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FOREWORD

The IAEA initiated in 1990 a programme to assist the countries of central and eastern 
Europe and the former Soviet Union in evaluating the safety of their first generation WWER- 
440/230 nuclear power plants. The main objectives of the Programme were: to identity major 
design and operational safety issues; to establish international consensus on priorities for 
safety improvements; and to provide assistance in the review of the completeness and 
adequacy of safety improvement programmes.

The scope of the Programme was extended in 1992 to include RBMK, WWER- 
440/213 and WWER-1000 plants in operation and under construction. The Programme is 
complemented by national and regional technical co-operation projects.

The Programme is pursued by means of plant specific safety review missions to assess 
the adequacy of design and operational practices; Assessment of Safety Significant Events 
Team (ASSET) reviews of operational performance; reviews of plant design, including seismic 
safety studies; and topical meetings on generic safety issues. Other components are: follow-up 
safety missions to nuclear plants to check the status of implementation of IAEA 
recommendations; assessments of safety improvements implemented or proposed; peer reviews 
of safety studies, and training workshops. The IAEA is also maintaining a database on the 
technical safety issues identified for each plant and the status of implementation of safety 
improvements. An additional important element is the provision of assistance by the IAEA 
to strengthen regulatory authorities.

The Programme implementation depends on voluntary extrabudgetary contributions 
from IAEA Member States and on financial support from the IAEA Regular Budget and the 
Technical Co-operation Fund.

For the extrabudgetary part, a Steering Committee provides co-ordination and guidance 
to the IAEA on technical matters and serves as forum for exchange of information with the 
European Commission and with other international and financial organizations. The general 
scope and results of the Programme are reviewed at relevant Technical Co-operation and 
Advisory Group meetings.

The Programme, which takes into account the results of other relevant national, 
bilateral and multilateral activities, provides a forum to establish international consensus on 
the technical basis for upgrading the safety of WWER and RBMK nuclear power plants.

The IAEA further provides technical advice in the co-ordination structure established 
by the Group of 24 OECD countries through the European Commission to provide technical 
assistance on nuclear safety matters to the countries of central and eastern Europe and the 
former Soviet Union.

Results, recommendations and conclusions resulting from the IAEA Programme are 
intended only to assist national decision makers who have the sole responsibilities for the 
regulation and safe operation of their nuclear power plants. Moreover, they do not replace a 
comprehensive safety assessment which needs to be performed in the frame of the national 
licensing process.
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1. INTRODUCTION

In the defence-in-depth safety approach for nuclear power systems, the containment is 
the final barrier against release of radioactive materials in the event of an accident. To 
function effectively, the containment needs good leaktightness and should be designed to 
withstand pressure loadings due to a wide range of postulated accidents (used as the basis of 
the design of the containment) in order to preserve the leaktightness and therefore prevent 
radioactive releases. It is typical that the containment be designed to withstand pressure 
loading due to the break of the largest size pipe in the reactor system involving blowdown 
from each end of the break. Different containment designs use different approaches to limit 
the resulting maximum pressure, including measures such as large volume, steam condensation 
in water pools, steam condensation in ice-bearing chambers, use of vacuum building, etc.

In the WWER 440/230 type NPP’s, the confinement houses the whole RCS including 
RPV, pressurizer and 6 RCS loops with RCPs and steam generators (Fig.l). However, the 
containment function of the WWER 440/230 has significant deficiencies when compared with 
other types of reactor systems in use worldwide (including those of Russian design).

The WWER 440/230 confinement has a relatively low volume (~13,000 m3) and low 
design pressure (0.20 MPa absolute; 1 bar overpressure). The leaktightness of the hermetic 
zone is poor, from 5000% per day at the time of plant start-up ( Bohunice V-l) down to 
130% per day presently (Bohunice V-l, 1995). Measured leak rates at Greifswald NPP Units 
1-4 at 1.25 bar were between 250 and 2300 m3/h, which corresponds to orifices with an 
equivalent diameter 23 to 84 mm. For comparison, in modem PWRs the equivalent leak 
orifice is about 5 to 10 mm. In Kozloduy NPP units the equivalent orifice diameters are 70 
to 100 mm.

The design basis accident for the confinement is a rupture of 100 mm pressurizer spray 
line, with the flow being restricted by a flow limiter of nominal dia 32 mm. After such an 
accident the spray system can keep the pressure within the confinement below the design 
value provided 2 out of its 3 pumps are operable. Protection against higher accident pressures 
is provided by sequential opening of 9 dump valves of 1100 mm diameter, starting at an 
overpressure of 0.06-0.08 MPa. The gases discharged through the dump valves are directed 
into the atmosphere without passing through any filters.

This makes it impossible to prevent all radioactive releases in many possible accident 
scenarios. Hence, the structure is usually termed a confining boundary (confinement) rather 
than a containment.

This system of dump valves aims at providing physical protection of the confinement 
in case of an accident with the flow higher than that of a DBA break ( 32 mm equivalent). 
The gases released are initially comparatively clean ( coolant activity only), later on the valves 
would be closed to prevent releases of highly active gases containing fission products 
released from the fuel. However, if the spray line fails, pressure decrease can not be achieved.

When all dump valves are open, the confinement is protected against an accident 
corresponding to the break of a 200 mm pipe, which is the largest size connected to the RCS.

The behaviour of the confinement under BDBA accidents ( i.e. breaks larger than 32 
mm diameter breaks) has not been determined. In particular, mass and energy releases from 
breaks larger than 200 mm have not been considered in the original design due to the 
expected low probability of occurrence.
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A break of the largest size pipe, 500 mm diameter, with double ended blowdown, is 
estimated to result in an overpressure of 2 bar compared to the 1 bar design value, even with 
all vent valves functioning. The ability of the confinement structure to withstand this pressure 
is not known. The discharge during the atmospheric releases consists mainly of confinement 
air plus steam (and gas) from the primary circuit. With the break of the main circulating pipe, 
fuel failures could contribute to the early atmospheric releases. The releases are limited by 
reclosing of the atmospheric vents after the pressure has been reduced and by subsequent 
operation of the confinement sprays. Due to steam condensation and to the discharge of 
confinement air via the vent valves the pressure falls below atmospheric level. This approach 
is inherently favourable to avoid releases from a leaky confinement, except that in the case 
of the WWER 440/230 the leak rates are so large that air quickly ingresses to the extent that 
the spray alone can no longer maintain the confinement at negative pressure. (In some beyond 
design basis accident (BDBA) sequences, the electric power required to operate the sprays is 
not available, so even the short interval of sub-atmospheric pressure would not be realized).

Depending on the spray operation and the leaks from outside, the underpressure period 
lasts about 3-3.5 hours.

As the original spray system consists of one common water delivery line feeding 3 lines 
of spray nozzles, it does not satisfy the single failure criterion and can fail under DBA 
conditions.

There is no adequate isolation in the lines connected directly to the RCS. Several lines 
have only one isolation valve, which is contrary to the single failure criterion and may lead 
to leakages from the RCS directly to the environment, bypassing the confinement boundary.

The countries and organizations responsible for WWER 440/230 operations are well 
aware of the shortcomings of the confinement approach and have recognized the need to 
address this in their programmes of Major Safety Improvement.

The measures underway, planned and recommended to improve the WWER 440/230 
confinement function were described in several technical papers. The first of them, "Technical 
Basis for Improving the Confinement Function in WWER 440/230 Nuclear Power Plants" [1] 
was prepared by Electrowatt Engineering Services Ltd. under a contract with the IAEA within 
the framework of the Extrabudgetary Programme on the Safety of WWER NPPs and 
presented by Mr. Wanner [2] at the IAEA Consultants Meeting on Containment and 
Confinement Performance in NPPs with WWER 440/213 and 440/230 Reactors [3]. The other 
two papers, namely "V-l Accident Localization System Upgrading to Cope with Large LOCA 
Scenarios" [4] and "Upgrading of Confinement of NPP Kozloduy Unit 3 and 4" [5] were 
prepared for the Consultants Meeting organized within the framework of the IAEA 
Extrabudgetary Programme on the Safety of WWER NPPs and discussed together with the 
Electrowatt’s report at the IAEA Consultants Meeting in December 1993 [3].

A summary of discussions at that meeting [3] and at the IAEA Consultants’ Meeting on 
"Major Improvements for WWER 440/230 NPPs" [6] were used as the working material for 
the meeting on "Confinement Improvement Options for NPPs with WWER 440/230 Reactors". 
The task of the meeting was to review the actual status of the confinement improvement 
options and to evaluate their technical feasibility, particularly from the standpoint of the 
possibility of their timely implementation in the existing WWER 440/230 units.
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The results of the review are presented below in two chapters, one dealing with 
improvements of separate elements of the existing confinement system, the other with major 
reconstruction proposals, which are aimed to cope with the large breaks in the RCS. These 
proposals are different in various countries, and have been subject to changes over the last 
three years. The main technical features of each proposal are presented in section 3.4, and the 
evaluation of their feasibility is given in section 3.8.
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2. IMPROVEMENTS OF EXISTING CONFINEMENT ELEMENTS

2.1. IMPROVEMENT OF CONFINEMENT LEAKTIGHTNESS

Summary o f discussions

One of the important safety concerns of WWER-440/230 confinement is the design and 
the actual leakrate.

The leakrates in the originally built WWER 440/230 confinements were very high, 
exceeding several thousands of volume percent per 24 hours at full design basis accident 
pressure. Such high leakages make it very difficult to retain radioactivity inside the 
confinement. However, the efforts of the operational crews have already made it possible to 
improve significantly confinement leaktightness.

Leaktightness is to be improved to the greatest extent possible. The main question is 
what level of leaktightness can be achieved with the existing structure. A comprehensive 
programme of detecting and repairing sources of leaks in the confinement boundary has been 
realized at Bohunice NPP during the period 1990-1995 in co-operation with VUEZ. 
Improvements were implemented in many parts of the confinement boundary, including:

-  confinement liner and its connections with other elements;
-  confinement hatch covers and doors;
-  cable penetrations;
-  shaft penetrations;
-  pipe penetrations;
-  air ventilation flaps and valves;
-  air locks.

These measures were reported to have reduced the leakrate very significantly, as can be 
seen in Table I.

TABLE I. AN OVERVIEW OF HERMETIC COMPARTMENT LEAKAGE RATE TEST RESULTS 
AT JASLOVSKE BOHUNICE V -l NPP

Unit 1 Prior to 
improvements

Following improvements

month/year 5/93 4/94 4/95

leakage rate, L, [%/day](extrapolated to 
80 kPa)

5039 403 254 132

equivalent cross-section, Se. , [cm2] 34.7 20.6 9.6

equivalent diameter, De. , [mm] 66 51 35

Unit 2

month/year 3/93 12/93 10/94

leakage rate, L, [%/day](extrapolated to 
80 kPa)

7173 567 389 290

equivalent cross-section, Se. , [cm2] 58.9 35.5 25.2

equivalent diameter, De. , [mm] 87 67 57
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-  to wash out the airborne aerosols in the confinement, thus reducing the release to the 
environment;

-  by using chemically treated water to reduce the iodine release to the environment.

