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Abstract

In the article materials the description of the historical process of Ukrainian NPP modernization is presented.
The existed procedure of modernization implementation is described in details. The main features of this
procedure are illustrated on several examples like of ECCS sumps, improvements of hydrogen recombination
system and development of RPS control rod revision program.

1. INTRODUCTION

Necessity to keep acceptable level of NPP safety requires constant search of perfection while
undertaking of the activities connected with its operation. One of the directions concerning
the mentioned activity is development and implementation of 1he measures aimed at NPP
upgrading and its safety improvement. Among the conditions stipulating implementation of
such upgrading the important place is attributed to the new understanding of the peculiarities
as regards functions of systems and activity undertaken by staff appeared as the result of
experimental and research work along with assessment or reassessment of safety and analysis
of operational experience.

This work presents the results of addressing of various aspects of upgrading performed at
NPP in Ukraine. The results of operator and regulator are presented at the certain examples as
to adequacy of the decisions made to the real conditions of units operation along with the
requirements established concerning provision for operational safety.

2. HISTORY OF NPP IN UKRAINE UPGRADING

Designs of units with WWER under operation in Ukraine were developed in 70-s. The basic
safety criterion laid into these designs was to provide for safety under all the design basis
accidents/at that time, exclusively deterministic approach to safety level assessment was
adopted as the basis.

Working designs were prepared in compliance with the regulations in force by the moment. In
part, some measures were implemented during working design development aimed at
provision for requirements of OPB-82 meeting.

During operation of units with WWER, also, as the new norms and rules were developed and
enacted, the attempts were made as to put them into compliance with these regulatory
requirements. However, these measures were of local nature and in many cases unfeasible
from both technical and economical reasons.

Since the middle of 80-s USSR started work on improvement of all the NPP under operation
safety. The "Integral Measures to Improve Safety of Power Units under Operation (SM-88,
SM-90)" were developed based upon analysis of units assembling, start up and operation.
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Their implementation was also started at NPP in Ukraine. However, substantiation of the
units safety performed before did not completely take into account necessity of the efficient
analysis of operational experience, assessment of common cause failures (of natural and
technogeneous origin) impact, analysis of beyond design basis accidents and development of
the measures to manage them as well as a number of other provisions.

One of the first decisions made by the Ukrainian National Regulatory Authority — the State
Committee of Ukraine on Nuclear and Radiation Safety (UkrSCNRS) — was devoted to
necessity of detailed safety assessment for all the NPP under operation and development of
"Safety Analysis Reports" based upon this assessment results. These documents included the
working programs on the further improvement of each unit under operation safety based upon
the approved by the Regulatory Body (RB) "Program on Safety Improvement of NPP with
Rector Facilities WWER-1000, WWER-440". Besides, UkrSCNRS had approved the
"Program on Immediate Work on Improvement of NPP with WWER-1000, 440 Safety"
identified two levels of the working priorities directed to improve safety and reliability of
NPP operation.

Under development of the "Program on Safety Improvement of NPP with Rector Facilities
WWER-1000, WWER-440" as the methodological basis the IAEA classification was adopted
as to extent of impact from considered deviations from upon the in-depth-protection (IAEA-
EBP-WWER-05). Subdivision of deviations into four categories according to their safety-
significance allowed to identify the main directions of work and list of the immediate
measures of significant impact upon safety which could be undertaken in the visible terms,
namely, by 1998.

As scientific-technical and normative base of nuclear power in Ukraine was developed, the
criteria for safety level assessment had substantially changed. This resulted in that, by
beginning of 1997, the new requirements to contents of SAR were formulated concerning
units of NPP under operation in Ukraine. Besides, the necessity had grown to develop the
long-term programs on upgrading of units.

According to the RA order and under participation of IAEA the long-term programs were
developed in Ukraine as to improvement of safe and reliable operation of each unit. These
programs, though being provisional ones, nevertheless, take into account a number of
international recommendations along with the previous experience gained as to similar
activity undertaking. The results of SAR development shall be used to improve the named
programs with the priorities of particular measures undertaking intended to improve safety.

Below some aspects of units at NPP in Ukraine upgrading are described at particular
examples.

