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Abstract

The safety approach of the European Fast Reactor project (EFR) requires to deal with certain hypothetical CDA and therefore
to enhance the containment structure in order to mitigate the consequences.

The analyses are performed in order to design a containment taking advantages of the inherent characteristics of the liquid
metal fast reactor. Adequate computer codes describing the sequences which follow the core disruptive accident, are used.
One of the main tool is the computer code CONTAIN-LMR.

The goal of these analyses is to identify the most sensitive phenomena such as the overpressure due to sodium fire, to assess
the involvement of some design parameters such as the leaktightness of the structures, the arrangement of the ventilation
system, the effects of the implementation of filters or a retention chamber.

The results of the calculations allow to propose a robust containment for EFR, and to verify that the radiological releases
in the environment can be limited.

The paper presents the safety approach of EFR adopted with regard to the accidents leading to a radiological source term,
and the main design options retained for the containment of EFR.

Then, the methods used to describe the phenomena and some representative calculations, will be presented.

The main useful information and knowledge which derive from these studies for the designers conclude the paper.

I. INTRODUCTION

The safety approach retained for the European Fast Reactor (EFR) requires to optimize the design of the plant
so that the consequences of the beyond design basis accidents are as low as reasonably possible. The
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modifications of the plant implemented for mitigating these accidents should not impede the normal operations
(ALARP principle).

EFR is a liquid metal fast breeder reactor (LMFBR), 1500 MWe pool type, with six secondary sodium loops
removing the power from the core towards the six steam generator units.

The challenge of the beyond design basis studies is to demonstrate that the pliant can be optimized without large
modifications compared with a plant designed considering only the design basis events. Due to the uncertainties
and the lack of knowledge related to the consequences of beyond design basis sequences, the objective is also
to propose a design which is as little as possible sensitive to the phenomena liable to occur during the accidental
sequences, the design of the plant should exclude as far as possible any cliff edge effects.

This concerns mainly the containment function which is the most requested in case of a beyond design basis core
disruptive accident (CDA) capable to lead to large radiological release inside the containment building.

For assessing the efficiency of the containment design, and of the possible variants, it is necessary to perform
a lot of parametric studies in order to identify the most critical phenomena. So, for a practical view point, it is
needed to use an integrated analysis tool capable to describe as much as possible, the main phenomena occurring
during the accidental sequence. The computer code CONTAIN-LMR has been chosen for this purpose.

2. CONTAIN-LMR

CONTAIN-LMR is a computer code developed and qualified by FzK (Germany) to answer to the needs of the
SNR2 safety evaluations and to the EFJR. safety requirements, and by the Sandia National Laboratories for the
U.S. Nuclear Regulatory Commission. It is an integrated analysis tool able to predict the physical, chemical and
radiological conditions inside a containment building following the release of radioactive material from the
primary system in a severe reactor accident. It can also predict the source term to the environment.

The additional physical models implemented in CONTAIN-LMR have been qualified in Europe. Particularly,
a comparison with the analytical models used for the safety analysis of the previous European plants has been
performed. The results were satisfactory. The comparison showed also the important practical interest to use an
integrated tool as CONTAIN-LMR. Developments are also performed by the European R&D organizations in
order to adapt the models to the specific design of the European plants.

3. EFR CONTAINMENT

3.1. Objectives for the secondary containment

The secondary containment is formed by the devices mitigating the consequences of the failure of the primary
containment. For the EFR project, the reactor building and its ventilation circuits are the main equipment
performing the secondary containment. The Figure 1 shows the containment boundary of the EFR project.

In order to judge the capability and the efficiency of the secondary containment during an hypothetical CDA,
beyond design basis plant states have been postulated. They represent starting conditions for the assessment of
the secondary containment. They are defined by judgement based on previous experience, and taking into account
the possible cliff edge effects resulting from CDA. The beyond design basis plant states are characterized by the
following features :

the fraction of fission products released in the primary circuit by the CDA,
the degree of damage of the primary containment. From this view point, the reactor roof is the most
critical equipment,
the amount of primary sodium discharged through the roof which can lead to the highest loadings
owing to the resulting fire.
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The objective of the EFR secondary containment is to mitigate the consequences of the bounding beyond design
basis plant state which corresponds to a hypothetical CDA which would lead to a large leak of the reactor roof,
but not to the roof collapse. In this ca; -, 100 kg to 2000 kg of primary sodium are discharged through the reactor
roof. The enveloping value of 2000 kg is determined assuming that all the sodium volume globally injected into
the roof plug gaps during the energetic phase of the CDA, is ejected. Ft is assessed to be the maximum amount
of primary sodium which could be discharged without collapse of the roof. It is not defined by the characteristics
of CDA.

