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3.7 FIRST EXPERIENCE WITH THE INSTALLATION OF PASSIVE
AUTOCATALYTIC RECOMBINERS

J. Snoeck & C. Solaro (Tractebel Energy Engineering)
P. Moeyaert (Electrabel) CA0000165

Abstract

From the principle decision of installing Passive Autocatalytic Recombiners (PARs) in
all Belgian NPPs to the installation on site, several problems needed to be identified
and solved; it is the goal of this paper to address these issues and to present the
solutions which were adopted.

The first section deals with the sizing and the distribution of the catalytic surface
inside the containment to be equipped. Rather than to rely on numerous
multicompartment calculations, the procedure is based on a single volume approach
combined with engineering judgement. The criteria applied in the successive design
steps are explained and illustrated for the Doell unit.

The second section is devoted to additional requirements concerning the resistance to
poisoning agents and the maintenance constraints, and to some recommendations for the
design of the supports.

Because the effectiveness of the PARs entirely relies on the catalyst material, a
periodic control of the active parts is of primary importance. Therefore, the
Transportable In-Service Inspection Equipment (THE) and the test procedures are
presented in the third section.

Finally, recommendations are made for further work, derived from this first
experience.



AECL-11762
- 282 - NEA/CSNI/R(96)8

1. Introduction

The PSAs carried out for the Belgian NPPs of Doel3 and Tihange 2 had identified the
possible modes of containment failure. It was concluded that the combustion of
hydrogen and carbon monoxide mixtures can become in some accident sequences a
challenging phenomenon for the containment leaktightness.

Therefore, different preventive and mitigative means have been examined to cope with
the hydrogen risk: plug ignitors, catalytic igniters, catalytic recombiners, containment
pre- or post-inertisation. The pros and the cons of those different solutions have
already been presented in different papers [1, 2] and will not be repeated here.

As a result of that comparative study, it was decided to examine in more details the
performances of the Passive Autocatalytic Recombiners (PARs) [3]. This investigation
concluded that:

• these recombiners are totally passive and self-starting ;

• the recombination starts at low concentrations of hydrogen even in steam inerted
atmosphere and the recombination rate increases with increasing concentrations;

• the recombiners operate as long as the oxygen concentration is greater than or equal
to the value derived from the stoichiometric equation;

• the recombiners promote natural convection and hence contribute to the
homogenisation of the containment atmosphere; this prevents the build-up of high
concentration pockets and reduces the risk of local detonations;

• the recombiners are resistant to poisoning agents such as elemental iodine, organic
iodide, boron, welding fumes, smoke from oil and cable fires..;

• as the recombiners rely on a simple working principle, they only require limited
installation and maintenance work.

Because no adverse effect has been identified, it was concluded that this equipment is
safety oriented and cannot worsen the conditions resulting from a highly hypothetical
severe accident.

Therefore, the Belgian Utility Electrabel came to the principle decision to install
Passive Autocalytic Recombiners in all units and asked Tractebel to carry out the
project. The call for bids was issued end 1994 and Siemens was finally selected on basis
of technical and economic quantitative criteria. A picture of the selected equipment is
shown on Figure 1.

The objective of this paper is to present the different steps which were performed from
the principle decision to the commissioning of the recombiners in the Doell NPP in
October 1995.
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2. Sizing and distribution of the catalytic surface

Doell is a Westinghouse two-loop reactor of 420 MWe which was commissioned in 1974.
The primary containment is made of a metal sphere of 42870 m^; the inner
compartments are connected to each other through large openings which allow the
development of natural convection loops and a fast homogenisation of the atmosphere
in case of accident. That homogenisation capability is still enhanced when the fan
coolers are operational.

Hence, rather than to rely on numerous multicompartment thermalhydraulic
calculations which are subject to many uncertainties for the time being, it was decided
to apply the results of the PSA of Doel3 in a single volume approach, combined with
simple design rules based on engineering judgement. That decision was further
supported by the geometric constraints and the maintenance requirements which have
to be taken into account in the backfitting of an existing plant. Because, the
possibilities to install catalytic recombiners in most of the compartments are very
limited, any optimisation process should probably lead to a similar implementation.

The successive steps of the design procedure can be summarised as follows:

a) sizing the total catalytic surface in a reference unit to satisfy a prescribed criterion;

b) extrapolating the result to the unit under consideration;

c) distributing the total surface within the different compartments of the reactor
building;

d) checking that oversizing is adequate in order to cope with the uncertainties
inherent to this kind of calculation.