2. The spray system starts water injection after the initial pressure spike in the confinement 
and cannot prevent early overpressurization of the system in case of large LOCAs 
(beyond 200 mm).

3. The spray system influences the release of the radionuclides (RN) to the environment;

4. For LB LOCA, the spray operation can significantly influence the confinement pressure 
only in the later phase of the accident, after the initial blowdown phase of the accident. 
Thus, the spray system would not be able to prevent by itself the initial pressure peak 
above the design pressure, but it can positively influence the releases of radioactivity 
into the environment.

Recommendations'.

1. In order to assure the compliance of the spray system with actual safety criteria it is 
recommended:

-  to divide the present system into two fully redundant trains (mechanical equipment and 
actuation logic):
-  to separate them physically with possible means;

-  to increase effectiveness of spray system by:
-  modernization and relocation of nozzles;
-  decreasing the starting time of the spray system within reasonable means;
-  protecting the water sump inlet against clogging.

2. In order to provide additional means of accident management in the case of BDBA, it 
is advisable to provide external power and water source for the spray system.

2.4. IMPROVEMENTS OF INSTRUMENTATION TO PROVIDE POST ACCIDENT 
MEASUREMENT CAPABILITY

Summary of Discussions:

The specialists could not provide positive evidence that instrumentation provided to 
record important containment parameters is qualified to stand environmental conditions after 
a medium size break of the RCS inside the confinement, nor after full size RCS breaks, which 
in WWER 440/230 units are qualified as beyond design basis accidents.

Recommendation:

The instrumentation necessary for the measurement and recording of essential 
confinement parameters (such as global pressure and temperature of the confinement 
atmosphere and the radiation level at selected spots) during the upgrade basis event and 
beyond upgrade basis event should be provided. Requirements and design guidelines for such 
instrumentation are contained e.g. in NRC Reg. Guide 1.97 and KTA Standard 3502. 
Application of these requirements and criteria for such instrumentation (extent, separation, 
environmental qualifications, etc.) for WWER 440 plants are given in an IAEA report [15].
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3. PREVENTION OF CONFINEMENT FAILURE UNDER ACCIDENT CONDITIONS

3.1. REGULATORY REQUIREMENTS CONCERNING THE CONFINEMENT 
UPGRADING

Generally, in the countries operating WWER 440/230 units, the Design Basis criteria or 
some similar national regulatory requirements were issued (if they ever have been issued) after 
the construction and commissioning of units. But even if they have been issued (Russian 
PBNJ-89, Czechoslovakian CSKAE Decree No. 2) they usually contain up-to-date 
requirements for new containment design and they practically can not be applied to select 
enhancements of WWER 440/230 confinements.

For the supervision of the safety enhancement process the former Czechoslovakian 
Regulatory Authority decided to issue partial regulatory requirements which are specific to 
reactor types. At the preparatory stage the results of recent safety reviews (and consequent 
recommendations) are taken into account, but regulatory requirements issued reflect also the 
proposals of operating utilities and results of R&D.

"Regulatory requirements on confinement improvement of Bohunice V-l NPP" issued 
by Nuclear Regulatory Authority of Slovak Republic and presented at the Consultants’ 
Meeting are an example of this approach. In the part concerning confinement they contain the 
following points:

1. Requirements of compliance with the design criteria based on standard, conservative 
licensing assumptions. The list of the initial events is defined as follows:

-  a double ended break of a 200 mm diameter surge line;
-  a partial rupture of primary piping with an equivalent opening diameter of 200 mm;
-  crack inception in the walls of the reactor cavity corresponding to the foregoing 

initiating event;
-  a rupture of control rod drive channel above the reactor vessel head;
-  a rupture of a steam or feedwater line within the confinement.

The acceptance criteria include structural integrity of the walls, dose equivalents at the 
boundary of the exclusion area and limited values for fuel assembly parameters in the 
core.

2. Requirements for analyses of beyond design basis accidents. A specific issue among 
them is the double ended break of 500 mm diameter RCS pipe. The document defines 
for this specific issue:

-  methodology (best estimate);
-  acceptance criteria (maintenance of confinement integrity and dose equivalents at the 

boundary of the exclusion zone).

3. Requirements concerning systems for mitigation of some features of severe accidents 
(e.g. installation of forced venting system for compensation of low leak-tightness of the 
confinement).

4. Requirements for redundant, independent 2 train spray system with equipment qualified 
for accidental environment and external hazards conditions.
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5. Requirements to maintain effective activity of operating utility to improve the 
leaktightness of the confinement.

It should be observed, that the above listed requirements are only a part of a 
comprehensive approach to the safety improvement of WWER-440/230. It is additionally 
required to provide:

-  demonstration of acceptability of LBB status for primary piping of RCS with diameters 
above 200 mm;

-  determination of limiting values of overpressure and underpressure allowable in the 
confinement;

-  demonstration of proper and highly reliable function of the system assuring the closure 
of confinement after pressure suppression system action.

3.2. DETERMINATION OF THE DESIGN BASIS ACCIDENT FOR THE IMPROVEMENT 
OF WWER 440/230 CONFINEMENT

Note on terminology: The experts recommend against the use of the term "Design Basis 
Accident" in the context of plant upgrades, since this has caused confusion in the past. The 
discussion concerns which accidents or events should be considered for the design of specific 
system or safety function upgrades. A term such as "Upgrade Basis Event" is more suitable 
and will be used in the text for the discussion of WWER 440/230 confinement problems.

Summary of Discussions:

The discussions centered around the following areas:

-  Which events should be considered in the design of confinement upgrades?

-  Which events are the limiting ones for the different types of accidents and safety 
functions of confinement?

-  How does the confinement upgrade basis event interface with the ECCS upgrade basis?

-  The availability of the necessary accident analyses (especially confinement pressure for 
LOCAs and secondary side breaks).

-  The consideration of events which fall outside the selected "Upgrade Basis Events".

-  The methodology for performing the necessary accident analysis (i.e. best estimate 
versus licensing grade analysis).

-  The specialists views concerning the recommendations of the recent IAEA specialists 
meetings on WWER 440/230 upgrades [9, 6].

Findings'.

3.2.1 Pressure mitigation requirements

In Western NPPs, the design of the containment has typically been based on the break 
of the largest size pipe in the reactor coolant system with double-ended blowdown to the
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containment. Loads from severe accidents were not used despite the role of the containment 
to prevent spread of radioactive materials in the event of a serious accident, including core 
melt accident. This was because the loads due to such severe accidents were not known, and 
the blowdown after the break of the largest pipe was believed to be the bounding case for 
confinement loading.

In case of WWER 440/230s NPPs, the confinement structure already exists, and the 
question is what to use as a basis for designing the systems which will protect the 
environment and population from the consequences of a severe accident. The historical 
relationship to the past design bases is no longer relevant. The main basis for the decisions 
should be how to achieve the optimization of effectiveness of the upgrade measures taking 
into account the existing features and limitations of the WWER 440/23Os and the practical 
issues associated with implementing such measures.

The IAEA consultants at the meeting in November 1993 [3] agreed that attention should 
be given to all improvement measures undertaken for purposes of (i) preventing accident 
initiation, (ii) recovering from accident initiators with safety features, and (iii) mitigating the 
consequences of a severe accident. In this context, it is important that the confinement 
upgrades be based on risk relevant initiators and sequences, that they take into consideration 
initiators and sequences of lesser risk relevance (though not necessarily as the design basis), 
and that they be achievable and, equally important, achievable as soon as possible.

The following approach was discussed:

-  The basis for designing new systems for pressure mitigation could be recommended to 
be the 200 mm pipe break (corresponding to a pressurizer surge line) with double-ended 
discharge.

-  The break of larger size piping (500 mm) would be considered to be beyond the design 
basis accident for the new systems.

-  Accidents beyond the design basis of the improved system should also be considered in 
designing the upgrade system; that is, the confinement structure should remain intact 
under the loads associated with such accident sequences (including the 500 mm break) 
when analyzed using realistic assumptions, best estimate methodology, and ultimate 
strength failure criteria.

This approach is based on several considerations:

-  The design of confinement upgrade systems based on 500 mm break may actually 
function less effectively for initiators of lesser magnitude but higher likelihood.

-  The preliminary probabilistic safety assessment (PSA) for Greifswald NPP presented at 
the meeting indicated that the contribution to core melt frequency of the break of the 
main coolant pipe is more than one order of magnitude smaller than the contribution of 
small LOCAs and other transients. This result is qualitatively substantiated by Loviisa 
PSA results.

-  As presented during the IAEA consultants’ meeting [3], the WWER 440/230 NPPs can 
have comprehensive and effective Leak Before Break programmes for the 500 mm pipes
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as is the case at Bohunice. However, not all 200 mm pipes can be covered by this 
programme.

-  Based on information provided at Bohunice, it was clear that there is a large change in 
. the magnitude of the upgrade project required to cope with the 500 mm versus 200 mm

break size using consistent (conservative) accident analysis methodology.

-  The countries operating WWER 440/230 -  units should use the available limited 
resources in an optimum manner, choosing as the primary task those safety 
improvements which will yield the largest potential effects. Also, time is of the essence 
where WWER 440/230 safety improvements are concerned; the high costs, difficulty in 
financing, and limitations of local personnel to cover all projects could cause serious 
delays. Improvement in WWER 440/230 confinement function is needed as soon as 
possible.

3.2.2 BDBA pressure mitigation

The pressures and loads from beyond-design-basis-accidents should be analyzed and 
taken into account in the design of the confinement upgrade. Realistic assumptions should be 
used as well as best-estimate analysis methods. The existing worldwide database may be used 
in evaluating the loads. Mitigation features may be necessary to avoid some types of loads 
(such as hydrogen combustion/detonation). Accident management provisions may be required 
to avoid other types of beyond design basis accident loads which might otherwise be 
unacceptable. The combined features of pressure mitigation, avoidance/mitigation of loads, 
and accident management approaches should result in high level of assurance that the 
confinement boundary will remain intact during the long term to continue to perform its 
radiological protection function.

3.2.3 Mitigation of releases of radioactive materials

The purpose of the confinement is to limit the releases of radioactive material to the 
atmosphere in the event of an accident. The first requirement to achieve this is that the 
confinement be not breached by events o f the accident. In most reactor designs, this is a 
sufficient criterion for control of releases (neglecting bypass sequence or failure to isolate 
which need to be addressed separately). However, in the WWER 440/230, this alone may not 
be adequate to avoid unacceptable releases owing to the very poor leaktightness of the 
confinement. It is normal practice of radiological control for confinement volumes to provide 
negative pressure in the control zone, created by exhaust fans, to filter the exhaust stream, and 
to discharge to a stack. The same concept may be the only realistic solution for controlling 
releases from a WWER 440/230.

