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Hermetic Compartments Leak-tightness Enhancement
(Character and procedure of works performed during the so-called Small

Reconstruction)

Works performed before 1993

The last barrier preventing the release of radioactive products to the environment in the
event of a loss-of-coolant accident is the hermetic boundary, which must preserve its integrity
and leak-tightness under various types of accidents. The hermetic boundary consists of
reinforced concrete walls lined from inside with a steel liner, of hermetic hatches and doors
and various technological elements. All these components are designed for an overpressure of
100 kPa.

To enhance the nuclear safety in the Jaslovske Bohunice V-l NPP Units 1 and 2 with
W E R 440 model V 230 reactors, it was inevitable to increase the leak-tightness of the
hermetic compartments. That was why in compliance with CSKAE (Czechoslovak Nuclear
Regulatory Authority) decision No 5/91 it was agreed:

to increase the leak-tightness of hermetic compartments by at least 1 order of magnitude,
to analyse the impact of thermal dilatations of the liner in the hermetic compartments on
the liner stability and leak-tightness under accidental conditions,
to reconstruct the air lock designed for the entry into the hermetic compartments,

- to conduct the leakage rate and structural integrity tests at the end of resealing works,
to test the functionality of the small safety flap,
to design and implement a system signalling the position of all safety flaps in the hermetic
compartments.
In addition to meeting the above regulatory requirements, SP 4 vent system was equipped
with a hermetic air lock.
All these works were prepared and implemented by VUEZ Levice in the period between

1990 and 1993.

1. Hermetic compartments leak-tightness enhancement

Before the Small Reconstruction, the leakage rate from the hermetic compartments in the
Jaslovske Bohunice VI NPP Unit 1 extrapolated to an overpressure of 80 kPa (i.e. the
overpressure value when all safety flaps open) amounted to 5039%/day, the equivalent
diameter and cross section being 153.1 mm and 184.1 cm2, respectively. The respective
values for Unit 2 were 7173%/day, 169.7 mm and 226.3 cm2.

As the reactor units were operating, the works were.initiated by a detailed analysis of
drawings showing the sealing elements and individual hermetic boundary components. The
works proper were implemented during extended refuelling outages.

Based on their character, the works were divided into two groups:
resealing of all components integrated in the hermetic boundary (hermetic doors and
hatches, electrical penetrations, shaft penetrations of valve control mechanisms),
detection of leaks on the liner, piping penetrations, instrumentation pipe penetrations and
vent system components followed by the repair of the detected leaks.
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One of the shortcomings of the components located on the hermetic boundary is the
absence of test volumes on their sealing elements, i.e. impossibility to be leak tested locally at
either subatmospheric pressure or overpressure:
- the liner without overlaps on weld joints,

hatches and doors with single rubber seals,
vent systems without redundant valves installed in series,

- technological systems distribution lines without redundant valves installed in series,
- penetrations without overlaps on weld joints.

Therefore, leak detection could have been done only during the integrated leakage rate
tests (ILRT) of the hermetic compartments (at either subatmospheric pressure or
overpressure) performed at the beginning and at the end of the refuelling outages. An
alternative (though sufficiently precise) solution was adopted and rubber seals on doors and
hatches were tested locally using the imprint method and the liner weld joints using vacuum
chambers. These methods of local leak testing have been applied also after the Small
Reconstruction.

1.1 Hermetic hatches

On 42 hermetic hatches, rubber seals were replaced, the seal cross-sections were selected
based on flatness measurements of hatch-frames and hatches. The torsional moment needed to
tighten the lock bolts was determined.

1.2 Hermetic doors

Based on the results from measurements of doorframe and door parallelness, 25 hermetic
doors were adjusted and flat rubber seals were replaced. Unevenness of the doorframes was
repaired by application of sealing compounds.

1.3 Electrical penetrations

When resealing 848 penetrations, a new technological procedure experimentally verified
in VUEZ Levice was applied using a double component foam PUROTHERM AB/50ES. The
foam is leak-tight, fire and radiation resistant, and characterised by a constant volume.

