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Abstract; The presentation describes whole process of Bohunice V1
NPP nuclear safety and operational reliability level increase
which has been performed since units commissioning (1. unit
in 1978, 2. unit in 1980), continued Small Reconstruction
(1991 - 1993) and finished Gradual Upgrading(1994 - 2000).

The main purpose is to last stage - Gradual upgrading of
Bohunice V1 NPP.

1. Introduction

Jaslovské Bohunice VI NPP consists of two units of WER-440 type V-230 series. Unit 1
was commissioned at the end of 1978 and the second one at the beginning of 1980. The
original Russian design of units WER-440/230 series originates from the end of sixties and
the beginning of seventies. Rupture of primary coolant circuit with equivalent diameter of
32 mm was stated as maximal design basic accident, for managing of which the emergency
systems were dimensioned in compliance with those days valid legislation.

The design of Bohunice VI NPP units, which are the youngest ones of V - 230 series,
took into account experience and knowledge from previous units, what was reflected in higher
nuclear safety and operational reliability level in comparison with other units of WER - 230
series. Among the most important Bohunice VI NPP design improvements belong:

=> supplementing of steam generator superemergency feedwater system

=> higher level of emergency core cooling system

=> supplementing of automatic functions between primary and secondary circuit
systems

=> higher level of secondary system automatization

2. Modifications performed in Bohunice V1 NPP

Process of Bohunice VI NPP nuclear safety and operational reliability improvements
began immediately after commissioning. There were performed more than 1300 design
modifications of bigger or smaller scope. Modifications resulted from operation status
evaluation, operational experience and from various international recommendations and from
regulations. The modifications were performed by NPP staff and by contractors as well.
Among the most important arrangements belong:
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=> supplementing of shielding assemblies into the core to decrease neutron flux on
reactor pressure vessel and to decrease reactor pressure vessel brittle fracture risk

=> supplementing the emergency power supply of the most important safety systems
consumers

=> reconstruction and supplementing of operation computer systems and
supplementing the monitoring of parameters in the course of failures

^supplementing the diagnostic systems for power plant main components status
monitoring

=> reconstruction and replacement of lower reliable I&C components and
supplementing of more automatic functions for improvement of nuclear safety and
operational reliability

Further more significant step in safety improvement of Bohunice VI NPP units was made
after 1990, after realization of more national and international expert missions. Expert
missions were focused on evaluation of Bohunice VI NPP nuclear safety and operational
reliability level status. Short - term and long - term measures were the results of evaluation of
expert missions, while no one mission approached the conclusion that it is necessary to shut
down the Bohunice VI NPP.

Based on recommendations of individual expert missions the Czechoslovak Nuclear
Regulatory Authority issued the decision No. 5/91 dated January 11,1991. There were defined
81 measures concerning further Bohunice VI NPP safety and reliability improvement and
decision No. 213/92 dated June 23, 1992, where there were stated another 14 measures. These
measures were performed during the period 1991 - 1993 years and they are known as
BOHUNICE VI NPP SMALL RECONSTRUCTION. Significant operational safety and
reliability improvement and fixing the dominant position of Bohunice VI NPP among the
V-230 units became the reality mainly in following fields:

a) Decreasing the probability of serious accident to one half (decreasing the probability of
core damage frequency from the value 1.7 x 10-3 per year to 8.89 x 10-4 per year
based on elaborated probability safety analysis).

b) Significant decreasing (15 x) of core damage risk caused by possible fire (Bohunice VI
NPP fire protection status improvement, which decreased from original 30 %
probability of core melting contribution to 2%).

c) Demonstration of extremely low probability of reactor coolant system piping rupture
(10-6 per year) by using the method "leak before break" on primary circuit, which
confirmed the integrity and reliability of systems and main components of primary
circuit.

d) Significant increasing of safety and reliability by modifications of reactor protections,
increasing the power of emergency power supply, separation of redundant power
supply systems and safety related control systems of Bohunice VI NPP. There were
provided two independent AC and DC power supply systems for each unit,
supplementing dieselgenerator No.5 and accumulator batteries. These modifications
enabled to manage the leak from primary circuit rupture with equivalent diameter
100-200 mm, what is more in comparison with original maximal design basic accident
(diameter 32 mm).
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e) Increasing the tightness of confinement of Bohunice VI NPP, which purpose is to
confine radioactive materials released at accident caused by reactor coolant circuit
rupture, more than 25 times in comparison with the status before small reconstruction.

f) Build up emergency control room for emergency reactor shut down, safety related
systems control and monitoring main unit parameters in case of accident and in case
of impossibility to use the main control room.

g) Seismic improvement of civil structures and technological equipments.