This concept has been proposed as part of upgrade schemes under consideration at 
Bohunice and Kozloduy NPPs. /The system would need to be designed for the particular 
conditions and fission product loadings associated with a severe accident. The filtered 
discharge should be via a stack to further lessen the effects of residual releases. The required 
efficiency of filtration in the system should be determined from analyses of stack releases 
(percentage of fission product species or boundary dose) to satisfy local regulatory 
requirements. Hydrogen mitigation may also be achievable by dilution and discharge.
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3.2.4 Analyses

A comprehensive programme of analyses is required for various WWER 440/230 sites 
to support the selection and design of confinement upgrade measures. This should include 
thermal-hydraulics analyses of the break discharge conditions, resulting confinement pressure 
and temperature behaviour, composition of the confinement atmosphere (especially when 
hydrogen is present), and radiological consequences. These analyses should be performed both 
for normal functioning of safety systems as well as for degraded functioning leading to core 
melt cases. The analyses should be performed for selected improved system in DBA and 
BDBA sequences.

During the meeting, the experts had an opportunity to compare various existing analyses 
of V 230 confinement response to different loss of coolant accidents. These analyses were 
performed by Energoproekt Sofia (using RELAP), Westinghouse (using MAAP4/VVER), and 
VUEZ and VUJE from Slovak Republic.

A number of accident sequences had been analyzed by more than one organization (e.g. 
200 mm and 500 mm LOCAs), and so a comparison of the results was possible. Due to the 
lack of time such comparison was not performed in detail. However, the comparisons that 
were made showed in general very good agreement. The specialists regard such agreements 
as very encouraging, and indicative of a maturity in the capabilities available to analyze and 
understand confinement response. They also agreed that significant progress has been recently 
made in this area, and therefore recommend the continuation or extension of such efforts in 
a number of areas listed further below.

Most of the available pressure transient analyses for large size pipe breaks were made 
for double ended 500 mm pipe break. Several pressure transient analyses for the 200 mm 
break size and secondary side breaks have also been made by various organizations for the 
Bohunice and the Kozloduy plants. A set of results calculated for Kozloduy NPP for the case 
of DBA (100 mm pipe rupture with a flow limiting orifice of effective diameter D= 32 mm 
and the spray system available), and for a series of breaks from 32 mm up to double ended 
break of a 500 mm pipe without sprays are shown in Fig. 2 to 7.

3.2.5 Testing

For any selected confinement upgrade measures, there should already exist a database 
for performance evaluation or such a database will need to be established via testing. Where 
needed, testing should include:

-  full scale components, including arrays where necessary;
-  steam-gas mixture;
-  mixtures with super heated steam based on steam line break conditions;
-  upgrade system BDBA conditions, notably conditions of 500 mm pipe break.

Preference should be given to proven technology over developmental systems to avoid 
delays in implementation or uncertainties in future performance.

The experts believe that the recommendations from the two recent IAEA specialist 
meetings [9, 6] in the area of confinement upgrade are consistent with each other, and they 
are in general agreement with them.
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Recommendations:

The specialists recommend that the following approach be considered for the choice of
the upgrading basis for the WWER 4.40/230 confinement:

1. The confinement upgrade should be realized such that, using standard (i.e. conservative) 
licensing basis safety analysis assumptions, compliance with the confinement design 
criteria (structural response and capability to perform its function as barrier to the 
release of radioactive material) can be demonstrated for all of the following events:

(i) double ended break of a 200 mm diameter surge line in the reactor coolant system 
(Rc s );

(ii) single ended break of a 200 mm diameter line in the cold leg in the RCS;
(iii) all postulated secondary side breaks inside the confinement (considering steam and 

feedwater systems).

A double ended blowdown from the reactor coolant system hot leg must be considered 
for the surge line break since the WWER 440/230 RCS has two parallel surge lines. In 
contrast, there is no 200 mm line connected to the cold leg and the given value is an 
equivalent diameter of postulated partial break which may occur on the cold leg. It is 
noted that, for confinement performance, the 2 x 200 mm surge line break is likely to 
be more limiting than the 1 x 200 cold leg break. However, the 1 x 200 mm cold leg 
break may be more limiting for ECCS (core integrity) analysis. Breaks in the secondary 
system (main steam and feedwater lines) have also to be analyzed in terms of their 
dynamic effects (pipe whip and jet impingement) affecting portions of RCS pressure 
boundary and confinement structure integrity as well as in terms of the resulting pressure 
and temperature transients affecting the confinement structure and retention function.

2. The leak-before-break (LBB) concept should be applied to support the exclusion of 
LOCAs between 200 mm and 500 mm break sizes from the upgrade design basis. Such 
LBB investigations should also be performed for the secondary system piping inside the 
confinement, whose breaks could lead to unacceptable damage to the RCS pressure 
boundary and to the confinement structure integrity (pipe whip, jet impingement, and 
pressure and temperature transients).

3. Confinement upgrades should be designed such that it can be demonstrated, using best 
estimate methods and computer models, that even LOCA break sizes larger than 
200 mm (double ended) and the pressure transients resulting from those secondary 
system breaks not covered by the LBB concept, do not lead to loss of confinement 
integrity or excessive radiological releases.

The overpressurization challenge to containment from such events should be assessed 
against the structural capability based on best estimate analysis.

4. It is recommended to the Regulatory Bodies to consider the approach positively 
evaluated earlier, namely the assumption that the upgrading basis event for the 
confinement should be chosen with the consideration of Leak Before Break principles 
as a double ended break of a 200 mm pipe in the RCS. The double ended 500 mm pipe 
break could then be assumed as the Beyond Design Basis Accident, for which it might 
be required:
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-  to maintain confinement integrity throughout the accident;
-  filtrate the vented air-steam mixture so as to fulfill the regulations limiting the 

admissible radiological hazards at the exclusion area boundary.

5. The decision whether or not to retain atmospheric vent valves should be based on 
analyses of pressure loads and radiological consequences taking into account criteria to 
prevent failure of the confinement boundary and regulatory limits on releases.

6. It is recommended to consider the adoption of the 200 mm double-ended pipe break as 
design basis for pressure mitigation in upgraded system.

7. BDBA loads (including 500 mm pipe break, hydrogen behaviour, etc.) should be 
considered in the selection and design of the upgraded system such that the confinement 
structure should remain intact under such loads when analyzed using realistic 
assumptions, best-estimate methodology, and ultimate strength failure criteria.

8. It is recommended to consider adoption of negative pressure approach to limit releases 
from the WWER 440/230 confinement characterized by poor leaktightness. This measure 
is complemented by other measures to mitigate pressurization. It presents inherent 
advantages for hydrogen control.

9. Comprehensive analyses are required to support development of measures to limit 
pressurization, assure confinement integrity, and limit releases to the extent specified by 
local regulatory criteria.

10. If there is no existing data to characterize effectiveness of upgrade measures, large scale 
testing should be performed to establish such a database. In view of the difficulties 
connected with such tests for confinements, and also taking into account the urgency of 
confinement improvements, it is recommended to use proven technology rather than to 
undertake developmental projects in order to minimize delays in implementation and 
uncertainties in performance.

11. The radiological consequences to the public following the upgrade basis accident should 
be calculated. The calculated doses at the exclusion area boundary should be compared 
to the applicable safety criteria defined in national regulations.

The source terms should be based on a mechanistic calculation of the fission product 
releases following the upgrade basis accident. This requires combining the ECCS, 
containment, and off-site dose calculations. The number of fuel rods calculated to 
experience cladding rupture can be used to determine the gap fission product releases. 
The confinement pressure analysis can be used to calculate the releases to the 
environment through all possible release pathways. These releases are used as the basis 
for the exclusion area boundary doses based on site-specific parameters.

3.3. STRUCTURAL CAPABILITY ANALYSIS

Summary o f discussions:

In order for the confinement to perform its function to limit radioactive releases in the
event of an accident, the structural intactness of the confinement must be assured for accident
loads. Analyses have been performed for Bohunice which have confirmed that the existing
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confinement structure can withstand the design overpressure of 100 kPa and also may tolerate 
internal overpressure up to 135 kPa without losing its integrity if the reinforcement of some 
pressure boundary details is realized (two vertical building walls, ceiling plates at two 
locations, parts of ventilation systems, liner of a new air lock and hermetic hatches of the 
SG). This reinforcement is technically feasible and possible to implement with acceptable 
costs. The analyses also confirmed that the confinement could tolerate negative pressure of 
15 kPa. The ECCS water storage vault was included in these analyses for Bohunice.

Finding:

Although structural analysis work has been initiated, it has not focused on quantifying 
the ultimate pressure capacity of the confinement structures, both for overpressure and for 
underpressure. This information is needed for consideration of beyond design basis accident 
sequences from the standpoint of assuring intact confinement.

Recommendations:

1. Structural analyses should be performed specifically for the purposes of determining the 
ultimate pressure capability of the confinement structure and identifying what are the 
limiting points (walls, floors, ceilings, penetrations, isolation valves, doors, hatches, etc.) 
and what would be the expected failure mode. This should be done for both 
overpressure and negative pressure for the various WWER 440/23Os.

2. Ultimate pressure capability may result from unacceptable increase in leakage (e.g. liner 
tears in conjunction with wall through-cracks); also consider the reduction in effective 
open area at confinement pressure level characteristic of the long term post accident 
conditions.

3. Dynamic as well as static loads may need to be taken into consideration depending upon 
sequence of events during beyond design basis accidents (BDBA).

3.4. PREVENTION OF CONFINEMENT FAILURE DUE TO PRESSURE INCREASE 
AFTER UPGRADE BASIS ACCIDENTS

Summary o f discussions

Each of the possible solutions should be developed on the basis of the following 
hypotheses or constraints:

-  The confinement should be capable to cope with the blowdown flowrate produced in the 
double-ended rupture of (<j)200 mm or <(>500 mm) piping.

-  The absolute pressure in the inner confinement area should not exceed 2 kg/cm2 (abs.). 
This is the currently advised safe working pressure limit.

-  If part of the accident blowdown flowrate is released to the atmosphere, this should not 
lead to exceeding the maximum admissible radiation doses at the exclusion radius.
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-  Any new confinement-related structure or buildings must satisfy the maximum 
leaktightness requirements for the confinement, i.e. its construction and installation must 
be testable and it must have built-in systems to carry out both global and local tests.

-  The design absolute pressure of the new structures should be compatible with the 
justified safe working pressure limit for the confinement structure.

-  The proposals should be complemented with improvements in other equipment and 
systems such as:

-  confinement ventilation systems;
-  spray system (reliability, single failure, etc.);
-  confinement sump (filters, changes in RCS thermal insulation);
-  improvement in the leaktightness level;
-  hydrogen detection and treatment systems;
-  possible elimination of the existing pressure relief system with venting flaps.

At the meeting in December 1993, two options were presented in detail, namely High 
Flow Filter Arrangement for Kozloduy NPP [5] and Accident Localization System Upgrading 
in Bohunice [4].

The proposals were assessed under the following criteria:

-  Prevention of exceeding the design pressure in the confinement at LOCA accidents with
2 x 500 mm break.

-  Possibility to provide operability of the system in the case of a small break.

-  Technical feasibility.

-  Experimental demonstration of the concept.

At the meeting in July 1995, four more options were presented and reviewed:

-  Confinement System Upgrading in Bohunice V-l with condensation pool in the relief 
valve compartment [18],

-  Reconstruction Proposal of V-1 NPP Jaslovske Bohunice Confinement Using Boric Acid 
Tank as a Bubbler Condenser [19],

Filtered venting system for later phase of severe accidents in Kozloduy NPP [20],

-  Technical Proposal for the Backfitting of the Isolation System of Russian WWER 440 
(V230, V I79) Plants [21].

