
 

 

CONTAINMENT LEAK-TIGHTNESS ENHANCEMENT  
AT VVER 440 NPPS 

Milan Prandorfy 

VÚEZ, Levice, Slovakia 

ABSTRACT 
The hermetic compartments of VVER 440 NPPs fulfil the function of the containment used at NPPs all over the 

word. The purpose of the containment is to protect the NPP personal against radioactive impact as well as to prevent 
radioactive leakage to the environment during a lost of coolant accident. 

Leak-tightness enhancement in NPPs with VVER 440/213 and VVER 440/230 reactors is an important safety issue. 
New procedures, measures and methods were adopted at NPPs in Mochovce, J. Bohunice, Dukovany and Paks for leak 
identification and sealing works performed by VUEZ Levice. 

INTRODUCTION 

In the Slovak Republic nuclear power plants with 
reactors VVER 440 V230 and V213 have been built. 
VVER reactors are actually Soviet-designed pressurised 
water reactors. NPPs with VVER 440 reactors are provided 
with a containment housing the reactor pressure vessel. 

The hermetic compartments of VVER 440 NPPs as a 
third barrier against radioactivity release from the reactor 
primary circuit into the environment fulfils the function of 
the so called containment used at NPPs all over the world. 
The containment structure consists of a system of 
mutually interconnected hermetic compartments designed 
to confine radioactive leakages under accident conditions.  

The VVER 440 containment is created by reinforced-
concrete walls consisting of cast reinforced-concrete 
blocks forming a monolith, provided with a steel liner and 
metallic components such as hermetic doors, hatches and 
other sealing items (mechanical and electrical 
penetrations, isolation valves etc). 

To reduce the overpressure in the event of a LOCA, the 
VVER 440/V213 containment is equipped with a spray 
system fed with cold water and a bubbler condenser system. 
Containment leak-tightness is achieved by means of metallic 
liner applied to the containment walls and other components 
provided with multi-layer coatings. 

The main part of VVER 440/V 213 containment 
consists of the following hermetic compartments: 

– SG compartment, 
– bubble condenser tower, and 
– vent centre. 
These three parts are mutually interconnected and 

they are separated from the environment by means of 
reinforced concrete walls lined with a hermetic liner. 

Furthermore, the containment includes also associate 
hermetic sub-compartments. They consist of 

– seven semi-accessible compartments, 
– four air-locks, 

– four bubble condenser air traps. 
During operation, these hermetic “sub-compartments” 

are isolated from the main hermetic compartments. 
Among complicated structural components of the 

VVER 440/V213 containment, part of the hermetic liner 
is ranked, namely at the elevation of +6.0 m and 
particularly the transition of the hermetic liner from the 
elevation of +5.0 m to the elevation of 6.0 m. The 
hermetic liner goes from the outer to the inner side of the 
main hermetic compartments.  

The VVER 440/V 230 containment is even simpler 
compared to VVER 440/V 213. 

The VVER 440/V 230 containment consists of two 
main parts: 

– steam generator compartment, 
– recirculation vent system. 
The principal difference between the containment of 

VVER 440 NPPs and the containment in NPPs all over 
the word consists first of all in its shape and layout. 
Compared to a standard western-type containment, the 
VVER 440 containment has a number of disadvantages as 
it consists of rectangular compartments, considerably 
jagged, with hermetic liner applied partly from outside 
and partly from inside of the hermetic boundary. 

That is why the leak-tightness of the VVER 440 
containment is lower compared to the western-type 
containments and, consequently, much attention is 
devoted to the leak-tightness enhancement.  

New procedures, measures and methods have been 
adopted for leak identification and sealing works 
performed by VUEZ Levice. 

LEAK-TIGHTNESS ENHANCEMENT 

After an in-depth analysis of the technical documentation 
of the hermetic boundary components and their structural 
sealing elements, programs, methods and a schedule for 
sealing works was prepared, individually for each unit. 



 

 

To assure ongoing leak-tightness enhancement, new 
procedures have been adopted for leak detection (local 
and integral) and repair of detected leaks. 

Leak identification methods 
Local leak tests 

With regard to the design of individual technological 
nodes, different methods of leak testing are applied to 
hermetic boundary components. Requirements for 
instrumentation are as follows: small dimensions and 
weight with regard to their portability, and a high 
sensitivity, precision and reliability. 