In step (a), the average hydrogen concentration in the containment is calculated for the
most penalising accident sequence in the reference plant. From the results of the PSA
performed for Doel3, it appeared that the relevant scenario is the sequence SLY which
refers to a small break LOCA with failure of the ECCS when switching over to
recirculation and with the containment heat removal system operating. This scenario
results in a high in-vessel hydrogen production because the core stays at high
temperature over a long period of time with a maximum inventory of water available
for steam production. As the containment heat removal system is running, steam
condensation leads to high hydrogen concentrations.

Using the thermalhydraulic data and the hydrogen production rate obtained with
single volume calculations (MARCH3), the total catalytic surface has been sized with
the program CARE developed in Tractebel. It was required that the average hydrogen
concentration should not exceed 5 % at any time of the sequence SLY, in order to preclude
any generalised deflagration of gas mixtures. Based on validated performance data of
the recombiners, the program CARE allows to compute the concentrations of the
different gases in the containment with and without a given catalytic surface; it also
provides the adiabatic isochoric complete combustion pressure in both cases. Because
the program CARE has already been presented in other references [4,5], no details are
given here. In the particular case of Doel3, this first design step leads to a total surface
Ss% equal to 250 m2 (Fig.2).
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When no detailed severe accident calculations are available for the plant to be
equipped, a simplified approach is needed in step (b) to apply the results of a reference
plant to the unit under consideration. This was the case for Doell and it has been
assumed:

• that the thermalhydraulic conditions are identical in both units at any time of the
accident sequence;

• that the hydrogen release rate is proportional to the zirconium inventory in the
core.

In other words, both plants behave similarly when experiencing the same accident.
Although this assumption cannot be strictly justified, it introduces uncertainties which
are probably not higher than those associated with the plant specific calculations of
the accident sequences. Based on engineering judgement, the reference surface is
extrapolated using the respective zirconium masses (Zr) and containment volumes

through the formula:

(S5%) = (Zr) x (V tot) r e f

(S5%)ref (Zr)ref x

This extrapolation results in a minimal surface of 176 m^ in order not to exceed the 5%
concentration criterion in the Doell plant. Confirmatory calculations performed later
with an adapted version of the program CARE have shown that the relationship (1)
produces conservative results.

Once the total catalytic surface is known for the plant under consideration, it must be
distributed within the different compartments according to the following installation
rules.

First, the recombination process obeys an exponential law characterised by a time
constant X depending on the features of the recombiner and on the thermalhydraulic
conditions. This time constant can be written under the form:

X = C | (2)

where C depends on the recombiner and on the conditions, while S and V respectively
denote the catalytic surface and the associated volume. Alternatively, the process can
also be characterised by a time constant:

In 2
% = (3)

X
which is the time needed to decrease the hydrogen concentration by a factor 2 in the
absence of hydrogen production.

It is imposed that the time constant shall not be locally higher than the value derived
for the whole containment. Because the conditions are assumed homogeneous in the
reactor building, the condition can be expressed using equation (2) through the
relationship:

i>L > S5% (4)
Vi Vtot
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which allows to derive the catalytic surface Sj required in a compartment with a
volume Vi from the global values Ss% and

However, only three models of PARs are available, the FR-320, FR-960 and FR-1500,
with active surfaces respectively equal to 1.07m ,̂ 3.22 m^ and 11.76 m^ (see Tablel).
Therefore, the catalytic surface which is installed in a given compartment is often
higher than the surface required by criterion (4). And because it is less expensive to
install one FR-1500 than two FR-960, an economical optimisation results in a further
oversizing of the surface.

When applying the distribution rule (4), it is recommended to also account for the
location of the potential sources of hydrogen (pressurizer, relief tank, steam
generators...) to concentrate the extra recombination capacity in the rooms where the
hydrogen concentration could be temporary higher than the average value. On the
other hand, the location of the recombiners in the containment dome must be optimised
according to the possible flow paths resulting from the natural convection and from the
forced convection induced by the fan coolers.

Besides the functional criteria, the recombiners must also satisfy accessibility criteria
and may not hamper the maintenance activities inside the reactor building . A good
accessibility to the drawer is required to allow an easy extraction of the catalytic
plates for the in-service inspection (see section 3 ). The recombiners may not interfere
with the normal operation of the plant. In particular the safety criteria during
operation and shut-down must be fulfilled and the safety of the workers must be
assured.

Although each of the above mentioned criteria can easily be applied separately, the
final layout is often a compromise which needs to account for many geometric
constraints.