A short characteristics of these options is given below.

3.4.1. Jet condenser system with an additional air trap building [4]

Proposal worked out for Bohunice NPP. It involves removal of presently existing relief valves 
and of the ceiling above them, thus providing an opening of a cross-section of 40 m2. This
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0.2 bar) at low flow rates (about 17 kg/s), but will be designed to ensure high 
decontamination factor of at least 1000 for both aerosols and iodine [10].

Both filters will operate in parallel in the high confinement pressure range, however, in 
the lower confinement pressure range only the low flow filter will be required and will thus 
operate. This transfer will occur in a completely passive manner. The filtered gases would be 
released to the atmosphere. The filtered gases from the low filter could be directed to the 
stack.

Moreover, in view of the high leak rates measured in the WWER 440/230 confinements, 
it is proposed to install an additional line with two fans in parallel, which would draw the 
atmosphere from the confinement in the late stage after an accident and direct it to the low 
flow filter and then to the atmosphere. Thus, the pressure inside the confinement could be 
lowered below atmospheric and the releases could be filtered before getting out to the 
environment.

The high flow filter would be designed such that the peak accident pressure is below 
80 kPa overpressure for the upgrade basis event and below the rupture pressure of the 
confinement for the double ended 500 mm pipe break. Thus, the structural integrity of the 
confinement would be guaranteed.

The conceptual phase of the project has been completed and the feasibility of the 
proposed solutions confirmed [5].

The existing back pressure valves would be removed and their entrance cross section 
enlarged to 17 m2. Rupture discs would be installed in their place. A connecting duct of 17 
m2 would link the low pressure side of the rupture discs to the vertical inlet duct of the high 
flow (HF) filter.

The HF filter would be provided with a number of nozzles installed in the gas steam 
plenum in the lower part of the filter. The nozzles would create intensive mixing of the air- 
steam mixture with the surrounding water and thus allow for filtered venting of the air-steam 
mixture with smooth steam condensation during the blowdown phase of the LOCAs. The 
uncondensed steam and the air would leave the HF filter at the top and be discharged to the 
atmosphere without passing through a stack.

The operation of the HF filter is completely passive. At a confinement pressure of 0.15-
0.18 MPa ( abs) the rupture discs open and release the air -steam mixture to the HF filter. The 
water has to be expelled from the vertical inlet duct and the lower plenum before the steam 
starts to condense.

Initially the water level is at 4 m and after blowdown this level increases. After the 
blowdown the pressures in the confinement and in the HF filter are equalized at a value of
0.12 MPa and the weight of the water column in the HF filter automatically stops the 
discharge to the HF filter. Once the operation of the HF filter has ended, the valves to the LF 
filter open and the flow goes to the LF filter, in which the water column height is only 1.8 
m. During this phase the entire flow is automatically directed to the LF filter since the HF 
filter is isolated by the water column.

In order to provide controlled discharge through the filters, a set of special fans and 
pipes can be connected to the duct joining the confinement to the LF filter. Such a forced

25



filtered venting could not only help in preventing leakages outside the confinement in the late 
phase of the accident but would also help in limiting the possible hydrogen hazards.

HF filter: decontamination factor 200 for aerosols and 100 for elemental iodine.
LF filter: decontamination factor 1000 for aerosols and 1000 for elemental iodine.

In the blowdown period after 200 mm RCS break, the initial air-steam flow through the 
HF filter in 300 seconds would be 1000 kg/s at a temperature of 200 °C. Since the blowdown 
would last for a considerable time and the receiving volume is relatively small, it is proposed 
to allow for the discharge of the full initial steam flow. The maximum pressure in the 
confinement within this period would reach 0.2 MPa ( abs). !

At the end of blowdown the residual power of the reactor would be 2.8% of the nominal 
power, or about 37 MW. This corresponds to the steam flow of 16.8 kg/s at an absolute 
pressure of 0.18 MPa. The temperature of the steam-air mixture would be around 120 °C, 
which means that the LF filter would have to be designed against a flow rate of 15 m3/s. 
The lowest operating pressure of the LF filter would be given by its total pressure drop and 
could be 0.12 MPa ( abs).

3.4.5 Filtered venting system of ABB Engineering[20]

This system has been developed for Kozloduy NPP.

It is based on the assumption that the existing flap valve relief system will be maintained with 
some modification to assure reliable closing of the confinement and will provide pressure 
relief in the blowdown phase, while for the later phase of the accident a filtered venting 
system will be in operation.

The filtered venting system is based on the application of FILTRA MVSS Venture Scrubber 
Unit and intended to mitigate the consequences of severe accidents. One Filtered Venting 
System could be installed for each two units.

To achieve the design objective the system must accomplish the following :
Protect the integrity of the confinement structures in order to prevent uncontrolled 
release of radioactive products,
Capture and contain the fission products released following the core degradation, 
Remove the core decay heat and maintain a relatively low pressure and temperature 
inside the confinement..

The system must be independent from existing normal operation systems.
Interface with the existing safety systems should be minimized.
It should meet the safety requirements in the case of DBA.
No operator actions should be needed for the first 30 minutes.
The system should be capable to fulfill its functions for 6 months after the accident.
It is intended to flood the reactor cavity using existing or additional systems.
Means shall be provided to contain the core melt and to enhance core debris coolability.

The decontamination factor for aerosols will be 1000 and for elemental iodine 100. The 
system will be designed to relieve a mass flow rate corresponding to 1% of the core decay 
heat and maintain a maximum pressure of 2 bar absolute. Following the primary system
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depressurization and prior to onset of core damage, positive means will be provided for 
isolation of all unfiltered leakage paths.

The design requirements listed above could be met by locating FILTRA/MVSS outside 
the reactor building in a concrete vessel with a liner. The concrete would serve both as a 
pressure retaining structure and a shield. For units 1 to 4 of Kozloduy NPP the conceptual 
design involves installation of two filters. One filter would serve two units. The connecting 
lines would be steel pipes of 1000 mm diameter, connecting the inlet of the filter to one of 
the venting flaps of each unit.

Filtered venting system with a physically reasonable flow rate (1.5 m3/s) is not sufficient 
to extract enough steam-air mixture and to keep the confinement pressure below atmospheric 
in case of steam generation due to relocation of hot materials to the water in the lower plenum 
of the RPV or in the reactor cavity.

A possible solution is to provide an efficient spray system. To increase the reliability 
of this system after black-out, it is proposed to:
- install an external source of water ( mobile pumps),
- install an external source of power ( mobile DG unit),
- install a control device to trip off the system preventing excessive underpressurization of 
the confinement. [24].

For Kozloduy NPP it is also proposed to install a hydrogen ignition system designed 
for severe accidents to prevent any overpressure ( above 1 bar absolute) for the duration of 
activities for management of severe accidents.

3.4.6. Vortex condenser to be installed in Kola NPP [21]

Russian designers have performed an analysis of the possibilities of backfitting the WWER 
440/230 confinement systems and reached the following conclusions:

1. Any backfitting should be based on the assumption of a possible break of the pipe of 
maximum diameter in the RCS, i.e. 2 x 500 mm pipe break.

2. In view of high confinement leakage rate, it is not possible to implement a backfitting 
option with full confinement of radioactive products.

3. Low reliability of relief valve actuators does not allow to base the system on partial 
discharge of steam-air mixture at the initial phase of the accident, since the valves may 
fail to reclose later on.

4. Poor load carrying capability and wear of external structures do not allow to base any 
backfitting on the structures which are near the reactor building. Since all newly 
designed structures have to be resistant to external events (seismic hazards, explosions 
etc) and the existing building can not bear those loads, the new systems should be 
placed inside the reactor building.

5. The latter criterion means that the water inventory and dimensions of the system should 
be minimum, and certainly significantly less than for a bubbler condenser containment 
in a WWER 440/213 plant.

6. Moreover, the amount of water should not exceed the daily liquid radwaste processing 
capability of the NPP. This is due to the fact, that when the system stops operating, 
radioactive iodine becomes released due to the contact with the atmosphere and to the 
evaporation process. The calculations showed that this could have significant effect on 
the radiation doses at the exclusion area boundary.
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7. Since the system is expected to release non-condensible gases, it must be capable to 
clean them. Radioactive isotopes are transferred by two media : gaseous and liquid 
phases. The system should be characterized by the minimum moisture entrainment and 
the maximum purity of gas releases. This makes application of conventional 
condensation devices such as bubbler pipes and jet condensers very difficult.

VNIIAES proposal is based on the observation that, after 500 mm pipe break, the pressure 
in the confinement will be much higher than the design pressure if the air-steam mixture gets 
to the flap relief valves without previous cooling. However, if the mixture is initially cooled 
and the steam condensated, then the pressure in the confinement remains below the admissible 
level.

In order to condensate all the steam produced during the accident it would needed to have a 
water volume of 800-1000 m3. According to VNIIAES, installation of such a large tank 
inside the confinement is not realistically possible.

However, as shown by VNIIAES calculations, due to the abruptly decreasing flowrates from 
the rupture point, in order to maintain permissible pressure in the confinement it is necessary 
to condensate steam fully only during the first 8-10 s of the accident. For this purpose 150 
m3 of water will be enough. Subsequently it is possible to allow steam air mixture to be 
discharged from the system with only a preliminary purification of the mixture. The system 
with such an amount of water can be easily placed inside the confinement.

The VNIIAES proposal consists in installing a condensation system in the steam 
generator box, eliminating the venting flaps, and releasing non-condensible gases to the 
external atmosphere.

The design of the condensation system is conditioned by a maximum pressure in the 
confinement that is lower than the safe working pressure currently advised as being 2 kg/cm2 
(abs.). There are three parameters that affect the final pressure value obtained:

-  condenser input section;
-  volume of water in the condenser capable of handling 100% of the accident volume;
-  output fraction of non-condensible gases.

In accordance with the analyses carried out by VNIIAES, reducing the volume of water 
from 800-1000 m3 to 600-170 m3 would not involve an increase in the confinement pressure 
as long as the other parameters stay the same.

The proximity of the condensate system to the point where the steam is generated also 
contributes to maintaining low pressure values with a reduced volume of water.

In this case approximately 160 m3 of water would be sufficient to condense the accident 
volume produced in a double-ended break of the primary system line (2 x 500), maintaining 
the maximum confinement pressure lower than the safe working pressure currently advised 
as being 2 kg/cm2 (abs.).

The condensing system consists of a triangular-shaped pool with a capacity for 150 m3 
of water, located in the steam generator box compartment in the area currently occupied by 
the venting flaps. The non-condensible gases will be released through the existing steam 
release channels from the compartment above the venting flaps.
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The system must ensure minimum water level swelling during air-steam flow through 
water. This problem is solved by creating a rotating layer of liquid. Then due to centrifugal 
acceleration it is possible to significantly increase the speed of float up and avoid the affects 
of high water swelling.