3.2. Main options of the EFR secondary containment

The main options of the EFR secondary containment have been chosen in order to achieve the challenge to
mitigate the consequences of the bounding beyond design basis plant state :

Containment mode : the radiological releases in the environment resulting from CDA of a LMFBR are
mainly due to fission gas. They cannot reasonably be filtered. Therefore, the chosen option is to totally
close the reactor building and its ventilation system as soon as an abnormal radiological activity is
detected. The implementation of a retention chamber is investigated in order to control the radiological
releases in the environment.

Partial closure of the above roof area : in order to limit the overpressure in the reactor building due
to the primary sodium fire, the above roof area is closed by the means of the polar table needed for
handling procedure. Thus, the pressure increase in the reactor building can be limited by the small area
and the pressure drop of the openings through the polar table which limit the flowrate between the two
zones. Moreover, the partial closure of the above roof area limits the amount of oxygen available for
the fire, and therefore decreases the sensitivity of the secondary containment to the amount of sodium
which could be ejected through the roof. Thus, with this equipment, it is not necessary to implement
either a concrete pre-stressed or steel lined reactor building.

3.3. Acceptance criteria

In order to judge the capability and the efficiency of the different containment concepts, it is needed to define
targets for radiological releases in the environment. Where these targets would be achieved, the containment
could be judged to be efficient.

The limiting release targets considered are issued from the European Utilities Requirements (EUR) defined for
the future European light water reactors. They are based on the following principles :

no emergency action beyond 800 m from the site boundary,
no delayed action beyond 3 km from the site boundary,
no long term action beyond 800 m from the site boundary,
limited economic impact.

A specific methodology has been developed for quantifying the consequences of the releases, and specific
quantitative criteria are defined for each of the above targets.

The preventative measures against CDA are strongly used in the EFR design. Therefore, the beyond design basis
plant states are very infrequent events. Moreover, they are defined with bounding characteristics. This justifies
to use best estimated assumptions in the evaluation of their consequences.

4. RESULTS OF THE ACCIDENTAL ANALYSES

The release paths are described in the computer code CONTAIN-LMR by cells connected themselves. A typical
EFR model is presented in Figure 2.
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The analyses have been performed in a parametric way in order to assess the consequences of the possible
phenomena occurring during CDA, and to assess the efficiency of the devices loaded by the CDA. The results
of CONTAIN-LMR calculations are illustrated by the Figures 3 and 4, and the Table 1, related to the EFR
reference case. The most significant information given by the parametric analyses are presented as follows.

4.1. Pressure loadings on the reactor building

The pressure loadings on the reactor building are mainly sensitive to the two following parameters :

the opening area through the polar table,
the amount of primary sodium burning in the above roof area.

The CONTAIN-LMR calculations show that the consequences of the largest sodium fire, which is defined by
the amount of all the oxygen available in the above roof area, can be tolerated by the reactor building even if
it is not pre-stressed, provided the opening area through the polar table is limited. With the characteristics of the
EFR plant, the maximum mass of primary sodium able to burn is approximately 3000 kg. If the opening area
is lower than about 2 nr, the overpressure in the reactor building is lower than 250 mbar. This value allows to
ensure that the leaktightness of the reactor building is not damaged.

4.2. Leaktightness of the secondary containment

The leaktightness of the reactor building is 1 % of the volume per day under 10 mbar overpressure. This value
is judged reasonably achievable with the EFR building without significant improvement. Besides up to 250 mbar
overpressure, the leak area through the reactor building walls remains constant, and the leaktightness is not
damaged.

The CONTAIN-LMR calculations show the favourable effect due to the implementation of successive barriers
between the radioactive source and the environment. Where only one barrier is implemented, a higher
leaktightness is required. It is the case for the walls of the above roof area, and the wall of the rooms housing
the cover gas circuits and their safety valves. For these walls a leaktightness of 6 % of the volume per day under
3 bar overpressure is requested. This leads to implement steel liner on the concrete walls.

4.3. Isolation of the cover gas circuit

The non-isolation of the cover gas circuit is likely to induce unacceptable radiological releases in the
environment, and more particularly as far as noble gases are concerned. But, due to the large volume of the
circuit a short delay for isolation is not necessary. A delay of about 5 seconds is acceptable.

