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Abstract: During the past few years, several concepts of mitigation have been developed and
tested to limit the hydrogen concentrations in the containment atmosphere during the course of
a severe accident. Extensive efforts have been given, especially in Germany and Canada, to
investigate the use of catalytic recombiners. Based on the outcome of these research efforts in
Germany it was recommended by the Reactor Safety Commission (RSK) in June 1994 to im-
plement a hydrogen mitigation system, based on catalytic recombiners in large dry contain-
ments of PWR plants.

Investigations are carried out at GRS, sponsored by the German Ministry of Environment,
Nature Conservation and Nuclear Safety (BMU), to develop basic requirements for the imple-
mentation of a catalytic recombiner system in large dry containments.

Severe accidents scenarios were calculated with the system code MELCOR to determine the
mass- and energy release rates from the primary system into the containment, necessary to
prepare the input data for the containment code calculations. A detailed nodalisation of the
containment system of a German PWR plant (Konvoi-type) was developed for the code RA-
LOC M0D4 to investigate the effectiveness of a catalytic recombiner system which consists of
53 of such devices, being distributed in the complex room arrangement.

The effectiveness of such a system is demonstrated by comparing a representative severe acci-
dent sequence without and with the catalytic recombination of hydrogen. The results showed,
that only in some limited areas in the containment combustible gas mixtures were formed for a
limited time span and that at the end of the first day after the onset of the accident the catalytic
reaction is limited due to oxygen depletion. The work is still in progress while additional severe
accident sequences have to be analyzed to develop some generic guidelines for the implemen-
tation of a catalytic recombiner system in large dry containments.

1 Introduction

A large amount of hydrogen is expected to be released within a large dry containment of a
PWR shortly after the onset of a severe accident, leading to core degradation and melting.
According to local hydrogen accumulation, gas mixture composition, turbulence and structural
configurations within the containment, the gas mixture can reach the conditions for a deflagra-
tion type of combustion or local detonations.
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As the containment acts as the last barrier against fission product release, careful planned mea-
sures are required to prevent hydrogen concentrations reaching a potential level to threat its
integrity.

Extensive efforts have been given in the past years, especially in Germany and Canada, to inve-
stigate the use of catalytic recombiners to limit the hydrogen concentrations in the containment
atmosphere during the course of a severe accident. Based on the outcome of these research
efforts in Germany it was recommended by the Reactor Safety Commission (RSK) in June
1994 (see App. 1) to implement catalytic recombiners in large dry containments of PWR
plants.

Within the scope of a project, sponsored by the German Ministry of Environment, Nature
Conservation and Nuclear Safety (BMU), GRS carries out detailed investigations to support
the ongoing discussions concerning the basic requirements for the implementation of a catalytic
recombiner system in large dry containments.

A set of representative severe accident scenarios were calculated with the system code
MELCOR. The output of the MELCOR calculations, e.g. gas production rates and fission
product heat as a result of core degradation and molten core concrete interaction (MCCI) is
required as input for the containment code RALOC M0D4. The following specific questions
remain to be addressed now:

positioning of catalytic recombiners in a multicompartment containment configuration
(development of generic criteria)

determination of the local and overall capacity of a recombiner system, needed to prevent
high hydrogen accumulation

influence of the recombiner system on the gas distribution in the containment under acci-
dental conditions (extent of gas-mixing)

consequences of a failure of local catalytic devices due to blow-down forces or catalytic
poisons.

In addition, when the number and location of catalytic recombiners have been fixed, the overall
efficiency of such a system has to be demonstrated by analytical simulation. All these investiga-
tions are in progress, using the containment code RALOC M0D4, which contains a verified
catalytic recombiner model /ROH 96/. The status and first results of the RALOC-calculations
for the German PWR reference plant (Konvoi-type) will be described together with some preli-
minary conclusions concerning the requirements for the implementation of a catalytic recombi-
ner system in large dry containments.

