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1. INTRODUCTION.

Although there is a good knowledge of the risks and no major accident occurred in
France, as in other OECD countries, it remains useful to complete basic knowledge and
to allow the quality of fuel cycle plants safety assessments to be improved further,
particularly in countries equipped with a "complete" nuclear fuel cycle (France, Japan
and U.K.).

The scope of the current and future IPSN {"Institut de Protection et de Surete
Nucleaire": institute for protection and nuclear safety) research deals with the whole fuel
cycle. The overview presented here in NUCEF'95 symposium contains a number of
specific themes, some of which have already been started. Successful conclusion of the
safety researches will allow the IPSN to have a more precise understanding about
specific phenomena and notably to replace "engineer judgements", though they may be
based on a lot of experience and competence, by more scientifically established basic
data.

The researches are done by IPSN or CEA ("Commissariat a I'Energie Atomique":
French Atomic Energy Commission) departments or other competent teams. The R & D
uses experimental facilities operated by these bodies.

More precisely, the specific themes of research are as follows:
1) Criticality safety, which is the subject of a particular session of NUCEF'95 symposium
2) Fire hazards, which are dealt with in a particular presentation.
3) Scenarios which are particularly interesting from a safety point of view:

- prolonged loss of cooling in concentrated fission product solution storage tanks;
- dewatering of a spent fuel storage pond;
- explosion risks in nuclear fuel cycle laboratories and plants;
- dissemination of radioactive materials in case of fire in fuel manufacturing plants

and in spent fuel analysis laboratories;
- contamination transfer, including:

• velocity limit ensuring contamination does not backscatter to openings in
ventilated anti-contamination devices,

• contamination transfer in ventilated areas,
' re-suspension of the contamination;
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- phenomenology of liquid uranium hexafluoride vaporisation into the atmosphere,
- ways and means of intervention in the event of liquid C1F3 leakage;
- oftsite explosion;

4) Seismic research.

Caning out work geared towards better understanding of basic data already resulted in
improvements in safety assessments (contamination transfer mechanisms, evaluation of
accident consequences).

2. RESEARCH AREAS AND PROGRAMMES.

2.1. PROLONGED LOSS OF COOLING IN CONCENTRATED FISSION PRODUCT SOLUTION
STORAGE TANKS

Due to its very low probability, this sort of accident has been classified as beyond-design
for spent fuel reprocessing plants. Nevertheless, this accident was studied in the frame of
the determination of technical bases for the PPI ("Plan Particulier d'Intervention" :
offsite emergency plan of public authorities) of the La Hague plant.

When such a loss of cooling happens, self-heating results in the solutions boiling until
total evaporation occurs. The research involved trials on real solutions in the CEA - DPR
("Departemenl des Precedes de Retraitement": process department) laboratories.

This research is now completed. The results obtained were presented in document form
at international congresses on fuel cycle safety (NR.C, San Diego 1990, and OECD/NEA,
Tokyo 1991). They confirmed the very pessimistic character of the first global estimates.

2.2. DEWATERING OF A SPENT FUEL STORAGE POND.

This type of accident is also considered highly improbable and is classified as beyond-
design. Nevertheless, the study of the consequences of dewatering in a spent fuel storage
pond began in 1990. Given the increased storage capacity for irradiated material in
ponds, this matter requires particular attention.

Alongside the COGEMA studies concerning the cooling of the fuel assemblies, the 1PSN
carries out, with CEA - DMT (" Department de hdecanique et de Technologic" :
Mechanics and Technology Department) specific works aiming at:
- studying the storage pond dewatering phase,
- estimating the consequences of a total emptying of the pond (possible deterioration of
the fuel cladding).

Generally speaking, the thermal behaviour of assemblies in the event of a total or partial
dewatering involves phenomena hard to model by calculation alone.
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The five-year programme, which will be completed for the end of 1995, includes:
- using existing codes to get an idea of the phenomena's order of magnitude, kinetics

and time available for implementing countermeasures. This phase took place in
1991 and allowed the major parameters and corresponding R & D programme to
be worked out;

- the development of codes suitable for simulating the thermal situation in the fuel
assembly and the behaviour of all the assemblies in the storage pond required for a
more detailed study of the transients;

- the definition of a programme of mock-up trials at scale i of a fuel assembly
(called "PEGASE") allowing improvements to the codes to be tested and validated
by comparison of the trial results with those of the calculations;

- calculations for real cases.

