

There should be provisions for manual remote startup of fire fighting systems from
constantly manned control rooms and locally in the valve compartments. Control
panels may be located in a control room annex provided there is a general alarm signal
in the control room.

Remote control of fire water pumps and valves should take place from the main
control room. Local control should also be possible.

The automatic fire alarm network, including fire detectors, forms a separate group of
class 1 electrical receivers. They should be powered from batteries (with a 30 min
capacity) or from another non-interruptible supply.

Fire protection systems in the safety areas should be designed to withstand extreme
external influences (wind, earthquake, flood) and also conditions resulting from an
accident.

In order to provide automatic fire protection systems for each safety train it is
necessary to install one or more fire pumps for each system. It should be possible to
feed one system from pumps belonging to a different system. Each pump should be
sized to meet 100% of the maximum demand. The main control room should have
signals indicating valve positions, pump operation and failures of electrical supplies.

Fire water tanks should be provided for each train of fire pumps. Each tank should
hold the amount of water calculated to be sufficient for one fire. Water in the tanks
should be replenished automatically from the fire water system and from the technical
water systems under manual remote control from the main control room. High and low
water level indicators should be installed in the main control room. The tanks may be
located in the same compartments as the pumps.

In the event of a fire in any compartment of a single safety train the electric motors of
the pumps, including the pump motors of at least two other trains, should be started
automatically. It should also be possible to start the pumps and valves manually from
the control room and locally.

The fire protection system pipework should be seismic category 1, constructed to meet
the requirements of the " Rules of construction and operational safety of power and
research reactors".

The pipework of a fire systems protecting one train of safety systems shoujd not, as a
rule, be laid through compartment belonging to other systems. If this rule cannot be
satisfied it is possible to lay dry pipework through cable compartments of other
systems provided they are protected by insulation with fire resistance not less than 1.5
hour.
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The space under suspended floors cannot be used for purposes other than passage of
cables (other purposes my include routing of pipework, ventilation ducts etc.)

Control rooms and rooms with electrical and electronic equipment with a floor area
greater than 20m should be fitted with fixed gas systems using freon or halon
(Noncompliance - see Section 8.2.1.5.1)

Soke removal and ventilation systems

Staircases without windows should be ventilated at an overpressure of 20Pa. The
ventilation system should have reserve equipment, automatic initiation by fire
detectors, remote initiation from the entry and exit points and from permanently
manned control rooms.

Main air ducts of the control rooms should be equipped with smoke detectors which, if
activated, switch off the ventilation systems. Remote control from safe locations
should be provided.

Connections between ventilation systems serving different trains of safety systems are
not permitted.

8.2.1.1.2 Assessment

The plant design and construction pre-dates the introduction of the current National Standard
for fire protection VSN 01-87 therefore some areas of noncompliance with this standard can
be identified. These areas will be discussed in subsequent sections. There is evidence of a
continuing effort to upgrade, where practicable, the present state of the plant fire protection.

The objectives of fire protection policy are to ensure the safety of the public and personnel,
protection of safety functions and limitation of economic loss. These objectives are
accomplished by fire prevention, detection and fire fighting.

The underlying principle of confinement of safety systems is consistent with the approaches
adopted in the design of modern plant in the West. The design of units 1 and 2 is based on
prescriptive criteria laid down in standards. There is no regulatory requirement to demonstrate
that the risk arising from plant operation under normal and accident conditions is acceptable
and is as low as reasonably practicable.

Passive safety is based on the concept of effective confinement to ensure that any fire would
be retained without spreading within a limited zone and would not cause simultaneous damage
to redundant safety systems. Passive protection is provided by fire barriers i.e. walls, doors,
dampers (i.e. closures in ventilation ducts) and penetrations seals.

Defence-in-depth is provided by the installation of detection and suppression systems and
provision of manual fire fighting.

Fire hazard assessment has not been carried out at Rovno NPP therefore there is no fire
hazard analysis document. It is a standard practice in the West to carry out such studies prior
to plant commissioning in order to verify and demonstrate that the planned protection
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arrangements are adequate and comply with the design criteria. These studies are usually
carried out for each room or each fire zone and involve an estimate of the fire load in each
area and assessment of the effectiveness of the detection and suppression measures.

8.2.1.1.3 Recommendations for improvements

None.

8.2.1.1.4 Recommendations for complementary studies

It is recommended that a comprehensive and detailed fire hazard analysis of the whole
plant should be carried out based on the requirements and methodologies of IAEA
Guidelines for Fire Safety Inspection of Nuclear Power Installations. Specific
recommendations for improvement are also discussed in subsequent sections.

8.2.1.1.5 Proposal for future evaluations

None.

8.2.1.2 Main sources of combustible materials in safety areas

8.2.1.2.1 Information on the status at Rovno NPP

The combustible materials which constitute the main fire hazard at Rovno NPP are: cable
insulation, organic fuels, lubricants, hydrogen, flammable floor and roof coverings and
miscellaneous transient combustibles.

Diesel generator fuel and lubricating oil

The main source of fire hazard in the diesel generator rooms are the significant
quantities of fuel and lubrication oil.

Units 1 and 2 are provided with 6 diesel generators sets, with one set allocated to each
redundant safety train. Each diesel generator is supplied from a 2.5 m day tank
located in a small adjacent room. The day tank has provisions for emergency drainage
via a manually operated valve.

The bulk of diesel generator fuel is stored in 6 underground tanks each of 100 m
capacity. The tanks are located in individual compartments in a small building
approximately 15m away from the diesel generator building. The top covers of the fuel
tanks are at ground level and are normally closed by bolting. The building containing
the oil tanks is of brick construction with partitions between individual compartments.
The front elevation has windows and wooden doors for each compartment. The fuel
tanks are supplied from a railway tanker.

The diesel generator lubrication system is located in the basement next to the
compressor for charging the diesel startup system.
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Turbine generator lubrication oil systems

The turbine generator lubrication oil system on units 1 and 2 uses combustible
lubricant TP-22 contained in 4 tanks of 56 m capacity The tanks are located
approximately 2 m above the turbine hall Om level floor. There are no provisions to
capture, retain and drain any leaks from the tanks. (Noncompliance with VSN 01-87).
The need for confinement of these tanks and provision of leak capture facilities has
been recognised in the Hungarian PAKS reactor (similar to the Rovno VVER 440/213
reactor) where oil tanks are enclosed inside concrete bunkers.

Eastern experts pointed out that Ukrainian standards do not require this approach.

In an emergency the oil tanks can be drained by gravity to external tanks capable of
containing the full oil inventory. The drainage system is equipped with two valves in
series. One of them is the manual isolation valve which is kept open during normal
operation. The second valve is operated manually in the event of fire.

Lubricating system for the Main Reactor Coolant Pumps.

, The primary circuit of each of the WER440 units has 6 main Reactor Coolant Pumps.
The pumps are lubricated with oil TP-22 by two separate systems located in rooms
115 and 116. Each system has the oil storage capacity of 8m .

The lubricant TP-22 has a flash point of 186°C and the primary coolant cold leg
temperature is 260°C. Leaking oil, which may be absorbed into the insulation can,
therefore, cause fires. The problem has been identified and solved by spraying the
insulation with liquid glass. The oil system was also modified by installing an
intermediate tank to accommodate expanding volume of oil containing entrained air. It
is also planned to replace the existing RCPs with pumps lubricated by an integral oil
system. This will eliminate the need for external lubricating oil pipework and tanks.

Hydraulic systems for makeup pumps

The hydraulic systems for makeup pumps uses oil TP-22. Each system comprises a
4m oil tank and associated pumps and coolers and occupies rooms 053, 054 and 055
(level -6.50m). The oil is pumped to the compartment directly above, where it is used
as a working fluid in the hydraulic transmissions for the makeup pumps.

The rooms 053, 054 and 055 are not connected to drains. Larger oil spillage is sucked
up using portable pumps. Smaller leaks are mopped up. (This point is doubtful for the
Ukrainian experts which mentioned that, at least, the project required that every
promise has a special canalisation system).

Lubricating system for feedwater pumps

The main feedwater pumps are lubricated with oil TP-22. The lubrication systems are
dedicated to each pump and are located in a pit alongside the main feedwater pumps in
the turbine hall.

8/10



Hydrogen

Significant quantities of hydrogen are present in generators in turbine halls of units 1
and 2. The hydrogen volumes are 56m at the pressures of 3 atm. Hydrogen is
generated in the site electrolysis plant and stored in ten 80m pressurised tanks. From
these tanks hydrogen is distributed to the turbine generators. Hydrogen is discharged
to atmosphere through venting pipes above the turbine hall roof.

Smaller volumes of hydrogen are generated as a result of water radiolysis in the
primary system and in battery rooms.

Cable insulation

The following cables are used on units 1/2:

- 6kV power cable

Two types of 6kV power cables are in use. Cable type AAShV is used outside
containment. It has combustible external insulation of 2mm thick PVC ("plastikat")
material. Inside containment a PVER polythene insulated cable is used.

- 0.4kV power cable

Three types of 0.4 kV cables are used. These are: AAShV, A W G and PVSG. All
these cables are combustible. The 0.4 Kv cable type AAShV is similar to the 6kV
version but has reduced cross section. The A W G has external insulation of 0.6 to 3.4
mm thick PVC. The PVSG cable is a lead armoured cable with 4.2mm thick polythene
insulation. This cable is used inside containment.

- control cable

The control cable used in units 1/2 is of the PVC insulated combustible K W G type.

In order to improve the fire resistance of safety cables the Technical Requirements for
the Installation of Cables and the standard VSN 01-87 require them to be coated with
protective paste. An asbestos based compound OPK has been used for this purpose at
Rovno NPP. The treatment is designed to improve passive fire protection and is
discussed in Section 8.2.1.3.2

Transformer oil

Grid transformers on unit 1 and 2 are oil cooled and contain significant quantities of
oil. These transformers are located outside the buildings and pose no fire hazard to
plant safety systems.

The 6kV electrical circuit breakers, located inside the reactor/building, contain small
amounts of combustible oil. All transformers inside the reactor building are air cooled.
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Flammable floor coverings

Several areas of the plant have floors covered with a thick sheet of PVC material
("Plastikat"). These areas include some plant corridors, compartments containing
battery rooms for safety systems, 6kV and 0.4kV switch rooms.

"Plastikat" is combustible and gives off toxic and corrosive combustion products. The
use of this material constitutes a fire hazard and contravenes the requirements of VSN
01 - 87. Work is currently under way to remove this type of floor covering and replace
it with fire retardant material.

Turbine building roof

The turbine building roof is covered with flammable material. There plans to replace it
with noncombustible material. As a temporary measure fire water points are installed
on the roof and additional ladders are provided for access.

Charcoal

Small amounts of charcoal is used in absorber beds of ventilation system filters. These
elements are enclosed in steel canisters.

Transient combustibles

Transient combustibles include, gas cylinders, rags, wipes, solvents, paints, adhesives,
grease, oil, wooden scaffolding, planks and any other combustible materials
temporarily present in plant compartments during maintenance or repairs. These
materials may constitute a significant fire load therefore their use should be controlled
and their quantities limited as far as possible. The use of transient combustibles at
Rovno NPP is governed by permits of work.

8.2.1.2.2 Assessment

The plant has no fire hazard analysis document which would give detailed schedule of
combustible materials for each area. From visual inspection it appears that the
combustible inventories at Rovno 1 and 2 are very large compared with modern
Western reactors. For example a modern Westinghouse PWR would typically use 200
litres of lubricant for a CVCS charging pump or 800 litres for one Reactor Coolant
Pump compared with 16m total capacity of the RCP lubrication systems and 12m
for the makeup pumps at Rovno NPP.

The plant also contains large concentrations of PVC and polythene insulated cables.
These cable have no fire retardant properties and large groupings of them are found in
the vicinity of penetration areas.

PVC floor coverings constitute a significant fire hazard in corridors, 6kV and 0.4kV
switchgear rooms, battery rooms.
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The prevention of hydrogen explosion and fires in battery rooms is inadequate. Battery
rooms are not fitted with hydrogen detection or temperature sensing systems. Periodic
hydrogen sampling is performed manually and the temperature is measured using a
thermometer mounted on the wall. It has to be pointed out that due to lack of
information, evaluation of battery rooms ventilation has not been performed.

The large quantises of oil in the turbine building create fire hazard with the potential
for structural damage to the turbine building, significant economic loss and a threat to
personnel safety. The situation is exacerbated by the use of flammable roofing material.

8.2.1.2.3 Recommendations for improvements

The following recommendations are made:

The "plastikat" floor lining should be removed from all areas of the plant and
replaced with noncombustible material.

Turbine generator building roofing material should be removed and replaced
with noncombustible material.

The planned replacement of the main reactor coolant pumps with pumps using
integral lubrication system should be carried out. Consideration should be given
to the use of high flash point lubricant in these pumps.

Cables with fire retardant insulation should be used where the existing cables
need replacement or new cables are added.

In order to reduce fire hazard in the turbine hall, facilities should be provided
(e.g. drained trays or enclosures) to retain leaks and spillages of oil from the
turbine and control systems. Consideration should be given to the use of oil with
high flash point.

Hydrogen detection systems and temperature sensing systems should be fitted in
the safety battery rooms.

8.2.1.2.4 Recommendations for complementary studies

As part of the fire hazards analysis for the plant a detailed inventory of combustible
materials in each compartment should be compiled and used to determine combustible
loading in the compartment. This may serve as a basis to identify areas where
additional active or passive fire protection may be necessary. A particular need for this
type of evaluation arises in cable compartments.

Fires in the turbine building, containing large amounts of oil and covered with
flammable roofing material, may pose a threat to the integrity of the turbine hall. The
potential for structural building failure following major oil fires should be analyzed
using deterministic fire modelling techniques.
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In order to limit the potential for hydrogen explosion and fire it is recommended to
carry out analysis of effectiveness of the generator shaft seal and comparison with
western solutions for sealing hydrogen cooled generators.

8.2.1.2.5 Proposal for future evaluations

Evaluation of battery rooms ventilation is proposed.

8.2.1.3 Passive fire protection

8.2.1.3.1 Information on the status at Rovno NPP

The plant fire defences are based principally on the concept of segregation and confinement of
3-way redundant trains of safety systems by fire resistant walls, doors and fixed penetrations.
The requirements for fire resistance of barriers within the plant is in accordance with the
standard VSN 01-87, summarised in Section 8.2.1.1.

The plant design with respect to active and passive fire protection is based on the standards
which were in force at the time of the plant design and construction (VMSN-13-74). The
standards prescribe the fire protection measures on the basis of functional and safety
requirements. In the former Soviet Union and the Ukraine fire load calculations were not
required and were not carried out in the plant design process.

Deviations from and violations of the segregation principle, identified in several areas of the
plant are discussed below.

Cable spreading rooms under the main and auxiliary control rooms

These cable spreading rooms contain substantial quantities of safety system control
cables which penetrate the ceiling into the main and auxiliary control rooms. There is
no separation between redundant systems by space, fire barriers, shields or water
curtain.

Emergency diesel generators

The diesel generator building for unit 1 and 2 is a permanently supervised building
subdivided into six fire areas. The ground level in each area contains one diesel
generator together with compressed air cylinders for the startup systems. The
basement contains auxiliary equipment, such, as startup system compressor and
lubrication oil systems. Each fire area is surrounded by 1.5 hour fire resistant walls.
The walls on both levels are penetrated by doorways leading to adjacent diesel
generator compartments. The basement fire doors can be kept constantly shut by
means of recently fitted counterweight type closing devices (however, some were
found open during a walk-down). The doors on the ground level are open. Due to
uneven floor and poor fitting these fire doors cannot be shut.
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Feedwater pumps

The turbine hall contains 5 main electrically driven feedwater pumps and 2 auxiliary
(APEN) feedwater pumps located on the level -2.1m. The main feedwater pumps are
electrically driven units with dedicated lubrication systems. The auxiliary feedwater
pumps are located next to the main feedwater pumps but have integral lubrication
systems. There is no physical or spatial segregation between these pumps.

Emergency feedwater pumps (DAPEN) (3 for each unit) are located in two groups on
the level -3.6 m. One group of pumps consists of two pumps (one pump for each unit)
located side by side. The remaining emergency feedwater pumps are separated by semi
enclosures.

Safety injection system

Three trains of safety injection systems are located in rooms 001/1, 002/1, 003/1 on
the -6.5m level. The leak tight, fire resistant doors connecting the three rooms are
normally closed during power operation and any fire would be confined within the
affected compartment. The closure of these doors is subject to procedural control.

8.2.1.3.2 Assessment

Cable spreading rooms

Segregation of cables belonging to redundant safety trains in cable spreading rooms
underneath the main and auxiliary control rooms is inadequate. This is judged to be a
serious weakness in the plant fire protection, since a fire in one of these areas could
potentially lead to the loss of control over all three safety systems from the affected
control room. Safe shutdown functions would be transferred to the unaffected control
room.

Further deterministic analysis is required to assess whether a fire affecting cabling in
one control room would not affect the functioning of the remaining control room. The
Browns Ferry fire had shown that unpredictable equipment failure modes may follow
cable fires such as spurious startup or shutdown of pumps. The purpose of further
analysis is to demonstrate that open circuit or closed circuit mode of cable failures
would not prevent effective control of safe shutdown functions.

Eastern experts mentioned that the Rovno circuits of technological process automatic
control systems and of power supply systems are designed in such a way that the fire
damaged cable spreading at one control panel would not cause the loss of another
control panel. The spurious actuations and pump trips etc. are precluded. However,
there is insufficient information to accept that the auxiliary control room provides
adequate protection.

Emergency diesel generator compartments.

Ineffective and poorly fitted doors combined with a bad practice of leaving them open
violates the principle of segregation of safety trains.

8/15



Feedwater pumps

The main and auxiliary feedwater pumps which are located in close proximity are
susceptible to fire damage either through direct effects of fire or indirectly during fire
fighting action. A fire in this area would not affect the emergency feedwater pumps.

A fire in one of the emergency feedwater pumps has a limited spreading potential to
the neighbouring pumps due to a small amount of combustible materials and the
presence of semi-enclosures. In addition, the third pump is located at a considerable
distance, beyond any potential spread of direct or indirect consequences of fire.
Therefore a single fire cannot simultaneously damage all supplies of feedwater to the
steam generators.