2 Investigations of Severe Accident Sequences with the Code MELCOR

For detailed investigations about the effectiveness of a system consisting of a number of cataly-
tic recombiners being distributed within a containment to reduce the level of hydrogen being
produced during the progress of a severe accident, the data of released masses and energy
within the containment are required as input for the calculation with the containment code
RALOC. With the actual version of MELCOR 1.8.3 as released by the NRC at the end of
1994, GRS calculates the event sequences in PWR and BWR plants leading to core damages.
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The data set of MELCOR reproduces a relatively detailed picture of German Konvoi plants.
The applied nodalisation of the primary and secondary circuits is based on the knowledges of
thermalhydraulic analyses essentially derived from the detailed code ATHLET and is oriented
according to the requirements of integral code analyses. The four loops of a real plant are
simulated with 2 loop arrangements including a detailed modeling of the reactor, pressurizer
and its relief tank. Systems for plant operation and control are simulated as far as they will
influence the accidental sequence. In total ~ 30 thermohydraulic volumes and ~ 50 flow juncti-
ons are applied to model the reactor system (see fig. 1).

For a detailed description of the processes of core melting, the reactor core is subdivided in 13
axial layers (10 "active" layers) and in 5 radial rings. The radial subdivision is oriented accor-
ding to the orientation of the arrangement of fuel elements as well as on radial power distribu-
tion.

The containment vessel, the outer annulus as well as the auxiliary building and the environment
are modeled with a total of- 30 thermohydraulic volumes and ~ 60 flow junctions. This inclu-
des the in-service recirculation systems of the containment vessel and the annulus section, the
accidental annulus suction system with filters and the filtered containment vent system.

Together with the compilation of data set, the qualification of the nodalisation and code input
has been pursued with the following comparative calculations:

ATHLET-MELCOR: concerning the thermohydraulics of the reactor system till the

beginning of core heat up

RALOC-MELCOR: concerning the situation in the containment

- WECHSL-MELCOR (CORCON): concerning" the concrete-core melt interactions
including the occurring gas release

The results of these comparative analyses showed in most of the areas good agreements of
essential parameters as well as in the general descriptions of the plant behaviour during the
accident progression.

With the compiled data set, the event sequences of a total loss of feedwater supply with pri-
mary system depressurization (typical ND* case) and a double-ended break of the surgeline at
the connection to the hot leg (typical ND case) have been analyzed. With these two completely
different events concerning the times of onset as well as the progression of core damage were
analyzed.

The point of times of characteristic events for the ND*-sequence are listed in table 1. In the
following a short description of hydrogen generation and release in the containment for the
ND*-sequence will be given as this case has been considered afterwards for the investigation
of the effectivity of the catalytic recombiners.

The largest part of H, concerning the in-vessel phase of core damage is generated during the
time interval of 3.5 - 4 h and is essentially before the last injection phase from the accumulator
into the hot leg. The relocation of molten core materials at the lower regions of core with
existing water results in the formation of a large amount of steam and consequently the oxidati-
on of metallic surfaces. The heat generated by this exothermic reaction can temporarily reach a
multiple value of the amount of decay heat and accelerate the process of core damage. Before
the slumping down of molten materials into the lower plenum 400 kg of R, and due to the
quenching process another 150 kg will be generated. Here a small part of Hj is also formed by
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the oxidation of steel structures of the core region. At the time of the failure of the reactor
pressure vessel 45 % of zircaloy inventory has been oxidized.

After vessel failure and with the onset of melt-concrete interaction, the hot gas out of the reac-
tor cavity feeds into the adjacent lower and intermediate compartments of the containment. In
the reactor cavity a maximum temperature of the melt will reach 2500 K resulting in an increa-
se of the cavity temperature up to 1600 K. This temperature remains in the same level for 17 h
after the onset of the initial event till to a sidewise ingression of sumpwater, following the
melt-through of the cavity wall. Due to the resulting strong evaporation, a large amount of hot
gases from the reactor cavity will be carried out to the adjacent compartments. Thus the at-
mospheric temperature in these lower compartments will locally reach a value of about 550 K.

Including the contribution of melt-concrete interaction ~ 2.6 t Hj and 5.2 t CO will be produ-
ced within the first 30 h.Here the ratio of the amounts of H, to CO will be measurably deter-
mined by the concrete composition.

3 The Containment Code RALOC MOD4

The original objective of the development of the RALOC-code /JAH 86, JAH 88/ was to
calculate the EAdiolysis and LQcal Gas Concentrations within the structures of a containment.
Further developments /SCH 92, SCH 94/ have been pursued to use the code extensively. In the
course of developments and for intended coupling with other codes both the tasks and the
structure of the code have been changed fundamentally since 1991. Simultaneously, the models
have been verified continuously, supplemented according to technical status and new models
added to the code.