h) Performing the annealing on both units of Bohunice VI NPP in 1993 to make
possible further operation of reactor pressure vessels . The conclusions demonstrated,
that regarding brittle fracture and fatigue damage it is possible to operate reactor
pressure vessels till the end of their desig lifetime. Possible further annealing is no
problem, what is demonstrated by annealing of Bohunice VI NPP units in 1993 and
Loviisa in Finland in 1996.

i) Decreasing the probability of important safety related system malfunction 5 to 62 times
according to following table:

Improvement

Emergency reactor shutdown
caused by low pressure

Emergency reactor shutdown
caused by loss of feed water

Emergency reactor shutdown
caused by opening pressurizer
safety valves

Loss of emergency power supply
of the 2nd category

Malfunction of emergency
feedwater system

Probability of malfunction

per

before small
reconstruction

1.92xlO-2

9.1x10-3

lx 10"3

2.4x10-2

3.2X10"1

year

after small
reconstruction

3.1xlO-4

1.8x10-4

2.2xlO-5

1.24x10-3

7.44xlO-2

Improvement

coefficient

62x

51x

47x

19x

5x

j) Supplementing diagnostic systems for monitoring the immediate status of safety
related systems and components. The scope of Bohunice VI NPP diagnostic systems
is bigger than in western units and offer more informations on equipment status.

k) Providing overstandard In-service Inspections of Bohunice VI NPP main components

Page:11



to ensure their status monitoring and safe operation. (Some of these are performed by
SE, a. s., employees together with prestigious companies like e.g. Siemens -
Germany, RTD - Netherlands, Škoda - Czech republic and VÚJE - Slovakia for other
NPP operators - e.g. Loviisa - Finland, Paks - Hungary, Borselle - Netherlands and
Dukovany - Czech republic).

Implementation of measures during BOHUNICE VI NPP SMALL RECONSTRUCTION
became (from the core damage frequency point of view) power plant into the level, which
further operation is acceptable from safety point of view, but it is also necessary further safety
improvement.

3. BOHUNICE V1 NPP Gradual upgrading

3.1 Preparation of Bohunice V1 NPP gradual upgrading

Folloving the decision No. 5/91 of Czechoslovak Nuclear Regulatory Authority on
possibility to operate Bohunice VI NPP after 1995 under the condition, that its nuclear
safety will be increased into the European level,, the preparation of "PRINCIPAL
RECONSTRUCTION" started with working teams of Bohunice NPPs, VÚJE, Škoda and
Energoprojekt since 1991. Result of activities was issuing the " SAFETY CONCEPT FOR
NPP PRINCIPAL RECONSTRUCTION dated June 1992, which was reelaborated in
February 1993 in to the form of "SAFETY CONCEPT FOR BOHUNICE VI NPP
GRADUAL RECONSTRUCTION" and which was approved by Slovak Nuclear
Regulatory Authority decision No. 1/94 dated February 24, 1994. Slovak Nuclear Regulatory
Authority decision No. 110/94 dated August 25, 1994 precised the original Czechoslovak
Nuclear Regulatory Authority decision No. 5/91 in the field of Bohunice VI NPP operation
conditions after 1995 and has changed the original license for Bohunice VI NPP operation till
the end of designed lifetime to approval for operation only for the next year under the
condition of positive evaluation of works performed last year and refuelling and approved
scope of reconstruction works for next year and refuelling. Slovak Nuclear Regulatory
Authority decision No. 1/94 supplemented and made more precise the safety concept for
Bohunice VI NPP gradual reconstruction in 59 measures (37 measures for analyses and
evaluations and 22 measures for realization of reconstruction works). Slovak Nuclear
Regulatory Authority measures No. 1/94 concern following safety related functions:

1 - Primary circuit integrity

2 - Core cooling during operation and in case of accident

3 - Core cooling in case of coolant leakage from primary circuit

4 - Confinement

5 - Auxiliary systems

5.1 - Service water

5.2 - Power supply

5.3-I&C

5.4 - Fire protection
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5.5 - Seismic measures

Further organisational measures were stated by Slovak Nuclear Regulatory Authority decision
No. 110/94.

3.2 Elaborating of BASIC ENGINEERING for Bohunice V1 NPP

Regarding importance and scope of Bohunice VI NPP reconstruction works there were
selected more foreign companies for submitting their tenders. Westinghouse and Siemens
submitted satisfactory tenders at the beginning of 1993 as offers for Bohunice VI NPP
principal reconstruction, which were re-elaborated in December 1993 into the form of offers
for Bohunice VI NPP gradual reconstruction.

Selection of tenders finished in the first quarter of 1994 for the benefit of Siemens KWU
and on May 5, 1994 there was signed the contract for Basic design for Bohunice VI NPP
gradual reconstruction in duration of 30 months.