Although the present passive fire protection of emergency feedwater pumps does not
follow the confinement principle or the rules laid down in VSN 01-87, the risk in this
area is dominated by other hazards such as seismic and internal flooding. There are
plans to transfer the emergency feedwater pumps to the reactor building primarily to
reduce the seismic hazards but with additional benefits of reducing risks from other
hazards.

Operational experience on Greifswald unit 1 (WER 440/230) revealed the possibility
of fire induced cable damage resulting in common failure of all feedwater pumps and
other equipment and instrumentation. A safety significant fire occurred at that plant
inside the main cable duct in the turbine building in 1975. The fire lead to the reactor
trip followed by the loss of all feedwater for a period of two hours. Damage to
electrical cables also affected instrumentation in the primary system (temperature,
pressuriser level) and caused failures to start of all but one emergency diesel
generators. The fire at Greifswald was a serious accident which revealed a significant
weakness in the design of early WERs. Although significant differences exist between
Rovno 1/2 and Greifswald plant the potential for common cause damage to feedwater
and other systems resulting from cable fires should form a focal point of the fire hazard
analysis.

Safety injection

Fire segregation of this system is adequate as long as the operating procedures remain
effective and fire doors are kept shut during normal operation. Due to a small
combustible load in the safety injection rooms the potential for fire spreading is
minimal and the risk in this area is dominated by other hazards i.e. internal flooding.

Fire doors

Fire doors in some areas of the plant are in poor state. Ineffective and damaged closing
springs and loose and corroded door frames were found in the cable spreading room
area under the auxiliary control room in unit 1. However, there is evidence of an
ongoing programme of door repair and maintenance.

Some fire doors in safety areas have ineffective latches and weak closing springs e.g.
1.5hr fire door in room 2-G-E-S in unit 2. The adjacent rooms contain cabling
belonging to different trains of safety systems.
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Doors with fire resistance of O.75hrs were found between compartments containing
safety and non-safety systems (e.g. KRU area, level Om in unit 2). VSN 01-87 requires
fire resistance of l.Shrs (equal to fire resistance of solid walls) between safety and non-
safety systems.

Passive protection of power and control cables

In order to increase fire resistance of cables their insulation is coated with fire resistant
compound OPK. The rules for the application of this compound are described in the
"Technical Rules for the Installation of Cables" - Ministry of Energy SSSR and the
standard VSN 0 1 - 8 7 (See Section 8.2.1.1). In compartments fitted with fixed
suppression systems only 0.5m of cables on either side of penetrations are coated with
OPK. Where there are no fixed suppression systems the rules require the cable to be
coated over the entire length.

The main constituents of this compound are asbestos, titanium dioxide, chalk, kaolin,
barit and liquid glass as the bonding agent. Cables inside containment are covered with
10mm thick layer of OPK and a 3mm layer is applied to cables outside containment.
The benefits of this treatment are believed to be an increase in fire resistance to a level
comparable with fire retardant insulation. Due to operational problems with this

T,compound e.g. cracking of the solidified layer it is planned to replace OPK with
.asbestos free compounds called "POLISTOP" or "POLIPLAST".

The situation regarding approvals for "POLISTOP" or "POLIPLAST11 to be applied at
Rovno NPP is unclear due to conflicting information received during the course of the
project. Both compounds are already used in other stations of the same type (e.g.
PAKS in Hungary). However, it has recently emerged that the Ministry of Nuclear
Energy of the USSR issued in 1988 a document entitled "Decisions on upgrading NPP
cable fire protection". The document was approved by the State Committee for Fire
Protection in the Ministry of Internal Affairs of the USSR and by the USSR State
Nuclear Energy Inspectorate. This document, which was not available for review
during the plant visits, contains and annex listing materials approved for application for
NPP cable networks. The list of materials is believed to contain both POLISTOP" and
"POLIPLAST compounds.

8.2.1.3.3 Recommendations for improvements

Emergency diesel generator compartments

The short term solution to ineffective segregation should be to repair the fire
doors and fit self closing mechanisms similar to those installed in the basements.
The plant personnel informs that plans exist for the removal of the these doors
and complete closure of the passages with fire resistant brick panels. There are
also future plans to locate the generators in specially constructed separate
buildings fully meeting the fire safety requirements.
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A clear policy should be developed by the plant in order to guarantee that fire
doors in diesel generator compartments are kept closed. It is recommended to
examine the possibility of installing remote indicators that fire doors are left
open.

Fire doors

There is a need for an accelerated programme of repair or replacement of old
and damaged fire doors, frames and closing mechanisms.

All fire doors between safety and non-safety areas should be uprated to the l.Shr
resistance as required by the standard VSN 01 - 87.

8.2.1.3.4 Recommendations for complementary studies

Cable protection

The beneficial effects of using compounds OPK, "POLISTOP" and "POLIPLAST" to
increase fire resistance of cables are difficult to quantify. There are practical problems
with the application of these compounds inside cable compartments due to difficult
access. Uniform and adequate coverage may not always be achieved.

There is a need to conduct a study aimed at quantifying the benefits of using
protective coatings in terms of practically achievable increase in fire resistance
and assess relative benefits considering several undesirable effects such as:
reduced cooling and de-rating of cables, cost, difficulties with cable
identification, health hazards to workers during compound application and
removal. This study should take into account the non uniform coverage of the
coating as discovered during plant walk-downs.

Cable spreading room

Further analysis is recommended to assess whether the lack of cable segregation in the
cable spreading room under the main and auxiliary control room is acceptable from the
risk point of view.

Analysis is required to demonstrate that a fire affecting cabling in one
control room would not affect the functioning of the remaining control
room and prevent control of safe shutdown systems.

Deterministic fire modelling should be undertaken to ascertain
effectiveness of the installed fire detection and suppression systems.

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

Information received during the first plant visit indicated that some safety areas
may be served by ventilation systems which are common to more than one safety
train. This raised concern regarding effectiveness of segregation and potential for
fire spreading through the ventilation ducts. It is recommended that a
systematic analysis and evaluation of the ventilation systems is performed to
identify any areas where fire spreading paths may exist.

Fire hazard analysis

It is recommended to evaluate in detail the effectiveness of fire protection at
selected locations of Rovno NPP. The analysis should focus of representative
locations identified to cause the highest potential for fire spreading and common
cause failures. Such a study, using modern fire modelling computer software
should take into account the fire loading, ventilation rates, fire barrier rating, the
nature and vulnerability of equipment, effectiveness of the installed fire detection
and suppression systems and manual fire fighting.

8.2.1.3.5 Proposal for future evaluations

None.

8.2.1.4 Fire detection system including qualification, testing and information to the operator

8.2.1.4.1 Information on the status at Rovno NPP

Fire detection

The fire detection systems in Rovno NPP use the following equipment:

DIP-1 optical and thermal detector

This is a standard commercial detector for general applications. It is activated by
smoke particles or by temperature rise above 70°C +/-10°C. This detector is widely
used in units 1, 2 and 3 in diesel generator rooms, cable compartments, compartments
containing electrical equipment, control rooms, computer rooms etc.

DPS-038 thermal detector

It is activated by the temperature rise of more than 30°C in 7 seconds. This detector is
installed in compartments containing large quantities of oil to detect rapid fires in those
compartments.

IP-105 Fusible element detector - used in offices.
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PPS-1 Control and annunciation panel.

This panel operates in the "double knock" mode and controls up to sixty trains of fire
detectors. It has 4 optical status indicators, warning, alarm, short circuit and open
circuit. The warning indicator light is activated by a detection signal received from a
single detector. The alarm indication appears when two detectors in one train are
activated. The short and open circuit indicators signal faults in the detector circuits.

The panel PPS-1 has a selector switch with three positions. Automatic, Manual and
Off. In the "automatic" mode fire suppression systems in a safety compartment are
automatically started when the second detector is activated. In the "manual" mode the
fire suppression system must be switched on manually. In the "off1 position the panel
operates only in the "signal mode".

Fire protection of the main oil filled transformers.

The transformer deluge systems are actuated in the event of both the transformer
winding gas detection systems and the differential protection operating.

The applicable standard for fire detectors and their installation is SNiP-20409-84. Fire
detectors in rooms lower than 4m are installed at 4m intervals and 1 5m away from the walls.

In units 1 and 2 the smoke detectors are connected to the fire systems control panels PPS-1
which are located in the electrical control room. These panels receive signals from all
detection systems installed in cable rooms, mechanical electrical and electronic equipment
rooms and administrative areas. In case of a detection signal, malfunction of one detector in
any area or change from normal to emergency electrical supplies a general visual and audible
alarm is activated in the electrical control room.

Smoke detectors have not been installed in 6kV and 0.4kV switchgear and relay rooms,
(noncompliance with the requirements of VSN 01-87)

There is no direct automatic signalling to the site fire brigade. Operators are instructed to
notify the fire brigade by telephone if fire is detected in the plant.

In safety areas protected by two trains of detectors the second signal automatically activates
the deluge system. It is possible to open the deluge valves manually in the valve room or
remotely from the control panel.

Diesel generator building is equipped with an autonomous fire detection system using
detectors DIP-1 connected to a local control panel PPS-1 located in the supervisors cabin.
This panel is connected to the general alarm in the electrical control room.

Inspection, testing and maintenance

- Daily tests

The settings of the PPS-1 control panels are checked at the start and at the end of each
shift by the electrical department personnel.
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- Monthly tests

A monthly visual inspection of the fire detectors and the control panels is carried out
by the plant maintenance staff.

- Quarterly tests

Quarterly tests are carried out on the automatic fire suppression systems without water
release. Each fire detector is tested with combustion generated smoke. The standard
VSN 0 1 - 8 7 does not prohibit the use of combustion generated smoke for testing
smoke detectors. A detailed compartment inspection is carried out after the tests.

- 6 monthly maintenance

Every six months maintenance work is carried out on the fire detection systems
including detectors and control panels.

- Annual tests

Wet test of fire detection and suppression systems are carried out annually. Two
detectors are triggered with combustion generated smoke. After the wet tests all
detectors are removed, dried tested and installed.

8.2.1.4.2 Assessment

The main deficiency of the fire detection system is considered to be the practice of using
combustion generated smoke for testing smoke detectors in safety areas.

Fire detectors are not installed in the 6kV and 0.4kV switchgear rooms belonging to safety
systems although it is required by the standard VSN 01-87.

8.2.1.4.3 Recommendations for improvements

Smoke detectors should be installed in the 6kV and 0.4kV switchgear rooms.

Smoke detectors should be tested using aerosol products specifically designed for this
purpose.

8.2.1.4.4 Recommendations for complementary studies

None.

8.2.1.4.5 Proposal for future evaluations

None.
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8.2.1.5 Fire suppression system including qualification and testing

The design of fire suppression systems is based on standards applicable at the time of plant
construction and on supporting calculations. The adequacy of the installed systems have not
been verified by a fire hazard analysis.

Detailed design data and calculations for fire suppression systems were not available for
review during plant visits. The assessment is based, therefore, only on visual inspection of
selected plant areas and on information received from the Eastern side.

8.2.1.5.1 Information on the status at Rovno NPP

Fire water system

Fire fighting water system was assessed on the basis of the drawing No 4002-S-EC. The
system, with a design flow rate of 200 1/sec, comprises two interconnected supply ring mains
and two separate pumping stations. The larger outer main supplies units 1 and 2 and is
connected to 5 pumps (4 electric and 1 diesel) in the PRK building. Only one of the electric
pumps is normally in operation.

The second ring main supplies unit 3 and comprises two main.pumps and 2 jockey pumps (one
in continuous operation to maintain the system pressure) taking water from the cooling tower
pond. This ring main supplies water to fire hydrants, hoses and tanks in unit 3 and may also be
used to supply fire water to units 1 and 2.

The electric fire pumps for both rings are not connected to emergency electrical supplies.

All idle pumps are start tested once every ten days.

The water supply for fire fighting comes from the river Styr and is stored on site in 2 ground
level tanks, each with a 1000m capacity. Additional water can be supplied from the cooling
tower pond via the fire water ring for unit 3. The sources of fire water are reported to be
adequate with respect to extreme atmospheric conditions, such as drought or freezing. The
water intake from the river would not be affected by the lowest recorded temperature of
- 46°C and the maximum recorded ice thickness of 40 cm.

The fire water pipework is protected from low temperatures by burying underground to a
depth below freezing.

On units 1,2 there is no fixed supply of firewater to the containment. Fires inside containment
are suppressed using manual fire hoses. For fires of the Reactor Coolant Pumps fire fighting
instructions permit the use of water despite the risk of its penetration into the sump and
dilution of the borated safety injection water.

Fixed open nozzle systems are installed in cable compartments containing safety cables,
turbine/generator lubrication and control oil systems, grid transformers, lubrication systems for
makeup pumps, primary coolant pumps and diesel generators.
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The existing standards (VSN and SNiP) do not require fixed fire suppression systems to be
installed in diesel generator rooms, and their day tank rooms.

There are no sprinkler systems to protect the turbine generators.

Control rooms and rooms with electrical and electronic equipment with a floor area exceeding
20m should, in accordance with the requirement of VSN 01-87, be protected by fixed gas
systems (freon or halon). However, such systems have not been installed at Rovno NPP. No
suitable system and gaseous suppressant have been identified to date for use at the station. The
main problems are associated with environmental effects of halons and with their toxicity. In
addition, there are currently no manufacturers and suppliers of fire fighting gases in the
Ukraine. The current fire protection in control and electrical rooms relies on portable CO2
extinguishers.

8.2.1.5.2 Assessment

The fixed and manual fire suppression systems can be assessed only on the basis of visual
inspection and information received from the Eastern participants since design data and hazard
analysis document were not available for review.

Fixed fire suppression systems in cable compartments containing large concentration of cables
appear to be adequate.

Fixed fire suppression for the grid transformers and for the oil systems for makeup pumps and
diesel generators are judged to be adequate.

In view of the fact that large quantities of oil are kept in the turbine building detailed analysis
would be required to assess the adequacy of fixed systems for fire protection of turbine
lubrication and control systems.

8.2.1.5.3 Recommendations for improvements

Turbine generators

There is a significant safety hazard at Rovno NPP due to the presence of four turbine
generators in one building using large quantities of oil and hydrogen. The current
Western practice recognises that turbine/generator fires can very rapidly attain major
proportions and fixed sprinkler systems are commonly installed to protect the turbine
and generator bearings whilst fixed CO2 systems are used for the exciter. It is
recommended that a feasibility study and review of possible technical solutions should
be carried out to improve fire protection of turbine/generator at Rovno NPP.
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Diesel generators

At present, the emergency diesel generator compartments have no fixed suppression
systems. It is recommended that the planned new diesel generator building should be
protected with fixed suppression systems in a manner consistent with modern Western
practice. A study should be carried to review and to select a suitable fixed system.

Control rooms and rooms with electrical and electronic equipment

It is recommended to carry out a study to identify effective and environmentally
acceptable fire suppression systems to protect electrical and electronic equipment taking
into account characteristics and hazards in specific plant areas.

The Montreal Protocol, currently in force, imposes ban on production of ozone destroying
gases such as CFCs and halons. The use of halon in the existing or new installations is,
however, still permitted. Alternatives to halons as fire suppressant are being sought
worldwide. A number of new fire fighting technologies have emerged : very early detection,
pre-burning warning with rapid manual action, improved water sprinklers, water fog, carbon
dioxide for the use in unmanned spaces. New gaseous suppressants such as IM200 or
NAF III, the so-called "slot-in" gasses with lower or no ozone depletion properties, have also
been developed by Du-Pont and Great Lakes. However, these gasses still have serious
drawbacks in effectiveness and toxicity. Other gaseous suppressants include ENERGEN or
ARGONITE operating on the principle of displacing oxygen needed for combustion with inert
gasses.

8.2.1.5.4 Recommendations for complementary studies

None.

8.2.1.5.5 Proposal for future evaluations

None.

8.2.1.6 Fire brigade including examination, alarms, instructions, procedures and training

8.2.1.6.1 Information on the status at Rovno NPP

The Rovno NPP fire brigade was set up during plant construction and currently comprises a
total of 130 professional full time fire fighters. Each 24 hour watch consists of 20 firemen at
the main station and 5 additional firemen at the plant. There are 4 such watches operating 24
hours in rotation. In addition, the fire brigade employs 8 fire prevention officers who are based
at the plant. Three fire prevention officers are on duty 24 hours. The officers, each responsible
for one sector of the plant, are empowered to require any action deemed necessary to
eliminate a fire hazard.

The fires are categorised, depending on their magnitude into 4 categories. The fire brigade
response and the use of resources depend on the magnitude of the fire.
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The first category requires the response of the single fire watch from the site fire brigade.

For the second category of fires the town fire brigade is brought into action. This brigade
consists of one unit made up of 14 firemen on 24 hour duty. There is a possibility of deploying
further 6 units from the neighbouring stations.

For the third category of fires another 5 units are available in the district.

For the largest, fourth category, fires up to 200 fire fighting vehicles can be deployed from
more remote areas of the district.
The response time of the station fire brigade is 3 minutes and 8 minutes for the unit based in
the adjacent town of Kuzniecovsk.

The station fire brigade has 10 vehicles including fire engines, mobile ladders, specialised
mobile pumping vehicle with 110 1/s output, a vehicle carrying 1.5km of 150mm diameter hose
and a modified armoured personnel carrier with additional lead shielding. The function of the
latter vehicle is to transport a small team of fire fighters through highly active areas. The
vehicles are garaged inside the station in heated premises at temperatures above 10°C. All fire
fighting, transport and communication equipment is tested once every 24 hour shift.

Radio communication is maintained with the plant, district and regional fire brigades and fire
fighting vehicle. Each vehicle is equipped with one portable radio transmitter/receiver set.

Training of the fire brigade

The senior fire officers are educated in fire fighting colleges.

Junior fire fighters undergo 2 months training programme followed by a 20 day apprenticeship
at the station. This is followed by examinations and approval for work. Fire fighters undergo
a planned programme of training including daily theoretical and practical exercises. The
programme includes training within the plant, familiarisation with the plant layout and specific
fire fighting problems. Joint drills with plant personnel are also included in the plan subject to
approval of the chief engineer.

The fire prevention officers receive six months of formal training.

District fire brigades undergo planned quarterly practical training at the plant.