The system developed at VNIIAES consists of a triangular water tank installed in place 
of the dismantled relief valves at the elevation of +2.7 m as shown in Fig. 15. The walls of 
the tank are about 3.3 m high. Filling level reaches 2.7 m while the cross section of the tank 
is 60 m2 and the water volume is 150 m3. In the centre of the tank there is a cylindrical shell 
of 3 m diameter. The lower part of the shell contains a nozzle device placed above the water 
level (type of turbine guide device). The device enables to feed steam-air mixture into a 
cylindrical shell at a certain angle to water and to generate water rotation inside the shell. 
Flow section area for steam air mixture is about 18-26 m2.

The cylindrical shell is in contact with a triangular recirculation tank connected with the 
lower part of water tank through circulation channels. The bottom elevation of the 
recirculation tank is 8.3 m i.e. it is on the level of the floor.

Centrifugal moisture separators are installed on the upper lid of the recirculation tank. 
Nozzle swirlers have a hollow structure and are connected with the water tank. The swirler 
surface is perforated in order to allow to inject coolant into the steam air flow.

The total weight of the system with water is about 200 tons, without water - about 30
tons.

When the LOCA occurs, the containment pressure increases. Due to the pressure drop, 
the liquid from the periphery of the triangular pool is displaced into the central cylindrical 
shell via the nozzle. Since all the nozzles are placed tangentially with respect to the shell, the 
liquid in the central shell starts rotating (forming a vortex), and simultaneously the water level 
is increasing on the periphery and decreasing in the centre of the shell.

The liquid reaches the edge of the recirculation tank and the tank becomes completely 
filled up with water.

Since the recirculation tank is linked with the cylindrical shell, where the level is 
maximum, the liquid begins flowing back from the tank into the central cylindrical tank 
through circulation channels, while the liquid in the central tank is rotating with a high speed. 
Calculations showed that liquid rotation velocity reaches 10 rad/s and centrifugal acceleration 
may be 25-30 g. Effects such as swelling of the phase separation surface are practically 
excluded.

The injection of liquid into the steam-air mixture flow takes place through perforated 
walls of the nozzle due to pressure differences. A second circulation circuit is formed which 
results in the cleaning of the medium from aerosols and radioactive iodine.

The purified steam-air mixture is moving into the centrifugal separator, where additional 
separation of steam-air flow from moisture droplets occurs.

In the case of LOCA of smaller diameter the operating mode of the device is the same 
as for DBA, but the hydraulic seal is opened only partially, i.e. only a part of the flow section 
is effective.
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Calculations performed by Kurchatov Institute showed that with the purification factor 
of 10 for iodine and 10 for aerosols, the permissible doses are not exceeded at the exclusion 
boundary of Kola NPP during an accident with 100% fuel rod damage.

Experiments were carried out on the vortex condenser with nozzle diameter of 50 - 400 
mm, The cylinder perforated by tangential orifices, or the cylinder with the nozzle device of 
the turbine guiding mechanism are the working portions of the device. Due to tangential 
direction of flow, the rotating liquid layer was formed as a funnel, where steam condensation 
from steam-air medium took place. Liquid circulation was a result of level difference of 
central and peripheral funnel parts.

Liquid temperature varied from 20 to 100 °C. The swirler flow rate with respect to 
cross section reached 250 kg/m2 s.

On the basis of investigations performed in Russian laboratories, the following results 
have been obtained:

there is no water swelling in the vortex condenser, which occurs normally in the bubbler 
pressure suppression and other systems.

effective steam condensation from steam-air medium takes place in the vortex condenser. 
The increase of air content leads to improving of the condenser circulation performance.

The purification factor is above 1000. An increase of water rotation velocity results in 
significant increase of the purification factor.

Taking into account the radiological impact in the atmosphere, VNIIAES justifies the 
validity of its proposed system on the basis of the following three aspects:

-  short duration of overpressurization of leaktight compartments;
-  low content of fission products in the steam-gas-water mixture in the initial blowdown 

period, highly efficient clean up and minimal moisture entrainment from the condenser 
suppression pool;

-  keeping the volume of water to minimum, as defined by the NPP facilities available for 
continuous treatment during one day (7-8 tons/hour).

Findings

The pressure suppression devices with condensing function have been evaluated in detail, 
taking into account their hydraulic characteristics, condensation effectiveness, hydraulic 
stability, the status of experimental verification, assessment of features important for 
confinement integrity and the status of implementation. The results of the comparison are 
given in Table 3.
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TABLE 3. PRESSURE SUPPRESSION DEVICES WITH CONDENSING FUNCTION

No. Device Characteristics, features, 
definitions

Experimental Verifi
cation, Application, 
Recommendation

Application or 
Reference

1. Jet condenser with 
direct flow 
(VNIIAES, Moscow)

Direct (mostly vertical) flow 
of air-steam mixture into 
condensing /mixing 
chamber, using for 
condensation fiill water 
volume of condensation 
pool. Submergence of the 
chamber only about 30% of 
the pool depth

Relatively large scope of 
experimental programme 
performed confirming 
assessments (on one 
condenser)
Additional experimental 
program recommended to 
determine impact of 
simultaneous operation of 
neighboring jet condenser 
(4-5) on their condensing 
effectiveness and impact 
of pressure oscillations

NPP Ignalina

2. Jet condenser with 
reversed flow 
(combined with 
barbotage function 
(VTI, Moscow, now 
NTC RB Moscow)

Air-steam mixture entering 
device mostly vertically is 
reversed before entering 
condensing / mixing 
chamber. Maximum 
submergence given by 
location of reflecting plate 
(lm )

Good performance proven 
by a relatively large scope 
of experimental program

Ignalina, 
Juragua NPP

3. Horizontal ejector 
(NTC, Moscow now 
NTC RB Moscow)

Air-steam mixture enters 
device horizontally, other 
functions same as above. 
Submergence generally 
lower (15-20%)

First version 
experimentally verified 
indicated the afore 
mentioned points

Will be 
installed in 
NPP Sosnovyi 
Bor (St. 
Petersburg)

4. Vortex-type jet 
condenser (NIKIET, 
Ekatrinburg and 
VNIIAES Moscow)

Vertical condensing chamber 
with tangentially arranged 
jet condensers creating a 
vortex flow, enhancing 
filtration capability of the 
device

Filtration efficiency tested 
during ACE tests 
(Hanford), experimental 
verification of condensing 
function performed

Not available

5. Bubble condenser of 
VTI concept, 
modified proposal of 
Westinghouse and 
ENERGOPROJECT, 
Prague

Well known "cap-gap" 
system

See recommendations in 
Chapter 3

At least 14 
WWER 
440/213 with 
this device are 
in operation

6. Vent pipe system 
installed inside 
existing confinement 
(VUEZ, Tlmace)

Tubes submerged into 
condensation pool

Only one tube, not the 
system itself

Tubes: in Mark 
II type 
containments 
of BWRs 
[18]

7. Boric acid tank as a 
bubbler condenser 
(VUJE, Tmava)

Jet condensers or tubes 
submerged into the 
emergency tank

Only one tube, not the 
system itself

Jet condensers: 
see 1; tubes: 
see 6; systems: 
none 
[19]

8. Vortex-type jet 
condenser installed 
inside the existing 
confinement 
(VNIIAES, Moscow)

Condensing chamber with 
tangentially arranged jet 
condensers creating a vortex 
flow, enhancing the filtration 
capability of the device

Experiments performed 
for condensation 
capability

Vortex tube diameter 
50/100/400

Foreseen experiments in 
1995/96 to estimate the 
hydraulic characteristic

Foreseen 
installation in 
Kola NPP 
Units 1 and 2 
and
Novovoronezh 
Units 3 and 4 
[20]
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Advantages

-  Original design concept of confinement with 1 bar overpressure retained.

-  Designed to have the capability to cope with upgrade accident events (2 x 200 mm 
break size).

-  Pressure-suppression system is able to provide effective decontamination of releases in 
the case of a double ended 200 mm pipe break. In the case of Sulzer-EWI proposals, 
it can also guarantee the structural integrity for larger LOCAs (up to 2 x 500 mm break 
size).

-  Upgraded to mitigate severe accident consequences using filtered venting.

-  Fully passive mode of operation possible.

-  Suction mode of system operation during normal and post-DBA conditions (fan mode 
of operation).

-  Limited modifications of present confinement boundary structure.

-  Confinement integrity is ensured since its pressure limit is not exceeded at any time.

-  Although gases are released to the atmosphere, the maximum admissible radioactive 
doses to the population would not be exceeded.

-  The small volume of construction materials to be used inside the confinement (concrete, 
carbon steel, stainless steel) and the small volume of concrete to be removed from the 
existing structures within confinement.

Disadvantages

-  Possibility of release of uncondensed steam to the atmosphere from the Hi-flow filter 
at the end of blowdown phase for breaks > 2 x 200 mm except in the case of the 
concept provided for Bohunice V-l in 1993.

-  The space for the units and connections available, (the Kozloduy 1993 proposal requires 
removal and rebuilding some ducts and structures).

-  Construction of large new buildings will be necessary to avoid large releases to the 
atmosphere if double ended 500 mm break is taken as the DBA according to the 
Bohunice V-l 1993 proposal.

-  The specific loads on unit area of the bubbler pools foreseen in the proposals of Slovak 
specialists are high (150 kg/m2 according to the VUEZ proposal, 8 kg/m2 in VUJE 
proposal). According to the opinion of the IAEA specialists, this will lead to significant 
water swelling in the pool and to excessive water levels. Such a situation can result in 
water hammer and in exceeding the design strength limits for the components above the 
pool. This comment is based on the experimental observations made in Russia, namely

The following features of the proposals were determined:
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that in the case of bubbler condenser pool (as used for WWER 440/230 containment) 
a load of 2 kg/m2 leads to swelling of 1 m and in the case of jet condensers the loads 
of 4-5 kg/m2 lead to swelling of 3-4 m.

-  The structure should be able to withstand possible loads due to condensation-oscillation 
effects. Experiments and calculations have to be performed for the loads estimation and 
for evaluation of the necessary load bearing capability of the construction.

-  The systems require the development of detailed engineering and a series of tests (i.e. 
prototype testing, etc.) which could lead to considerable delays in implementation.

-  It seems difficult to install the Russian system in the steam generator box as the volume 
is so small and the other equipment items are to be installed there too (high pressure 
hydraulic accumulator).

-  Due to the fact that the proposed vortex-type jet condenser has a different principle of 
work compared with the bubbler condenser and other jet condensers, the verification has 
to include all aspects and phenomena investigated for the other systems in the past or 
planned to be investigated for the bubbler condenser (planned for the end of 1996). The 
demonstration will be based on a 1 to 10 scaled model.

-  The possibility of the location of the system in the confinement should be checked. 

Influence o f  each scheme on NPP confinement

-  No major differences on pressure trend during accidents.
-  Limited impact on structural strength.
-  Minor impact on present confinement structures.

-  Modernization of flap valve compartment necessary including:
-  removal of existing back pressure valves (full removal according to the Russian 

proposal, partial removal according to the Slovak proposal);
-  enlargement of flap valve opening;
-  installation of rupture discs.

-  Uncontrolled leakage in suction/fan mode of operation avoided (Kozloduy only). 