The following methods of local leak tests are used: 
– visual inspection, 
– leak test with compressed nitrogen, 
– leak test with vacuum chambers, 
– leak test with ultrasonic detector, and 
– leak test with adhesive dye. 
Ultrasonic method enables to identify major leaks in 

inaccessible places (e.g. ceilings) from a considerable 
distance (up to 10 m). The ultrasonic leak detector 
receives the high-frequency noise of gas flowing out of a 
leak and the supersound with a frequency of 35-45 kHz is 
transformed into a hearable sound. Due to its considerable 

sensitivity, it is suitable for leak identification. This way 
of leak identification is successfully applied during local 
leak testing of hatches, doors with single sealing as well as 
for reactor cap test within individual compartment tests. It 
is also used to localize leaks during integral leak tests. 

The imprint method is used only for identification of 
leaks in dismantleable hermetic joints, e.g. joints with 
rubber sealings. Such sealings are on hermetic doors, 
manholes, equipment hatches etc. 

For local leak testing of nodes and components on the 
hermetic boundary, helium and NOx methods are used.  

In the case of components provided with test volumes, 
overpressure methods of local leak testing are used with either 
pressure drop measurements or nitrogen flow-rate 
measurements. At the same time leaks are localised applying 
soap-bubble or ultrasonic methods. This is the case of 
majority of components at VVER 440/V 213 NPPs. 

In case of components not equipped with test volumes, 
the underpressure method is used with a vacuum chamber and 
leak localization with the soap-bubble method. This is mainly 
the case of VVER 440/V 230 NPPs. 

To identify leaks on the hermetic boundary, a new 
method of local leak testing has been developed 
consisting in pressurisation of the volume between the 
hermetic liner and the concrete with the tracer gas (NOx). 

 

FIGURE 1. Sectional view of VVER 440/V213 NPP 



 

 

Potential tracer gas detection on the other side of the liner 
means presence of leaks.  

Integral leak tests for leak detection 

The process of leakage rate reduction is also 
performed by leak detection during the follow-up Integral 
Leak Test (ILT) performed at the beginning of the 
refuelling outage and during the periodical Integral 
Leakage Rate Test (ILRT) performed at the end of the 
refuelling outage.  

The aim of this test can be specified in more detail 
through subdivision into: 

– overpressure ILT for the purpose of leak 
identification (50 kPa), and 

– underpressure ILT for the purpose of leak 
identification (-5 kPa). 

Overpressure ILT for the purpose of leak 
identification is used to identify leaks on the external 
hermetic liner of hermetic compartments  

Underpressure ILT for the purpose of leak identification 
is used only to identify leaks on the internal hermetic liner 
(which is more beneficial for VVER 440/V 230) before the 
main pre-operational or periodical ILRT.  

The method of overpressure ILT consists in overall 
(integral) pressurization of all hermetic compartments, i.e. 
pressure drop creation within the hermetic compartments 
compared to the outside atmosphere. This pressure drop is 
then used for leak identification (localization) on the 
external hermetic liner applying common methods of leak 
detection (soap bubble solution and ultrasonic leak 
detectors). The pressure drop can be also used for an 
approximate evaluation of containment leakage rate by 
measuring the overpressure after the pressurisation has 
been completed. 

During the underpressure ILT a new detection 
method of the so called hidden leaks, i.e. those covered 
under the concrete, is applied when air pressures under 
both the hermetic and non-hermetic liner are monitored 
and hidden leaks are detected using trace gas. 

The detection of defects on the hermetic boundary 
necessitates the application of new methods able to 
localise and repair leaks because, in most cases, the 
defects are hidden leaks of the hermetic liner. 

In the case of hidden leaks, a qualitatively higher 
level of leak detection is required compared to common 
methods which need to be complemented with methods 
capable not only of leak detection but also able to 
determine the direction of leak propagation.  