For 1996, a complementary parametric study program of the dependence on residual
power is envisaged, to extend the validation range of the heat transfer computation
module for natural convection in a square fuel rod lattice (17 x 17 type).

2.3. EXPLOSION RISKS IN NUCLEAR FUEL CYCLE LABORATORIES AND PLANTS.

a) The first subject is devoted to studying the consequences of a hydrogen explosion in
the "free volume" of a fission products storage tank (sub-contracted to CEA - DMT).

The following two situations are examined:
- tank filled to its maximum (worst possible situation in terms of potential

radiological effects in the case of containment burst),
- tank filled to a lower level (worst possible situation in terms of volume of

exploding gas).

Calculations are in progress to evaluate the structural consequences of the explosion.

b) Recently, a programme of documentary research was started in order:
- to collate the largest amount of information available on the following:

• inventory of the risks of explosion in "laboratories and plants", specifying the
type of equipment involved and resulting damage scenario;

• experience feedback on explosions in "laboratories and plants";

- to identify studies and research useful to assess the possibilities and consequences
of such accidents.

2.4. DISSEMINATION OF RADIOACTIVE MATERIALS IN CASE OF FIRE IN FUEL

MANUFACTURING PLANTS AND SPENT FUEL EXAMINATION LABORATORIES.

The following actions have been undertaken:
- documentary research on the fire behaviour of sintered or non-sintered UO2 type

material to determine useful studies and researches;
- feasibility study for fire resistance trials on spent fuel rods open at both ends in
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order to study their fire behaviour and the output kinetics of fission products:
selection of representative situations,
experiment proposals: test objectives,

measured quantities,
use of results.

This would allow for a better assessment of fire risks in the following nuclear fuel cycle
plants:

- fuel manufacturing plants,
- spent fuel examination laboratories.

The corresponding studies are today based on assumptions it would be advisable to
check against scientifically established basic data:

- what is the fire behaviour of new, sintered UO2 pellets stored on shelves with no
specific containment before being put into the fuel rods? At what temperature do
the pellets start losing their cohesion and how do the radioactive materials
disperse? (First action);

- in the event of spent fuel in a fire, what degradation would it undergo? What
fraction of the fuel would become pulverulent? Out of this fraction, what
proportion would return to suspension in the air? What radioactivities would be
discharged? (Second action).

2.5. CONTAMINATION TRANSFERS.

2.5.1 Dynamic containment at work stations.

The aims of this program are to test and specify dynamic containment techniques at
laboratory and nuclear fuel reprocessing plant work stations and to evaluate the validity
of current containment criteria; it will comprise two phases:

- carrying out of experimental studies, mainly in-laboratory and if possible on-site, to
correlate the efficiency of dynamic containment with various operating parameters
(mainly air velocity at openings, opening geometry and edge profiles, barriers,
respective positions of openings and contamination sources). Digital simulations
using the TRIO-EF (2D) code will be made in conjunction with these experiments;
- testing new dynamic containment techniques.

A report on literature studies (French and foreign publications) about the velocity limit
guaranteeing the absence of any contamination backscattering at dynamic containment
openings has been completed. From this report, it appears that there is no unequivocal
evidence for the validity of the generally accepted 0.5 m.s"1 limit.

Actually, in-situ studies in fuel fabrication plants (in particular, the FBFC unit at
Romans-sur-lsere) showed the advantages of characterising dynamic containment
efficiency by criteria other than the velocity at the openings of a containment cell. Local
backscattering regions were found depending on the operating configurations although
the velocity was 0.5 m.s'1.

A parametric study using the TRIO-EF code for a specific configuration confirmed these
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results and showed, in particular, the effects of ambient ventilation conditions and of the
opening dimensions on the containment backscattering coefficient.

Nevertheless, the results show that, for openings with diameters below 30 cm, the 0.5
m.s"1 criterion appears to be justified.