Each employee undergoes introductory fire safety training at the fire brigade followed by full
training given by supervisors responsible for the specific area of work. There is a programme
of announced fire drills for the general plant personnel.

Workers dealing with flammable or hazardous substances and workers involved in processes
associated with increased fire hazards such as welding undergo additional training every two
years followed by examinations and certification.
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Actions in the event of fire.

In the event of fire the plant personnel determines the fire location and calls the fire brigade.
The unit commanding officer meets the plant representative responsible for the area affected
by the fire and receives a written permission to commence fire fighting The plant
representative is responsible for isolating electrical supplies to the affected area whenever
possible. If the electrical supplies cannot be isolated the plant personnel is responsible for
grounding the fire fighting equipment using the station earth.

In case of serious fires a command group is set up. The group consists of the senior fire
officers and power plant personnel. On the plant side the command group includes the plant
director, chief engineer, engineer responsible for the plant area affected by the fire, heads of
the transport and security departments. The responsibility for fire fighting actions rests always
with the most senior fire officer.

Details of fire fighting actions for each plant are laid down in the Operational Fire Fighting
Plant for Rovno NPP. A copy of this plan is also held by the plant shift charge engineer. The
plan is approved by the plant director and the head of the regional fire safety department of the
Ministry of Interior.
The plan contains appropriate information for each plant area including diagrams of the area,
lists of fire, radiological and toxic hazards, diagrams of access and escape routes, information
on special fire fighting requirements, requirements for plant shutdown, operation of ventilation
systems etc.

Detailed fire fighting instructions for each plant compartment are held by each plant
department.

Radiological protection of the fire brigade.

The plant fire brigade is equipped with dose meters carried by each fire fighter. The individual
dose limit is 25 Roentgens.

District fire brigades engaged in fire fighting at Rovno NPP are protected by procedural
measures based on the measurements of the dose rate and the residence time in the active area.
Radiological protection is included in the programme of normal training for the plant fire
brigade. The district fire brigades receive instructions regarding radiological safety during
training sessions at the plant. Instructions on radiological protection are also given prior to fire
fighting actions.

The records relating to radiological safety of each member of the fire brigade are kept by the
plant health physics department.

Main incidents of fire

There were two main incidents of fires at Rovno NPP. The fires occurred in 1987 and 1988
and resulted from electrical faults in transformers on unit 3.
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During the first fire transformer oil spilled out and ignited. The Rovno NPP fire brigade
extinguished the fire in 1.5 hours.

The second fire was extinguished in 4.5 hours. At the time of the fire the transformers were
not equipped with fixed suppression systems. These systems are not required by the current
design standards but were installed following the accident investigation.

8.2.1.6.2 Assessment

Location The fire brigade is located in a well controlled location, in the vicinity of
and with good access to the plant. The response time for the site and
town fire brigades is short.

Organisation The fire brigade is well organised with effective leadership, clearly
defined procedures, lines of authority and responsibility. The methods
for coordinating fire fighting involving the plant and district fire
brigades and plant personnel are judged to be effective.

Fire prevention activities are adequately resourced.

Fire fighting strategy

The brigade shows high morale and discipline and high level of
preparedness for action.

Fire fighting strategies are formally documented, kept up to date and
are available in key plant locations. The strategies form the basis of
practical and theoretical training of the site fire brigade, plant personnel
and district fire brigades.

Manpower and training

The manpower levels at the Rovno NPP fire brigade are judged to be
adequate. Additional significant manpower resources are available
within the region.

The programme of fire drills and theoretical and practical training for
the members of the fire brigade, plant personnel and district fire
brigades is considered to be adequate in terms of scope and frequency.

Equipment The fire brigade is adequately equipped. The equipment is regularly
checked, maintained and appears to be in good condition. The
equipment is sheltered from adverse atmospheric conditions.

Each member of the fire brigade has an appropriate set of clothing and
equipment protecting against fire, toxic and radiological hazards.
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Communications The fire brigade has an effective and compatible telephone and radio
communications systems between the station, fire fighting units, plant
locations, district and regional fire fighting brigades and units, centres
of local administration.

Fire incident records

Fire incidents are recorded and investigated. Experience gained during
fires is fed back into operational practises.

8.2.1.6.3 Recommendations for improvements

None.

8.2.1.6.4 Recommendations for complementary studies

None.

8.2.1.6.5 Proposal for future evaluations

None.

8.2.2 Internal flooding

8.2.2.1 Design basis

The plant protection against internal flooding is based on:

The concept of segregation and confinement by building structures, distance and level
of 3-way redundant trains of safety systems.

Locating some equipment e.g. pumps in pumping stations, above the maximum
credible water level.

Flood detection and possibility of isolating sources of flooding

Resistance of building structures to loads resulting from flooding from credible
sources.

Plant drainage system is not designed to mitigate the consequences of significant flooding. In
some areas, e.g. Emergency Core Cooling System the drainage has the potential for
exacerbating the hazard by spreading floodwater to adjacent segregation areas.
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8.2.2.1.1 Information on the status at Rovno NPP

Internal flooding from large sources (over 10-15m ) has been considered in the
ENERGOPROJEKT Kiev report - Internal hazards assessment - Flooding. The report
analyses flooding from any credible source without manual isolation during the first 30
minutes.

8.2.2.1.2 Assessment

The design basis with respect to plant protection against the flooding hazard is similar to
approaches used in Western plant.

8.2.2.1.3 Recommendations for improvements

None.

8.2.2.1.4 Recommendations for complementary studies

None.

8.2.2.1.5 Proposal for future evaluations

None.

8.2.2.2 Reactor building including auxiliary building

8.2.2.2.1 Information on the status at Rovno NPP

The main sources of flooding in the reactor building include:

pipework of the ECCS system
pipework of the component cooling water system group A in trains of ECCS, safety
injection tank rooms
non-safety cooling water pipework
pipework associated with spent fuel pond cooling and component cooling water
system group A
fire fighting systems in cable passages and corridors
containment spray system

Emergency Core Cooling System ECCS

Three trains of safety injection systems are located in rooms 001/1, 002/1, 003/1 on
the -6.5m level. The rooms are fitted with conductivity water level probes positioned
approximately 10 cm above the compartment floor. The alarms associated with'the
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level probes are located in the electrical control room. Access to the safety injection
rooms is via sealed doors with a door step approximately 40 cm high.

The compartments 102/1, 103/1 and 104/1 on the 0.0m level contain storage tanks
holding borated water for the ECCS. The capacities of these tanks are: one 96m3

 ancj
one'285m3 tank in rooms 102/1 and 103/1; one 230m3, one 108m3 and one 67m3

tank in room 104/1. Conservative analysis carried out by ENERGOPROJEKT shows
that a full discharge of the tank contents into their associated safety injection
compartments would result in flooding to a level of 1.2m in rooms 001/land 003/1.
Such flood level would cause a loss of the associated safety injection train. The floor
area in room 002/1 is substantially larger, therefore the maximum flood level is
expected to be 0.6m and result in partial immersion of the equipment. It must be
conservatively assumed that the safety injection train would not function following
flooding.

Another potential source of flooding in these compartments is the component cooling
water system supplying the safety injection heat exchangers. Given that the flow rate
through the heat exchangers is approximately 1200m /hr and assuming that the leak
remains undetected for 1/2 hour the expected flood levels are between 1 to 2 m. Such
levels would be sufficient to damage the safety system within the flooded
compartment.

A weakness of the segregation measures adopted for the safety injection systems is the
potential for the flooding effects to spread to adjacent compartment through doors and
drains. The leak tight doors connecting the three rooms are normally closed during
power operation and the flood water is expected to be confined within the affected
compartment. If this confinement cannot be achieved the water would spread to the
adjacent train of safety injection. However, since the spillage would spread over a
larger area the resulting flood level would be lower than that for the confined flood.

The doors between compartments are not fitted with automatic closure mechanisms or
position indicators. Their closed position is verified during post maintenance
inspection.

The drainage systems creates another potential path for flood spreading between the
compartments. The drains are in a mandatory closed position during normal operation.
The valves are closed by manually turning the hand wheels located in the corridor
outside the compartments. The hand wheels have indicators which show the valve
positions. Regular checks of the valve positions are required by plant operational
procedures.

Boric acid concentrate tanks

There are two such tanks (each holding 65m of boric acid) located in separate
compartments (0021/1 and 0025/1 for unit 1, and 0024/2 and 0025.2 for unit 2).
Access doors are located on the 0.0m level, therefore flooding resulting from tank or
pipework failure would be confined to a single compartment.
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Safety injection tank rooms

The maximum flood water level within compartments 102/1 and 103/1 is estimated to
be 1.5m and 1.2m for room 104/1. The flood would result in the loss of borated water
supply to one train of safety injection system. No other equipment would be affected.

Fuel pond cooling system

Leakage from the fuel pond cooling system pipework would lead to insignificant
flooding of the pond cooling system room because the inlet pipe is located at a low
depth below the water surface.

A fracture of the component cooling water system within the compartment could result
in a maximum water level of 1.5m after 1/2 hour, with the consequential loss of the
pond cooling water pumps. The water inventory of the spent fuel pond is considered to
adequate for efficient heat removal for up to 24 hours without the operation of the
cooling system.

Fixed fire suppression systems

Compartments containing safety cables are fitted with fixed fire suppression systems.
" Flooding by fire suppression system is not considered to be a significant hazard since

all compartments where these systems are installed are fitted with drains of adequate
capacity. The functioning of drains is verified during annual wet tests of the
suppression systems. Activation of fire suppression system in response to a fire would
not create hazards greater than the fire itself. The consequences of spurious activation
are judged to be acceptable since the cables and equipment in the compartment are 3
fold redundant and not susceptible to flooding effects.

Leaks from feedwater pipes

Water drips from leaks or failures of feedwater pipes could potentially affect electrical
rooms containing equipment belonging to safety train 2 and located directly below the
+15.0m level mezzanine. However, the mezzanine floor is lined with steel which
effectively stops small leaks. Furthermore, due to the absence of raised edges
accumulation of large quantises of water on the mezzanine floor is not possible.

8.2.2.2.2 Assessment

Emergency Core Cooling System

Flooding of an ECCS compartment would result in the loss of the safety injection train
associated with this compartment. Prevention of common cause failures requires effective
confinement of floodwater to a single compartment. The leak tight doors between
neighbouring compartments remain shut during normal operation. The closure of these doors
is subject to procedural verification. The operation of compartment drains, which create
additional path for floodwater ingress, is also controlled by plant personnel in accordance with
written procedures.
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Although the doors are leak tight small leaks cannot, in practice, be ruled out. However, the
rate of flow through gaps around the door would be small enough to prevent accumulation of
substantial quantities of water in the adjacent compartments before the leak was detected and
isolated.

8.2.2.2.3 Recommendations for improvements

In view of the fact that effective segregation of redundant safety equipment is
fundamental to reactor safety and in order to reduce the hazard to a reasonably
practicable level it is recommended that a programme of inspection and maintenance
should be introduced specifically to assure leak tightness of the doors between the ECCS
compartments. A clear policy has to be developed by the plant in order to guarantee the
closing of the doors and the closing of the drain system valves. It is recommended to
examine the possibility of installing remote indicators that doors are left open.

8.2.2.2.4 Recommendations for complementary studies

None.

8.2.2.2.5 Proposal for future evaluations

None.

8.2.2.3 Turbine hall

8.2.2.3.1 Information on the status at Rovno NPP

The main sources of flooding in the turbine hall include:

Deaerators

There are 2 deaerators, each holding approximately 100m of water. A failure of the
deaerator equalising pipe could lead to flooding of the main and auxiliary (APEN)
feedwater pumps located underneath. The water level would be insufficient to cause
widespread flooding in the turbine hall.

Component cooling water

Three trains of component cooling water group A are routed trough the turbine hall
through 830mm diameter pipes. The pipework is equipped with isolation valves
allowing for line isolation in case of pipe leak. Conservative analysis by
ENERGOPROJEKT showed that an undetected leakage of the entire flow during a 1/2
hour period would flood the level - 3.6m to a depth of 20cm. Component cooling
water group B uses lower flow rates therefore pipework failure would lead to lower
levels of flood water.
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Circulating water system

The circulating water system delivers water to two condensers Each condenser is fed
from 4 pumps (two operational and two on standby) delivering 18000-30000 m water
per hour through the pipework of 2200 mm diameter. Conservative analysis, assuming
maximum flow and no drainage showed that an undetected 1/2 hour spillage into the
turbine hall would result in flooding of the -3.6m level basement to a depth of lm.

Fixed fire protection systems

Fire in cable compartments and turbine hall would result in fire fighting action. Fixed
suppression systems are fitted over the lubrication and turbine control systems.
Manual fire fighting would also take place. The maximum quantities of water delivered
for fire fighting would be substantially less that those involved in the failure of the
circulating water system pipework.

Feedwater pumps in the turbine hall

The turbine hall contains 5 main feedwater pumps and 2 auxiliary (APEN) feedwater
pumps. These pumps are located on the level -2.1m. The main feedwater pumps are
electrically driven units with dedicated lubrication systems. The auxiliary feedwater
pumps are located next to the main feedwater pumps but have integral lubrication
systems. Both group of pumps take water from the deaerator. Emergency feedwater
pumps (DAPEN) (3 for each unit) are located in two groups on the level -3.6 m. One
group of pumps consists of two pumps, one for each unit. The remaining emergency
feedwater pumps are separated by distance and by semi enclosures. The emergency
feedwater pump are supplied from two 1000 m3 condensate storage tanks located
outside the building..

8.2.2.3.2 Assessment

It has been conservatively postulated that the five main and two auxiliary feedwater pumps
(APEN) would become unavailable as a result of a failure of the deaerator equalising tube.
However the likelihood of such an event is low and the three emergency feedwater pumps
(DAPEN), located in a different part of the turbine hall and on a different level would remain
unaffected. Simultaneous flooding of all feedwater pumps can, therefore, be ruled out.

The main and auxiliary feedwater pumps are above the highest conservatively predicted level
of flood water resulting from the failure of the circulating water system pipework. Although
simultaneous flooding of all feedwater pumps would not occur, the emergency feedwater
pumps are susceptible to flood induced common cause failures. This is an undesirable feature
of the plant design with a negative impact on the overall level of nuclear safety.

8.2.2.3.3 Recommendations for improvements

The planned removal of emergency feedwater pumps from the turbine hall, due to
seismic considerations which will be beneficial from the point of view of the flooding
hazard is supported.
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8.2.2.3.4 Recommendations for complementary studies

None.

8.2.2.3.5 Proposal for future evaluations

None.

8.2.2.4 Pumping stations and others

8.2.2.4.1 Information on the status at Rovno NPP

The pumping station building for units 1/2 is located next to the cooling tower pond. The
building is divided into seven separate compartments: 3 compartments containing component
cooling water pumps for group A system serving both units, 2 compartments with component
cooling water pumps group B (one per unit) and 2 compartments with circulating water
systerh pumps (one for each unit). The compartments containing the component cooling water
system group A, which is important to plant safety, are separated from each other by the
circulating water system compartments. There are no links or open penetrations between these
compartments.

8.2.2.4.2 Assessment

Flooding of a single compartment may occur as a result of pipework failure. Due to
segregation and confinement of these systems the remaining trains of component cooling
water group A would not be affected.

The failure of 3 trains of the cooling water group A resulting from flooding is only possible as
a result of flooding of the pumping station. This is prevented by locating the pump motors
above the highest possible water level in the pond.

8.2.2.4.3 Recommendations for improvements

None.

8.2.2.4.4 Recommendations for complementary studies

None.

8.2.2.4.5 Proposal for future evaluations

None.
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8.2.3 Missiles and pipe whip hazards

8.2.3.1 Design basis

Disruptive failures of pressurised components may lead to the formation of missiles. Such
missiles may have the potential to damage plant items and structures. Another potential source
of missiles are disintegrations of rotating machinery parts such as pump flywheels, turbine
discs etc.

Following a break in a high energy pipe a plastic hinge may be formed giving rise to a rapid
motion of the pipe. If a pipe is allowed to move freely it may impact on adjacent structures,
pipes or equipment. The general protection strategy is the provision of restraints, separation
by distance, solid barriers or by increasing target robustness. Such strategy should be applied
in all areas where high energy pipework is routed. High energy fluid systems are considered to
include pipework with the maximum operating pressure higher that 1.9MPa and/or maximum
operating temperatures higher than 95°C. The methods for fluid system design and assessment
widely used in the West are those given in US Atomic Energy Commission (USAEC 1.46)
Regulatory Guide 1.46 "Protection against pipe whip inside containment" and in USNRC
Standard Review Plan Section 3.6.2 "Determination of break locations and dynamic effects
associated with postulated rupture of piping".

The design strategy to limit the nuclear risk associated with missiles should include:

a. All credible situations in which a nuclear risk might arise as a result of a pressure part
failure should be identified.

b. The plant should be designed to ensure that all safety functions required to achieve and
maintain safe shutdown are available following a credible missile strike.

c. All reasonably practicable measures should be taken to minimise the frequency,
severity and consequences of a missile strike.

8.2.3.1.1 Information on the status at Rovno NPP

The design objective of Rovno NPP with regards to missiles and pipe whip is to ensure that
the plant can be safely shut down and maintained in stable shutdown condition following a
credible missile strike.

8.2.3.1.2 Assessment

The plant has no design strategy document or a hazard analysis report dealing with internal
missiles.

8.2.3.1.3 Recommendations for improvements

None.
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8.2.3.1.4 Recommendations for complementary studies

It is recommended that the missile hazard analysis should be carried out for units 1 and
2 based on the approach defined in US NRC Regulatory Guide 1.45. Such an analysis
should identify potential missile sources, evaluate potential missile generation, postulate
missile properties, identify targets, evaluate target responses and describe means of
protection.

8.2.3.1.5 Proposal for future evaluations

None.

8.2.3.2 Reactor building including auxiliary building

8.2.3.2.1 Information on the status at Rovno NPP

The following potential missile sources have been identified and considered within the primary
system:

- control rod drive mechanisms
- valve stems
- reactor coolant pump flywheel
- reactor coolant temperature sensors
- primary system pipework
- secondary system pipework
- pressuriser fittings
- reactor vessel studs

The physical protection of the primary systems against missiles relies on partitioning of the
containment with thick concrete barriers (shown in the plant layout album) and on the
provision of supports for all bends of the primary and secondary pipework.