The computer code RALOC is able to evaluate:

pressure- and temperature build-up and history

local temperature- and pressure distributions

energy distribution and local heat transfer and heat conduction in structures

local gas distributions (steam and different non condensable gases)

hydrogen combustion /HET 95/ and catalytic recombination /ROH 96/

water distribution

mass- and volumeflow for the release of fluids via opening and leakage

heat- and combustion gas distribution during fires

Calculations can be performed for simple and multi-compartmented containments and closed
buildings of nuclear power plants, as well as for compartmentalized systems (buildings, tunnels,
pit system) with more or less large openings to the environment. Mainly the consequences of
design basis accidents and severe accidents were analyzed with the code in containments of
LWRs i.e. for PWR and BWR, but also in containments of WER power plants. Some fire
events have been investigated, too.

For the description of the physical processes during an accident propagation arbitrary compart-
ment systems and -geometries can be simulated by specified volumes (the so called 'lumped
parameter' concept). The conditional changes related to location and time are reduced to a
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purely time dependent behaviour within the control volumes (nodes). These volumes are con-
nected by 'junctions'. For the simulation of heat transfer and heat conduction via walls and
internal components specified structures can be coupled to the nodes. The heat conduction is
described in one dimension, for the simulation of heat transfer processes (heat- and mass trans-
fer) different models and correlations are available.

For a realistic description of accident sequences the simulation of engineered systems is pos-
sible like pumps, heat exchangers, ventilation systems, weir, doors and flaps of different kinds
with inertia effect, spray systems, catalytic and thermal recombiners and pressure suppression
systems.

For the validation of the different models a large amount of experiments have been analysed, as
pre- and post-calculations. The code has successfully been used for 4 International Standard
Problems and some other benchmark exercises.

4 Data Required for the Simulation of a Large Dry Containment in RALOC

In order to achieve a high degree of predictability, large scale resolution capacity of the input
data for the analyses with RALOC are principally required. Especially, this is concerned for the
representation of real compartments of the reference plant by the so called model compart-
ments of the code. The high degree of detailing is required for the simulation of long time
convection processes in a containment which consequently determines the resulting local
^-concentrations and hereby the local positioning of recombiners.

Also a high degree of detailing is required to cover the junction openings between adjacent
compartments according to sizes, places, positions and direction. These junction openings can
be splitted in free openings, openings resulting from pressure differences like doors, burst flaps,
rupture discs as well as in ventilation and drainage junctions.

The exact knowledge of the real containment is required for this. These detailed knowledges
are gained from the drawings of the building, supplementary documents of the vendor and
utilities as well as from plant inspections. As for example, the rupture discs made of very thin
stainless steel and located above the steam generators, are represented exactly by a distribution
function of pressure difference of the opening. Such rupture discs create according to ventilati-
on technique a separation between the passable compartments during operation and the non-
passable area. Thus, they function as barriers for convection flows in the containment during an
accident. The high data quality is also asked for other openings, dependent on the build-up of
pressure differences, for which one applies realistic values of pressure differences generating
openings as input.

Also, for the free volumes of individual compartments as well as for the heat conducting
structures within them, and for the ceiling and walls of the rooms made of concrete, steel and
other materials, only the most realistic values are to be applied.

Out of the above mentioned requirements for the preparation of the input-data, the RALOC
nodalisation was developed, which consists of 106 compartments for the containment vessel,
14 for the outer annulus section and 9 for the auxiliary building.
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Moreover, the input dataset for RALOC contain totally 462 junctions, 226 heat slabs and for
the first application a system of 53 recombiners (21 large, 18 medium and 14 small size recom-
biners, see fig. 2). The nodalisation and the position of some recombiners could be seen from
fig. 3.

5 Boundary Conditions, Assumptions and Input Data taken from MELCOR
Calculations for the detailed RALOC Investigations

From calculations of accident sequences with the code MELCOR (see chap. 2), input data for
the code RALOC on the release of water, steam, hydrogen, carbon monoxide, carbondioxide,
system heat and the heat developed by volatile fission products were prepared relating to a
specific accident. Here the numerous data of time points resulting from the MELCOR calcula-
tions (~ 800) have to be reduced to 20-40 time points for the RALOC input for saving compu-
ting time. Apart from harmonization of release rates, efforts should however, be given to
comply with the characteristic progress of release as well as to maintain the integral values for
the mass and energy input to the containment. For the RALOC investigations of the ND*
accident sequence, two calculations have been carried out

Reference calculations without recombiners (up to 56 h of problem time)

Calculations with catalytic recombiners (up to 33 h of problem time)

The calculation for this reference sequence was stopped, when the design pressure of the con-
tainment was reached. For the RALOC-calculation with catalytic recombination, the diminis-
hing O2-concentration was the main factor to terminate the calculation. In average the
calculating time with an IBM-RISC System/6000 (Model 550) was higher by a factor 20 com-
pared to the actual problem time.