But generally, step (c) of the above mentioned procedure results in an installed surface
which is approximately 15 to 20 % higher than the value derived to satisfy the 5%
criterion.

Finally, the last step (d) of the design procedure consists in a final check on the
installed surface; according to a recommendation of the Belgian Safety Authorities, the
effective surface has to be 20% larger than the value derived from the 5% criterion,
which is expressed by the condition:

This calculation is performed using FR-1500 equivalent surfaces. In the balance
expressed by equation (5), the catalytic surfaces of the FR-960 and FR-320 modules are
reduced by a factor 1.5 to account for the less favourable natural convection conditions
inside narrower housings where the side wall boundary layers have a relatively
higher impact on the internal flow.

It is worthwhile to note that the 20% design margin is introduced to cope with the
inherent uncertainties existing in the knowledge of:

• the course of a severe accident;

• the zirconium inventory in the core which varies with the type of fuel;

• the homogenisation of the atmosphere.
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In addition, this margin accounts for the failure of 1 or 2 PARs which could be destroyed
by a water jet or by missiles, and for the unavailability resulting from a partial
containment flooding.

But because the step (c) of the design procedure already yields a significant design
margin, the 20% goal can be easily achieved through minor modifications such as the
choice of a larger recombiner in some places.

At last the proposed layout must be discussed and finalised in collaboration with the
Utility during a walk-down in the reactor building.

For illustrative purposes, the main data of the procedure as applied to the Doell plant
are summarised in table 2.

3. Additional design requirements

The recombiners must also comply with Quality Assurance requirements. These
requirements apply in particular to the performances of the recombiners and to the
resistance against poisoning agents. Validated data must be available about the
recombination capacity in various conditions to allow detailed comparative
calculations between the quotations. Particular attention must also be paid to the
resistance of the catalyst against elemental iodine, organic iodide, cesium, borated
water, welding fumes, painting vapours, smoke from oil and cable fires. The results of
the relevant qualification programmes need to be examined in detail. In this respect,
both efficiency and resistance tests must be certified by an independent organisation.

On the other hand, each catalytic plate must be identified with a batch number and a
running number inside the batch. This information together with the associated PAR
number has to be provided in a data base to allow an unambiguous identification and an
easy management of the parts.

Other aspects are more directly related to the mechanical design.

The catalytic plates have to be removed for the in-service inspection tests. Because
some PARs are located in sensitive areas such as the compartments of the steam
generators and of the pressurizer, the accessibility to those parts must be as quick and as
convenient as possible to comply with the ALARA principle. In the particular case of
the recombiners chosen in Belgium the plates are placed vertically in a drawer.

Because the catalyst is made of platinum, a special request was raised by the Utility to
protect the plates against theft during the outages. Hence, the inlet section of the
recombiners is protected with a grid and screws with a non standard head are used to
lock the drawer.

Finally, an important item concerns the design of the supports which must be carried out
in accordance with the following guidelines.

First, all supports must resist seismic loads because they are mounted inside the reactor
building.
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Secondly, the PARs must be laid out in such a way that they do not interfere with
maintenance operations and that they do not hamper the access to other components.
Hence, they are mounted on various types of structure such as metal frames, concrete
floors, walls, ceilings, and different types of support have to be designed . At this stage,
particular attention must be paid to optimised standardisation rules and to the
problems of accessibility into some compartments. In this respect, it is highly
recommended to design standardised and dismountable supports which can be
assembled inside the reactor building. Bearing in mind those recommendations will
substantially limit the design and calculation efforts as well as the time required for
mounting, thus reducing finally the doses to the workers.

The items specific to the in-service inspection are detailed in the next section.

4. In-Service Inspection

Each site is provided with a Transportable In-Service Inspection Equipment (TIIE) in
order to perform the in-service inspection in all units (fig. 3 & 4).

The TIIE consists in an oven with a test section in which the catalytic plate is placed.
The test section looks like a "waffle iron" and it is equipped with three thermocouples
to measure the inlet (Tl) and outlet (T3) temperatures, and the surface temperature near
the lower edge of the plate (T2). The test occurs at a temperature of 323 K which is
representative of the containment conditions in normal operation . Air with 2%
hydrogen is continuously injected in the test section and the recombination is detected by
the temperature increase of thermocouple T2. The catalytic plate fulfils the
performance specification if the temperature increases by 5K within 5 minutes. In case
of failure, two additional plates from the same batch are tested to identify if the
reason is generic or due only to local conditions.