8.2.3.2.2 Assessment

The provision of heavy concrete partitions and pipe bend supports is judged to be effective in
preventing the secondary effects of failures of the primary system boundary and associated
components (eg pump flywheel). Missiles originating from the failed component are unlikely
to escalate the accident beyond the conditions directly resulting from the component failure.

8.2.3.2.3 Recommendations for improvements

None.
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8.2.3.2.4 Recommendations for complementary studies

Detailed missile hazard analysis for the primary systems should be incorporated as part
of the overall missile hazard analysis for the plant.

8.2.3.2.5 Proposal for future evaluations

None.

8.2.3.3 Turbine hall

8.2.3.3.1 Information on the status at Rovno NPP

Turbine/Generators

The turbine hall, located alongside the main reactor building contains two turbine generators
for each reactor. The main axes of the turbines are parallel to the main axis of the reactor
building. The turbines consist of one double flow high pressure (HP) cylinder and two double
flow low pressure (LP) cylinders. The turbines have welded disk rotors and operate at
3000 rpm.

During normal operation the governor maintains the speed to within 4.5% of the nominal
speed. The turbine is fitted with a standard eccentric ring overspeed tripping device. This
device consists of two eccentric rings and springs set to trip the turbine at 10% and 12%
overspeed.

Periodic inspection is carried out at 3 monthly intervals on the overspeed trips to verify that
the trip lever and the trip valves do not stick. Full overspeed trips, involving exceeding the
nominal speed are carried out after maintenance of the turbine or its control systems. The
same tests are carried out if the turbine is out of operation for more than ten days.

Pipework

Turbine hall contains high energy pipework associated with the steam system on the secondary
side and with feedwater systems. There are no pipe restraints to protect against the effects of
pipe whip in the turbine hall. The area most at risk from pipe whip is the 15.0m level
mezzanine which carries the main steam lines, main steam isolation valves, and all feedwater
pipework (Drawing no 21602-T). There is potential for simultaneous damage to all feedwater
pipes (normal, auxiliary and emergency) and to the main steam lines downstream of the
isolation valves. A main steam line break upstream of the isolation valve could also case
damage to the other main steam line.
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8.2.3.3.2 Assessment

Turbine generated missiles

The turbine generators operating in the turbine hall represent a credible missile source as the
turbine and generator are capable of storing large amounts of rotational kinetic energy. In the
event of mechanical failure, this energy may be transformed into rotational and translational
energy of rotor fragments. A disc failure in a low pressure turbine may result in emission of
fragments with sufficient energy to penetrate the casing and cause damage to plant systems
and structures.

Missile ejection from the high pressure turbine is not considered because HP rotors have lower
kinetic energy than low pressure rotors due to smaller diameter. The high pressure turbine
casing is also stronger and more resistant to penetration by missiles due to high steam
pressures.

Missile generation from the generator is not considered because any rotor fragments would be
contained in the stator and the generator shell.

Missile generation may occur via fracture of the rotor due to its defects or via gross
overspeed. In normal service the governor and protection systems operate correctly the
maximum speed attained by the turbine will be 112% of the normal running speed. In the
unlikely event of load rejection and a failure of the governor and overspeed protection systems
runaway may occur leading to rotor failure and generation of missiles.

The missiles from turbine disintegration can be divided into two categories: "high trajectory"
and "low trajectory". Low trajectory missiles are ejected close to the horizontal and may
impact on the structures in a direct flight path. High trajectory devices are ejected upwards
and may cause damage by falling back on essential systems.

The probability of damage by turbine generated missiles is considered in Western practice to
be high enough to warrant hazard analysis and preventive measures such as turbine orientation
and placement, shielding, overspeed protection, quality assurance in design and fabrication,
inspection and testing programme. The historical failure data indicates the rate of failures is
10"4 per turbine year.

Evidence currently available indicates that turbine missile strikes would be concentrated within
an area bound by lines inclined at 25 degrees to the turbine wheel planes and passing through
the end wheels of the low pressure turbine. Safety systems within this area and close to the
turbine are most vulnerable. Those further removed from the turbine are less likely to be hit by
a missile.

It is recognised that exclusion of safety systems from the missile hazard zone is the preferred
method of protection and has less associated uncertainty then other methods. However, plants
with less favourable turbine orientation have been found acceptable if the targets important to
safety are small enough or far enough from the turbine to reduce the probability of being
struck by a turbine missile to less than 10'3. .

At Rovno NPP the main targets for turbine generated missiles are the parts of the main,
auxiliary and emergency feedwater systems, main steam lines together with isolating valves
and the main control room. The positions of these targets have been identified on plan views
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of the turbine hall (drawings no 25274-T and 21602-T). The 25 degree strike zone for turbine
generated missiles extends approximately from sections 8 to 13 for unit 1 and 11 to 16 for
unit 2.

The control rooms, located between sections 5 to 8 for unit 1 and 16 to 19 for unit 2, are
outside the 25 degree strike zone for turbine generated missiles. Their protection against this
hazard is therefore considered to be adequate.

The main steam isolating valves and the main steam lines located upstream of the valves are on
the 15m level mezzanine in sections 6 to 7 for unit 1 and 17 to 18 for unit 2. Sections of the
main steam lines downstream of the main isolating valves are also outside the turbine missile
strike zone. The possibility of a direct impact of a turbine generated missile is considered to be
negligible.

The main, auxiliary and emergency feedwater pumps are located outside the turbine missile
strike zone. However, the pipework belonging to these systems on the 15m level mezzanine is
within the strike zone and constitutes a credible missile target.

8.2.3.3.3 Recommendations for improvements

8.2.3.3 4 Recommendations for complementary studies

The missile hazard in the turbine building should be assessed further. The area most at
risk from pipe whip is the 15.0m level mezzanine which carries the main steam lines,
main steam isolation valves, and all feedwater pipework. There potential for
simultaneous damage to all feedwater pipes and to the main steam lines.

The pipe whip assessment procedure should consider:

i. postulated break locations
ii. pipe whip analysis
iii. damage assessment
iv. pipework restraints

i. Break locations should be postulated at:

- terminal ends, anchor and valves
- the legs of a tee junction
- pipe branches
- circumferential welds in pipe runs
- changes of direction in the pipe run

ii. Pipe whip analysis determines whether a postulated pipe rupture is likely to lead
to pipe whip. Assessment of pipe rupture effects involves the evaluation of fluid
jet thrust, the behaviour of the piping systems, the response of the restraint and
other targets due to the impact of the whipping pipe.
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iii. Damage assessment is necessary to evaluate the consequences of the whipping
pipe impact onto another piping system or other components or structures.

iv. One way to mitigate the consequences of pipe whip is to limit the motion of the
whipping pipe by pipe restraints designed to dissipate the energy of the pipe in a
controlled manner. The pipe restraint must absorb the kinetic energy of the pipe
and resist steady state thrust after the pipe has come to rest. This part of analysis
involves selection of pipe restraint and its location and assessment of its
effectiveness.

8.2.3.3.5 Proposal for future evaluations

None.

8.2.3.4 Pumping stations and others

8.2.3.4.1 Information on the status at Rovno NPP

No high energy pipework is present in pumping stations.

High energy pipework is associated with auxiliary boilers in the PRK building.

8.2.3.4.2 Assessment

Pipe whip hazard in the PRK building raises no concern for nuclear safety.

8.2.3.4.3 Recommendations for improvements

None.

8.2.3.4.4 Recommendations for complementary studies

None.

8.2.3.4.5 Proposal for future evaluations

None.

8.2.4 Falling objects

This category of hazard applies to a free fall of lifted loads, uncontrolled lowering of loads and
failure of lifting devices in such a way that the device may fall onto the structure or equipment
below.
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8.2.4.1 Design basis

8.2.4.1.1 Information on the status at Rovno NPP

The cranes, slings and lifting tackle at Rovno NPP are designed and operated in accordance
with the Rules for Design and Safe Operation of Load Handling Cranes issued by
GOSK0RTECHNADZ0R 1976.

8.2.4.1.2 Assessment

A general requirements for design and operation of light water reactors is that fuel storage and
handling system must ensure adequate safety under normal and accident conditions. The loads
handling by a crane which can be a direct or indirect cause of release of radioactivity are
referred to as critical loads.

A dropped load may cause damage to structures and equipment in addition to damaging the
load itself. The main objective of this assessment is to ascertain the adequacy of the measures
adopted to protect against the dropped load hazard.

Safe handling of critical loads can be accomplished by incorporating safety features in the
handling equipment and by applying procedural controls to load handling paths. At Rovno
NPP units 1 and 2 safe handling of critical loads uses a combination of these approaches.

The main crane is fitted with double breaking and hoisting systems, therefore possesses
some of the features of single-failure-proof design as defined in NUREG-0554.

Additional protection is provided by controls on the load height and handling paths
imposed by the operator procedures and permits to work.

Limiting the height to a level where the consequences of a dropped load would be acceptable
and defining the load path which avoids traversing loads over safety classified equipment is a
method of protection preferred by many nuclear utilities. At ROVNO units 1 and 2 there are
no mechanical or electrical stops, limit switches or interlocks to impose these rules. Hazard
protection relies, therefore, on strict adherence to the operating rules and procedures.

The results of the present study indicate that the approach to the dropped load hazard is
broadly consistent with approaches adopted in the West. This finding is based on qualitative
review involving engineering judgement. Definitive statement on the acceptability of the
adopted hazard protection measures is, however, impossible because Rovno NPP does not
have a detailed hazard analysis for dropped loads. Such analyses, demonstrating that the
probability of a load drop is sufficiently low and its consequences can be tolerated, are usually
required by Western nuclear regulators at the pre-operational safety report stage.

8.2.4.1.3 Recommendations for improvements

None.
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8.2.4.1.4 Recommendations for complementary studies

It is recommended that a detailed safety analysis for dropped loads should be prepared
in the future, similar in scope, content and approaches to the Western practice. Such a
report should contain:

A schedule of lifting equipment which identifies the lifting devices, identifies the
maximum load, determines the load path, height and duration of the lifting
operation, determines the protection devices and methods.

A dropped load analysis which assesses the consequences of a load drop at any
location in the lifting device travel area where movement is not restricted by
administrative controls or mechanical or electrical stops. The analysis should
assess potential damage to civil structures, penetration of floors by the dropped
load, radiological release consequences and criticality considerations.

The dropped load analysis should be carried out for fuel assemblies and spent
fuel flasks. The load drop should be postulated from full height through water
and on to the structures below. Potential for criticality and damage to pool liner
leading to radioactivity release should be assessed.

The analysis should consider the effects of dropped vessel head, core internals or
inspection equipment which could lead to damage to the vessel (during refuelling
it may be below its non-ductile regime).

8.2.4.1.5 Proposal for future evaluations

None.

8.2.4.2 Reactor building including auxiliary building

8.2.4.2.1 Information on the status at Rovno NPP

The reactor building is equipped with three cranes. The main lifting capability is provided by a
250t seismically qualified crane. The crane is qualified to withstand, without falling, an
earthquake with a return period of 10 years. The use of this crane is not permitted during
reactor on-load state.

The two other cranes have 30t capacity. These cranes can be used during reactor power
operation.

Procedures

Handling of loads is carried out by trained personnel following written rules and
procedures. The procedures define the routes and heights for moving the loads within
the reactor building. The permitted load transport paths and laid down areas are
marked on the reactor building floor.
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There are no transport paths over the reactor or the fuel pond. Traversing of spent fuel
flask over the pond area is not permitted. No loads other than fuel assemblies can be
lifted over the stored fuel assemblies.

Safety equipment

The crane is fitted with duplicated breaking and hoisting systems designed so that a
failure of one systems would not result in the loss of capability to safely retain the load.

The crane is not fitted with electrical or mechanical stops or interlocks to enforce the
operating procedures with regard to the permitted load paths.

The crane is not equipped with manual device for lowering the load or moving the
bridge or the trolley in case of the power failure. In case of large loads where there are
nuclear safety concerns or potential for damaging expensive equipment the operating
rules require the load to be kept hanging until power is restored. Smaller loads
suspended over an area where they can be laid down safely can be lowered by gently
releasing the brakes.

The main crane is currently not fitted with an overload ("load hangup") trip device.
The purpose of such a device is to prevent overloading the crane if the load is stopped
during hoisting by entanglement with fixed objects. Until now the load hangup has
been avoided by following good practices of load slinging and crane operation. There
are, however, plans to install an overload device which is currently undergoing
performance tests.

The crane has single limit switch to prevent the hoisting system from the so-called
"two blocking" incident where the load block and the head block come into contact.
Such an event can lead to crushing the rope and consequent load drop. Daily test are
carried out to verify that the limit switches function correctly.

Test and inspection

The cranes are subjected to an annual inspection and repairs, where necessary, of all
safety systems and brakes.
Full static and dynamic tests are carried out every 3 years for frequently used cranes
and 5 years for cranes which are not in frequent use.

The static test involves lifting a load 1.25 times the maximum capacity. The bridge
deflection is measured during the test to ascertain if it is within the prescribed limits.

Dynamic drop tests are performed on the crane mechanisms and braking systems with
a load 1.1 times the maximum capacity. Full performance tests with the maximum load
are carried involving all movements and speeds.

All tests are performed by the plant crane mechanical and electrical inspectors
answerable to the plant technical management. The results are sent to the national
regulatory body for cranes and lifting equipment (Lvov office of
GOSK0MTECHNADZ0R). The presence of the inspectors from this regulatory body
is not required during the tests. However the regulatory body may withdraw a crane
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from operation if it fails the tests.

Inspection of slings and lifting tackle which is not in frequent use is carried out during
the annual crane inspection. Lifting tackle and slings used frequently is tested once
every ten days.

Personnel qualifications

The crane operators and slingers must pass annual examinations and obtain
certification from GOSKOMTECNADZOR.

Load schedule

The plant maintenance department has a written list of loads and their weights used as
a basis for the lifting operations.

Handling of spent fuel

Spent fuel is transported by a handling machine moving on rails over the reactor cavity,
spent fuel pond and flask loading pit. Spent fuel is not handled by the main overhead
crane. Crane movements over the pond are not permitted by administrative
procedures.

The fuel handling machine is designed to preclude a possibility of a load drop or
machine falling as a result of an earthquake or power failure. The machine has a range
of attachment used for load handling and inspection purposes. Interlocks prevent a
collision between the load and the walls of the reactor cavity or spent fuel pond. The
machine cannot be moved when the boom is in the lowered position.

Single spent fuel elements (mass approximately 400kg) are moved approximately 3 -
4m above the bottom of the pond. The bottom of the pond is a concrete structure
approximately 2m thick therefore the penetration of a dropped fuel element through
the concrete structure of that thickness is considered to be unlikely. However, the pool
liner may be damaged with the consequent leakage of the pond water.

Spent fuel is stored in racks inside the pool. An analysis has been carried out (not
available for review during plant visits) which demonstrates that a drop of a single fuel
element would not result in criticality.

Spent fuel flask

Spent fuel is transported in cylindrical shielded flasks TK-6 weighing 90t and
containing 30 spent fuel elements. In compliance with the IAEA requirements the flask
are designed to withstand a drop from the height of 9m onto a hard surface. During
most of handling operations the flask would not be dropped from a height greater than
120 - 150mm. However during removal from the pit and lowering onto a railway
platform the flask drop height exceeds 9 m.
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Other crane and hoists in the reactor/auxiliary building

Smaller cranes and hoists are operated in various compartments, e.g. makeup pump
rooms, during plant maintenance. The consequences of a dropped load would be
limited to a single train of equipment because pipework which connects redundant
systems is located outside these compartments.

8.2.4.2.2 Assessment

The results of the present study indicate that the approach to the dropped load hazard in the
reactor building is broadly consistent with approaches adopted in the West. However,
definitive statement on the acceptability of the adopted hazard protection measures is
impossible because Rovno NPP does not have a detailed hazard analysis for dropped loads.
The effects of heavy load drops have not been analyzed to show that the appropriate
radioactive release criteria are satisfied.

The crane and associated lifting equipment satisfy to some extent the single-failure-proof
guidelines ofNUREG-0554 andNUREG-0612.

A dropped load may potentially cause a LOCA or MSLB. To reduce this possibility the lifting
devices is parked unloaded and secured in a position where any dropped load would not
impact on the primary circuit, main steam lines and associated safety systems when reactor is
at pressure.

Effects of fire.

It is unlikely that a fire will result in failure of a lifting device in a manner which would
jeopardise reactor safety.

Operator error

Due to a degree of operator control it is possible that an operator error will lead to a
dropped load. The most probable fault is incorrect attachment of the load. The load
may also be driven into an obstacle or placed in an unsafe position. On the basis of the
information received in the course of this study, administrative measures adopted to
prevent dropped loads are judged to be effective

Dropped loads within spent fuel pond

Dropped loads within spent fuel ponds can lead to radioactive releases due to
mechanical damage to the load or the pool. Irrespective of the adopted design and
administrative protection measures the consequences study of the drop of a fuel flask
into the pit should be presented for nuclear safety implications.
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8.2.4.2.3 Recommendations for improvements

It is recommended that crane tests and inspection should be witnessed by independent
inspectors from a regulatory organisation.

8.2.4.2.4 Recommendations for complementary studies

It is recommended that a hazard analysis for dropped loads should be carried out as
described in Section 8.2.4.1.5.

The consequences of a flask drop from full height (exceeding 9m) into the flask loading
pit should be analyzed from the point of view of the potential damage to the flask, the
pit liner and the concrete structure.

8.2.4.2.5 Proposal for future evaluations

None.

8.2.4.3 Turbine hall

8.2.4.3.1 Information on the status at Rovno NPP

The turbine hall has two main overhead cranes 125t and 20t capacity. Lifting of heavy loads in
the turbine hall is associated mainly with repairs and maintenance activities. The cranes in the
turbine hall are not seismically qualified. The rules for testing, certification of cranes and
examination and certification of operators are the same as those applicable to the reactor
building cranes (Section 8.2.4.2.1).

Loads are not traversed over the turbine generators, regulating and stop valves, main feed
regulating valves and main steam lines when the turbine generators are operating.

The cranes are not able to traverse over the parts of pipework which inter-connects redundant
trains of safety equipment (feedwater pumps). A dropped load cannot therefore damage more
than one train of safety equipment.