1.4 Liner

Detected leaks were repaired by welding, application of sealing compounds or leak-tight
coatings. The defects found were as follows:
- incomplete weld joints,
- defects of liner segments,

missing liner segments,
mechanically damaged segments,
missing liner (circular shaft SP4).
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1.5 Piping and instrumentation pipe penetrations

Detected leaks were repaired by welding, application of sealing compounds and
replacement of rubber seals.

Spare piping penetrations were used for cables. They were resealed similarly to electrical
penetrations.

1.6 Stiffening and reseating of SG equipment hatches

Equipment hatches in the SG compartment were stiffened and circumferential gaps of
hatches were resealed.

1.7 Valve control shaft penetrations

Packing seals of all 150 shaft penetrations were replaced and sealing nuts were tightened
applying an appropriate torsional moment.

1.8 Hermetic flaps

Functionality of the flaps was verified and rubber seals were replaced. Upstream and
downstream of the flaps, measuring sockets were installed.

1.9 Other works implemented in the hermetic compartments:

- leak tests of anchor plates,
- measurement of liner thickness reduction with ultrasonic detectors,

resealing of electric motor shaft penetrations,
resealing of electrical penetrations having been dehermetised during the reconstruction,
resealing of isolation valves of special drains,
creation of hermetic protections for strain gauges (designed for the structural integrity
test) on SG compartment liner,

- resealing of piping penetrations of steam and feedwater lines,
installation of low-pressure air line to pressurise the hermetic compartments,
leak tests of liner weld joints in the 800 m3 tank (HD 10 N-l) and in the reactor pit,
installation of temperature and humidity sensors with permanent cables in the hermetic
compartments for ILRT.

2. Air lock installation

The air lock for the entry to the deck and SG compartments is a steel structure anchored
into the side walls and the floor of A 103 room. To assure the leak-tightness under operating
conditions, its twin doors in series are equipped with an interlocking mechanism. The air lock
can be leak tested individually.
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3. Installation of air lock into SP 4 vent system

By installing an air lock, the biggest leak in the hermetic boundary was eliminated. The air
lock is an independent steel structure anchored into the reinforced concrete walls and is
provided with three fast-acting flaps DN 800. The air lock can be leak tested individually.

3.1 Replacement of the liner in the circular shaft of SP 4 vent system by
a leak-tight coating

Prior to the Small Reconstruction, the hermetic boundary in the shaft was formed by
mechanical flaps (30 flaps DN 500). By application of a leak-tight coating (200 m2), the
walls, ceiling and floor became leak-tight towards the outside atmosphere.

4. Integrated leakage rate test of hermetic compartments with leak detection

When resealing individual nodes on the hermetic boundary, testing volumes for local leak
tests were not formed. Therefore during the main ILRT, the hermetic boundary was inspected
and leaks were searched.

. The test consisted of
leak detection,
elimination of detected leaks,
functional test of the small safety flap,
test of the system signalling safety flaps position,
structural integrity test of the hermetic compartments, and
ELRT of the hermetic compartments.
The main integrated leakage rate test proved the quality of the reconstruction and resealing

works. The three-year resealing works resulted in a considerable improvement of leak-
tightness (Unit 1 - 404%/day, Unit 2 - 565%/day) and radiation safety of the two units.

Finally, it can be concluded that:
the leakage rate from the hermetic compartments was reduced by an order of magnitude,

- the structural integrity of the hermetic compartments was proved (test overpressure:
Unit 1 - 71 kPa, Unit 2-63.4 kPa),
the hermetic compartments were reconstructed so to enable periodical and individual leak
rate tests,

- the functional tests of isolation valves were enabled,
a new air lock was installed,
the functional capability of safety flaps and signalling of their position were verified.