Bohunice VI NPP gradual reconstruction was focused on fulfilling following targets:

=> managing the newly defined DBA (main coolant pipeline leakage through <j) 200 mm) by
conservative approach and accident (main coolant pipeline leakage through § 500 mm) by
realistic methods

=> confinement tightness and localising systems must ensure, that in case of coolant leakage
through <J» 200 mm the dose equivalents will not be exceeded (50 mSv for whole body and
500 mSv for thyroid) in monitored power plant area and in case of coolant leakage through
§ 500 mm 250 mSv on whole body and 1,500 mSv on thyroid

=> safety systems failure probability: 10'3 per demand or less

=> core damage frequency: 10"4 for reactor per year or less

^> reactor trip system failure probability: 10'5per demand or less

=> probability of a primary high-energy pipeline break: 10"6 per year or less (LBB)

=> completion of seismic resistance of all safety related systems, components and
corresponding buildings, to the level 8 MSK-64 scale (340 cm/s2 horizontally and 215
cm/s2 vertically).

By performing of the measures mentioned above was assumed achievement of such
Bohunice VI NPP nuclear safety level, which will be internationally acceptable and will be in
compliance with international standards. Nuclear safety level assessment is in competence of
Slovak Nuclear Regulatory Authority, which on the basis of its status allows further operation
of Bohunice VI NPP units.

Elaborating the BASIC ENGINEERING as the first part of design documentation and
Preliminary Safety Analysis Report (PSAR) for Bohunice VI NPP gradual reconstruction
was provided by the company Siemens KWU in cooperation with Slovak companies VÚJE
Trnava, VÚEZ Tlmaée, PPA Bratislava, EZ Bratislava and others, in the period of May 1994 -
November 1996.
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BASIC ENGINEERING solved reconstruction of following fields, systems and subsystems:

1 Primary circuit integrity improvement

2 ECCS reconstruction

3 Reconstruction of safety and relief valves (from pressurise to relief tank)

4 Confinement strength and tightness improvement including supplementing isolating flaps
on ventilation pipings passing through the confinement boundary

5 Supplementing accident localisation system in confinement including hydrogen monitoring
and treatment

6 Supplementing of venting system

7 Confinement spray system reconstruction

8 Building up the new system of service water to ensure cooling of safety important
consumers

9 Reconstruction of electrical systems:

=> emergency power supply 6 kV, 0.4 kV, 220 V DC, 220 V AC, 24 V DC -
reconstruction of distributions and switchgears

=> exchange of motor generators

=> reconstructions of DG control system

=> adding the third electric source to supply home electric consumption from the near
hydroplant Madunice (in case of Black - out)

=> providing of two independent and separated power supply systems of safety
consumers

10 I & C reconstruction:

=s> RTS and ESFAS reconstruction, including reactor power control and limitation
systems

=> neutron flux measurement system reconstruction

=> reconstruction and supplementing of post accident monitoring system (PAMS)

=> completion of emergency control room

=> ensuring of two independent systems for checking and control of safety related
consumers

11 Supplementing additional steam generator emergency feedwater system

12 Supplementing steam dumping valves to atmosphere

13 Fire protection improvement in existing areas

14 Reconstruction of HVAC systems in areas where there are located important safety
related equipments

15 Building modifications in existing areas and building up of new buildings for:

=> steam generator emergency feedwater system



=> service water system.

=> ventilation systems for cooling of rooms with electric and I and C systems

There were also solved following items in the frame of contract for BASIC ENGINEERING:

=> preliminary safety analysis report (PSAR)

=> equipment identification

^> creating the set of standards, regulations and decrees, which will be followed
during Bohunice VI NPP gradual reconstruction

=> equipment seismic resistance

=> requalification of existing Bohunice VI NPP equipments

Basic Engineering was finished in November 1996.

The results of engineering work were assessed and commented by Bohunice VI NPP and
independent organisations and finally they were submitted to Slovak Nuclear Regulatory
Authority for approval.

During Basic Engineering elaborating the activities of suppliers and customer were co-
ordinated in 15 expert working groups, which discussed and solved their problems on
common meetings at least once per month or according to necessity.

Once per month or according the necessity there were organised COORDINATION
MEETINGS (STATUS MEETINGS) of design team representatives on behalf of Siemens and
NPP Bohunice where there was evaluated work status on Basic Engineering, they solved
problems arising from working teams and made more precise the overall program. The work
status was evaluated in monthly reports (Progress Reports).

3.3 Elaborating the DETAIL DESIGN and REALIZATION

Based on approved results from BASIC ENGINEERING and PSAR the documentation for
each individual system was completed up to the level of realization documentation and
consequently according to this provided realization of proposed and approved upgrading
works followed.

