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1.0 Introduction
In the 1990s VUEZ, a.s. Levice (known before as Power Equipment Research Institute

Tlma e) was centrally involved in the field of innovation activities related to NPPs with both
VVER 440 V230 and V213 reactors.

In the early 1990s it was the so-called Small Reconstruction of the Jaslovske Bohunice
VI NPP with the main VUEZ activities concentrating on the leak-tightness enhancement at
both VI NPP units where remarkable results were attained pertaining to containment leakage
rates. In addition, the innovation activities also involved the spray system (replacement of
nozzles), creation of the changing room and contamination checkpoint, installation of an
independent system for primary circuit leakage monitoring, reconstruction of inlets to the
boric acid emergency storage tank, reconstruction of vent systems etc.

Even broader were VUEZ activities within the scope of the so-called Gradual
Reconstruction of the Jaslovske Bohunice VI NPP where, based on UJD SR (Slovak NRA)
Decision 1/94, extensive innovations were performed related, to a larger or lesser extent, to 16
functional technological units. Under the contracts with RECON Consortium (VUJE Trnava +
Siemens), VUEZ solved directly three functional technological units and participated as a
subcontractor in the solution of many others. Among those most decisive, I would like to
mention particularly the Containment Integrity, Accident Localisation System, and
Containment Strength.

In respect of the newly built and at present already operating Mochovce NPP, VUEZ
innovation activities were oriented first of all to the so-called safety measures. In this field for
EUCOM Consortium (Siemens + Framatome), a complex of issues related to the Vacuum
Bubbler Condenser were solved (CONT 01 to 06) and for Skoda, the General Supplier of the
electromechanical part, the issue of Emergency System Reliability through re-qualification of
sumps on the SG compartment floor. Both of these safety measures (ranked to class III) were
solved in parallel within the scope of the PHARE Programme: the first one (the main
contractor being Siemens+EdF+Agrupados Consortium) was completed in December 1999
and the other (the main contractor being FORTUM Engineering) in August 1998. In both of
these projects, VUEZ participated as a subcontractor. To complete the account and to give
further information, I would like to add that, based on the past involvement in this field
(Mochovce NPP and PHARE), further VUEZ innovation activities are expected within the
scope of the Jaslovske Bohunice V2 upgrading project. The V2 NPP upgrading is under way,
though one of the safety measures - requalification of sumps on the SG compartment floor -
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is already being implemented (and this safety measure is also being executed in the Dukovany
NPP).

In this presentation, I wish to concentrate on two of the aforementioned issues where
VTJEZ has extensive experience and may provide the most complete information on works
performed so far, namely:
a) elimination of leakages through the hermetic boundary, and
b) requalification of sumps on the SG compartment floor.

2.0 Containment hermetic boundary

To VVER 440 containment leak-tightness, certain criteria and requirements are
applied, though it is true that they differ from country to country and even from plant to plant.
Still it holds that in fact the leak-tightness is technically defined and limited everywhere.
Thus, it forms the technical basis for the implementation of methods for leak-tightness
measurement and verification, and for the implementation of potential repairs and
improvements.

2.1 Integrated leakage rate tests

The current methodology of integrated leakage rate tests uses well-known
measurement methods commonly applied to full-pressure containments: containment
pressurisation to a test pressure using an external air source, parameter stabilisation,
measurements of pressure drop with time, mean temperature changes in the containment and
humidity in the containment, automatic calculations and the monitoring of parameters
throughout the whole duration of the test, i.e. 24 h (higher leakage rates may be measured
within a substantially shorter period). In addition to measurements in VVER 440
containments in the Bohunice, Mochovce (Slovak Republic) and Dukovany (Czech Republic)
NPPs, this methodology was successfully applied to the VVER 1000 containment in the
Temelin NPP (Czech Republic).

2.2 Local leak tests

To verify the leak-tightness of individual components and locations on the hermetic
boundary, known procedures are used to identify the leak and define the technologies and
procedures used for subsequent repairs. In addition to integral ways of pressure difference
creation (pressurisation and vacuuming), also local pressurisation and/or blowing or suction
may be applied (to a temporarily formed hermetic mini-volume). For leak identification, in
principle local methods are used such as visual inspection (formation of bubbles), acoustic
analyses, imprints, ultrasonic methods, thermal analyses (thermovision camera) and the like.