3. PROCESS OF TECHNICAL DECISIONS IMPLEMENTATION IN CONNECTION
WITH UPGRADING OF UNITS AT NPP

3.1. System of hydrogen removal from SLA under emergency modes

The Ukrainian RA had developed the procedure on licensing of the technical decisions
connected with upgrading of NPP units. As an example of this procedure implementation the
measure on development of the system to remove hydrogen from SLA under emergency
modes can be named under development at Rivne NPP in compliance with the "Program on
Immediate Work on Improvement of NPP with WWER-1000, 440 Safety".
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Problem of danger caused by hydrogen is one of the most significant among NPP safety
aspects due to possibility of hydrogen burning and explosion inside leaktight premises during
normal operation of NPP and under emergency modes.

According to the program on improvement of units 1 and 2 (RF WWER-440/V-213) safety at
Rivne NPP, the decision was made to develop the measures on removal of hydrogen from
leaktight premises.

Implementation of this project started on-site in 1997 and goes on in compliance with the
procedure developed by the RA as to licensing of technical decisions connected with
upgrading of units at NPP. This procedure envisaged four stages of the licensing process.

Stage 1 - Reviewing by RA of the Technical Decision concerning the concept of upgrading.

SSTC NRS performed technical evaluation ordered by the RA concerning substantiation of
necessity to install modules of passive catalytic after-burners of hydrogen (PKDV). In the
frames of the assigned task the following aspects presented in the Technical Decision were
analyzed:

• Classification of on-site elements according to the "Overall Provisions on Nuclear
Plants Safety Assurance";

• List of norms and rules which requirements they shall meei:;

• Potential suppliers of the system;

• Expected result;

• Provisional assessment of impact caused by reconstruction upon safety.

Also, under technical evaluation the following items were addressed:

• Initiating events during which hydrogen is escaped into leaktight premises;

• Qualitative analysis of possible concentration and places of hydrogen concentration
inside leaktight premises;

• Technical options proposed for implementation of the system for removal of hydrogen
or prevention from its accumulation in dangerous concentrations.

SSTC NRS had proposed to the RA the results based upon the completed analysis which
indicate the safety deficits along with deviations from the requirements posed by SSTC NRS
to be eliminated by installation of PKDV modules. Besides, the recommendations were
proposed to the RA as to well grounded bases and expediency of this Technical Decision
implementation.

Stage 2 — Reviewing by the RA of the Technical Conditions on supply of the system
equipment and elements along with certification of the delivered elements. By the moment,
this is just the stage of this Technical Decision licensing process. It shall be noted that since
this project is implemented as part of the TACIS Project, then before identification of the bid
competition concerning deliveries, only provisional Technical Specifications were submitted
to the RA.

SSTC NRS analyzed the submitted documents from the point of view on requirements to be
met by this article along with comparison as to requirements of norms and rules in force in
Ukraine.
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hi the nearest future, after nomination of the certain supplier, the final package of the
documentation concerning this supply will be submitted to the RA. If necessary, possibility
will be envisaged concerning certifying and qualifying tests.

Stage 3 — This stage is aimed at assessment of how this project provides for system of the
assigned functions performing under all the most unfavorable combinations of conditions and
loads described in the normative-technical documentation (NTD) in force. Under technical
evaluation of the SAR for this system submitted to the RA SSTC NRS will estimate results of
the quantitative analysis as to emission of hydrogen, possibility of its explosion dangerous
concentration formation and place of its possible accumulation under the most unfavorable
initiating events among those addressed at the 1st stage.

Stage 4 — Agreement with the RA upon of the Technical Decision on the system
commissioning together with the act on completion of assembling and start-tuning work,
program and results of its testing at unit, necessary amendments of existing operational
documentation.

The proposed procedure on licensing of the Technical Decision on assembling of hydrogen
after-burners illustrates the overall requirements imposed by the RA concerning
modernization of units at NPP. The below presented examples show some factors which
require adjustment of these requirements and separate decisions to be mage by the RA as
regards issues of upgrading.

3.2. Screen-type structure of ECCS sumps

ECCS includes emergency sumps where water is collected from spraying system pumps and
from other safety system pumps connected to collector of water. By the norms and rules in
force in Ukraine, the following is required: "Structure of water collector shall include
protection against dirty, for example, filtrating elements (multi-row labyrinth screens, grates)
and exclude loss of water under any mode of NPP operation". At that time, structure of
filtrating elements and intake devices shall provide for simultaneous operation of all the
pumps connected to them without failure of supply taking into account of delayed water
supply into water collector from the premises of accident localizing. To provide for the above
mentioned requirements the filtrating elements (screen-type structures) designed to prevent
from debris or fragments of destroyed thermal isolation (under maximum design basis
accident) ingress into emergency sumps shall be installed there.