Elaborating of realization documentation, equipment production, implementation, testing
and putting into operation for whole gradual reconstruction were provided by MAIN
CONTRACTOR - consortium REKON consisting of SIEMENS KWU and VÚJE Trnava,
according the contract that was signed in April 1996.

Implementation of modifications and reconstructions of individual systems were made
gradually in mostly during scheduled unit refuellings. Unit refuellings were extended
according to the necessity.

Bohunice VI NPP gradual reconstruction implementation was made from the end of 1996
and last modifications were made during refuelling in 2000.
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3.4 FULL SCOPE OF BOHUNICE V1 NPP GRADUAL UPGRADING

was divided into fifteen systems as follows:
1. SAFETY AND RELIEF VALVES reconstruction, from pressuriser to relief tank, to

fulfil the „BLEED" function for „Bleed and Feed on primary circuit".
2. EMERGENCY FEEDWATER SYSTEM supplementing, to steam generators to

fulfil the „FEED" function for „Bleed and Feed on secondary circuit". System is now
designed for 72 hours of operation withont the need of external make- up water.

3. STEAM RELIEF VALVES from SG to the atmosphere supplementing, to fulfil
the „BLEED" function for „Bleed and Feed on secondary circuit".

4. THIRD ELECTRIC SOURCE supplementing, to supply home electric consumption
from the nearby hydroplant Madunice, in case of Black - Out.

5. EMERGENCY CORE COOLING SYSTEM reconstruction into the two separate
and independent redundancies, to fulfil the core cooling function for extended scope of
LOCAs and „FEED" function for „Bleed and Feed on primary circuit". Each
redundance consists of two HPSI pumps an one LPSI pump. System is designed to cope
with LOCA spectrum and to ensure subcriticality after secondary side breaks and after
seismic event (new 80 m3 boron tank). The system is able to provide for the primary
side Residual Heat Removal.

6. FIRE PROTECTION (14 measures) improvements.
7. ELECTRIC SYSTEMS reconstruction, to have two independed and separated

redundancies. The Emergency Electrical Power Supply System's capacity (DGs power)
has been doubled for each safety train in order to cover the energy demand of new
installed ECCS system during LOCA accident. The capacity of Accumulator Batteries has
been increased from 30 minutes to 2 hours.

=s> exchange of the obsolete motorgenerators
=> reconstruction of DG control and excitation systems
=> reconstruction of 6 kV, 0,4kV, 220 DC + AC switchgears

8. I&C SYSTEMS reconstruction:
=> (RPS) RTS + ESFAS exchange by new Siemens digital system TELEPERM XS
=> Reactor Power Control System exchange
=> Excore Neutron Flux Measures exchange
=> Incore Temperature Control Measures exchange
=> Reactor Power Limitation System supplementing
=$ PAMS - more parameters supplementing
=> Radiological Monitoring System supplementing

9. CONFINEMENT SPRAY SYSTEM reconstruction into the two separated and
independend redundancies.

10. PRESSURE SUPPRESSION SYSTEM supplementing, after LOCA, inside
confinement.

11. CONFINEMENT ISOLATION improvement by isolation valves supplementing,
into ventilation pipes crossing through confinement boundary.

12. CONFINEMENT STRENGTH increasing, to assure confinement resistance against
maximum over and under pressure. 60/120 kPa over pressure for DBA 0 200/DBA
0500, and 15 kPa underpressure.

13. SERVICE WATER SYSTEM reconstruction and supplementing for cooling safety
systems, to separate and create essential service water system. New Essential Service
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Water System was constructed and designed for 72 hours of operation without the need
of external make-up water.

14. VENTILATION SYSTEMS reconstruction and supplementing, for cooling
rooms, where new I&C and Electrical systems are placed.

15. SEISMIC improvement on a lot of equipment that can have negative influance to
safety systems.

4. Conclusion

The scope of Bohunice VI NPP Gradual Upgrading program was very large and
complicated, but it was necessary, very important and the only way how to continue in
operation of these units.

Bohunice VI NPP Gradual Upgrading was succesfully finished in June 2000. All main
goals of contract with REKON and all 59 backfiting measures of Slovak Nuclear Authority
decision No. 1/94 were completely fulfield.

Carrying out the gradual reconstruction we achieved the internationally acceptable nuclear
safety and operational reliability level of the VI plant. This has established technical
assumption for reliable, safe, economical and ecologic operation Bohunice VI NPP units.

Bohunice VI NPP as the most modern WWER 440/V230 plant is a good example how
eastern type of units can be succesfully upgraded and improved, in cooperation with western
companies, into the internationaly acceptable safety level and further more in reasonable costs.
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