2.3 Technologies for leak repair

Technologies, their applications and obtained results differ depending on the character
of leaks, which can be divided into:
a) leaks located on the accessible part of the hermetic boundary (welded liner plates,

components such as doors, valves, penetrations, hatches and their sealings), and
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b) "hidden" leaks located on the inaccessible part of the hermetic boundary and identifiable
only through the processes they induce in the adjacent materials (predominantly concrete).

To repair the leaks the following technological procedures are used:
ad a) welding, application of sealing compounds and adhesives, replacement of sealings -

only during outages;
ad b) application of foams, injection of epoxide resins and polyurethane materials or

alternative design solutions (water jet application to remove concrete) - possible also
during operation (from outside of the containment).

2.4 Obtained results

In standard conditions, the leakage rate reduction in NPPs is the task of NPP
maintenance departments. However, the capacity of these departments, usually is insufficient
to substantially reduce the leakage rate. That was why, beginning in 1990, individual NPPs
began to implement leak-tightness enhancement programmes under contracts with specialised
organisations, such as VUEZ, a.s. Levice. Results obtained in this field are apparent from the
enclosed figures.

- Jaslovske Bohunice VI NPP, Units 1 and 2, type V 230
The reference leakage rate measurement before initiation of the leak-tightness
enhancement programme in 1990 showed the leakage rate at the level of 5-7000%/24 h.
During the next 7 years, the leakage rate was reduced by 2 orders of magnitude, i.e. to the
level of 50-70%/24 h. Between 1998 and 2000 an extensive reconstruction was performed
with severe interventions to the containment hermetic boundary which caused a certain
slowdown in the leakage rate reduction.

- Jaslovske Bohunice V2 NPP, Units 3 and 4, type V 213
The reference leakage rate measurement before initiation of the leak-tightness
enhancement programme in 1996 showed the leakage rate at the level of 15-16%/24 h.
After three years of resealing works this value was reduced by about 1/3, i.e. to the level
of about ll%/24h.

- Dukovany NPP, Unit 1, type V 213

The reference measurement before initiation of the leak-tightness enhancement
programme in 1996 showed a leakage rate of about 12.5%/24 h. After three years of
resealing works this value was reduced by about %, i.e. to the level of 9.5%/24 h.

3.0 Requalification of sumps on the SG compartment floor

Since the known incident in the Barseback NPP (8 years ago) when starting up unit 2,
much attention has been devoted to the issue of the reliability and safety of sumps in the
systems that shall be operated in accident conditions. This issue was also discussed between
UJD SR and nuclear specialists. The necessity to solve this issue was established and also to
implement the obtained results in Slovak NPPs either operating or under construction, i.e.
both V 230 and V 213. VUEZ decided to technically solve the issue of the protection of sump
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strainers from clogging, to verify individual solutions both by calculation and experimentally,
and to get the final proposal approved and implemented.

Taking into account that at that time in the Slovak Republic three types of NPPs
existed with regard to sump protection (one operated with V 230, one operated with V 213
and another with V 213 under construction), also technical incentives and proposals were
oriented on these three groups. Furthermore, it was necessary (experimentally, too) to define
boundary conditions and sump loading parameters (as a result of debris consisting primarily
of dislodged thermal insulation) in the event of accidents.

In parallel to the described activities, in August 1997 the PHARE Project was initiated
(with nearly a two-year delay) aimed at the solution of this issue for the Jaslovske Bohunice
V2 and Dukovany NPPs. VUEZ participated in the project as a subcontractor to the main
contractor - IVO POWER (FORTUM) Engineering. After one year of solution, the project
results were included into the final design.

Based on the theoretical and experimental verification of several technical options of
emergency systems intake protection, it may be concluded that three basic solutions are
possible (for the three NPP types mentioned) which in the meantime have been largely
implemented. They will be briefly described below.

3.1 Protection for V 230 sump operated (Bohunice V1 NPP)

In addition to the replacement of the original separation strainer structures located
inside the emergency water storage tank according to Siemens design, for the intake a
technical solution proposed by VUEZ was adopted. The solution consisted in a combination
of building modifications performed on the SG compartment floor and the application of the
so-called jet condensers connecting the emergency water storage tank with the SG
compartment, thus forming inlet openings. After having been supported by large-scale
experiments, this proposal was approved by REKON Consortium and afterwards (autumn
1998) implemented at Unit 2 and now it is being implemented at Unit 1.