To meet the above mentioned requirements of norms and rules in force in Ukraine at units 1
and 2 of Rivne NPP in 1998 the Technical Decision "On assembling of screen-type structures
in emergency core cooling system" was developed and submitted to the RA for reviewing.
The 1st stage of the licensing process was successfully completed. Implementation of this
Technical Decision was one among the special prerequisites imposed by the RA for issuing of
permission for unit start up and operation after PPR-98.

However, under performing of the 2n stage of licensing it revealed impossible to purchase the
design of screen-type structures installed in Hungary at NPP Packs and passed natural tests in
Finland, recommended by the RA to implementation at Rivne NPP. To cope with this
problem Rivne NPP signed the contract with the Russian "Atomenergoproject"
(St. Petersburg) which envisages to link design of these structures to that implemented at Kola
NPP in Russia.
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Under technical evaluation of this design SSTC NRS found the concept of this design
decision inefficient proceeding from the results of the similar screen — type structures testing
at unit 3 of South Ukraine NPP and unit 5 of Zaporizhya NPP. The results obtained under
testing did not confirm that these structures under maximum design basis accident would not
be completely clogged by thermal isolation, thus this construct would provide for performing
by ECCS its designed safety functions. Therefore, Rivne NPP submitted application for
TACIS-97 Program for theme: "System of screen-type structures of ECCS. Units 1,1,2".

Taking into account that since acceptance of such TACIS application through completion of
the Project not less than 5 years passes, the RA issued permission to assemble temporary
screen-type structures designed by the Russian "Atomenergoproject" (Saint-Petersburg).
Besides, the RA established additional constraints such as: obliged Rivne NPP to develop the
"Program on checking of LP ECCS operability under 50% obstruction of filtrating surface of
screen-type structures installed in box SG of ECCS sump".

hi 1998 the Technical Decision "On assembling of temporary screen-type structures in
emergency core cooling systems" was implemented. The "Program on checking of LP ECCS
operability under 50% obstruction of filtrating surface of screen-type structures installed in
box SG of ECCS sump" was submitted to the RA followed by the information on results of
assembling and start-tuning work.

Presently, Rivne NPP develops the projects "System of screen-type structures of ECCS. Units
1,2" and "System of hydrogen after-burning inside leaktight premises" as part of the TACIS
Project. These projects in parallel pass all the licensing stages, namely: as it was already
mentioned, the "System of hydrogen after-burning inside leaktight premises" is now at the
stage of supply tender identification.

3.3. Reactor control and protection system

Designs for units with WWER under operation in Ukraine were developed in 70-s. structural
requirements to FA (Fuel assembly), CPS control rods and geometry of IRD provided for
normal operation of reactor during 2-years fueling campaign. However, in 1992-1993, due to
transfer to 3-years campaign occurrences of CPS control rods operational malfunctions were
registered at NPP with WWER -1000 which were exceeding of the designed duration of their
insertion into core. To arrange and coordinate the work on clarification of CPS control rods
operational malfunction causes Heads of operating organizations in Ukraine and Russia
established the inter-agencial commission.

hi the frames of the "Program and Methodology of Testing to Check Passability of CPS
Absorbers" developed by OKB "Hydropress" and adopted in 1993, at units of NPP in Ukraine
the studies were undertaken which showed that the basic cause of the regulated value
exceeding as to time of CPS control rod dropping into core is bending of FA which causes
appearing of additional forces of friction between linear absorber and wall of FA.

The technical decisions directed to upgrading of CPS control rods and adjustment of IRD
(Inside reactor devices) were developed based upon the obtained results. They were reviewed
by the RA and agreed upon under the established order.

Since 1995, to reduce bending of FA and provide for safe operation of units at NPP with
reactors of WWER-1000 type in Ukraine the following measures undertaking started during
planned outages:
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• Adjustment of reactor UPT (The unit of protective tubes) position to reduce
compression of spring blocks in FA heads;

• Perforation of CPS drive stems to reduce force of hydraulic resistance under insertion
of control rods into core;

• Increasing of CPS drive stems weight or use of absorbers with increased weight;

• Pulling and reciprocation of CPS absorbers along guiding channels of FA;

• Replacement of damping tubes.

These measures are still implemented presently.