8.2.4.3.2 Assessment

Heavy loads may be dropped in the turbine hall as a result of equipment failure or human
error. The protective measures rely on:

- Design standard for lifting equipment rigs and slings
- Rules for crane operation and safe load handling
- Training and certification of operators and slingers
- Periodic examination of cranes and tackle
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Dropped loads in the turbine hall can create a conventional hazard to personnel and lead to
high economic loss. Such a potential exists in any nuclear or fossil fuel power station. The
design and practices adopted at ROVNO NPP do not significantly diverge from those adopted
in Western plant and are judged to be acceptable.

8.2.4.3.3 Recommendations for improvements

None.

8.2.4.3.4 Recommendations for complementary studies

None.

8.2.4.3.5 Proposal for future evaluations

None.

8.2.4.4 Pumping stations and others

8.2.4.4.1 Information on the status at Rovno NPP

Lifting of heavy loads in the pumping stations is associated with repairs, maintenance or
replacement of pumps, motors and other equipment.

8.2.4.4.2 Assessment

Protection against dropped load hazard relies on spatial segregation of equipment and
pipework and on written safety rules for crane operation and load handling. Dropped loads in
these areas raise no concern to nuclear safety.

8.2.4.4.3 Recommendations for improvements

None.

8.2.4.4.4 Recommendations for complementary studies

None.

8.2.4.4.5 Proposal for future evaluations

None.
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8.3 UNIT 3

8.3.1 Fire

8.3.1.1 Design basis

8.3.1.1.1 Information on the status at Rovno NPP

Design basis for the Rovno NPP is described hereafter. Specific issues are dealt with in
subsequent sections.

From the point of view of active and passive fire protection measures, the design of unit 3
is based on the requirements laid down in the following documents and standards:

1. Design standard VMSN 13-74

2. Recommendations for the design of automatic fire suppression systems for cable
compartments, Moscow 1977, Ministry of the Interior SSSR.

3. Design rules and standards SNiP 2.04.09.84

The plant design and construction pre-dates the introduction of the current National
Standard for Fire Protection VSN 01-87. However, the present state of the plant complies
largely with the requirements of this standard. The areas of noncompliance with the
requirements of this standard are discussed in further sections.

The main requirements of the fire protection standard VSN 01-87 are discussed in Section
8.2.1.1.

8.3.1.1.2 Assessment

The plant design and construction pre-dates the introduction of the current National
Standard for fire protection VSN 01-87 therefore some areas of noncompliance with this
standard can be identified. These areas will be discussed in subsequent sections. There is
evidence of a continuing effort to upgrade, where practicable, the present state of the plant
fire protection.

The objectives of fire protection policy are to ensure the safety of the public and personnel,
protection of safety functions and limitation of economic loss. These objectives are
accomplished by fire prevention, detection and fire fighting.

The underlying principle of confinement of safety systems is consistent with the approaches
adopted in the design of modern plant in the West. The design of unit 3 is based on
prescriptive criteria laid down in standards. There is no regulatory requirement to
demonstrate that the risk arising from plant operation under normal and accident conditions
is acceptable and is as low as reasonably practicable.
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Passive safety is based on the concept of effective confinement to ensure that any fire
would be retained without spreading within a limited zone and would not cause
simultaneous damage to redundant safety systems. Passive protection is provided with fire
barriers i.e. walls, doors, dampers (i.e. closures in ventilation ducts) and penetrations
seals.

Defence-in-depth is provided by the installation of detection and suppression systems and
provision of manual fire fighting.

Fire hazard assessment has not been carried out at Rovno NPP therefore there is no fire
hazard analysis document. It is a standard practice in the West to carry out such studies
prior to plant commissioning in order to verify and demonstrate that the planned protection
arrangements are adequate and comply with the design criteria. These studies are usually
carried out for each room or each fire zone and involve an estimate of the fire load in each
area and assessment of the effectiveness of the detection and suppression measures.

8.3.1.1.3 Recommendations for improvements

None.

8.3.1.1.4 Recommendations for complementary studies

It is recommended that a comprehensive and detailed fire hazard analysis of the whole
plant should be carried out based on the requirements and methodologies of IAEA
Guidelines for Fire Safety Inspection of Nuclear Power Installations. Specific
recommendations for improvement are also discussed in subsequent sections.

8.3.1.1.5 Proposal for future evaluations

None.

8.3.1.2 Main sources of combustible materials in safety areas

8.3.1.2.1 Information on the status at Rovno NPP

The combustible materials which constitute the main fire hazard at Rovno NPP Unit 3 are:
cable insulation, organic fuels, lubricants, hydrogen, flammable floor coverings and
miscellaneous transient combustibles.

Diesel generator fuel and lubricating oil

The main source of fire hazard in the diesel generator rooms are the significant
quantities of fuel and lubrication oil.
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Unit 3 is equipped with 3 diesel generators. Two of these generators are housed in
individual compartment of one building and the third unit is in a separate building.

Each generator is supplied from a 10m3 fuel tank which is located in a room on the
upper floor. Manually operated emergency tank drainage system is provided. Each
diesel generator has a 100m3 storage tank located outside supplied with oil by a rail
tanker.

The 10m3 tank room has no raised threshold to retain spillage. The tank stands in a
shallow tray which is not capable of retaining significant oil spillage.

The diesel lubrication system is located in the subbasement. The basement
underneath the diesel generators houses drain tanks for the fuel and lubrication oil
systems. The tanks are located next to the compressed air cylinders for diesel
startup systems. The basement also accommodates parts of the group A component
cooling water system.

Feedwater lubricating oil

The main feedwater pumps are lubricated with high flash point oil OMTU.

Turbine generator lubrication oil systems

The turbine generator oil systems use high flash point oil OMTU. There are no
enclosures or trays to retain leaks or spillage of oil from the tanks. The lubrication
oil system has the capacity of 47m3 and is located at the generator end of the
turbine. The control system is separate and is located at the HP cylinder side.

Emergency drainage systems for the lubrication system was deemed unnecessary
due to the use of high flash point lubricant.

Lubricating system for the Main Reactor Coolant Pumps.

The primary circuit of unit 3 comprises 4 Reactor Coolant Pumps lubricated with
combustible lubricant TP-22. There are two independent oil supply systems located
in rooms 315/1 and 315/11 (level 6.6m). Each system contains 11.5m3 of oil and
lubricates two RCPs. In an emergency the oil can be drained to a single oil drainage
tank with a capacity of 16m3 which is located in room 113 on the level 0.0m.

Lubrication systems for makeup pumps

The lubrication systems for makeup pumps uses oil TP-22. The makeup systems has
a 3 fold redundancy. Each system comprises a 4m3 oil tank, associated pumps and
coolers and occupies rooms 018/1, 0.18/2 and 018/3 on the level -4.2m.
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Hydrogen

Significant quantities of hydrogen are present in the generator in the turbine hall.
The hydrogen volume is 126m3 at the pressure of 5atm. Hydrogen is generated in
an electrolysis plant and stored on site in ten 80m3 pressurised tanks. Hydrogen is
discharged from the generator into the atmosphere.

Smaller volumes of hydrogen are generated as a result of water radiolysis and in
battery rooms.

There is no fixed hydrogen detection or temperature measurement in safety battery
rooms. Hydrogen sampling is carried out through the ventilation system 2 hours
after battery charging and manually inside the compartment. Temperature is
measured using a thermometer mounted on the wall.

Cable insulation

The following cables are used on units 3:

- 6kV power cable

Two types of 6kV power cables are in use. Fire retardant 36 to 42 mm diameter
armoured cable type AABNLG is used outside containment. This cable is used in
compartments with an increased risk of fire, corrosive environment and high
humidity. Inside containment a copper armoured and polythene insulated PBCG 1-
240 cable is used.

- 0.4kV power cable

Two types of 0.4 kV cables are used. These are: AVVG and AVVGNG. The type
AVVG is a combustible cable insulated with 0.6mm to 3.4 mm thick layer of PVC.
Approximately 60% of all cables in Unit 3 are of this type. The AVVGNG type
constitutes the remaining 40% of cables. It has a similar design to AVVG but uses
fire retardant insulation.

- control cable

Three types of control cables are used in unit 3. These are combustible KVVG, fire
retardant KVVGNG and screened KVVGe. Approximately 40% of all control
cables are of the fire retardant type.

In order to improve the fire resistance of safety cables the Technical Requirements
for the Installation of Cables and the standard VSN 01-87 require them to be coated
with protective paste. An asbestos based compound OPK has been used for this
purpose at Rovno NPP. The treatment is designed to improve passive fire protection
and is discussed in Section 8.3.1.3.2
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Transformer oil

Grid transformers on unit 3 are oil cooled and contain significant quantities of oil.
These transformers are located outside the buildings and pose no fire hazard to plant
safety systems. Transformers are protected with fixed deluge systems.

The 6kV electrical circuit breakers, located inside the reactor/building, contain
small amounts of oil.

Flammable floor coverings

Several areas of the plant still have floors covered with a thick sheet of PVC
material ("Plastikat").

"Plastikat" is combustible and gives off toxic and corrosive combustion products.
The use of this material constitutes a fire hazard and contravenes the requirements
of VSN 01 - 87. Work is currently under way to remove this type of floor covering
and replace it with fire retardant material.

Transient combustibles

Transient combustibles include, gas cylinders, rags, wipes, solvents, paints,
adhesives, grease, oil, wooden scaffolding, planks and any other combustible
materials temporarily present in plant compartments during maintenance or repairs.
These materials may constitute a significant fire load therefore their use should be
controlled and their quantities limited as far as possible. The use of transient
combustibles at Rovno NPP is governed by permits of work.

8.3.1.2.2 Assessment

Unit 3 has no fire hazard analysis document which would give detailed schedule of
combustible materials for each area. From visual inspection it appears that the combustible
inventories are very large compared with modern Western reactors. For example a modern
Westinghouse PWR would typically use 200 litres of lubricant for a CVCS charging pump
or 800 litres for one Reactor Coolant Pump compared with 23m3 total capacity of the RCP
lubrication systems and 12m3 for the makeup pumps at Rovno NPP.

The plant also contains large concentrations of PVC and polythene insulated cables. 60% of
cables have no fire retardant properties and large groupings of cables are found in the
vicinity of penetration areas. Redundant systems cabling is not segregated in cable
spreading rooms under the main control room.

PVC floor covering remains in some parts of the plant where constitutes a significant fire
hazard and contravenes the requirements of the standard VSN 01-87.
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The prevention of hydrogen explosion and fires in battery rooms is inadequate. Battery
rooms are not fitted with hydrogen detection or temperature sensing systems. Periodic
hydrogen sampling is performed manually and the temperature is measured using a
thermometer mounted on the wall. The battery rooms are equipped with chargers which are
blocked when the forced ventilation becomes unavailable. It has to be pointed out that due
to lack of information, evaluation of battery rooms ventilation has not been performed.

8.3.1.2.3 Recommendations for improvements

The following recommendations are made:

The "plastikat" PVC floor lining should be removed from all areas of the plant
and replaced with noncombustible material.

Cables with fire retardant insulation should be used where the existing cables
need replacement or new cables are added.

Hydrogen detection systems and temperature sensing systems should be fitted
in the safety battery rooms.

Diesel generator day tank rooms should have the capability to retain significant
oil spills or leakage. This may be achieved by raising the height of the tray
under the tank or by providing a doorstep of sufficient height.

8.3.1.2.4 Recommendations for complementary studies

As part of the fire hazards analysis for the plant a detailed inventory of combustible
materials in each compartment should be compiled and used to determine combustible
loading in the compartment. This may serve as a basis to identify areas where
additional active or passive fire protection may be necessary. A particular need for
this type of evaluation arises in cable compartments.

In order to limit the potential for hydrogen explosion and fire it is proposed to carry
out analysis of effectiveness of the generator shaft seal and comparison with western
solutions for sealing hydrogen cooled generators.

8.3.1.2.5 Proposal for future evaluations

Evaluation of battery rooms ventilation is proposed.
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8.3.1.3 Passive fire protection

8.3.1.3.1 Information on the status at Rovno NPP

The plant fire defences are based principally on the concept of segregation and confinement
of 3-way redundant trains of safety systems by fire resistant walls, doors and fixed
penetrations. The requirements for fire resistance of barriers within the plant is in
accordance with the standard VSN 01-87, summarised in Section 8.2.1.1.

The plant design with respect to active and passive fire protection is based on the standards
which were in force at the time of the plant design and construction (VMSN-13-74). The
standards prescribe the fire protection measures on the basis of functional and safety
requirements. In the former Soviet Union and the Ukraine fire load calculations were not
required and were not carried out in the plant design process.

Deviations from and violations of the segregation principle, identified in several areas of
the plant are discussed below.

Cable spreading rooms under the main control rooms

These cable spreading rooms contain substantial quantities of safety system control
cables which penetrate the ceiling into the main control room. There is no
separation between redundant systems by space, fire barriers, shields or water
curtain.

Safety equipment cabinets in the auxiliary control room

Safety systems cabinets in the auxiliary control are open on three sides and at the
top. A fire in one cabinet can therefore spread easily to the neighbouring cabinets.
From the fire safety point of view this is regarded as the lack of effective
segregation between redundant trains.

8.3.1.3.2 Assessment

Cable spreading rooms

Segregation of cables belonging to redundant safety trains in cable spreading rooms
below the main control room is inadequate. This is judged to be a serious weakness
in the plant fire protection, since a fire in one of these areas could potentially lead
to the loss of control over all three safety systems from the affected control room.
Safe shutdown functions would be transferred to the unaffected control room.

Further deterministic analysis is required to assess whether a fire affecting cabling
in one control room would not affect the functioning of the remaining control room.
The Browns Ferry fire had shown that unpredictable equipment failure modes may
follow cable fires such as spurious startup or shutdown of pumps. The purpose of
further analysis is to demonstrate that open circuit or closed circuit mode of cable
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failures would not prevent effective control of safe shutdown functions.

Eastern experts mentioned that the Rovno circuits of technological process automatic
control systems and of power supply systems are designed in such a way that the fire
damaged cable spreading at one control panel would not cause the loss of another
control panel. The spurious actuations and pump trips etc. are precluded. However,
there is insufficient information to accept that the auxiliary control room provides
adequate protection.

Passive protection of power and control cables

In order to increase fire resistance of cables their insulation is coated with fire
resistant compound OPK. The rules for the application of this compound are
described in the "Technical Rules for the Installation of Cables" - Ministry of
Energy SSSR and the standard VSN 01 - 87 (See Section 8.2.1.1). In
compartments fitted with fixed suppression systems only 0.5m of cables on either
side of penetrations are coated with OPK. Where there are no fixed suppression
systems the rules require the cable to be coated over the entire length.

The main constituents of this compound are asbestos, titanium dioxide, chalk,
-kaolin, barit and liquid glass as the bonding agent. Cables inside containment are
•covered with 10mm thick layer of OPK and a 3mm layer is applied to cables outside
containment. The benefits of this treatment are believed to be an increase in fire
resistance to a level comparable with fire retardant insulation. Due to operational
problems with this compound e.g. cracking of the solidified layer it is planned to
replace OPK with asbestos free compounds called "POLISTOP" or "POLIPLAST".

Neither "POLISTOP" nor "POLIPLAST" have obtained all the necessary approvals
in order to be applied at Rovno NPP, although they are already used in other
stations of the same type (e.g. PAKS in Hungary). Such approvals are usually
required from the following central organisations: Ministry of Internal Affairs -
State Committee for Fire Protection, State Committee for Supervision of Nuclear
Power GANU, State Committee for Nuclear Power Industry GOSKOMATOM,
Ministry of Energy, Research Institute of the Ministry of Energy.

Safety equipment cabinets in the auxiliary control room

Segregation of safety systems in the auxiliary control room is inadequate. System
cabinets are open on three sides and at the top. A fire in one cabinet can spread
easily to the neighbouring cabinets.

8.3.1.3.3 Recommendations for improvements

Safety equipment cabinets in the auxiliary control room

It is recommended that the control cabinets in the auxiliary control room should be
fully closed.
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8.3.1.3.4 Recommendations for complementary studies

Cable protection

The beneficial effects of using compounds OPK, "POLISTOP" and "POLIPLAST"
to increase fire resistance of cables are difficult to quantify. There are practical
problems with the application of these compounds inside cable compartments due to
difficult access. Uniform and adequate coverage may not always be achieved.

There is a need to conduct a study aimed at quantifying the benefits of using
protective coatings in terms of practically achievable increase in fire resistance
and assess relative benefits considering several undesirable effects such as:
reduced cooling and de-rating of cables, cost, difficulties with cable
identification, health hazards to workers during compound application and
removal. This study should take into account the non uniform coverage of the
coating as discovered during plant walk-down.

Cable spreading room

Further analysis is required to assess whether the lack of cable segregation in
the cable spreading room under the main control room is acceptable from the
risk point of view.

Analysis is required to demonstrate that a fire affecting cabling in one
control room would not affect the functioning of the remaining control
room and prevent control of safe shutdown systems.

Deterministic fire modelling should be undertaken to ascertain
effectiveness of the installed fire detection and suppression systems.

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

Fire hazard analysis

It is recommended to evaluate in detail the effectiveness of fire protection at
selected locations. The analysis should focus of representative locations
identified to cause the highest potential for fire spreading and common cause
failures. Such a study, using modern fire modelling computer software should
take into account the fire loading, ventilation rates, fire barrier rating, the
nature and vulnerability of equipment, effectiveness of the installed fire
detection and suppression systems and manual fire fighting.

8.3.1.3.5 Proposal for future evaluations

None.
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8.3.1.4 Fire detection system including qualification, testing and information to the
operator

8.3.1.4.1 Information on the status at Rovno NPP

Fire detection

The fire detection systems in Rovno NPP use the following equipment:

DIP-1 optical and thermal detector

This is a standard commercial detector for general applications. It is activated by
smoke particles or by temperature rise above 70°C +/- 10°C. This detector is
widely used in units 1, 2 and 3 in diesel generator rooms, cable compartments,
compartments containing electrical equipment, control rooms, computer rooms etc.

DPS-038 thermal detector

It is activated by the temperature rise of more than 30°C in 7 seconds. This detector
is installed in compartments containing large quantities of oil to detect rapid fires in
those compartments.

IP-105 Fusible element detector - used in offices.

PPS-1 Control and annunciation panel.