Existing and required experimental and theoretical basis for proposed solutions 

Existing basis

-  Full theoretical and experimental basis for low flow filter.
-  Model tests for optimization of vent and duct geometry.
-  Condensation effectiveness and water syphon function on 1 to 1 scaled model of jet 

condenser (for the Bohunice 1993 proposal).
-  Small 1 to 105 scaled model of the entire system function (for the Bohunice 1993 

proposal).

Required investigations
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-  Proof of filtration and condensation efficiency of high-flow filter under high flow 
conditions (Kozloduy only).

-  Hydrogen distribution and control during severe accidents.
-  Theoretical and experimental investigation of structural integrity under full design 

overpressure.

Recommendations

-  Continue to work on the development of the systems for pressure suppression in the 
confinements of WWER 440/230 NPPs.

-  The conceptual design of the whirl-type jet condenser has been presented to the IAEA 
consultants and did not provoke any criticism. It promises significant advantages from 
the standpoint of easiness of implementation. Since considerable experimental work is 
still needed to demonstrate its applicability under large scale conditions, it is 
recommended to continue its studies and to assure possible large international co
operation in its development.

-  It is recommended to Slovak specialists to reconsider their proposals and perform 
analytical or experimental verification of the possible maximum specific loads which the 
proposed pressure suppression systems can accept, taking into account the experimental 
observations made in Russian laboratories and mentioned above.

3.5. FILTERED VENTING SYSTEMS

The basic characteristic of the WWER 440/230 localization system is the high leak rate. 
The maximum technically and economically achievable leaktightness is about 20-30 mm 
equivalent orifice. Even for these ’low’ leaks the uncontrolled release to the environment (by
passing the filter) makes the filter meaningless. A possible way to overcome this is to keep 
the confinement pressure below atmospheric pressure for the duration of the transient after 
the initial blowdown from the primary (or secondary) system. This means that the filtered 
venting system should be active. The suction of steam-air mixture from the confinement 
should be done by a fan or compressor.

The purpose of the filtered venting is to extract non-condensible gases thus preventing 
late overpressurization of the localization system.

The system should have appropriate decontamination factors for aerosols and for 
elemental iodine taking into account the maximal achieved decontamination factors in the 
contemporary filters (1000 for aerosols and 100 for elemental iodine).

The system should be powered by an external power supply as, in the case of a severe 
accident, a loss of power supply at the plant can be expected. The flowrate through the system 
should be sufficient to extract the decay heat from the confinement, taking into account that 
part of this energy is released by heat conduction through the confinement walls and another 
part is removed by the operation of the spray system.

Care should be taken about the RN loads on the filter, decay heat removal from the filter 
due to the RN, etc. The narrow point in the design of the filtered venting system for 
WWER 440/230 confinements is the need for active device (fan/compressor) to extract steam- 
gas mixture through the filter to the environment. The most probable solution consists in using
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a filter with low resistance. This would lead to a cheaper technical solution of the system. An 
eventual trade-off between retention factors and the resistance of the filter could be 
considered.

Actual status

The units with WWER 440/V230 designed during the 1960s have no provisions to 
mitigate the consequences of severe accidents.

The countries and operating organizations are well aware of the shortcomings o f the 
localization systems of WWER 440/V230.

During the last years, several feasibility studies and investigations have been under way. 
These investigations are directed to define the efficiency of filtered venting systems during 
the later phase of accidents on WWER 440/V230. In general, this type of system has to 
accomplish the following tasks:

-  Prevent the pressure increase in the confinement in order to prevent high releases of
fission products to the environment.

-  Capture and contain the fission products released following core degradation.

-  Remove core decay heat while maintaining a relatively low pressure and temperature in
the hermetic zone.

To ensure cleaning of the atmosphere in the hermetic compartments after a newly 
defined DBA and to mitigate severe accidents in compliance with the Slovak Republic 
Nuclear Regulatory Authority requirements, a forced venting and recirculation system with 
filtered delivery is to be installed on the Bohunice V-l NPP. The essential part of the system 
under consideration (Siemens filters) consists of Venturi scrubber combined with fibre filters. 
Final filtering is implemented in a subsequent metal fibre filter. During the later stage of an 
accident with considerably lower flowrates and with fans in operation, pressure losses due to 
Venturi section operation are reduced. Iodine is retained in the Venturi part of the vessel 
whereas aerosols are separated in the fibre filter.

Based on the envisaged dimensioning of the filters the total efficiency of separation is 
above 99.99%. In the long term, the organic iodine can be efficiently retained by an additional 
filter as well as Venturi section, if necessary from the radiological point of view.

In the Russian Federation the filter for severe accidents has been developed. This filter 
is tested and verified in the frame of an international project, ACE. The filter has high 
decontamination factors for aerosols and organic iodine.

Two options are investigated for Units 1 to 4 in Kozloduy NPP. The Sulzer-Ewi concept 
proposes an installation of two filters, one for initial flowrates during the blowdown phase of 
the upgraded basis event and another for the later phase when the flow rates are low. The high 
flow filter has to be designed to allow for high flowrates (up to 900 kg/s) of steam-air 
mixtures within a pressure difference of about 0.4 bar, ensure good condensation of steam 
released from the confinement during LB LOCA and provide a decontamination factor of 200 
for aerosols and 100 for elemental iodine. The low flow filter must provide low hydraulic
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resistance (about 0.2 bar) at low flowrates and would be designed to ensure a high 
decontamination factor of 1000 for aerosols and iodine.

The other option is proposing the installation of MVSS type filters and a few other 
systems which altogether form the complex of severe accident mitigation systems. Each 
system would be designed to deal with different aspects of the severe accidents. This 
conceptual design is to be developed by ABB-Combustion Engineering and Energoproekt, 
Sofia. This concept supposes to mitigate only the later phase of Severe accident and there is 
foreseen the installation of FILTRA/MVSS with decontamination factors of 1000 for aerosols 
and 7000 for elemental iodine, as the most important part of the severe accident mitigation 
system.

Comments and recommendations

The current studies and investigations show that the filter venting systems are effective 
measures for severe accident mitigation on WWER 440/V230 units taking into account the 
specificity of these units. This kind of system is able to considerably reduce the radiological 
consequences to the environment and risks from operation of WWER 440/V230 type reactors.

3.6. ADDITIONAL MEASURES TO PREVENT THE INCREASE OF THE 
CONFINEMENT PRESSURE

In addition to the filtered containment venting system, the following systems should be 
considered to prevent a sudden pressure increase (pressure spikes) or to postpone (delay) the 
sequences of certain accident scenarios leading to a pressure increase. These measures are:

-  overpressure protection of the primary system;
-  hydrogen mitigation system;
-  confinement spray system;
-  flooding the reactor cavity;
-  control of the ex-vessel core melt.

3.6.1. Flooding of the reactor cavity

Summary o f discussions:

The flooding of the reactor cavity as shown in Fig. 16 is considered to be a possible 
measure to avoid or at least delay an RPV melt-through in case of a severe accident. This 
would prevent the pressure spike in the confinement due to the RPV failure or, if the RPV 
rupture did occur with some delay, it would decrease the amount of radioactivity released 
into the confinement atmosphere.

In view of the possible thermal shock to the RPV, the flooding should be introduced 
within the envelope of accident management measures after the reduction of the RCS pressure 
so that the high pressure scenario is changed into a low pressure scenario.

In the case of RPV bottom melt through for a low pressure sequence the pressure spike 
in the cavity is relatively mild. However, this spike also causes a blow-out of steam air 
mixture from the confinement to the atmosphere carrying fission products to the environment.

36



For the high pressure scenario the pressure in the confinement is near atmospheric for 
the duration of the transient until RPV bottom vessel fails. The failure takes place at RCS 
pressure of 130 bar and at the moment of melt through the cavity pressure could exceed 8 
bar. This pressure spike would violate the integrity of the confinement and of the primary 
circuit. Also it would push significant amount of fission products into the environment. To 
avoid this it is necessary to prevent RPV breach. Therefore flooding of the reactor cavity is 
proposed. In parallel, the RCS should be vented through the pressurizer PORVs before RPV 
melt through.

In the case of accident sequence with melt through of the RPV, the molten core material 
would leak to the confinement bottom and erode the basemat. The amount of molten core 
materials is about 26 m3 light oxides and about 3.5 m3 of metals. During the accident 
progression the heavy oxides transform into light oxides about 80 minutes after the melt 
ejection into the cavity.

The decay heat in the reactor cavity is about 9 MW and would decrease to 4 MW 10 
days after the initiation of the accident.

The initial penetration of the molten material into the basemat in vertical direction would 
proceed at the rate of 3 mm/min. After 100 minutes the rate would decrease almost to zero
[20]. Some 8 hours after the ex-vessel release the axial penetration is about 55 cm.

The existing reactor cavity construction allows spreading of the molten core materials 
on the floors of a few compartments with an overall area of 34 m2.

It is proposed to install a simple core catcher under the RPV as shown in Fig. 17. It 
would consist of a flat perforated steel plate, which forms the final catcher shell, located at 
the bottom of the cavity basemat on a massive support structure. The catcher support plate 
would be covered with ceramic plates. Owing to its simple design, this core catcher could be 
integrated into the reactor cavity without major modifications of the present construction.

Findings

It has not yet been demonstrated that an RPV melt-through could be prevented, since 
the results of the analysis are dependent on assumptions about the thermal conductivity and 
the heat transfer value of the corium which are to be verified experimentally.

Recommendations

The research and development work on this subject within the PHARE and TACIS 
programmes as well as the experiments co-ordinated by the NEA at FEI, Obninsk are to be 
followed very closely to verify if cavity flooding is an effective way to stop the further 
development of a severe accident.

3.6.2. Control of the ex-vessel processes

Summary o f  discussions

The referenced papers are proposing the installation of a very simple core catcher to 
considerably delay the initiation of the corium-concrete interaction with their consequences 
(confinement pressure increase, additional amount of hydrogen and combustible gases
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produced). This is obtained because the corium will not be immediately in contact with the 
concrete of the reactor building base mat.

Findings

This simple design is justifiable assuming that the ’high pressure core melt down’ 
accident scenario is transformed into a Tow pressure’ accident scenario, so that the load 
imposed on the core catcher can be absorbed by the proposed simple construction.

Recommendation

The installation of a similar core catcher is of course dependent on the final results of 
the investigations on the outside flooding of the reactor cavity.

3.6.3. Confinement spray system

The confinement spray is an effective measure to control the pressure inside the 
confinement provided there is a reliable source of borated water and a power supply. The 
disadvantage of the spray system is that it reduces the inertization effect of steam in the 
confinement atmosphere. A confinement spray system is already installed in the 
WWER 440/230 reactors. A safety concern is given by the capability of the required 
equipment to be able to operate during six months.

Recommendations

The six months operability qualification works should be continued.

3.6.4. Hydrogen mitigation system

Summary o f discussions

No special paper has been presented on hydrogen mitigation systems, although much 
progress has been made in the design and qualification of autocatalytic recombiners from the 
last meeting in 1993. The development trend in the field of hydrogen mitigation systems can 
be summarized as follows:

-  Installation of autocatalytic recombiners which are active at low hydrogen content, is 
preferred to the installation of hydrogen ignition systems which are operable only at 
high hydrogen concentration and therefore cause a sudden high energy input (pressure 
spike) with high temperatures.