As for the location of release of mass and energy into the containment concerning the ND*
accident sequence, the compartment of the pressurizer relief tank within the containment, has
been taken (in-vessel phase). After the melt-through of the reactor pressure vessel, the location
of release has been changed to the reactor cavity (ex-vessel phase).

The criteria for the arrangement of the recombiners within the individual compartments have
been derived from the reference calculations. Primarily, in those compartments where a critical
Hj-situation was reached due to the progress of accident (exceeding locally the limits of defla-
gration up to the limits of detonation), recombiners were arranged as a first conception. The
selection of the sizes of recombiners was made according to local availability of space. In the
regions where the release of mass and energy will take place for the ND* accident, no recom-
biners were foreseen.

6 Comparison of Calculated Results without and with a Recombiner System

In the following, some results of the two calculations performed for the ND*-sequence will be
described. The two cases, without (reference case) and with a catalytic recombiner system
needs at first the hydrogen release rates from the primary system and in the late accident phase
from the reactor cavity, which are illustrated in fig. 4 and 5. The high peak release of app. 0.7
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kg/s in fig. 4 results from the reactor pressure vessel-failure, while in the longterm ex-vessel
phase the mean rate is about 0.02 kg/s. The total mass of hydrogen, being released into the
containment atmosphere is given in fig. 6, together with the integral value of the mass of hy-
drogen, being recombined in the time span of analysis. The actual overall recombination rate is
presented in fig. 7, together with the main accident phenomena, occurring during the sequence,
being calculated. From fig. 7 it could be seen, that only for a short time during the accident, the
value for the recombination rate is somewhat higher.

Fig. 8 illustrates the pressure behaviour of both the calculations for a number of characteristic
compartments without (upper curve) and with the recombiners (lower curve). At first, the
pressure for the case with recombiners is slightly higher than without the recombiners. Here the
additional energy input from the catalytic reaction becomes noticeable.

However, the longterm pressure behaviour for the case with recombiners slides down and
remains lower than the pressure curve of the reference calculation. During the recombination
the non-condensable gases (O, and H^ are transformed to condensable steam. The increased
condensation of steam at the surfaces of structures (concrete) as well as the increased heat
transfer at the structures due to a higher temperature difference leads finally to a somewhat
lower pressure level in the containment.

Fig. 9 depicts exemplarily the temperature behaviours for the middle and highest part of one
steam generator compartment (loop 1/2) and for the lower and upper stairways (loop 1). The
comparison of both cases show a similar behaviour even though the calculation with recombi-
ners lies higher. In addition to the energy release into the rooms due to the accident propagati-
on, further energies are transmitted to the rooms by the process of the catalytic recombination.
But also the compartments without recombiners will be influenced accordingly due to the con-
vection flows between the different compartments, promoted by the function of the recombi-
ners.

For the following discussions, a number of characteristic rooms have been selected where the
local effectivity of the catalytic recombination is illustrated. Fig. 10 shows the concentration
behaviours within a ternary diagram for the reactor room with and without recombiners. This
room is located directly above the reactor and was equipped with a large size recombiner. The
dashed line shows the behaviour without and the dragged line with the recombiner.

The distance between the marking points on the curves is equivalent to a time interval of one
hour. As it is evident the concentration behaviour without the recombiner proceeds towards
the boundary for detonable mixture compositions, while with the recombiner the hydrogen
concentration never exceeds the limits of combustion.

A similar behaviour is indicated at the highest dome compartment for which the concentration
behaviour is given in fig. 11. A large recombiner is arranged here which reduces the hydrogen
concentration in such a way that no longer the limits of deflagration can be reached. In addition
a stronger increase of the steam concentration in that area is observed.

Examples given are typical for the behaviour of concentrations where during the progress of
the accident and coming from a steam rich mixture composition, the Hj-concentration reaches
and even exceeds the deflagration limits and approaching the boundary of detonation. The
positioned recombiners improve the situation distinctly.