This panel operates in the "double knock" mode and controls up to sixty trains of
fire detectors. It has 4 optical status indicators: warning, alarm, short circuit and
open circuit. The warning indicator light is activated by a detection signal received
from a single detector. The alarm indication appears when two detectors in one train
are activated. The short and open circuit indicators signal faults in the detector
circuits.

The panel PPS-1 has a selector switch with three positions: Automatic, Manual and
Off. In the "automatic" mode fire suppression systems in a safety compartment are
automatically started when the second detector is activated. In the "manual" mode
the fire suppression system must be switched on manually. In the "off position the
panel operates only in the "signal mode".

Fire protection of the main oil filled transformers.

The transformer deluge systems are actuated in the event of both the transformer
winding gas detection system and the differential protection in operating.

The applicable standard for fire detectors and their installation is SNiP-20409-84. Fire
detectors in rooms lower than 4m are installed at 4m intervals and 1.5m away from the
walls.

8/57



Two trains of fire detectors (DIP-1) are installed in safety related cable compartments. One
train is connected to a PPS-1 panel in the main control room annex. The other train is
connected to a PPS-1 panel in the room 408 on the level +13m. There is also a general
alarm signal in the main control room activated in case of a detection signal, malfunction of
one detector in any area or a change from normal to emergency electrical supplies. When
the general alarm signal is activated in the main control room on unit 3 a general warning
signal is also sent to the main electrical control room on units 1 and 2.

Automatic startup of fire suppression systems is controlled by the panel located in the room
408. Manual startup and status indication of the fire water pumps and positions of the
valves are indicated in the main control room annexe.

Automatic function of the fixed suppression systems can be switched off or set to manual at
the PPS-1 panel in the room 408. Switches on the PPS-1 panel in the main control room
annexe affect the signalling functions in the control room.

The room 408 is fitted with 3 trains of fire detectors to increase their sensitivity due to high
ventilation rates in the compartment. Two trains are connected to the PPS-1 panel in the
control room annex and to the general alarm signal in the main control room. The third
train is connected to the PPS-1 panel in the room 408. The function of this train is to
switch off ventilation in the room.

Smoke detectors have not been installed in 6kV and 0.4kV switchgear and relay rooms,
(noncompliance with the requirements of VSN 01-87).

The reactor protection system room is fitted with two DIP-1 detectors. In view of the fact
that this room has high ventilation rates for effective cooling of its equipment the smoke
detection system is unlikely to be effective.

Diesel generator building is equipped with an autonomous fire detection system using
detectors DIP-1 in the day tank room, diesel generator compartment and in the basement.
The system is controlled by a local panel PPS-1 located in the diesel generator switchgear
room. This panel is connected to the general alarm in the main control room. The
supervisor's cabin would be a more suitable location for the panel.

All lubrication oil system compartments are provided with fire detection and suppression
systems.

Inspection, testing and maintenance

- Daily tests

The settings of the PPS-1 control panels are checked at the start and at the end of
each shift by the electrical department personnel.
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- Monthly tests

A monthly visual inspection of the fire detectors and the control panels is carried
out by the plant maintenance staff.

- Quarterly tests

Quarterly tests are carried out on the automatic fire suppression systems without
water release. Each fire detector is tested with combustion generated smoke. The
standard VSN 01-87 does not prohibit the use of combustion generated smoke for
testing smoke detectors. A detailed compartment inspection is carried out after the
tests.

- 6 monthly maintenance

Every six months maintenance work is carried out on the fire detection systems
including detectors and control panels.

- Annual tests

Wet test of fire detection and suppression systems are carried out annually. Two
detectors are triggered with combustion generated smoke. After the wet tests all
detectors are removed, dried, tested and installed.

8.3.1.4.2 Assessment

The main deficiency of the fire detection system is considered to be the practice of using
combustion generated smoke for testing smoke detectors in safety areas.

Fire detectors are not installed in the 6kV and 0.4kV switchgear rooms belonging to safety
systems although it is required by the standard VSN 01-87.

Rooms 408 contain the PPS-1 panels for each redundant safety cable compartment. The
panel is located in a narrow passage near the compartment exit where the switches affecting
automatic fire suppression systems can easily be knocked and set in the wrong position.

The effectiveness of fire detection system in the reactor protection system room raises
doubt due to a small number of detectors installed in a well ventilated room.

8.3.1.4.3 Recommendations for improvements

It is recommended to cover the panel PPS-1 in rooms 408 with transparent lockable
covers. This would protect the switches, limit access to them and help to enforce
administrative control.

Smoke detectors should be installed in the 6kV and 0.4kV switchgear rooms.
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Smoke detectors should be tested using aerosol products specifically designed for this
purpose.

8.3.1.4.4 Recommendations for complementary studies

It is recommended to carry out evaluation of fire detection systems in the reactor
protection system room. Fire simulation tests in this room with the full ventialtion
flow present should be conducted to demonstrate that the system is adequate.

8.3.1.4.5 Proposal for future evaluations

None.

8.3.1.5 Fire suppression system including qualification and testing

The design of fire suppression systems is based on standards applicable at the time of plant
construction and on supporting calculations. The adequacy of the installed systems have not
been verified by a fire hazard analysis.

Detailed design data and calculations for fire suppression systems were not available for
review during plant visits. The assessment is based, therefore, only on visual inspection of
selected plant areas and on information received from the Eastern side.

8.3.1.5.1 Information on the status at Royno NPP

Fire water system

Fire fighting water system was assessed on the basis of the drawing No 4002-S-EC. The
system, with a design flow rate of 200 1/sec, comprises two interconnected supply ring
mains and two separate pumping stations. The larger outer main supplies units 1 and 2 and
is connected to 5 pumps (4 electric and 1 diesel) in the PRK building. Only one of the
electric pumps is normally in operation.

The second ring main supplies unit 3 and comprises two main pumps and 2 jockey pumps
(one in continuous operation to maintain the system pressure) taking water from the cooling
tower pond. This ring main supplies water to fire hydrants, hoses and tanks in unit 3 and
may also be used to supply fire water to units 1 and 2.

The electric fire pumps for both rings are not connected to emergency electrical supplies.

All idle pumps are start tested once every ten days.
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The water supply for fire fighting comes from the river Styr and is stored on site in 2
ground level tanks, each with a 1000m3 capacity. Additional water can be supplied from
the cooling tower pond via the fire water ring for unit 3. The sources of fire water are
reported to be adequate with respect to extreme atmospheric conditions, such as drought or
freezing. The water intake from the river would not be affected by the lowest recorded
temperature of - 46°C and the maximum recorded ice thickness of 40 cm.

The fire water pipework is protected from low temperatures by burying underground.

Separate fixed suppression systems are installed for each train of safety equipment in the
reactor building. The systems can be started automatically or manually. They are supplied
with water from three tanks of 70m3 capacity each, located on the level 28.8m. All three
tanks are located in the same compartment (A820) where Feedwater lines, steam lines,
BRU-A and S.G. safety valves are located. No physical protection exists between tanks
and high energy pipes. Automatic fire suppression systems for safety systems are
interconnected and may be used to supply any one of the redundant safety trains.

Fixed open nozzle systems are installed in cable compartments containing safety cables,
turbine/generator lubrication and control oil systems, grid transformers, lubrication systems
for makeup pumps, primary coolant pumps and diesel generators.

The existing standards (VSN and SNiP) do not require fixed fire suppression systems to be
installed in diesel generator rooms, and their day tank rooms.

Control rooms and rooms with electrical and electronic equipment with a floor area
exceeding 20m2 should, in accordance with the requirement of VSN 01-87, be protected by
fixed gas systems (freon or halon). However, such systems have not been installed at
Rovno NPP. No suitable system and gaseous suppressant have been identified to date for
use at the station. The main problems are associated with environmental effects of
fluorocarbons and with their toxicity. In addition, there are currently no manufacturers and
suppliers of fire fighting gases in the Ukraine. The current fire protection in control and
electrical rooms relies on portable CO2 extinguishers.

Turbine hall in Unit 3 is protected by 12 water cannons, 6 on each side of the turbine
generator. Water from 2 cannons can be applied to each point within the turbine hall.

Grid transformers are fitted with fixed deluge systems.

Some cable risers (e.g on level 19.3m) are fitted with a single sprinkler head. The coverage
is unlikely to be effective over the entire compartment volume.

8.3.1.5.2 Assessment

The fixed and manual fire suppression systems can be assessed only on the basis of visual
inspection and information received from the Eastern participants since design data and
hazard analysis document were not available for review.
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Fixed fire suppression systems in cable compartments containing large concentration of
cables appear to be adequate.

In some cable risers, fitted with a single nozzle, the water suppression system is unlikely to
provide adequate coverage fo all cables.

Fixed fire suppression for the grid transformers and for the oil systems for makeup pumps
and diesel generators are judged to be adequate.

8.3.1.5.3 Recommendations for improvements

It is recommended to carry a survey of the installed sprinklers in cable risers, review
their effectiveness and to install additional nozzles where necessary.

8.3.1.5.4 Recommendations for complementary studies

Diesel generators

At present, the emergency diesel generator compartments have no fixed suppression
systems. It is recommended to carry out a review of western systems and practices for
fire protection in those areas aimed at installing fixed systems in diesel generator
rooms and day tank rooms.

Control rooms and rooms with electrical and electronic equipment

It is recommended to carry out a study to identify suitable fixed gas suppressants and
systems to protect electrical and electronic equipment.

8.3.1.5.5 Proposal for future evaluations

None.

8.3.1.6 Fire brigade including examination, alarms, instructions, procedures training

The Rqvno NPP fire brigade is described and assessed in Section 8.2.1.6

8.3.1.6.1 Information on the status at Rovno NPP

See section 8.2.1.6.1
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8.3.1.6.2 Assessment

See Section 8.2.1.6.2

8.3.1.6.3 Recommendations for improvements

None.

8.3.1.6.4 Recommendations for complementary studies

None.

8.3.1.6.5 Proposal for future evaluations

None.

8.3.2 Internal flooding

8.3.2.1 Design basis

The plant protection against internal flooding is based on:

The concept of segregation and confinement by building structures, distance and
level of 3-way redundant trains of safety systems.

Locating some equipment e.g. pumps in pumping stations, above the maximum
credible water level.

Flood detection and possibility of isolating sources of flooding

Resistance of building structures to loads resulting from flooding from credible
sources.

8.3.2.1.1 Information on the status at Rovno NPP

Internal flooding from large sources (over 10-15m3) has been considered in the
ENERGOPROJEKT Kiev report - "Internal hazards assessment - Flooding". The report
analyses flooding from any credible source without manual isolation during the first 30
minutes.
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8.3.2.1.2 Assessment

The design basis with respect to plant protection against the flooding hazard is similar to
approaches used in Western plant.

8.3.2.1.3 Recommendations for improvements

None.

8.3.2.1.4 Recommendations for complementary studies

None.

8.3.2.1.5 Proposal for future evaluations

None.

8.3.2.2 Reactor building including auxiliary building

8.3.2.2.1 Information on the status at Rovno NPP

The reactor building on unit 3 contains the following major water inventories:

- Borated water tanks (makeup system)

Two 500m3 tanks are located on level -6m in closed unpenetrated compartments.
Access doors are located on the level - 4.2 m in closed unpenetrated compartments.

- Boron concentrate storage tanks

Two such tanks, each with a 209m3 capacity are located in unpenetrated
compartments on the level 0.0m. Access doors are on the level +3.6m.

- Borated water storage tank for safety injection

A 630 m3 storage tank of borated water is located on the level 3.6m. The inner tank
shell is made of stainless steel and the outer of carbon steel. The tank is fitted with
a leak detector. The tank serves a containment sump in case of a LOCA. It is
supported by structural concrete walls of 900mm thickness. The tank feeds the low
pressure residual heat removal pumps, containment spray system pumps, emergency
boration pumps, safety injection pumps. A pipe break inside one of the safety
injection rooms would flood it to a depth of 2 metres with the loss of one train. A
loss of one train of safety injection requires reactor shutdown.
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A pipe break in the component cooling water would result in the loss of one train of
safety equipment.

- Emergency feedwater pumps

Emergency feedwater pumps are located in separate compartments on the -4.2m
level and fed from 3 tanks (500m3 capacity each) located in one compartment on
level 6.6m. A pipe failure in one of the emergency feedwater pump compartments
would result in the loss of one safety train.

- Fire water and component cooling water tanks

Three fire water tanks holding 70m3 of water and three group A component cooling
water tanks are located on the level 28.8m.

8.3.2.2.2 Assessment

The plant design is judged to be effective in segregating and confining the water inventories
described above. Flooding of one area would not lead to escalation of consequences to
redundant trains of safety equipment.

8.3.2.2.3 Recommendations for improvements

None.

8.3.2.2.4 Recommendations for complementary studies

None.

8.3.2.2.5 Proposal for future evaluations

None.

8.3.2.3 Turbine hall

8.3.2.3.1 Information on the status at Rovno NPP

There are no safety system within unit 3 turbine building.
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8.3.2.3.2 Assessment

Due to the absence of safety systems from the turbine hall flooding in this area does not
affect plant nuclear safety.

8.3.2.3.3 Recommendations for improvements

None.

8.3.2.3.4 Recommendations for complementary studies

None.

8.3.2.3.5 Proposal for future evaluations

None.

8.3.2.4 Pumping stations and others

8.3.2.4.1 Information on the status at Rovno NPP

Diesel generator room

The group A component cooling water system in located in the diesel generator
room basement. A failure of that system would result in the loos of one train of
component cooling water and possibly the loss of one emergency diesel generator
due to the loss of the compressed air startup and oil purification system.

Pumping station

The pumping station building is located next to the cooling tower pond. The
building is permanently supervised and contains two main fire water pumps, four
jockey pumps and circulating water pumps.

8.3.2.4.2 Assessment

Flooding of the diesel generator basement would affect only one out of three redundant
safety related component cooling water systems.
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Flooding of the pumping station from external sources could affect the motors of the fire
jockey pumps which are located in the basement. The main fire water pumps would not be
affected because their motors are above the highest possible water level in the cooling
tower pond.

Failures of the circulating water pipework would not result in failures of the main fire
water pumps because water cannot accumulate to a sufficient level inside the pumping
station.

8.3.2.4.3 Recommendations for improvements

None.

8.3.2.4.4 Recommendations for complementary studies

None.

8.3.2.4.5 Proposal for future evaluations

None.

8.3.3 Missiles and pipe whip hazards

8.3.3.1 Design basis

Disruptive failures of pressurised components may lead to the formation of missiles. Such
missiles may have the potential to damage plant items and structures. Another potential
source of missiles are disintegrations of rotating machinery parts such as pump flywheels,
turbine discs etc.

Following a break in a high energy pipe a plastic hinge may be formed giving rise to a
rapid motion of the pipe. If a pipe is allowed to move freely it may impact on adjacent
structures, pipes or equipment. The general protection strategy is the provision of
restraints, separation by distance, solid barriers or by increasing target robustness. Such
strategy should be applied in all areas where high energy pipework is routed. High energy
fluid systems are considered to include pipework with maximum operating temperatures
higher than 95 °C. The methods for fluid system design and assessment widely used in the
West are those given in US Atomic Energy Commission (USAEC 1.46) Regulatory Guide
1.46 "Protection against pipe whip inside containment" and in USNRC Standard Review
Plan Section 2.6.2 "Determination of break locations and dynamic effects associated with
postulated rupture of piping".
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The design strategy to limit the nuclear risk associated with missiles should include:

a. All credible situations in which a nuclear risk might arise as a result of a pressure
part failure should be identified.

b. The plant should be designed to ensure that all safety functions required to achieve
and maintain safe shutdown are available following a credible missile strike.

c. All reasonably practicable measures should be taken to minimise the frequency,
severity and consequences of a missile strike.

8.3.3.1.1 Information on the status at Rovno NPP

The design objective of Rovno NPP with regards to missiles and pipe whip is to ensure that
the plant can be safely shut down and maintained in stable shutdown condition following a
credible missile strike.

8.3.3.1.2 Assessment

The plant has no design strategy document or a hazard analysis report dealing with
internally generated missiles.

8.3.3.1.3 Recommendations for improvements

None.

8.3.3.1.4 Recommendations for complementary studies

It is recommended that the missile hazard analysis should be carried out for units 3
based on the approach defined in US NRC Regulatory Guide 1.45.

8.3.3.1.5 Proposal for future evaluations

None.
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8.3.3.2 Reactor building including auxiliary building

8.3.3.2.1 Information on the status at Rovno NPP

The following potential missile sources have been identified and considered within the
primary system:

- control rod drive mechanisms
- valve stems
- reactor coolant pump flywheel
- reactor coolant temperature sensors
- primary system pipework
- secondary system pipework
- pressuriser fittings
- reactor vessel studs

The physical protection of the primary systems against missiles relies on partitioning of the
containment with thick concrete barriers (shown in the plant layout album) and on the
provision of supports for all bends of the primary and secondary pipework.

There are no pipework restraints for the secondary system pipework inside the containment
and outside the containment within the area 826/1 and 826/2 on the level +28.8m.

8.3.3.2.2 Assessment

The provision of heavy concrete partitions and pipe bend supports is judged to be effective
in preventing the secondary effects of failures of the primary system boundary and
associated components (e.g pump flywheel). Missiles originating from the failed
component are unlikely to escalate the accident beyond the conditions directly resulting
from the component failure.

The lack of pipework restraints creates pipe whip hazard inside the containment. From the
examination of the plant layout drawings for the level +28.8m it transpires that a whipping
main steam line may damage adjacent steam generators and their steam lines.

Outside the containment the main steam lines are routed in pairs through the area 826/1 and
826/2. Pipe whip in this area could simultaneously damage two main steam lines upstream
of the main isolation valves and lead to an accident beyound the plant design basis.

8.3.3.2.3 Recommendations for improvements

It may be necessary to install pipework restraints in areas identified in further
analysis.
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8.3.3.2.4 Recommendations for complementary studies

Detailed missile hazard analysis for the primary systems should be incorporated as
part of the overall missile hazard analysis for the plant.