4.4. Isolation of the reactor building and the above roof area ventilation circuits

The CONTAIN-LMR calculations show that radiological releases in the environment are particularly sensitive
to the delay for isolation of the above roof area ventilation circuit. They conclude that the delay should be lower
than 5 seconds.

4.5. Characteristics of the sodium fire in the above roof area

The CONTAIN-LMR calculations show that a spray fire for which the primary sodium would burn rapidly
maximizes the overpressure and the mechanical loadings. But, a pool fire with primary sodium burning during
several minutes induces the largest radiological releases. This is shown in Figure 5 and Table 2. Nevertheless,
in any case the consequences can be limited and the limiting release targets are not exceeded.
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4.6. Retention chamber

The CONTAIN-LMR calculations are performed for a totally closed containment during all the duration of the
radiological releases which is several days. They show that :

apart from the concern of limited economic impact, the most sensitive radiological releases are due to
noble gases. Volatile and solid radioactive products are deposited at the beginning of the accident, and
due to the double barrier effect, they do not contribute strongly to the total releases in the environment
from the health point of view,

the radiological releases in the environment occur mainly at long term. After one hour, only 15 % of
the total gaseous releases is performed.

Taking into account that a large amount of noble gases cannot be easily filtered, and because after one hour the
overpressure inside the reactor building is significantly decreased, the reduction of the radiological releases in
the environment by means of a retention chamber may be under consideration.

A retention chamber can have three different advantageous effects :

To limit the releases by decreasing the overpressure in the reactor building. The calculations show that
a retention chamber with a volume of about 2000 m3 could allow to decrease strongly the radiological
releases in the environment.

To control and limit the radiological releases in the environment. This can be done if the pressure of
the reactor building is permanently under the external pressure. Due to the high pressure which could
occur at the beginning of the accident, this target cannot be reasonably achieved.

To collect the releases of the ventilation circuits before their isolation. A retention chamber of 1000 m'
would allow to reduce the dependence of the radiological releases in the environment on the isolation
delay needed for the ventilation circuits.

5. CONCLUSIONS

The computer code CONTAIN-LMR is a tool well adapted to assist the designers and the safety analysts for
knowledgeable analyses which allow to optimize the containment devices, and to limit the dependence of the
radiological releases in the environment on the phenomena liable to occur during CDA type accidents.

Representative examples of such studies performed for the EFR project are presented in this paper. They show
that the objective to limit the radiological releases in the environment, to exclude the most significant cliff edge
effects, and to design a homogeneous containment without weak point could be met without modifying strongly
the design. The studies are still in progress, but the current results allow to be optimistic for the EFR
containment function.

The studies performed in the frame of the EFR project show that CONTAIN-LMR is a tool which allows to
perform rapidly calculations. Then, it is possible to perform numerous calculations, and to identify the most
sensitive parameters for which design or operating improvements are the most beneficial. This allows to improve
the knowledge of the nuclear plants in severe accidental conditions for which complex and interacting phenomena
occur.
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Table 1 - CONTAIN-LMR calculations
Reference case - Releases in the environment

Isotopes

Xe 133

I 131

Cs 137

Te 131m

Sr90

Ru 103

Ce 141

Ba 140

Releases in the environment
(fraction of the total core inventory)

1.95 102

2.95 105

2.96 10's

2.86 iO3

7.08 108

7.07 108

7.07 10 s

7.07 ! 0 8
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Table 2 - CONTAIN-LMR calculations
Releases in the environment - Pool and spray fire comparison

Isotopes

Xe 133

1 131

Cs 137

Te 131m

Sr90

Ru 103

Ce 141

Ba 140

Spray fire
Activity (Bq)

3.24 1016

4.79 1013

4.86 1012

7.42 1012

1.01 1010

4.88 10"

3.88 10"

3.83 10"

Pool fire
Activity (Bq)

1.43 1017

1.20 10M

1.23 101'

1.84 10°

1.11 1010

5.34 10"

4.25 10"

4.20 10"
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Figure 1 - EFR containment
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Figure 2 - CONTAIN-LMR model for EFR
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Figure 3 - CONTAIN-LMR calculations
Reference case - Pressures in the reactor building
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Figure 4 - CONTAIN-LMR calculations
Reference case - Temperatures in the reactor building
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Figure 5 - CONTAIN-LMR calculations
Pressure in the crane hall - Spray and pool fire comparison
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