Works performed after 1993 (until 1999)

After "major" leaks on the hermetic boundary components had been eliminated, since
1994 works on a higher qualitative level began to be carried out. The essence of these works
consisted in the detection and identification of leaks in the structural components of the
hermetic boundary during the planned refuelling outages.
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These check works can be divided into four stages:
check ILRT with leak detection (at the beginning of every refuelling outage),

- local leak tests of individual hermetic boundary components (during the refuelling
outage),

- individual tests of the liner (during the refuelling outage),
- individual tests of the air lock, reactor cap and support segments of the dividing plane (at

the end of the refuelling outage),
periodical ILRT with leak detection (before the reactor unit start-up).
To perform separate operations within the check ILRT with leak detection and the

periodical ILRT with leak detection, at least 35 experienced workers were needed divided into
11 teams. Team leaders were VUEZ specialists certified to perform non-destructive leak tests.

A strict principle was adopted and applied to the resealing works: Leaks are to be
eliminated by the same persons (team) who had detected them. Based on good results
obtained, this principle proved itself and became a VUEZ motto.

The resealing works may be divided into two principally different categories with different
, intention and partly a different objective.

A) The first category includes check and resealing works repeated periodically during the
refuelling outages and having a character of repairs. Depending on the capacities and time
space available, individual components of the hermetic boundary such as

hermetic doors,
hermetic hatches,

- part of piping penetrations,
- part of liner (30%),

instrumentation tube penetrations,
electrical penetrations,
valve control shaft penetrations (30%),
vent system components

are checked during each refuelling outage.
Smaller compartments and liner are leak tested individually.
The purpose of Category A checks and repairs is to preserve (or possibly slightly
improve) the achieved leakage rate from the hermetic compartments. These activities are
repeatedly performed during each refuelling outage. They are a very important part of the
resealing works since they guarantee that the leakage rate measured and evaluated during
the periodical ILRT would not exceed that obtained in the past year.

B) The second category includes works aimed at the repair of those leaks detected and
identified in the past periodical ILRT and the check ILRT performed at the beginning of
the refuelling outage.
Each repair of a detected category B leak (particularly in the case of primary leaks) leads
to a reduction in the leakage rate.

In Fig 1, the results of resealing works are shown performed at both units of the Jaslovske
Bohunice VI NPP between 1990 and 1993 (i.e. during the so-called Small Reconstruction); in
Figs 2 and 3, the gradual enhancement of leak-tightness can be seen until 1999 at Units 1 and
2, respectively.
For your information, in Fig 4, the results of VUEZ resealing works are summarised not only
for the Jaslovske Bohunice VI NPP but also for other VVER 440 NPPs provided with newer
V 213 reactors.
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Strength of Hermetic Compartments

1. Status of SG equipment hatches according to the original EGP
documentation

According to the original documentation, the SG equipment hatches are reinforced
concrete plates placed freely on the brackets the ceiling structure.

From the side of hermetic compartments, the hatches are interconnected with the hermetic
liner by a metallic bellows. The bellows provides for the leak-tightness of the component.
From the side of the reactor hall, segments of flat iron 20 x 100-200 are installed between the
hatch and the hatch frame (a 20 mm gap) and welded by a 7 mm fillet weld to the hatch and
its frame.

2. Modifications performed prior to the Gradual Reconstruction

Deviations from the original design:
- ' Equipment hatches were not hermetically sealed from the side of hermetic compartments.

The seals between the hatches and their frames were damaged or missing.
- Unevenly seated hatches. The gap between the hatch and the frame was not observed. The

actual gap was 1 to 40 mm and consequently the size of the segments from the side of the
reactor hall was not observed.
With regard to revealed discrepancies compared to the design, and based on calculations,

the equipment hatches were stiffened and sealed from the side of the SG compartment prior to
the first pressure test of the hermetic compartments in the Jaslovske Bohunice VI NPP (test
overpressure of 70 kPa). From the side of the reactor hall, concrete was removed at one
specific location to verify the interconnection between the hatch and the frame. The size of
the segments did not correspond to the design and the quality and size of welds were
unsatisfactory. Based on the strength calculations for the overpressure in the SG compartment
(135 kPa) and based* on the assessment of built-in elements, it was decided to stiffen the
equipment hatches so that the hatches would become a part of the monolithic slab at the
elevation of+10.5 m. The stiffening works represented the first stage of the project "Strength
of Hermetic Compartments" and issued from the UJD (Slovak Regulatory Authority) decision
1/94.