Pipe whip hazard analysis for secondary pipework inside and outside containment
should be carried out. The pipe whip assessment procedure should consider:

i. postulated break locations
ii. pipe whip analysis
iii. damage assessment
iv. pipework restraints

i. Break locations should be postulated at:

- terminal ends, anchor and valves
- the legs of tee junctions
- pipe branches
- circumferential welds in pipe runs
- changes of direction in the pipe run

ii. Pipe whip analysis should determine whether a postulated pipe rupture is likely
to lead to pipe whip. Assessment of pipe rupture effects involves the evaluation
of fluid jet thrust, the behaviour of the piping systems, the response of the
restraint and other targets due to the impact of the whipping pipe.

iii. Damage assessment is necessary to evaluate the consequences of the whipping
pipe impact onto another piping system or other components or structures.

iv. One way of to mitigate the consequences of pipe whip is to limit the motion of
the whipping pipe by pipe restraints designed to dissipate the energy of the
pipe in a controlled manner. The pipe restraint must absorb the kinetic energy
of the pipe and resist steady state thrust after the pipe has come to rest. This
part of analysis involves selection of pipe restraint and its location and
assessment of its effectiveness.

8.3.3.2.5 Proposal for future evaluations

None.

8.3.3.3 Turbine hall

8.3.3.3.1 Information on the status at Rovno NPP

The turbine hall contains a single turbine generator aligned with the main plant axis. This
orientation is favourable from the missile hazard point of view. The turbine, operating at
3000 rpm, consists of one double flow high pressure (HP) cylinder and two double flow
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low pressure (LP) cylinders.

Pipework

Turbine hall contains high energy pipework associated with the secondary steam system and
with the main feedwater system. There are no pipe restraints to protect against the effects
of pipe whip in the turbine hall. The area most at risk from pipe whip is the area adjacent
to the wall which separates the turbine building from the reactor building. Four main steam
lines and four main feedwater pipes rise vertically to the level 28.8m where they turn at 90
degrees and penetrate into the reactor building. The pipe whip hazard creates the potential
for simultaneous damage to all main feedwater pipes and to the main steam lines
downstream of the main steam isolation valves.

8.3.3.3.2 Assessment

Turbine generated missiles

The turbine generators operating in the turbine hall represent a credible missile source as
the turbine and generator are capable of storing large amounts of rotational kinetic energy.
However, the turbine hall contains no safety significant targets within an area bound by
lines inclined at 25 degrees to the turbine wheel planes and passing through the end wheels
of the low pressure turbine.

The turbine orientation eliminates the possibility of missile strikes onto the main steam
lines, feedwater pipes and targets within the reactor building.

Pipe whip

The lack of pipework restraints and segregation between the four main steam lines and four
feedwater pipes creates the potential for multiple pipe failures resulting from pipe whip.
Although the plant safe shutdown may be achieved by isolating the main steam and
feedwater lines and using the emergency feedwater system and atmospheric steam dump for
reactor cooldown, this is an undesirable feature of the plant design with a negative impact
on the overall level of nuclear safety.

8.3.3.3.3 Recommendations for improvements

It may be necessary to install pipework restraints in areas identified in further
analysis.

8.3.3.3.4 Recommendations for complementary studies

Pipe whip hazard analysis for secondary system pipework inside the turbine hall
should be carried out. The main steps of such an analysis are described in Section
8.3.3.2.4.
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8.3.3.3.5 Proposal for future evaluations

None.

8.3.3.4 Pumping stations and others

8.3.3.4.1 Information on the status at Rovno NPP

Redundant trains of safety significant component cooling water system group A are located
in the basements of the emergency diesel generator buildings. There is no high energy
pipework in this location. The only potential missile source present are the compressed air
cylinders for the emergency diesel generator startup systems.

The pumping station for unit 3 contains circulating water pumps, two main fire water
pumps and four jockey pumps. There is no high energy pipework present in the pumping
station.

8.3.3.4.2 Assessment

The component cooling water systems group A may sustain some damage in the event of a
missile strike originating from a failure of a compressed air cylinder. Both the probability
and magnitude of such damage is considered to be low. Damage to other trains of the
component cooling water systems group A is not possible due to segregation.

The pumping station containing the main fire water pumps, jockey pumps and the
circulating water pumps is not vulnerable to missile effects. Although pump impeller
failures may occur they are unlikely to result in the generation of free missiles.

8.3.3.4.3 Recommendations for improvements

None.

8.3.3.4.4 Recommendations for complementary studies

None.

8.3.3.4.5 Proposals for future evaluations

None.
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8.3.4 Falling objects

This category of hazard applies to a free fall of lifted loads, uncontrolled lowering of loads
and failure of lifting devices in such a way that the device may fall onto the structure or
equipment below.

8.3.4.1 Design basis

8.3.4.1.1 Information on the status at Rovno NPP

The cranes, slings and lifting tackle at Rovno NPP are designed and operated in accordance
with the Rules for Design and Safe Operation of Load Handling Cranes issued by
GOSKORTECHNADZOR 1976.

8.3.4.1.2 Assessment

A general requirements for design and operation of light water reactors is that fuel storage
and handling system must ensure adequate safety under normal and accident conditions.
The loads handling by a crane which can be a direct or indirect cause of release of
radioactivity are referred to as critical loads.

A dropped load may cause damage to structures and equipment in addition to damaging the
load itself. The main objective of this assessment is to ascertain the adequacy of the
measures adopted to protect against the dropped load hazard.

Safe handling of critical loads can be accomplished by incorporating safety features in the
handling equipment and by applying procedural controls to load handling paths. At Rovno
NPP unit 3 safe handling of critical loads uses a combination of these approaches.

The main crane is fitted with double breaking and hoisting systems, therefore
possesses some of the features of single-failure-proof design as defined in NUREG-
0554.

Additional protection is provided by controls on the load height and handling paths
imposed by the operator procedures and interlocks within the semi-automatic control
system.

Limiting the height to a level where the consequences of a dropped load would be
acceptable and defining the load path which avoids traversing loads over safety classified
equipment is a method of protection preferred by many nuclear utilities.

The results of the present study indicate that the approach to the dropped load hazard is
broadly consistent with approaches adopted in the West. This finding is based on qualitative
review involving engineering judgement. Definitive statement on the acceptability of the
adopted hazard protection measures is, however, impossible because Rovno NPP does not
have a detailed hazard analysis for dropped loads. Such analyses, demonstrating that the
probability of a load drop is sufficiently low and its consequences can be tolerated, are
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usually required by Western nuclear regulators at the pre-operational safety report stage.

8.3.4.1.3 Recommendations for improvements

None.

8.3.4.1.4 Recommendations for complementary studies

It is recommended that a detailed safety analysis for dropped loads should be
prepared in the future, similar in scope, content and approaches to the Western
practice. Such a report should contain:

A schedule of lifting equipment which identifies the lifting devices, identifies
the maximum load, determines the load path, height and duration of the lifting
operation, determines the protection devices and methods.

A dropped load analysis which assesses the consequences of a load drop at any
location in the lifting device travel area where movement is not restricted by
administrative controls or mechanical or electrical stops. The analysis should
assess potential damage to civil structures, penetration of floors by the dropped
load, radiological release consequences and criticality considerations.

The dropped load analysis should be carried out for fuel assemblies and spent
fuel flasks. The load drop should be postulated from full height through water
and on to the structures below. Potential for criticality and damage to pool
liner leading to radioactivity release should be assessed.

The analysis should consider the effects of dropped vessel head, core internals
or inspection equipment which could lead to damage to the vessel (during
refuelling it may be below its non-ductile regime).

8.3.4.1.5 Proposal for future evaluations

None.

8.3.4.2 Reactor building including auxiliary building

8.3.4.2.1 Information on the status at Rovno NPP

The containment building in unit 3 has a seismically qualified polar crane running on a
circular track of 43m diameter and equipped with two trolleys. The main trolley has one
320t hook and two 90t hooks. The second trolley has one 160t hook and two 70t hooks.
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Procedures

Handling of loads is carried out by trained personnel following written rules and
procedures. The procedures define the routes and heights for moving the loads
within the reactor building. The procedures are enforced by the semi-automatic
addressable crane control systems which follows the permitted load transport paths
to safe laid down areas. Equipment is stored where it cannot cause damage in case
of an earthquake e.g by falling into the spent fuel pond.

There are no transport paths over the reactor or the fuel pond. Traversing of spent
fuel flask over the pond area is not permitted. No loads other than fuel assemblies
can be lifted over the stored fuel assemblies.

Safety equipment

The crane is fitted with duplicated breaking and hoisting systems designed so that a
failure of one systems would not result in the loss of capability to safely retain the
load. The crane has fail safe electromagnetic brakes.

The power is supplied from 6.6 kV non-safety suppliers.

The crane is fitted with a semi automatic addressable control system and automatic
interlocks which define the transport paths. The operator defines the coordinates to
which the load is to be carried and the crane moves the load to the specified
location. Locations for storage of equipment on the reactor building floor are
marked.

The crane has single limit switch to prevent the hoisting system from the so-called
"two blocking" incident where the load block and the head block come into contact.
Such an event can lead to crushing the rope and consequent load drop. Daily-test are
carried out to verify that the limit switches function correctly.

Test and inspection

The cranes are subjected to an annual inspection and repairs, where necessary, of all
safety systems and brakes.
Full static and dynamic tests are carried out every 3 years for frequently used cranes
and 5 years for cranes which are not in frequent use.

The static test involves lifting a load 1.25 times the maximum capacity. The bridge
deflection is measured during the test to ascertain if it is within the prescribed
limits.

Dynamic drop tests are performed on the crane mechanisms and braking systems
with a load 1.1 times the maximum capacity. Full performance tests with the
maximum load are carried involving all movements and speeds.
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All tests are performed by the plant crane mechanical and electrical inspectors
answerable to the plant technical management. The results are sent to the national
regulatory body for cranes and lifting equipment (Lvov office of
GOSKOMTECHNADZOR). The presence of the inspectors from this regulatory
body is not required during the tests. However the regulatory body may withdraw a
crane from operation if it fails the tests.

Inspection of slings and lifting tackle which is not in frequent use is carried out
during the annual crane inspection. Lifting tackle and slings used frequently is
tested once every ten days.

Personnel qualifications

The crane operators and slingers must pass annual examinations and obtain
certification from GOSKOMTECNADZOR.

Load schedule

The plant maintenance department has a written list of loads and their weights used
as a basis for the lifting operations.

Handling of spent fuel

Spent fuel is transported by a handling machine moving on rails over the reactor
cavity, spent fuel pond and flask loading pit. Spent fuel is not handled by the main
overhead crane. Crane movements over the pond are not permitted.

The fuel handling machine is designed to preclude a possibility of a load drop or
machine falling as a result of an earthquake or power failure. The machine has a
range of attachment used for load handling and inspection purposes. Interlocks
prevent a collision between the load and the walls of the reactor cavity or spent fuel
pond. The machine cannot be moved when the boom is in the lowered position.

Single spent fuel elements are moved approximately 3 - 4m above the bottom of the
pond. The bottom of the pond is a concrete structure approximately 2m thick
therefore the penetration of a dropped fuel element through the concrete structure of
that thickness is considered to be unlikely. However, the pool liner may be damaged
with the consequent leakage of the pond water.

Spent fuel is stored in racks inside the pool. An analysis has been carried out (not
available for review during plant visits) which demonstrates that a drop of a single
fuel element would not result in criticality.
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Spent fuel flask

Spent fuel is transported in cylindrical shielded flasks TK-13 weighing 120t
(loaded). In compliance with the IAEA requirements the flask are designed to
withstand a drop from the height of 9m onto a hard surface. During most of
handling operations the flask would not be dropped from a height greater than 120 -
150mm. However during removal from the pit and lowering onto a railway
platform the flask drop height exceeds 9 m.

Other crane and hoists in the reactor/auxiliary building

Smaller cranes and hoists are operated in various compartments during plant
maintenance. The consequences of a dropped load would be limited to a single train
of equipment because pipework which connects redundant systems is located outside
these compartments.

8.3.4.2.2 Assessment

The results of the present study indicate that the approach to the dropped load hazard in the
reactor building is broadly consistent with approaches adopted in the West. However,
definitive statement on the acceptability of the adopted hazard protection measures is
impossible because Rovno NPP does not have a detailed hazard analysis for dropped loads.
The effects of heavy load drops have not been analyzed to show that the appropriate
radioactive release criteria are satisfied.

The crane and associated lifting equipment satisfy to some extent the single-failure-proof
guidelines of NUREG-0554 and NUREG-0612.

A dropped load may potentially cause a LOCA or MSLB. To reduce this possibility the
lifting devices is parked unloaded and secured in a position where any dropped load would
not impact on the primary circuit, main steam lines and associated safety systems when
reactor is at pressure.

Effects of fire.

It is unlikely that a fire will result in failure of a lifting device in a manner which
would jeopardise reactor safety.

Operator error

Due to a degree of operator control it is possible that an operator error will lead to a
dropped load. The most probable fault is incorrect attachment of the load. The load
may also be driven into an obstacle or placed in an unsafe position. On the basis of
the information received in the course of this study, administrative measures
adopted to prevent dropped loads are judged to be effective.
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Dropped loads within spent fuel pond

Dropped loads within spent fuel ponds can lead to radioactive releases due to
mechanical damage to the load or the pool. Irrespective of the adopted design and
administrative protection measures the consequences study of the drop of a fuel
flask into the pit should be presented for nuclear safety implications.

8.3.4.2.3 Recommendations for improvements

It is recommended that crane tests and inspection should be witnessed by independent
inspectors from a regulatory organisation.

8.3.4.2.4 Recommendations for complementary studies

It is recommended that a hazard analysis for dropped loads should be carried out as
described in Section 8.2.4.1.4.

The consequences of a flask drop from full height (exceeding 9m) into the flask
loading pit should be analyzed from the point of view of the potential damage to the
flask, the pit liner and the concrete structure.

8.3.4.2.5 Proposal for future evaluations

None.

8.3.4.3 Turbine hall

8.3.4.3.1 Information on the status at Rovno NPP

Lifting of heavy loads in the turbine hall is associated mainly with repairs and maintenance
activities during plant shutdown. The rules for testing, certification of cranes and
examination and certification of operators are the same as those applicable to the reactor
building cranes (Section 8.3.4.2.1).

Loads are not traversed over the turbine generators, regulating and stop valves, main feed
regulating valves and main steam lines when the turbine generators are operating.

8.3.4.3.2 Assessment

Heavy loads may be dropped in the turbine hall as a result of equipment failure or human
error. The protective measures rely on:

- Design standard for lifting equipment and slings
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- Rules for crane operation and safe load handling
- Training and certification of operators and slingers
- Periodic examination of cranes and tackle

Dropped loads in the turbine hall can create a conventional hazard to personnel and lead to
high economic loss. Such a potential exists in any nuclear or fossil fuel power station. The
design and practices adopted at Rovno NPP do not significantly diverge from those adopted
in Western plant and are judged to be acceptable.

8.3.4.3.3 Recommendations for improvements

None.

8.3.4.3.4 Recommendations for complementary studies

None.

8.3.4.3.5 Proposal for future evaluations

None.

8.3.4.4 Pumping stations and others

8.3.4.4.1 Information on the status at Rovno NPP

Lifting of heavy loads in the pumping stations is associated with repairs, maintenance or
replacement of pumps, motors and other equipment.

8.3.4.4.2 Assessment

Protection against dropped load hazard relies on spatial segregation of equipment and
pipework and on written safety rules for crane operation and load handling. Dropped loads
in these areas raise no concern to nuclear safety.

8.3.4.4.3 Recommendations for improvements

None.

8.3.4.4.4 Recommendations for complementary studies

None.

8/79



8.3.4.4.5 Proposal for future evaluations

None.
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9. SITE CONDITIONS AND EXTERNAL EVENTS

9.1 BASIS FOR EVALUATION

Western practice and International Criteria and Guides published by the IAEA are the basis of
the evaluation. The Western practice considers the requirements of the licensing and operating
experience of Nuclear Power Plants in the European Union and USA.

This chapter examines the geological, seismological, hydrological, and meteorological
characteristics of the site and vicinity, in conjunction with present and projected population
distribution and land use and site activities and controls. The purpose is to indicate how these
site characteristics have influenced plant design and operating criteria and to show the
adequacy of the plant to site related aspects, releases and hazards, from a safety viewpoint.

Factors considered in the evaluation of a site includes those relating both the plant design and
the characteristics peculiar to the site. It is expected that the plant will reflect through their,
design, construction and operation an extremely low probability for accidents that could result
in release of significant quantities of radioactive fission products. In addition, the site location
and the engineered features included as safeguards against the hazardous consequences of an
accident, should one occur, should insure a low risk of public exposure. In particular, it has
been examined the acceptability of the plant for power production in relation with the
following factors:

1) Population density and use characteristics of the site environs.

2) Physical characteristics of the site, including seismology, meteorology, geology,
hydrology and man-made features.

9.2 SITE - RELEASES RELATED ASPECTS

9.2.1 Population distribution

9.2.1.1 Information on the status at Rovno NPP.

The information about population distribution is in document Reference 9.1 (Chapter 2.2). In
30 km. radius from the NPP it is estimated to be 125.000 persons for the year 2000. This
gives a density of 44 persons per square kilometer.

The nearest town to NPP is Kuznetzovsk with 35.000 persons and nearest towns with
populations up to 300.000 persons are Lutzk and Rovno, located 60 Km to the south-west and
south of NPP.

The maps available for inspection were 1:400.000 (Map 9.1) and 1.200.000 (Map 9.2).

An Emergency Plan for evacuation for accidents with radioactive releases is revised
periodically each 3 months.
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9.2.1.2 Assessment.

The data available in Reference 9.1 for population distribution is given by settlements names
and population. No source is given for the estimation for the year 2000.

It is commendable to have better resolution and information maps.

9.2.1.3 Recommendation for improvements.

It is recommended that the NPP has available maps at a scale 1:200.000, 1:50.000,
1:1000 of the site or plot plan and the environs, natural prominent features (rivers,
mountains, etc.), man-made features, (roadways, railways), district subdivision,
settlements and population distribution.

If they are available, it is recommended to have site photography and satellite pictures at
the plant site.

9.2.1.4 Recommendation for complementary studies.

None.

9.2.1.5 Proposal for future evaluation.

None.

9.2.2 Meteorology and climatology.

9.2.2.1 Information on the status at Rovno NPP.

On site there are three stations with continuous registering of wind, direction and velocity, and
temperatures. Another meteorological station is under construction at the distance of 1,5 Km
from site with a tower 12 m height. In the Radiological Monitoring Laboratory , located in
Kuznetzovsk, a tower of 45 m height is also under construction.