During the measures development and implementation directed to exclude not designed time
of CPS control rods dropping, according to the RA Resolution of 08.06.93, the periodicity of
CPS control rods testing was changed. Later on, in 1997, the necessity was confirmed as to
testing with this periodicity, and the requirement established to perform one additional testing
in the middle of campaign at the level of 50% Nrated. The technical measures undertaken at
units of NPP in Ukraine along with the work performed during each PPR on completing of
control rods resulted in considerable improvement of temporal characteristics as to dropping
of CPS control rods with practical exclusion of some control rods dropping duration (Fig. 1
and Table I).

1993 2000

Years

FIG. 1. Dynamics of events number connected with CPS control rods sticking and exceeding
of duration as to time of dropping at units of NPP in Ukraine.
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TABLE I. AVERAGED DATA OF RESULTS ON TESTING OF CPS CONTROL RODS

Unit

ZNPP-1

ZNPP -2

ZNPP -3

ZNPP-4

ZNPP-5

ZNPP-6

SUNPP-1

SUNPP-2

SUNPP-3

RNPP-4

KhNPP-1

Before start of the
measures

implementation in
1993-1995

^average

3.22

3.18

3.17

3.21

3.28

3.15

3.5

3.72

3.55

3.46

3.72

CPS
control
rod
with
t>4s

34

30

29

11

9

1

0

32

19

35

12

Number
of stuck
CPS
control
rods.

8

0

6

0

8

0

0

1

0

5

0

During the measures
implementation in

1995-1997

^average

2.33

2.19

2.56

2.48

2.89

2.7

2.59

2.64

2.01

2.83

2.85

CPS
control
rod
with
t>4s

0

0

0

0

1

0

0

0

0

0

0

Number
of stuck
CPS
control
rods.

0

0

0

0

1

0

0

0

0

0

0

During fueling
campaign in
1997-1998

^average

2.33

2.23

2.71

2.63

2.76

2.45

2.26

2.42

2.29

2.54

2.17

CPS
control
rod
with
t>4s

0

0

0

0

0

2

0

0

0

2

1

Number
of stuck
CPS
control
rods.

0

0

0

0

0

0

0

0

0

0

0

During fueling
campaign in
1998-1999

^average

2.37

2.47

2.47

2.8

2.68

2.45

2.29

2.37

2.27

2.26

2.31

CPS
contro
lrod
with
t>4s

0

0

0

0

0

0

0

0

0

0

0

Number
of stuck
CPS
contro]
rods.

0

0

0

0

0

0

0

0

0

0

0

Operator had developed the Technical Decision based upon the data accumulated during
regular testing on possibility of CPS absorbers concerning changing of periodicity and order
of measurements as to identification of CPS control rods dropping into core of WWER-1000
duration. However, causes of CPS control rods caused violation of safe operational conditions
of 23.02.2000 and 01.06.2000 at unit 1 at Khmelnitsky NPP show that this issue is still
topical, thus requiring the further investigation.

SSTC NRS performed expert assessment of this decision upon request of the RA. In-depth
and comprehensive investigation of this issue resulted in development of the
recommendations upon which base the RA obliged the operator to establish the correcting
measures of necessary scope for each unit which undertaking will allow to ensure the
designed indicators of CPS reliability during between-repairing period.

According to the recommendations made by OKB "Hydropress", it is necessary to go on with
the undertaking of measures to exclude irregular time of CPS control rods dropping. At all the
units complete upgrading of all the CPS drive stems, including increase of their weight along
with improvement of UPT.
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4. CONCLUSION

Under upgrading of the units built according to the old designs the problems can and do arise
connected with changing of conditions for operation of equipment. It is not far always
possible to predict their arising. Therefore, despite the conservative approach used under
regulatory decisions making, the procedure of technical decisions licensing shall include
possibility of new factors arising in the process of upgrading at any stage of the licensing.
Namely, under performing of each move towards implementation of the decision the
alternative paths to resolving of the problem shall be envisaged. Consequently, the existing
normative base shall be improved along with the regulatory requirements taking into account
the real preconditions stipulated by all the factors connected with operation of NPP.

As the above addressed examples show, upgrading of NPP in Ukraine is many-sided problem
requiring comprehensive and in-depth investigation. The RA faces with the proper assessment
of the decisions made in terms of their impact upon safety of NPP, well grounded bases,
possibility and expediency of their implementation. Substantial role as to this assessment is
played by SSTC NRS. Scientific support to the RA allows to take into account both the
newest study results under making of decision and the experience gained during previous
operation of units for many years.
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