All recombiners are tested during the first two outages after installation; afterwards
the inspection concerns only 5% of the recombiners at each outage. The inspection of an
equipment comprises both a visual inspection and a performance test applied to 2% of
the catalytic plates in accordance with the above described principle . The catalytic
plates are extracted from the drawers and transported to the hot laboratory in separate
envelopes, each being identified by its PAR number, batch number and running number.
A report is produced which clearly identifies the operator, the conditions of the test,
the plates and the results.

The complete procedure is illustrated in a detailed flow chart which covers all
possible outcomes of the tests with the relevant actions to be taken in each case.

The TIIE was originally fed with two gas bottles containing respectively the test gas
and the air which is used to flush the test section between two tests. Because the
reception tests performed before delivery showed that flushing was not compulsory to
check reliably the activity of the catalyst, the corresponding steps were removed from
the procedure, which simplifies significantly the operation mode and saves time.

At last, as all catalytic plates are systematically tested before delivery, the
acceptance tests which are performed just after installation address only 5% of the
recombiners.
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5. Recommendations for further development

The installation of PARs in the Belgian plants and especially in Doell is a world first.
Nevertheless, particular issues should be further investigated to optimise the
recombiners.

Concerning the recombination process itself, it has been confirmed that carbon monoxide
is not a poison for the catalyst but that it is effectively recombined. However,
quantitative performance tests need to be performed to measure the recombination rate
at different prototypical conditions.

The qualification programme against potential poisoning agents should be extended to
cyanide and to Other fission products. However, in this respect, it must be kept in mind
that an exhaustive list of all potential poisons cannot be produced because of the
uncertainties inherently related to the severe accidents.

Although the housing adequately protects the catalytic plates against falling water,
operational capability under spray conditions should also be extensively examined .

Design modifications can improve the accessibility to the catalytic plates for the in-
service inspection. In this respect, the on-field experience of the Utility is the most
reliable source of information.

Moreover, more flexibility should be provided in order to adapt the direction of the
outlet flow to local geometric constraints.

The catalytic recombiners work at higher rates and in a much broader range of
conditions than the thermal recombiners designed for the LOCAs. Hence the Belgian
Utility intends to remove the thermal devices and to rely only on the PARs for all
accident conditions once all plants will be equipped; this will also involve a
modification of the technical specifications.

6. Conclusions

The installation of Passive Autocatalytic Recombiners is a challenging task in an
existing plant because of the numerous geometric and operational constraints.
Nevertheless, the objective has been achieved in Doell on a tight time schedule thanks
to the efforts of the different partners. The next plants to be equipped are Doel3 in
March 96, Doel2 and Tihange2 in May 96, Tihangel in October 96, and finally Tihange3
and Doel4 in 97.

As a conclusion, it must be reminded that an efficient hydrogen control prevents any risk
of deflagration or detonation and hence precludes the associated loads to the
containment. Moreover, it brings more possibilities in managing an accident,
suppressing the restrictions on the use of containment heat removal systems. Those
significant advantages can now be obtained by installing Passive Autocatalytic
Recombiners which are recognised as safety oriented components with no negative
impact on the course of an accident.
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TABLE 1. MAIN FEATURES OF THE SIEMENS RECOMBINERS

Model

FR-1500

FR-960

FR-320

Number
of plates

150

96

32

Catalytic
Surface

(m2)

11.76

3.22

1.07

Length
(mm)

1550

1010

370

Depth
(mm)

326

166

166

Height
(mm)

1400

1000

1000

Weight
(kg)

109

39

24
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TABLE 2A. MAIN DATA

Containment (m^)

Zirconium (kg)

S5% (m2)

Doel3

60600

20426

250

Doell

42830

10201

176

TABLE 2B. DISTRIBUTED CATALYTIC SURFACE

Model

FR-1500

FR-960

FR-320

TOTAL

Sunit
(m2)

11.76

3.22

1.07

Number
(-)

18

5

1

24

Sinstalled
(m2)

211.7

16.1

1.0

228.8

Seffective
(m2)

211.7

10.7

0.7

223.1

TABLE 2C. CHECK ON TOTAL EFFECTIVE SURFACE

Stot ^ 1-2 * S5%

223.1 m2 > 1.2 * 176 m2 = 211.2 m2
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Figure 1. PASSIVE AUTOCATALYTIC RECOMBINER
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Figure 3. TRANSPORTABLE IN SERVICE INSPECTION EQUIPMENT
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