To assure the continuation of successful leak repairs, 
new methods for leak detection are under preparation 
enabling to locate areas with major leaks: 

• Monitoring of air in-leakage by division of the 
containment compartments. 
During an underpressure test, major internal 
compartments are temporarily separated or 
divided (by means of polyethylene sheets and 
provisional frames). In the ”separation or 

division walls” created in such a way, the 
velocity and direction of air flow through the 
circular openings are measured. After the 
evaluation of measured values, the share of 
individual compartment parts in the global 
containment leakage rate is determined. The 
results of such monitoring provide a realistic 
picture of the leak distribution and permit to 
precise repairs on selected locations. 

• Diagnostics of the hermetic boundary using 
thermovision camera and gas analysers. 
This method of leak detection consists in 
monitoring the passage of heat-transfer medium 
(air) through leaks in the hermetic liner into 
compartments with a different air temperature. 
This method has been applied by VÚEZ within 
the scope of ILT during underpressure and 
overpressure testing phases. During an 
underpressure test (-5 kPa), when leaks are being 
detected, in locations with potential leaks, air 
was heated from outside the hermetic boundary. 
The temperature (20°C) and pressure (5 kPa) 
gradients obtained enabled leak detection on the 
hermetic liner. 

The procedure for the performance of leak 
identification and sealing works is as follows: 
– During each refuelling outage, two ILRTs are 

performed: the follow-up ILRT and the periodical 
ILRT. 

– During each ILRT, leaks on the hermetic boundary 
are detected by a large team of qualified persons 
(about 35). 

– The leaks detected are marked and a precise list of 
detected leaks is prepared. 

– The personnel participating in the leak detection takes 
part also in the leak repair. 

– During refuelling outages, leaks detected in the 
follow-up ILT and in the last periodical ILRT are 
repaired. 

Leak repair methods 
Based on leaks detected, lists of leaks are prepared; 

these lists are considered to be the basic documents 
enabling leak repairs, leak analyses, and specification of 
the most effective ways to perform the repairs. 

To repair the leaks the following methods for leak 
repairs are applied: 
• repairs of hermetic liner leaks by welding or by 

application of sealing compounds, 
• repairs of hidden leaks after the removal of cover 

concrete or inclined concrete, 
• repairs of hidden leaks by injection of epoxide resins 

made by SIKA and expanding polyurethane materials 
made by CARBOTECH, 

• repairs of leaking structural components located on 
the hermetic boundary: 



 

a) hermetic doors (replacement of sealing, 
application of sealing compounds), hermetic 
door hinges (adjustment), 

b) inlets of active drains (resealing), 
c) electrical penetrations type PGKK and SALNIK 

(replacement of cables and sealing), 
d) flaps of intake and exhaust vent systems and 

overpressure flaps (replacement of seals and 
local leak testing), 

e) hermetic hatches (replacement of seals). 

Injection of epoxide resins 

This method consists in a double-component epoxide 
resin injection into the cracks in the reinforced-concrete 
structures or in a gradual filling of the gaps between the 
liner and the concrete. The epoxide resin (injection 
material) is forced into the concrete cracks under pressure 
using special pumps. 

Materials used are 
• double-component epoxide resin (injection material) 

SIKADUR 52, and 
• epoxide resin paste (sealant to close the cracks) 

SIKADUR 31 Rapid, 

Injection of polyurethane materials 

Major locations with secondary leaks require repairs 
by means of injection materials able to assure the leak-
tightness of the reinforced-concrete walls. These are 
particularly locations inaccessible for common-type 
injection (with epoxide resins). 

The injection materials BEVEDAN-BEVEDOL meet 
this criterion and can be used for leak-tight reinforcement 
of concrete structures. About 35 seconds after injection, 
polyurethane materials expand. 

Materials used are: 
• BEVEDAN – the basic component (for all 

BEVEDAN systems) is polyisocyanate – MDI, 
• BEVEDOL WF – the second component (polyol) 

is a fast-reacting resin suitable for sealing both 
dry and wet materials (water seepage), 

• BEVEDOL WFA – the second component 
(polyol) is a fast-reacting resin suitable for 
sealing pressurised water seepage. 

In a dry environment, both of the second components 
(WF and WFA) react without expansion. 

Repair of hidden leaks after removal of the cover concrete 

This method consists in the gradual removal of the 
cover concrete (not being a part of reinforced-concrete 
structure designed to withstand the accident pressure). 
Based on the localised leaks, the cover concrete removal 
can be continued until primary leaks are detected. The 
detected leaks are repaired using procedures commonly 
applied to the hermetic liner, i.e. welding, sealing or the 
injection of epoxide resins. 