NPP has ordered a Meteorological Acoustic Radar MAL-2, that is the first Russian automated
mobile system, designed to observe the dynamics of the boundary atmosphere stratum up to
500 m and to measure the wind velocity and direction, and temperature stratification. This
device is considered as a plant improvement and it will be available in 1994.

The computer programs available in the NPP for simulation of meteorological conditions under
normal, accident and beyond accident conditions does not considers the cooling tower effects
and other NPP's. The MELKOR, START-2, MAX Codes, developed under the supervision of
IAEA, were ordered in the month of October/93. The NPP believes that with this computer
codes the simulation of the atmosphere will be more realistic.
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9.2.2.2 Assessment.

The MAL-2 Acoustic Radar Device may be a plant improvement in relation with the
measurements of the atmosphere parameters.

The computer codes ordered for simulation under normal, accident and beyond accident
conditions may be a plant improvement modelling atmosphere conditions with the cooling
towers and other NPP'S influences.

9.2.2.2.3 Recommendation for improvements.

None.

9.2.2.2.4 Recommendation for complementary studies.

None.

9.2.2.2.5 Proposal for future evaluations.

None.

9.2.3 Hydro-geology

9.2.3.1 Information on the status at Rovno NPP.

The documentation regarding hydro-geology is extensive, with a great number of Laboratories
and Institutes involved in the studies of Rovno NPP.

The area is characterized for three water bearing levels: Quaternary (ground waters), upper
Cretaceous and upper Proterozoic periods. The river Styr drains ground waters that are
hydraulically connected. During floods the ground water becomes back-upped, but the backup
does not influence the site because is far from the river (1,5 Km).

Before the construction began the ground waters were approximately 15 m. deep. While
operating the Units 1 and 2 and as a result of technical origin flooding-up, a dome of ground
water was formed. The level of the peak of the dome of this underground flood was 10 m, in
relation to the main ground-water level before construction. The measures taken were to
water-proof canals and hydraulic structures in order to prevent leakages from the plant
operation. Since the measures taken, the ground water dome, of units 1 and 2, was lowered
about 8 m. The other measure was to grout all the under laying soils of structures (chalk layer)
that had a density lower than 12 kN/m with a maximum pressure of 3 bar.

A new ground water dome formation was observed in 1992, in the vicinity of Unit 3
Circulating Water pipes. The height of this dome is about 1 m. over normal ground water level
in 1992. After maintenance and leak repair, level of this dome is still decreasing (from 1 m in
92 to 0.6 m in 94). For Eastern experts, the local dome formation and its small height,
practically do not influence the main plant buildings from the safety point of view.
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Hydrogeological research of the NPP site was carried out by different organizations. To effect
the project the Kiev branch of "Atomenergoproect" Institute used the necessary research
results. Today, there is no complete set of research documentation at the Institute.

Another item of consideration is the protection of civil structures from corrosion. According to
NPP, the latest research data did not show ground water to be corrosive.

9.2.3.2 Assessment.

Understanding of the different studies, in relation with the soil conditions, performed since the
start-up of Units 1 and 2 is difficult within the time frame proposed.

The major part of the research was carried out within the project framework, but some
additional research took place which lacked the sufficient coordination.

The measures taken to water-proof the canals and hydraulic structures were adequate to lower
the ground-water dome formation in Units 1 and 2.

The grouting of the under-laying soil of the structures was adequate in order to improve soil
bearing capacity (Units 1, 2 and 3). For NPP, the grouting of chalk layer practically excluded
the possibility of suffusion processes development at the point of chalk contacting the
underlying soils.

Ground-water level is a safety parameter of the plant. It may affect the bearing capacity of the
soil and produce structure settlements.

The chalk layer of the upper Cretaceous Turon is karstic soil and the ground-water level before
construction shall be maintained during plant operation.

9.2.3.3 Recommendation for improvements.

It is strongly recommended to improve the coordination between different organizations
involved in the ground-water and soil monitoring. An Organization and Procedures
Manual shall be issued. It is recommended to organize exchange meeting between all
participants on specific safety items in relation with hydro-geology parameters.

It is recommended to be in coordination with other NPP's that may have similar karstic
problems.

It is recommended to continue with the ground-water monitoring and control the
evolutions of this parameter.

9.2.3.4 Recommendation for complementary studies.

As a second priority, it is recommended to analyse the necessity to prepare a hydro-
geological model that considers a plant release and the propagation to the ground-waters
and Styr river.
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9.2.3.5 Proposal for future evaluations.

A summary study of all relevant information in relation with the hydro-geology in Rovno was
recently prepared. Review of this information is proposed.

9.2.4 Grounds and utilization.

9.2.4.1 Information on the status at Rovno NPP.

The type of region is industrial-agrarian, food, forest, wood processing and paper production
industries. The nearby settlements are characterized by the existence of industrial units,
organizations for children and health care.

The plant area is under strict access control and no other industrial purpose in plant area that
electrical and heat power supply of Units 1, 2 and 3. Unit 4 is under construction but has
different access control that the area of plant operation.

There have been detected some building settlements, and reported (References 9.4, 9.5 , 9.6,
9.10) and a summary is given in the following. Fixed based points to the Basalt rock are being
observed and do not exceed 1.5 mm, in relation with an accuracy of the measuring device of
1 mm.

There is one special settlement point, with maximum of 102 mm., near the Bubble Condenser
Building in Unit 2, that shows a differences with nearby measures (Mean average 50 mm.).

Reactor Building in Unit 3 shows a tilting settlement, maximum 133.7 mm., and the next
closest point is 101 mm., according to Reference 9.10.

Settlements of units 1 and 2 were practically stabilized, settlements of unit 3 is being stabilized.
Tilting settlements of units 1, 2 and 3 reactor buildings do not exceed the allowed limits.

9.2.4.2 Assessment

From safety point of view the plant is well located and far from other industrial process which
may interact.

Soil conditions under Units 1, 2 and 3 are influenced by karstic process of the under laying
chalk layer which may be aggravated by ground-water increase.

The building movements shall be controlled with a higher accuracy instruments, greater than 1
mm. According to Western practice an accuracy leveller with 0.3 mm standard deviation per
km and a theodolite with 0.8" is used.
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9.2.4.3 Recommendation for improvements

Continuous monitoring of building settlements with a better resolution is recommended.
In order to do this a high precision leveller and theodolite for measurement of heights,
tilts, and settlements is required.

9.2.4.4 Recommendation for complementary studies

Safety operation of the plant is related to building settlements and tilting. Engineering
analysis for actual settlements should be continued and an engineering analysis trying to
established limits of allowable settlements is also recommendable.

9.2.4.5 Proposal for future evaluation

None.

9.2.5 Reference radiological situation.

9.2.5.1. Information on the status at Rovno NPP.

The Radiological Monitoring Laboratory belongs to Rovno NPP and is controlled by the
Health Department. The radiological control is performed in a 30 km. radius, and 2500
samples per year from 40 points are taken for gamma and betametria (see MAP 9.2).

The measuring device for the Tritium, Carbon 14, Phosphorus 32, according to verbal
information, is no longer available for beta emission. This problem is not only to Rovno NPP,
it may be extended to all Ukraine. Before 1988 this beta emission was measured by the
Institute of Biophysics in Moscow, but now this service is no more available. The improvement
that the Radiological Monitoring Laboratory would like is liquid spectrometer named
QUANTULUS.

9.2.5.2 Assessment.

The laboratory was under working conditions.

The two domestic water wells, that are located at 6 km. upstream from the NPP site and 14
km. downstream, shall be controlled by the Radiological Monitoring Laboratory and included
in their normal control points of testing. It is not acceptable to test only the bore-holes at the
plant site to verify the ground-water quality.

9.2.5.3 Recommendations for improvements.

It is recommended to include the two water wells in the control of the Radiological
Monitoring Laboratory and verify the quality of the water for human consumption.
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9.2.5.4 Recommendation for complementary studies

None.

9.2.5.5 Proposal for future evaluations

None.

9.3 SITE - HAZARDS RELATED ASPECTS

9.3.1 Earthquakes.

9.3.1.1 Information on the Status at Rovno NPP.

The seismicity of the site was defined according to normative documents that were in force at
that time ( Reference 9.15 and 9.2). The estimated Intensity was V for Design Earthquake (SI)
and VI for Maximum Earthquake (S2) according to MSK-64 scale. (In fact, NPP pointed out
that intensity VIII was used for reactor design, intensity VI for plant design ; additionally, a
scram signal at level V was installed). The additional investigations performed for Unit 4
showed the same result, but a condition was imposed in the ground water level. In order to not
increase the earthquake effects in the plant the ground-water level in the plant shall be
maintained at 182 m. This is the monitoring of the ground-waters and keeping the stability of
their level in order to have the same earthquakes levels defined before.

9.3.1.2 Assessment.

The seismicity at the site is low according to the information that was analyzed in references
documents 9.1, 9.3, 9.7, 9.8, 9.12 Rovno NPP, and Kiev meetings.

The seismicity estimation was done based upon normative documents, in force at that time, and
do not exactly meet international present day requirements. Present day requirements
establishes a procedure to find the specific seismicity of the plant based upon a Regional and
Local study (IAEANUSS Guide 50-SG-S1, 1991).

It is not enough to defined the earthquake excitation by the Intensity, it is necessary to define
the acceleration (zero period), horizontal and vertical, applicable Ground Response Spectra
and Time-histories acceleration and duration.

9.3.1.3 Recommendation for improvements.

Even if the NPP considers that in the project, the necessary seismic parameters were
adopted by using a conservative approach, it is recommended that the plant defines the
earthquake level at the site SI and S2 by the following parameters:

Horizontal and vertical ground acceleration (zero period)
Ground response Spectra
Acceleration time-histories
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Even if the NPP considers that in the project, assessment of structures, systems and
components were conservatively realized, it is recommended that after fulfilment of the
previous recommendation, to clarify if necessary the applicable design earthquake levels
for structures, systems, and components.

9.3.1.4 Recommendation for complementary studies.

None.

9.3.1.5 Proposal for future evaluations.

None.

9.3.2 Exceptional meteorological conditions.

9.3.2.1 Information on the status at Rovno NPP.

The information of maxima meteorological conditions taken from reference 9.1 is:

- Maximum wind 37 m/s with a confidence level of 0,01%.
- Calculation class of Tornado intensity 2.75 with annual probability of 14 x 10" .

Systems, structures and components are divided by safety importance ant it is noted in the
TOB for what meteorological conditions they are designed for. The frozen depth for make-up
water and in-take structure was analyzed, and the result was satisfactory, in the sense that they
have such conditions documented and analyzed according to their standards. The documents
analyzed are reference 9.13 and 9.14.

9.3.2.2 Assessment

Design values are given in the TOB for wind, snow and external temperatures.

9.3.2.3 Recommendations for improvements

None.

9.3.2.4 Recommendation for complementary studies.

It is recommended that the plant documents by studies that the structures, systems, and
components are able to resist the loading conditions and combinations defined for
exceptional meteorological conditions.
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9.3.2.5 Proposal for future evaluations.

None.

9.3.3 External floods.

9.3.3.1 Information on the status at Rovno NPP.

According to the information given in Reference 9.1, no floods are possible in Rovno NPP due
to the Styr river flow. Minimum water supply even under ice conditions and minimum water
flow are adequate to Rovno NPP water make-up, for Units 1, 2 and 3, and were taken into
consideration in the design of the Circulating Water System ( intake water structure, pump
house and piping systems).

Rovno NPP site is 25-26 m. higher than the Styr river flood lands on the right bank, according
to reference 9.1.

Maximum water levels water in Styr river (m) at Rovno NPP.

Intake gage line

Level characteristics Confidence, P% Observed

0,01 0,1

Maximum 165,20 164,40 163,20

9.3.3.2 Assessment

High water level characteristics , observed and calculated in reference 9.1, can be assess that
will not endanger the site.

The collapse of the river banks, which are from 1 to 3 m high, will not endanger the plant by
flooding.

9.3.3.3 Recommendation for improvements.

None.

9.3.3.4 Recommendation for complementary studies.

None.
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9.3.3.5 Proposal for future evaluations.

None.

9.3.4 Air plane crashes.

9.3.4.1 Information on the status at Rovno NPP.

According to verbal information the actual Regulations for all flights around the NPP sites
given by the Ministry of Defense and Civil aviation is that subsonic planes crafts are forbidden
closer than 8 km. radius and supersonic planes are forbidden closer than 30 km. radius from
the plant site.

Actually the only airport that exist in the zone is Lvov which is about 300 km. away and
connecting flights to other airports in the country are Kiev, Minsk (Bielorussia), and Moscow
(Russia). The only route close to Rovno NPP site is Minsk. Verbal information of the airport
authority informs that the only flights that are actually in use are Lvov, Moscow, and Kiev; no
flights are in use between Lvov and Minsk.

According to Ukrainian regulation, aircraft crashes effect is not compulsory.

Based upon the information provided the plant opinion is that the probability of an air plane
crash is low.

Information on the airplane crashes taken or not into account for the design is given in
§7.2.1.1 and 7.3.1.1.

9.3.4.2 Assessment.

According to Western practice, the administrative measures for air plane flights around a NPP
site are not considered to be enough from the point of view of plant safety.

According to Western practice it must be consider the possibility of an air plane crash or it
must be demonstrated that the probability is lower than 10 per year.

9.3.4.3 Recommendation for improvements.

None.

9.3.4.4 Recommendation for complementary studies.

It is recommended that the plant proves by a probabilistic analysis that for units 1 and 2
there is no need to consider the existence of an air plane crash because the probability is
lower than 10 per year. For unit 3, the same approach has to be developed in order to
demonstrate that there is no need to consider a higher value of the load (10 tonnes)
considered for air plane crash.
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In the case that an (or a bigger) air plane crash has to be postulated, it is recommended
that the structures, systems and components to which the air plane crash is applicable be
analyzed for such loading condition. The calculation could be done with realistic
assumption. In view of results, decision has to be taken.

9.3.4.5 Proposal for future evaluations.

None.

9.3.5 Risk due to the industrial environment and lines of communication.

9.3.5.1 Information on the status of Rovno NPP.

The transportation service close to Rovno are train and road. According to verbal information
the train transportation which could be considered of significance risk to the plant are chemical
explosive for construction purposes and Mazout for the Auxiliary Boiler.

The plant management is taking measures to limit transportation of explosive through the roads
nearby the plant.

It is not quantified the amount of explosive for construction purposes.

Mazout for the Auxiliary Boiler will not explode or deflagrate.

From the Internal Events evaluation, it is known that the plant stores hydrogen tanks.
Complementary information on pressure wave taken into account for design is given in §
7.2.1.1 and 7.3.1.1.

9.3.5.2 Assessment.

The risk of these transports and storage of materials which are able to explode or deflagrate or
produce a fire have not been documented. According to Western practice the risk should be
evaluated by a deterministic or probabilistic analysis.

9.3.5.3 Recommendation for improvements.

None.

9.3.5.4 Recommendation for complementary studies.

It is recommended that the plant evaluates the risk due to transportation and storage of
dangerous materials by a deterministic or probabilistic procedure as the following :
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It is recommended that the plant performs a complementary study in order to demonstrate that
the probability due to an explosion or deflagration (given an higher value of the pressure wave
than the value taken into account in the design) is lower than 10" per year for each event.

In the case that the probability value is higher than 10" per year a deterministic procedure
should be applied. In this last case it is recommended that the plant defines the new loading and
verifies that the structures, systems and components, to which the loading is applicable, are
adequately protected to performed their safety function.

9.3.5.5 Proposal for future evaluations.

None.
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LIST OF DOCUMENTATION AVAILABLE FOR REVIEW

9.1 Technical Safety Substantiation of NPP Construction and Operation Rovno NPP, Unit
n° 3. (English).

9.2 Building Norms and Rules. Design Regulations (Part II)
Construction in Seismic Regions (Chapter 7).
SNIP II-7-81, Moscow 1982 (Russian).

9.3 Design Regulations for Seismically Resistant NPP, 1988
Pi NAE -5-006-87 (Russian).

9.4 Interim Report "Observation of Settlements of Buildings and Structures" Rovno NPP
(Russian).
Lvov's Polytechnical Institute. Research and Development Department (1922).

9.5 Interim Report "Investigations and Prognosis of Engineering Structures Stability" of
Rovno NPP (Russian).
Ministry of Education of Ukraine, (1922).

9.6 Final Report "Prognosis of Settlements of Foundations of Rovno NPP in order to
ensure reliability of operation (Russian).
Ministry of Education of Ukraine.
Kiev's Engineering Building Institute, (1922).

9.7 Report on Engineering-Geologic Investigations, Book 1, (Russian).
210005.0000072. 00000.000
TE.00
Institute Atomenergoproject. Lvov Branch, 1984.

9.8 Report on the Results of Complex Geophysical Investigation for Seismic Estimation of
the Area of NPP site, (Rovno), Atomenergoproject, Kiev branch, 1990.

9.9 Feasibility Study of Rovno NPP. Extension up to maximum capacity.
Atomenergoproject. (1986)
(Russian).
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9.10 Report Settlements of the Reactor Building Unit 3, Rovno NPP
Polytechnic Institute of Brest (Byelorussia) 3 e r Report 1993. (Russian)

9.11 Report Stationary Observations on
Ground Water Regime. Kiev Energoproject Hydrological and Survey Department,
1989 (Russian).

9.12 Norms for Design of Civil Structures for NPP with different types of Reactors.
PiNAE-5.6, Ministry of Nuclear Energy of the USSR, 1986 (Russian).

9.13 Technical Project of Rovno NPP. First stage (Ul, U2, U3) SverdPovsk Branch of
Former All Union. Institute Teploelektroproject, 1980 (Russian).

9.14 Review. Technical Project of Rovno NPP. Second stage (U4). Kiev
Atomenergoproject. (Russian).

9.15 Seismic Region Classification of the Territory of Soviet Union. Institute of Geophysics,
Academia Science, Moscow, 1980, ed. Science.

9.16 Map of Seismic Region Classification of the European part of USSR. Institute of
Geophysics, Academia of Science, 1987. Approved in 1988 for Nuclear Power Plants
with 100 year return period. (Russian).

9.17 General Provisions for NPP safety during Design, Construction and Operation. OPB-
82, Energoatomizdat, 1985.
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