The situations inside additional characteristic rooms like steam generator compartments are
given in figs. 12 and 13. The lower steam generator compartment (loop 1/2), where a large
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sized recombiner is placed, showed similar concentration behaviours like the highest part of the
steam generator compartment (loop 1/2). Two small sized recombiners were placed here. Ori-
ginal dangerous hydrogen situation will thus be distinctly improved with the recombiners inside
the steam generator towers.

Further characteristic compartments, where without recombiners an extreme H^-situation has
to be expected are those of low steam concentrations, reaching rapidly the boundary of deton-
able gasmixtures. Figs. 14 and 15 illustrate the typical rooms of stairways where by the installa-
tion of a small recombiner spectacular improvements are achieved.

Another room where the longterm hydrogen situation can be anticipated as dangerous is the
so-called tube channel (fig. 16) designated as a dead-end-zone, located outside the missile
protection wall. If hydrogen and steam would reach there, then the steam could rapidly con-
dense at the cold walls of the containment leading to high local hydrogen concentrations. In
this tube channel no recombiners have been placed in the RALOC nodalisation until now. In-
spite of that through the installed recombiners - primarily in the equipment rooms - an essential
improvement of the hydrogen situation can be noticed. A hydrogen deflagration cannot, howe-
ver, be excluded in these areas due to the concentration behaviour.

This is also valid for the air ventilation room (level 8) as illustrated in fig. 17. A small recombi-
ner is installed here. This is not sufficient to keep the 11,-concentration below the deflagration
limits. The last two examples are given to make it clear where improvements concerning the
installation of recombiners can be undertaken.

As the ternary diagrams illustrate the time dependent behaviour of H,-concentration only on
the basis of given marks, so in figs. 18 and 19 the time dependent behaviour of
H2-concentration for the highest dome compartment and the reactor room are given again with
and without recombiners.

From these figures, the effectivity of the recombiners to reduce the Hj-concentrations will be
evident.

From fig. 20 the consumption of oxygen by the catalytic reaction could be seen. This figure
demonstrates the oxygen depletion in the late phase of the accident leading to an inert situation
of the atmosphere, so that the formation of combustible gas mixtures are prevented. Some
specific informations on the behaviour of a local recombiner (position: reactor room) are given
in fig. 21. The picture of the hydrogen concentrations illustrates the effectiveness of the recom-
biner, while the figure for the temperatures gives an impression about the temperature of the
catalytic plates and the heating up of the surrounding structures of the housing of the boxtype
recombiner. These informations are of importance to discuss the questions, whether a catalytic
device could be an ignition source for a combustible gasmixture in the area of the position of
the recombiner.

7 Preliminary Findings and Further Investigations

The ND* sequence, being analyzed, is characterized by the longtime evolution of the accident,
leading to a late release of hydrogen into a containment atmosphere with a high content of
steam. Some main results are the following:
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only in some local areas of the containment combustible gasmixtures are formed for a
limited time span

the margin of 10 Vol.-% of hydrogen is exceeded only in very limited areas in the time
period being analyzed

in the longtime more hydrogen is released into the containment than being recombined

the pressure level in the containment is less compared to the sequence without any cataly-
tic recombination due to the mol-reduction and steam condensation

in general the temperature level is higher due to the exothermic reaction of recombination

at the end of the first day the effectiveness of the recombiners is limited due to oxygen
depletion

the consumption of the oxygen by the catalytic reaction leads to an inertisation of the con-
tainment atmosphere (< 5 Vol.-% oxygen) so that in the longterm of the accident no com-
bustion of hydrogen could occur. This would be of main importance for the longterm
situation in the containment system.

But there is still the need for further investigations to achieve the basic knowledge necessary
for the development of generic guidelines for the implementation of a catalytic recombiner
system in a large dry containment.

First of all, some more characteristic severe accident sequences have to be analyzed, e.g. a low
pressure scenario (ND-case), resulting from the break of the surgeline or the initial event of
multiple steam generator tube failures, propagating into a severe accident. Especially the ND-
scenario is characterized by an early core degradation, leading to the release of hydrogen into a
containment atmosphere with less steam than in the ND*-case. The selection of different seve-
re accident sequences, covering the boundary conditions for the lay-out of a catalytic recombi-
ner system is still under discussion in Germany. The investigation of the ND-scenario at GRS is
still in progress.

In addition, investigations are required to optimize the distribution of catalytic recombiners in
the containment for the range of different severe accident scenarios. Also the consequences of
a local failure of one or two catalytic recombiners being placed nearby the release location of
hydrogen resulting from blow-down forces or strong poisoning of the catalyst have to be ana-
lyzed to assure the overall effectiveness of this mitigation concept.