3. Description of functional and technological solution

The equipment hatches were interconnected with their frames anchored to the ceiling slab
at the elevation of+10.5 m. The interconnections were performed by means of steel segments
(20 x 100-300) welded perpendicularly to the frames and hatches by 10 mm fillet welds. The
spacing of the segments throughout the hatch periphery was 250 mm.



Efectiveness of leakttghtness enhancement at NPP

Bohunice V1 NPP, 2 Units WWER 440/V230
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Integrity of Hermetic Compartments

The hermetic boundary with all its components was included into the Gradual
Reconstruction of the Jaslovske Bohunice VI NPP within the project titled "Integrity of
Hermetic Compartments" divided into three essential parts:

1. Reconstruction of S V 12 (SV 62) exhaust vent system.
2. Installation of a new SR 14 recirculation vent system.
3. Installation of redundant hermetic flaps into vent systems on the hermetic boundary.

1. SV 12 (SV 62) exhaust vent system

As a result of sealing works performed on the hermetic boundary, the leak-tightness of the
hermetic compartments was increased and, thus, to create the needed underpressure during
operation, it was not necessary to operate the existing fans of SV 12 (SV 62) vent system;
operation of a new fan with about a half capacity would be enough. The reconstruction
included interconnection of the new fan delivery with the intake of the existing fan enabling
thus air recirculation in the hermetic compartments and subsequent cleaning in the filtering
stations.

The reconstruction of SV 12 (SV 62) exhaust vent system consists in the installation of:
1 + 1 new fan,
3 + 3 isolation vent system flaps,
1 + 1 fast-acting flap, and
related piping.

2. SR 14 recirculation vent system

SR 14 recirculation vent system was planned to be used to cool down the main isolation
valve and RCP controls room A 102/1. Cooling of room A 102/1 had been performed before
by two systems: SP 4 through three isolation flaps DN 800 and SV 14 through one isolation
flap DN 1000. After the installation of SR 14 system, systems SP 4 and SV 14 were shut
down and the flaps located on the hermetic boundary were closed.

SR 14 recirculation vent system included:
air conditioning unit,
chilled water supply and removal, and
related piping system.

3. Installation of redundant flaps on the hermetic boundary

Installation of redundant flaps into vent systems on the hermetic boundary concerned only
selected vent systems penetrating through the hermetic boundary:

SV 12 vent system - 6 new fast acting valves,
S V 62 vent system - 5 new fast acting valves,
SP 12 vent system - 2 new fast acting valves,
SP 62 vent system - 2 new fast-acting valves,
SP 14 vent system - 1 new fast acting valve,
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SP 64 vent system - 1 new fast-acing valve,
SP 14 vent system - 1 new isolation valve,
SP 64 vent system - 1 new isolation valve.

The implementation of the project "Integrity of Hermetic Compartments" in the
aforementioned scope effected positively the operation and as a result:
- The volume of releases through the ventilation stack was reduced from 100 000 m3/h to

about 5 000 m3/h. From the originally released 100 000 m3/h, 80 000 m3/h (releases from
SV 14 and SV 64) had been filtered with aerosol filters only, not with iodine ones.

- The number of openings for vent systems on the hermetic boundary was reduced and
those remaining were provided with fast-acting valves.

- In non-standard situations encountered potentially in the hermetic compartments,
continuous air cleaning was enabled.
The consumption of electricity for the operation of vent systems was reduced by 2/3 of the
original consumption as well as the expenses for the operation of aerosol filtering stations.
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