3.2 Protection for V 213 sump under construction (Mochovce NPP)

The Mochovce NPP was the first plant where the solution of the sump issue was
initiated. After an extensive analytical and experimental programme (1995-96), a design was
prepared taking into account the state of the art at that time. The design combined passive and
active components where the passive part was represented by a wholly new concept of
protective strainers and the active part by back-flushing of clogged strainers to remove the
sediments and to clean the strainers.

Additional experiments, however, proved a good capability of coolant to penetrate
through a thick layer of sediments formed on the strainers if glass wool insulation is used and
in the so-called underpressure regime, i.e. submerged sumps in DBA conditions. This was
fully proved by experiments performed by IVO (FORTUM) Engineering within the scope of
the PHARE programme based on even stricter boundary conditions. This meant that the
installation of an expensive active back-flushing system was no longer necessary and this
modified solution was implemented at both units of the Mochovce NPP.
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3.3 Protection for V213 sumps operated (Bohunice V2 and Dukovany NPPs)

The solution of sumps in the Bohunice V2 and Dukovany NPPs fully respects the
conclusions of the PHARE Project, though the detailed design prepared in VUEZ and
approved by both the Czech and Slovak Regulatory Authorities slightly differs from the basic
design prepared within the scope of the PHARE Project. The final solution for the most
adverse central sump is able to retain 100% of dislodged insulation (evaluated by calculation),
i.e. about 1100 kg with a pressure loss across the strainer of 13 kPa (proved experimentally)
which is less than the calculated maximum value of 17 kPa. I would like to point out that
additional experimental verification with boundary conditions defined by the PHARE Project
(the quantity of insulation debris fine fraction transported to the strainer is 1100 kg, max Ap
across the strainer is 17 kPa) was performed also for solutions implemented in the Mochovce
NPP and positive results were obtained.

4.0 Further activities related to ALS

In the field of safety enhancement by means of the modified or repaired accident
localisation system, VUEZ perform activities described in brief in the following paragraphs.

4.1 Containment strength

The containment is a reinforced concrete structure of large volume, which in the case
of accident is loaded with an internal overpressure. In this field VUEZ performed
measurements and interventions into reinforced concrete walls (e.g. during reconstruction) of
the following character:

a) reconstruction actions (e.g. cutting of openings in walls),
b) long-term actions (problems related to ageing).

4.2 Underpressure in the containment

It is the liner that is most susceptible to destructions induced by higher underpressures.
To solve the problem, the liner may be reinforced or (which is more often) vacuum breakers
installed.

4.3 The strength of the Bubbler condenser system (V213)

As to this issue, VUEZ participated in the PHARE Programme and performed
a number of experiments resulting in reinforcement of metallic internals of the system.

4.4 Isolation valves

These are large-size leak-tight fast-acting isolation valves. VUEZ has experience in
their testing and installation, for instance in the vent systems within the scope of
modifications (repairs) performed in NPPs.
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5.0 Conclusion

In this presentation, VUEZ activities in the field of emergency systems innovations in
W E R 440 NPPs were briefly described. It was mentioned that there is experience with
preparation, design, implementation, testing and commissioning in the following fields:

containment leakage rate tests and repair of detected leaks,
containment structural integrity tests and investigation of issues of reinforced concrete
stressing,

- modification of emergency (ECCS, spray) system sumps in relation to theoretical and
experimental analyses,

- design and installation of some specific technological components in NPP safety systems
(vacuum breakers, special valves, filters,...),

- installation of measuring and verification systems (both in NPPs and experimental
facilities).

All this proves that in VUEZ adequate attention is devoted to innovations, repairs and
modifications of safety systems in VVER NPPs. Furthermore, we believe that in the future
VUEZ experience and capabilities will be used in an even broader scope.
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Strainer structures of new sumps for the V1 Bohunice NPP
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Strainer structures of new sumps for the Mochovce NPP
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Strainer structures of new sumps for the Dukovany and V2 BohuniceNPP^
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