-  Some national licensing authorities (e.g. Switzerland) allow to take credit for the 
installation of the high efficiency containment filtered venting system for the hydrogen 
mitigation. By removing hydrogen and air from the confinement it is possible to increase 
the confinement inertization thus preventing deflagration.

-  The general requirements to the recombiner design have remained unchanged during the 
last years. A recombiner should be:

(a) insensitive to spilling;
(b) insensitive to poisoning during normal plant operation or during a severe accident;
(c) able to operate in high radiation zones.
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-  To ensure the long term operability of the recombiners (safety concern is given by the 
catalyst poisoning during normal plant operation) new airtight recombiner designs are 
available.

Investigations of the hydrogen hazards tinder severe accident conditions, taking into 
account accident management and confinement upgrade, have not been made; however, 
specific investigations have been performed. Since the WWER 440/230 has many 
compartments, a possible solution foresees the installation of one or two recombiners in each 
compartment.

Findings

Applications of presently available solutions for hydrogen hazards prevention in 
WWER 440 confinements have been reviewed from a technical point of view. The industry 
has proposed new, improved designs but no final choice has been made. The group believes 
that for the 230 model confinement a suitable technical solution can only be determined based 
on a systematic analysis of the hydrogen hazards for BDBA event taking into account the 
particular features of the confinement. A possible technical solution could be given by a 
combination of the operation of the containment filtered venting system with the installation 
of autocatalytic recombiners.

Recommendations

Systematic analyses using conservative assumptions are recommended to be done to 
investigate the hydrogen hazards in the confinement under design basis accident and severe 
accident conditions in order to provide a basis for hydrogen control systems to be installed 
in the WWER 440/230 plants, in the following areas:

(a) Combustible gases generation rates and amounts, both in-vessel and ex-vessel, if 
applicable. Sensitivity to accident sequence, system pressure, core reflooding, and other 
parameters known to be important should be investigated.

(b) Distribution and mixing of hydrogen in confinement: the nature of mixing of hydrogen 
in WWER confinements may be different than in other LWR containments since they 
are compartmentalized. It is recommended that detailed mixing analyses be performed 
for various accident sequences and that these calculations be verified by experimental 
data where possible.

(c) Gas compositions and consequences of hydrogen combustion: the likelihood of 
deflagration, detonation and transition to detonation should be assessed taking into 
account actual materials, confinement geometry and event specific conditions. The 
consequences of deflagration should be compared with best estimate structural capability 
evaluations.

Since deflagration will result in very high temperatures to the equipment installed inside the 
confinement, it is preferred to foresee a flameless combustion as provided by the autocatalytic 
recombiners.
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3.6.5. Depressurization of the primary system under severe accident conditions

Summary o f  discussions

The papers foresee the actuation of the safety relief valves of the pressurizer to reduce 
the pressure inside the primary system to a low value. In such a case, a high pressure accident 
scenario is transformed into a low pressure accident scenario.

Findings

An analysis was performed for the case of a 100 mm break in the cold leg of the RCS 
assuming that the NPP is provided with

- means for RCS depressurization and cavity flooding,
- improved spray system,
- means for hydrogen control,
- filtered venting system,

and the results were compared with those for the existing situation at Kozloduy NPP. The 
results are shown in the figures 18-23.

Case 1 is without cavity flooding ( RPV fails), without hydrogen igniters, without spray 
operation and without filtered venting system.

Case 2 : cavity is flooded, ( ex-vessel release suppressed), with hydrogen igniters (deflagration 
suppressed), filtered venting system operates with a volumetric flow of 1.5 m3/s and a special 
spray operates automatically in the range of confinement pressure of 0.85-0.95 bar.

The analyses showed, that the influence of backfitting together with appropriate AM 
procedures reduces the source term by 2 orders of magnitude, from about 30 times less for 
the iodine group to 180 times less for the cesium group ( see Figs 18-23).

Recommendation:

Depressurization of the primary system under severe accident conditions, which has been 
implemented in many pressurized water reactors, is also advantageous for WWER-440/230 
units.

3.7. EMERGENCY OPERATING PROCEDURES FOR BDBAs

Due to the high leak rate of the localization system of WWER 440/230 nuclear power 
plants, the behaviour of the system under severe accident conditions differs completely from 
the behaviour of the modem containment designs. Due to this, the concept for a filtered 
venting system is totally different. The basic idea is to prevent bypassing of the filter by 
keeping sub-atmospheric pressure in the confinement after the initial blowdown phase of the 
accident.

Discussions

To operate this set of systems described above, and cope with BDBA situations, it is 
necessary to develop appropriate accident management procedures. Among others, in the paper 
[24], the following procedures are proposed for development:
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-  primary depressurization for high pressure scenarios such as total station blackout, using 
the pressurizer relief valves operable by the operator;

-  operation of the spray system to allow the pressure inside the confinement being sub- 
atmospheric but not too low to avoid the risk of the building collapsing; at this stage, 
use will be made of additional water sources for the spray system or power sources like 
a mobile diesel generator;

-  provision for the operation of the filtered venting system (low pressure);

-  flooding of the reactor cavity for degraded situations of the core to prevent or at least 
postpone the failure of the reactor vessel.

-  in-vessel flooding of the lower plenum of the RPV for quenching of the molten core and 
prevention of RPV bottom head melt through.

Recommendations

Accident management procedures should be developed for all WWER 440/23Os to 
properly manage the beyond DBA situations. Particular attention should be paid to the 
definition of the criteria to initiate the procedures. The strategy of the operator actions in each 
case should be determined.
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3.8. TECHNICAL FEASIBILITY OF MAJOR CONFINEMENT IMPROVEMENTS

There are a few principles that should be taken into account when defining improvement 
measures and remedies:

(a) to avoid combining safety functions in one system and/or element;
(b) to avoid executing assembling work in environmentally (including radiologically) 

adverse conditions;
(c) new systems and elements should be implemented only after having positive results from 

experimental verifications on large scaled test rigs;
(d) to implement an improvement in a cost and time effective way.

Technical feasibility of proposals for Model V230 plant safety improvement was 
reviewed. According to the present evaluation of the consultants, the conclusions are the 
following:

3.8.1. Confinement upgrade for coping with 2 X 500 LOCA

This is an older VUEZ proposal presented in the November 1993 meeting: ALS (large 
opening in the hermetic boundary, conduit connecting it with a new air trap building, the 
latter with pressure suppression pool and jet condensers; without releases to the outside 
atmosphere) combined with forced FVS (filter of SULZER + EWI).

The technical feasibility of all components was checked and (after gathering pertinent 
experience and results of experimental programme) confirmed with one exemption: there was 
no information about FVS behaviour with "forced" element (blower). This was planned to be 
gained from a special experimental programme and/or "in situ" measurements. 
After changing the upgrade basis approach from 2 x 500 to 2 x 200, this 
proposal has lost its meaning but is still prepared as a back up option.

3.8.2. Confinement upgrade to cope with 2 X 200 LOCA

(a) The new VUEZ proposal for ALS (tubes submerged into the pressure suppression pool 
inside the hermetic zone, release into the outside atmosphere through openings after 
removing vent flaps) combined with forced FVS (VUEZ/Siemens filters). This system 
costs less than the previous one, but there is a lack of information about the pressure 
suppression effectiveness in its real geometry. This feature will have to be studied 
experimentally on a pertinent model. The technological aspects of implementation do 
not create any unmanageable problems.

(b) The VUJE proposal for ALS (jet condensers submerged into emergency tank 800 m3 
with vent ducts into the reactor hall atmosphere and vent flaps retained) combined with 
FVS as above. Again, there is not enough information about the tank pool behaviour in 
the condensation process (e.g. pool swelling) and this is to be verified experimentally. 
As to the technological aspects of implementation, there are some drawbacks concerning 
assembling works on and in the emergency tank.
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3.8.3. Solution Sulzer-EWI

1. Status of development of the elements to be used in the system:

(a) conceptual design finished;
(b) experimental verification is performed for the LF-filter (experimental verification is not 

performed for the HF-filter;
(c) the elements to be used are available on the market (special nozzles and Sulzer mixing 

elements);
(d) the LF-filter has been approved by the Swiss licensing authorities and therefore also 

their elements; similar elements are used for the HF-filter.

2. Status of the system:

(a) conceptual design;
(b) qualification of the completed HF-filter, verification of the conceptual design and 

initiation of the detail design;
(c) no definite policy exists regarding implementation, such a decision is dependent on 

investment costs;
(d) no schedule is available.

3. Changes needed in the plant:

(a) flap valves will be removed;
(b) no reconstruction of compartments needed;
(c) the only work in the plant is the connection between the plant and the ducting to the 

HF-filter;
(d) the connection and removal of the flap valves could be performed within a normal 

shutdown period;
(e) for the foundations of the HF-filter it is necessary to remove pipings or ducting located 

now in the ground.

3.8.4. ABB-CE proposal for Kozloduy filter venting system in case of severe accidents

1. Status of development of the elements to be used in the system:

(a) the conceptual design is finished, the feasibility study to be finished by the end of 1995;
(b) full experimental verification of MVSS filter, it is ready for implementation;
(c) the MVSS filter is available on the market;
(d) the MVSS filter is licensed in a few countries; the conceptual design is agreed by the 

Bulgarian Nuclear Safety Authority.

2. Status of the system:

(a) preliminary design, sizing and calculations are finished;
(b) a design documentation is to be developed;
(c) time schedule and cost estimation will be prepared by the end of 1995.
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3. Changes needed in the plant:

(a) flap valve system modernization is needed; an active system for isolation of the hermetic 
zone should be installed;

(b) the connecting line shall be steel pipe <j)1000 mm and will connect the 
inlet of filter at one venting flap of each unit;

(c) modernization of existing plant system to be used for reactor cavity 
flooding; installation of a simple core melt catcher;

(d) the needed time will be defined by the end of 1995;
(e) erection of a building for MVSS filter and service rooms; one filter for 

two units should be positioned with respect to two twinned units.

3.8.5. Whirl jet condenser development

1. Conceptual design and feasibility study (technical-economic study according to the 
Russian system of design) of location of the system within the confinement have been 
completed.

2. The problem of financing the experimental studies has been solved (a contract has been 
concluded with the Kola NPP).

3. Modelling experiments have been performed on the experimental stands of VNIIAES. 
The results reached so far on models with diameters going up to 400 mm have been 
positive.

4. In order to reach the decision on implementation of the system in the NPP it is 
necessary to:

-  complete the series of experiments including large scale tests;
-  prepare design documentation and obtain approval from the regulatory body.

5. For the assembly of the system in the NPP it is necessary to:

-  dismount 9 flap valves;
-  remove a layer of concrete of 2.7 m thickness (without reinforcements) in the area of 

50 m2 in the region of location of counterweights of flap valves;
-  produce and mount metallic structures (prefabricated, large scale assembly).

6. Time needed for the assembly of the system in the NPP - 2 months.

7. Time needed to complete the experimental investigation and to develop the design is 
evaluated to be 2 years; costs - one million dollars.