Leakage rate test methods 
The Integral leakage rate and structural integrity tests 

are performed with the purpose to verify the leak-tightness 
and structural integrity of the reactor containment and to 
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FIGURE 2. ILRT procedure in the Mochovce NPP 
 



 

 

verify the effectiveness of sealing works. They 
demonstrate the containment capability to perform its 
primary function, i.e. to prevent radioactive releases to the 
environment in case of a LOCA type accident and to 
withstand maximum pressure loads, respectively.  

For leak testing of containments in the Czech 
Republic and Slovakia, only absolute method is used 
when the containment is pressurised to reach a specified 
overpressure value. After pressurisation, containment air 
parameters are stabilised for a period of 6 – 8 h. This 
stabilisation period have been proved by monitoring the 
containment temperature, humidity and pressure changes 
and it is strictly observed particularly due to slow filling 
of the concrete-filled space between the stainless steel 
liner and the hermetic liner in the SG compartment.  

After stabilisation, temperature, water vapour partial 
pressure and absolute pressure of air in the containment 
are measured (24 h during the pre-operational ILRT; 6 h 
during the periodical ILRT in the Dukovany and 
Bohunice NPPs; 8 h during the periodical ILRT in the 
Mochovce NPP).  

From the values measured, the leakage rate is 
calculated using the total time (Bohunice Dukovany) or 
mass point method (Mochovce). Both of the methods are 
mentioned in ANSI/ANS 56.8 (the mass point method is 
preferred) and they provide practically identical results. 

The most distinct innovation of VVER 440 
containment leak testing has been performed before 
testing the Mochovce NPP 1 and 2 containments. The test 
programme and necessary instrumentation have been 
prepared taking into consideration the safety measures 
adopted to increase the Mochovce NPP safety (SIM 
CONT 03).  

The improved test programs for leakage rate 
measurement and calculation have been prepared in 
compliance with standards a requirements contained in 
internationally recognized regulations such as KTA 3405 
or ANSI/ANS 56.8: 

• More then 1000 local leak test (super-checking) 
have been performed per unit. After resealing of 
leaks, the individual test of hermetic 
compartments and the containment integral 
leakage rate test have been performed. 

• The containment structural integrity test in the 
Mochovce NPP has been performed at an 
overpressure level higher than the design 
overpressure. The test proved that, as to its 
strength, the Mochovce NPP Unit 1,2 
containment is sufficiently safe and able to 
withstand the overpressure anticipated in DBA 
accidents. 

• In the Mochovce NPP Unit 1,2, for the first time 
in a VVER 440/213 NPP, the pre-operational 
integral leakage rate test was performed at 
a maximum overpressure (150 kPa) and lasted 
24 h (in compliance with requirements imposed 
upon other NPP containments). The leakage rate 

obtained proved that, for VVER 440 
containments, leakage rate values may be 
obtained comparable to those common with 
standard containments. 

To enable the periodical ILRT to be performed at 
a reduced overpressure of 50 kPa, after the pre-
operational ILRT at 150 kPa, it was necessary to perform 
the leakage rate measurement at an overpressure of 50 
kPa. Leakage rates measured at 150 and 50 kPa enabled 
for the first time in a VVER 440 NPP to obtain an actual 
extrapolation coefficient. 

RESULTS OF LEAK-TIGHTNESS 
ENHANCEMENT 

J.Bohunice V-2 NPP  
The leak repairs proper have been performed each 

year practically from the start-up of the reactor units (until 
1995 the works were implemented by the Bohunice NPP 
personnel). Since 1996, the repairs of leaks on the 
hermetic boundary in the Bohunice V2 NPP, Units 3 and 
4  have been performed by VÚEZ Levice. 

Since 1995 the leakage rate has been reduced as 
follows: 

• Unit 3 – by 6.02%/24 h, i.e. to  
Lex150,24 = 10.35%/24 h; 

• Unit 4 – by 4.18%/24 h, i.e. to  
Lex150,24 = 11.98%/24 h. 

Based on the results obtained in 1999, it can be stated 
that both of the reactor units meet the limiting condition 
Ldov = 13%/24 h. 