Another open point is related to the presence of a high amount of CO in the late phase of a
severe accident, resulting from an extended core-concrete interaction process. Some prelimi-
nary experimental results showed, that also the CO will be recombined, when the catalytic
material is at an elevated temperature level. But the simultaneous recombination of hydrogen
and carbonmonoxid has to be further investigated.

In general, the first calculations, presented above demonstrated that the installation of a cataly-
tic recombiner system is a very effective measure to reduce the level of hydrogen in a contain-
ment during the propagation of a severe accident but due to specific local conditions the
generation of a combustible gas-mixture could not be prevented by the only use of catalytic
recombiners. This leads to the discussion concerning the need for complementary measures to
cover the whole range of accidental conditions in a large dry containment. In Germany the
additional implementation of a limited number of battery powered igniters at selected positions
in the containment (DUAL-concept) is still investigated.
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In late autumn 1996 such an integral system is expected to be proposed by the utilities. It is
planned to have discussions on this system in the German Reactor Safety Commission.

8 References

/HET95/ M. Heitsch
Das Verbrennungsmodell DECOR fur den Code RALOC mod 4.0
GRS-A-2292, Mai 1995
Gesellschaft fur Anlagen- und Reaktorsicherheit (GRS) mbH, Koln

/JAH 86/ H. Jahn, G. Weber
Description of the MOD2/85 Versions of the RALOC/FIPLOC Family
Part 1: Code System
GRS-A-1315, Gesellschaft fur Anlagen- und Reaktorsicherheit (GRS) mbH, 1986

/JAH 88/ H. Jahn, E. Hofer
Description of the MOD2/85 Versions of the RALOC/FPLOC Family
Part 2: Physical Modeling of Thermal Hydraulics and Integration Methods
GRS-A-1426, Gesellschaft fur Anlagen- und Reaktorsicherheit (GRS) mbH, 1988

/ROH 96/ J. Rohde, W. Klein-HeOHng and A.K. Chakraborty
Development and Validation of a Catalytic Recombiner Model for the Containment
Code RALOC M0D4
Paper, presented at the OECD-Workshop on 'Implementation of Hydrogen Mitiga-
tion Technique, Winnipeg-Canada, May 13-15, 1996

/SCH 92/ B. Schwinges, B. Hiittermann, M. Heitsch, W. Klein-HeBling
Progress in the Development and Validation of the Containment Code RALOC,
Presentation on Cooperative Severe Accident Research Program Meeting, Bethes-
da, Maryland, October 19-20, 1992

/SCH 94/ B. Schwinges, W. Klein-HeBling, M. Heitsch, B. Huttermann
Weiterentwicklung und Verifikation des Rechenprogramms RALOC,
AbschluBbericht GRS-A-2185, September 1994



AECL-U762
- 267 - NEA/CSNI/R(96)8

Appendix 1

The Recommendation of the German Reactor Safety Commission, concerning the Imple-
mentation of Hydrogen Mitigation Technique

The following recommendation was decided by the German Reactor Safety Commission and
published in the "Bundesanzeiger", date July 14, 1994:

"In order to avoid an early or late loss of integrity of the containment of a PWR-piant due to
hydrogen deflagration during beyond design basis accidents, the Reactor Safety Commission
(RSK) recommends the application of catalytic recombiners. They recombine hydrogen before
it reaches the deflagration limit as well as from steam inerted gas mixtures. Thus, a safety rela-
ted meaningful amount of released hydrogen can be recombined within some hours and thereby
contributions towards assuring the integrity of the containment as well as for the reduction of
risk can be made. Catalytic recombiners are to be designed to achieve the efficiency. The cata-
lytic recombiner is an unequivocal safety related measure to control hydrogen during beyond
design events.

For the catalytic recombiners, concepts of prototype are existing which are technically well
developed and proven by tests. Recombiners are passive constructional elements. Neither do
they require any service by the operators nor do they require any energy supply. The installati-
on of these recombiners within the existing PWR-plants does not pose any safety related pro-
blems.

RSK is proposing to optimize the constructional details concerning the specific forthcoming
application. Test samples from catalytic devices should be tested annually to demonstrate the
catalytic activity. Regarding the number and the location of catalytic recombiners, the release
rate of hydrogen as well as the characteristic gas transport times within the containments are to
be considered.