8. The costs of production and assembly of the system is evaluated to be 3.5 million 
dollars.
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4. GENERAL CONCLUSIONS AND RECOMMENDATIONS

The modernization of confinement systems, which can prevent releases of radioactive 
products and protect the population and personnel of the nuclear power plant is a first priority 
measure in upgrading of WWER 440/230 NPPs.

The meeting showed that there are technically feasible proposals for solving the problem 
of radioactivity confinement after a large break LOCA, including guillotine break of 500 mm 
pipe of the RCS with double ended flow.

The papers presented by specialists from Bulgaria, Russia and the Slovak Republic 
demonstrated that the task of confinement upgrading can be realized sufficiently quickly and 
effectively, although in order to choose the final design it will be necessary to conduct 
experimental investigations of various technical problems on large scale stands and to conduct 
design work.

The consultants believe that the positions of specialists from various countries are rather 
close to each other and the technical proposals have many common features. The presented 
variants of reconstruction of the pressure suppression systems show the common tendency of 
the designers to reduce as far as possible the costs and work needed for their realization. In 
particular, the following features are common to the presented proposals:

1. Release of non-condensed water steam into the environment in the initial phase of the
accident.

2. Location of the pressure suppression system inside the confinement building.
3. Utilization of the smallest possible amount of water for the purpose of pressure

suppression.

The efforts undertaken in each country should be co-ordinated in order to faster 
implement the upgraded confinement system in WWER 440/230 NPPs. Reaching the final 
solution is prevented by extremely limited financial means being currently at the disposal of 
the groups dealing with this task.

NPP Kola signed a contract in 1995 and began to provide financial means for the 
experimental demonstration of the pressure suppression system based on a whirl jet condenser.

Taking into account this situation and the possible improvements in the survival ability 
of the confinement, the consultants consider as very promising the development of highly 
effective filters for cleaning and removal of non-condensible gases, which could be used for 
managing the BDBA sequences. Further work could be based on the set of observations 
presented in the papers of Mr. Balabanov and Mr. Sartmadjiev.

The implementation of whirl jet condensers developed by VNIIAES for Kola and 
Novo Voronezh NPPs, depends on realization of the experimental investigations on a model 
which will be agreed between the VNIIAES and GAN of the Russian Federation.

Taking the importance of this task into account, it is recommended to use all possibilities 
of international co-operation to finance the development of a standard design of the pressure 
suppression system for NPPs with WWER 440/230 reactors.
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1. In the case of WWER 440/230 reactors there are several proposals for confinement 
upgrading. In filtered venting systems it is possible to use mechanical filters or water 
filters of various designs developed by Western companies, or jet condensers developed 
and tested in Russia. The presented conceptual designs offer the possibility of filtering 
the released gases throughout the accident without losing the integrity of the 
confinement.

2. It is also possible to provide a forced ventilation system having filtered discharge. This 
would assure in a long term an underpressure within the confinement after BDBAs in 
spite of high leakage rates.

3. The improvement of leaktightness of WWER 440/230 confinements is very important 
and should be treated as an urgent task.

All the countries operating WWER 440/230 units are strongly recommended to intensify 
work for the improvement of leaktightness of the existing confinements. The example 
of Bohunice V-l NPP, where the leakage rates have been decrease by more than one 
order of magnitude, shows that this task is feasible and can bring important safety 
improvements in comparatively short time.

4. The specialists support the safety upgrading proposals based on a LOCA with a break 
size equivalent to 200 mm when defining the DBA for the purpose of designing the 
upgraded confinement, provided adequate in-service inspection is performed and LBB 
concept can be applied to 500 mm pipes in the RCS.

5. The 500 mm pipe break should be considered along with other BDBAs when designing 
the upgraded confinement system. The integrity of confinement should not be lost after 
500 mm pipe break or after pressure transients resulting from secondary system breaks 
if no other failures occur.

6. The proposals for WWER 440/230 confinement upgrading show that the filtered venting 
concept both with filters or with jet condensers are feasible and allow to limit 
radioactivity releases to admissible values for the accidents initiated by breaks of RCS 
pipes of 200 mm or less. Further design studies of filtered venting and experimental 
verification of the key elements needed for this concept should be pursued so as to 
provide the possibility of practical implementation of the systems.

7. It is recommended to continue the work on the WWER 440/230 confinement upgrading 
on the international level. The improvement of such confinements should be considered 
as a high priority safety issue.

8. The problems of management of beyond design basis accidents with severe core damage 
remain unsolved. In particular, the question of prevention of hydrogen deflagration 
hazards requires further studies, both through calculations of hydrogen distributions and 
burning effects and through technological development of devices for hydrogen control. 
The most promising seems to be the development of passive hydrogen recombiners 
which can control hydrogen concentration without precipitating its burning with the 
accompanying temperature and pressure increases. The problems of hydrogen control 
should be studied jointly for WWER 440/230 and WWER 440/213 reactors.
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ABBREVIATIONS

ALS accident localization system
BDBA beyond design basis accident
DBA design basis accident
FVS filtered venting system
HF high flow
LB LOCA large break loss of coolant accident
LBB leak before break
LF low flow
LOCA loss of coolant accident
LWR light water reactor
MCP main coolant pump
MFW main feedwater
MVSS monitored venting system
NPP nuclear power plant
NRC nuclear regulatory commission
PSA probabilistic safety analysis
RCP reactor coolant pump
RCS reactor coolant system
RN radionuclides
RPV reactor pressure vessel
SG steam generator
sv safety valve
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FIG. 1 WWER 440, Model 230, Confinement



Pressure trend in the hermetic zone during LOCA: 100 mm pipe T I M E  (s)
rupture with an ori-Fice with De=32 mm. Total -Free volume o-F 
hermetic zone 9300 m3, Con-Finement spray in operation



BALABANOV E., Upgrading of Confinement of NPP Kozloduy Unit 3 and Unit 4, Proc. of
IAEA Consultants Meeting on " Confinement and Containment Performance in NPPs with
WWER 440/213 and 440/230 Reactors", IAEA Vienna, 29 Nov -3 Dec 1993, IAEA -SC-085.

FIG. 3 Pressure trend in the hermetic zone daring LOCA with De - 
32 mm, no con-Finement spray

1 x Dy200 CL LOCA - easel REIAP5/2 02.09.91

Tim e (s )

FIG. 4 Pressure trend in the hermetic zone during LOCA with De = 
200 mm, no confinement spray
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BALABANOV E., Upgrading of Confinement of NPP Kozloduy Unit 3 and Unit 4, Proc. of
IAEA Consultants Meeting on " Confinement and Containment Performance in NPPs with
WWER 440/213 and 440/230 Reactors", IAEA Vienna, 29 Nov -3 Dec 1993, IAEA -SC-085.
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FIG. 5 Pressure trend in the hermetic zone during LOCA 2x100% 
De 200 mm, no confinement spray
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FIG. 6 ' Pressure trend in the hermetic zone during CL LOCA 1x100%
De 500 mm, no confinement spray
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FIG. 7 Pressure trend in the hermetic zone during CL LOCA 2x1002 
De 500 mm, no confinement spray

BALABANOV E., Upgrading of Confinement of NPP Kozloduy Unit 3 and Unit 4, Proc. of 
IAEA Consultants Meeting on " Confinement and Containment Performance in NPPs with 
WWER 440/213 and 440/230 Reactors", IAEA Vienna, 29 Nov -3 Dec 1993, IAEA -SC-085.
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FIG. 9 UPGRADED ACCIDENT LOCALIZATION SYSTEM PROPOSED 
FOR BOHUNICE V-l UNITS TO COPE WITH 500 MM RCS BREAK



FIG. 10 Jet condenser for ALS

BALAZ P V -l Accident Localization System Upgrading to Cope with Large LOCA 
Scenarios 'proc of IAEA Consultants Meeting on " Confinement and Containment 
Performance in NPPs with WWER 440/213 and 440/230 Reactors", IAEA Vienna, 29 Nov -
3 Dec 1993, IAEA -SC-085.



FIG. 11 Sectional view of condensation pool

BALAZ P.,KOSSUTH R., Confinement System Upgrading, Bohunice NPP Gradual 
Reconstruction, Proc. o f IAEA Consultants Meeting on " Confinement Improvement Options 
for NPPs with WWER 440/230 Reactors", IAEA Vienna, 10-14 July 1995, IAEA -SC-101.
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BALAZ P.,KOSSUTH R., Confinement System Upgrading, Bohunice NPP Gradual 
Reconstruction, Proc. o f IAEA Consultants Meeting on " Confinement Improvement Options 
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FIG. 13
Scheme of the proposed ALS upgrading based on using the boric acid tank as a bubbler 

condenser pool.

1. Reactor, 2. RCS pipe break location, 3. 4, leaktight volumes, 12 260 m3, 5. Sprinklers, 6. 
Relief flap valve to atmosphere RV-A, flow passage area 0.15 m2 at Ap = 66 kPa, 5.61 m2 
at Ap 78 kPa, 7. Pipe for removal of steam-air mixture to vertical jet condensers, 8. Tank of 
emergency coolant, volume 1000 m3, 9. Removal of non-condensible gases to atmosphere, 
10 Reactor hall

TKAC A., Reconstruction Proposal of V-l NPP Jaslovske Bohunice Confinement Using Boric 
Acid Tank as a Bubbler Condenser, Proc. of IAEA Consultants Meeting on " Confinement 
Improvement Options for NPPs with WWER 440/230 Reactors", IAEA Vienna, 10-14 July 
1995, IAEA -SC-101.



FIG. 14
WWER 440, Model 230, Proposed Relief System with Filtration



BULYNIN V.D., ET AL., Technical Proposal for the Backfitting of the Isolation System of 
Russian WWER 440 Plants, Proc. of IAEA Consultants Meeting on " Confinement 
Improvement Options for NPPs with WWER 440/230 Reactors", IAEA Vienna, 10-14 July 
1995, IAEA -SC-101.
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BALABANOV E., Filtered Venting System for BDBA Mitigation on WWER 440/230
Reactors, Proc. of IAEA Consultants Meeting on " Confinement Improvement Options for
NPPs with WWER 440/230 Reactors", IAEA Vienna, 10-14 July 1995, IAEA -SC-101.
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BALABANOV E., Filtered Venting System for BDBA Mitigation on WWER 440/230
Reactors, Proc. of IAEA Consultants Meeting on " Confinement Improvement Options for
NPPs with WWER 440/230 Reactors", IAEA Vienna, 10-14 July 1995, IAEA -SC-101.
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SAFETY EVALUATION OF THE FILTERED VENTING SYSTEM

FIG- 18 Confinement pressure, Pa
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SAFETY EVALUATION OF THE FILTERED VENTING SYSTEM

Time, sec

f ig .  19 Uncontrolled leak to environment, kg /s



SAFETY EVALUATION OF THE FILTERED VENTING SYSTEM

Time, sec
FTf' ?n

* RN release to environment, kg

SAFETY EVALUATION OF THE FILTERED VENTING SYSTEM

FIG. 21 RN release to environment, kg
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SAFETY EVALUATION OF THE FILTERED VENTJNG SYSTEM

FIG. 22 Whole body dose commitment, REM

SAFETY EVALUATION OF THE FILTERED VENTING SYSTEM

FIG. 23 Thyroid dose commitment, REM
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