NPP Dukovany 
The process of containment leakage rate reduction in 

the Dukovany NPP, Units 1 and 3 has been performed by 
VÚEZ Levice since 1997 and 1999, respectively. 

During planned outages, the leakage rate value was 
reduced as follows: 

− Dukovany NPP, Unit 1 since 1997 – by 
2.955%/24 h, i.e. to a value of 9.505%/24 h (see 
figure 3), 

− Dukovany NPP, Unit 3 since 1999 – by 
1.501%/24 h, i.e. to a value of 9.108%/24 h (see 
figure 3). 

As a result of sealing works performed, historic 
values of leakage rates below 10%/24 h have been 
obtained. 

NPP V-1 J.Bohunice 
Prior to the completion of the Stepwise 

Reconstruction in the V1 NPP, the confinement leakage 
rate is as follows: 

− Unit 1: 58 %/day, 
− Unit 2: 45 %/day. 
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FIGURE 4. Equivalent leak cross - section - Bohunice 

V1 NPP Units 1,2 

NPP Mochovce 
The official integral leakage rate and structural 

integrity tests in the Mochovce 1 and 2 were performed in 
March 1998 and August 1999, respectively. 

After prescribed stabilisation at the maximum design 
overpressure and subsequent official inspection, it was 
proved that all structural parts and components 
forming the hermetic boundary are sufficiently safe 
and able to withstand the overpressure anticipated in 
the event of a DBA accident. Measured wall deflections 
did not reach even 1/3 of the allowable value. 

Leakage rate measurements at the maximum design 
overpressure of 150 kPa proved that the Mochovce 
containment leak-tightness is the best of all the VVER 
440 containments existing in the world and the obtained 
leakage rates are comparable to those of standard 
containments even despite a complex structure of the 
V213 containments.  

The outstanding resultant containment leakage rates of 
• Mochovce unit 1: 2 %/day,  
• Mochovce unit 2: 1.88 %/day, 

were obtained first of all owing to a responsible 
approach of suppliers (Hydrostav, Škoda Praha) to the 
works performed by during the NPP construction as well 
as owing to the responsible approach of VÚEZ to the 
implementation of individual and local leak tests within 
the stage of preparation for the containment ILRT 
proper. 

DISCUSSION 

Experience 
ILTs for the purpose of leak identification are 

evaluated based on 
− results of leak identification, 
− pressure drop measurements (with overpressure 

test), 
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FIGURE 3. Leak-tightness enhancement at J.Bohunice NPPs from 1996 and Dukovany NPPs from 1997 



 

 

− comparison of measured leakage rate, L, with 
values acquired during previous overpressure 
tests of this type. 

The ILT for the purpose of leak identification has 
proved itself first of all during the pre-operational ILRT 
(Bohunice V-2, Dukovany NPPs). This test has been 
successfully applied within the 1st stage of the Bohunice 
V-1 NPP reconstruction (V 230). The test at the beginning 
and at the end of the refuelling outage with an 
approximate leakage rate evaluation is used in this NPP to 
determine the as-found and as-left leakage rates. 

In all the above NPPs applying this type of test with 
both overpressure and underpressure, the existing defects 
succeeded to be repaired and the Regulatory Authority 
requirements for leak-tightness have been met. 
Containment leakage rate is still lower than that obtained 
during last refuelling outages. 

Containment properties would deteriorate without 
periodical tests of individual hermetic nodes on the 
hermetic boundary and sealing works. To obtain better 
results of integral leakage rate tests, periodical resealing 
as well as local and individual leak testing should be 
repeated. 

CONCLUSIONS 
The pre-operational ILRT in the Mochovce NPP 

(performed in compliance with procedures applied to the 
standard containments) proved that VVER 440/V-213 
containment (hermetic compartments) despite its 

complexness and very often inaccessibility of hermetic 
liner being covered by concrete, as to its leak-tightness 
and structural integrity, is able to approach the level of 
standard containments and fulfil the same functions. 

The achievement in the field of VVER 440 
containment leak-tightness in the Mochovce NPP Units 1 
and 2 and step-wise enhancement of leak-tightness in the 
Bohunice and Dukovany NPPs enable to rank the VVER 
440 NPPs among those reaching the world standard from 
the standpoint of its nuclear safety. 
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