These recombiners are to be placed primarily in the neighborhood of global convection flows
of the containment, near the containment steel shell as well as in those compartments where
hydrogen will be released. Complying the physical principles within the voluminous contain-
ment, large scale convection loops will be formed. With numerical calculations and engineering
judgment and on the basis of existing knowledge regarding the distribution of hydrogen, the
required number and location of the recombiners can be determined with sufficient exactness.

For the installation of the catalytic recombiners, the RSK is expecting quick preparation and
submission of concrete technical plans from the utilities and vendors. Hereby the enveloping
course of events can be based on the accident scenarios described in the introduction (late
recoverable severe accidents with up to 100 % of Zirconium oxidation, low pressure core melt
scenario with core concrete interaction).

As for further step the RSK will examine the requirements to supplement the catalytic recombi-
ners through fixed early burning of hydrogen by the igniters having short path of flame propa-
gation or through post dilution of the containment atmosphere. For the application of igniters,
the RSK thinks it is necessary to prove the transferability of the recently obtained results and
also the results of the planned tests on hydrogen combustion on the real conditions of a PWR
plant."

The BMU shares the opinion of the RSK and has formally asked the state authorities to inform
the utilities correspondingly.
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Time

0,0 sec

0,5- 11,0 sec

14,0 sec

•~10 min

-20 min

-28 min

-55 min

~1 hr 10 min

-1 hr20min

-1 hr45 min

1 hr 58 min

-2 hr 05 min

-2 hr 05 min

-2hr 10 min

-2 hr 50 min

~3 hr 30 min

-4 hr 10 min

-5 hr 48 min

-6 hr 28 min

~7hr

-17 hr

-48 hr

-75 hr

84 hr

Main Events of the ND*-Sequence
- Plant Specific Case -

initiating event; loss of secondary feed water supply and loss of secondary
heat sink during normal plant operation

primary pressure limited by pressurizer spray system

reactor scram; begin of controlled secondary cooldown

end of controlled secondary cooldown

shut-off of MCP (hand action)

MCP stopped, begin of natural circulation in primary circuit

SGs are empty

1. opening of pressurizer relief valve (steam release)

opening of pressurizer relief tank and begin of steam release into contain-
ment; shut-off of containment and annulus air ventilation system; shut-on
of annulus accident air ventilation system

saturation conditions reached in the whole primary circuit

initiation of primary bleed action (RPV min-3) by opening of all pressuri-
zer relief and safety valves (total relief area 100 cm2)

water level reaches bottom level of active core

cold leg accumulators shut-off by plant specific regulations

begin of 1. accumulator injection phase into hot legs followed by partial
core cooling (-40 % of total capacity)

begin of 2. accumulator injection phase into hot legs followed by partial
core cooling (-25 % of total capacity)

begin of core melting in upper core cells of all rings; melting front goes
from inner to outer ring and from upper to lower part of the core

last accumulator injection phase into hot legs, partial cooling of destroyed
core (accus are empty after -10 min)

failure of core support plate, core material slumping and quenching in the
low. plenum

RPV failure and begin of melt release into reactor cavity

increasing of MCCI after heat up of released melt

sump water ingression into reactor cavity because of the radial erosion
front reaches the outer cavity wall

initiation of accident filtered venting of containment at 0.6 MPa

stop of accident filtered venting of containment at 0.35 MPa

end of calculation



Reactor Single Loop

SRV Steam

Pressurizer + Tank

VCS -Spray' Burst Disks

,3x

PORV, SRV1+2

Heater

VCS VCS

Spray — —

Fig. 1 MELCOR Scheme of Primary and Secondary

Circuit of a German PWR 1300

ON

o >
RPV Failure



-270-
AECL-11762

NEA/CSNI/R(96)8

Removable grill

Convection
shaft

Deflector plate

Guide frame Inspection cover

Catalyst sheets
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Available Sizes: Type

FR 90/1-150

FR 90/1-320

FR 90/1-960

FR 90/1-1500

Length (mm)

150

400

1000

1500

Depth (mm)

150

150

150

300

Catalyst insert

Figure 2 Siemens Catalytic Box-type Recombiner
(ref.: R. Heck, Siemens, SMIRT12 Conference 1993)
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* marks the position of catalytic recombiners

Figure 3 RALOC-Nodalisation Scheme of a 1300 MW PWR
Containment Type Konvoi
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