To obtain a better understanding of the involved phenomena, the 1PSN makes use of the
following facilities:

- a test bench consisting of a containment cell with adjustable opening geometry and
air inlet velocity, and instrumentation for determining gas and particle flow profiles.
In particular, with this facility the air supply position with respect to the hood
opening can be varied (in the lower part of the room where the hood is located, in the
upper part, at the same height as the opening, scattered supply from behind a barrier),
opening size, flow velocity (flow rate/surface area ratio);
- a test bench using Doppler laser anemometry for observing the velocity profile at
an opening.

2.5.2 Contamination resuspension.

The factors leading to resuspension of solid or liquid contamination are, in general,
poorly known. The R&D work comprises two actions:

- to gather and analyse the main data now available on this subject to provide orders
of magnitude for the resuspension factors;
- to carry out experimental studies for simulating the main resuspension mechanisms
liable to be encountered in the nuclear fuel cycle installations.

In this field, the significant IPSN programs are:

a) an exhaustive literature study of the resuspension and transfer factors in nuclear fuel
cycle laboratories and plants.

One of the extensions envisaged for this program would be to prepare a complete state-
of-the-art report for publication as a handbook.

This report would show the gaps in our knowledge and lead to establishing a future
R&D program;

b) expert assessments and experimental studies of resuspension factors during the
dismantling of nuclear installations. Such studies are made in order to better evaluate the
potential hazards during dismantling and cleaning of radioactive cells.

2.5.3. Development of the ventilation code SIMEVENT.

The interest in using the SIMEVENT code for the safety assessment of ventilation
networks was presented in document form at international congresses on fuel cycle
safety (NRC, San Diego 1990, and OECD/NEA, Tokyo 1991).

The code is based on the division of the ventilation system into nodes linked by branches.
An algorithm solves the mass and temperature balance equations in each node. All the
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components of the ventilation network are modellized, including passive (filters,
ducts,...) and active (fans, ejectors,...) components, pressure and flow controllers, taking
into account air leakages with other rooms or with the atmosphere outside of the
buildings.

Using a given set of operating conditions as reference, SIMEVENT can be used to
calculate the new operating state of the ventilation network following a simulated
disturbance: mechanical (fan shutdown, hatch opening,...) or thermal (temperature
increase in a room,...).

Since the first version of SIMEVENT, a steady state one, developments were validated;
they concern:
- natural ventilation (in case of a total loss of electrical power),
- modelling of transfer (gases or aerosols) and filter clogging,

The validation of a version of SIMEVENT for transient states is in progress.

2.6. HAZARDS ASSOCIATED WITH LEAKAGES FROM UF<i CANISTERS AND WITH CIF3

FIRES.

The study entitled "phenomenology of liquid UF^ vaporisation into the atmosphere: the
case of leakage from the burst 48 Y canister valve" should first of all allow to obtain a
picture of the present state of knowledge, then guide and prepare future research on the
behaviour of UF6 emitted into the environment as a liquid (particularly the fraction
evaporated and the evaporation kinetics). The study will include three phases:

- documentary research on work performed in the area (theoretical, experimental
and accident analyses);

- identification of the main phenomena involved in the process, phenomena
modelling trials, highlighting the gaps in the knowledge;

- proposal of objectives and plans for carrying out an experimental programme
allowing the gaps to be filled.

The above work is to be conducted alongside the research on hazards related to C1F3

fires.

This latter study should allow to obtain a picture of the present state of knowledge, then
guide and prepare future research on the conditions of intervention in the event of liquid
C1F3 leakage in order to limit its spread and reactions with other materials it encounters.
It will include two phases:

- documentary research and synthesis of knowledge on the matter;
- identification of the phenomena involved in the reaction process between liquid

ClFe and any material it may encounter, allowing for research proposals on
intervention products.

2.7. OFFSITE EXPLOSIONS.

The objective of this program, made by IPSN in collaboration with the CEA - DMT, is
to evaluate the consequences of an offsite explosion with other means than those
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recommended by the Basic Safety Rule ("Regie Fondamentale de Surete") N°. 1.2.d, by
improving the accuracy of the calculations for an explosion outside in the atmosphere.

The studies started in 1993. They consisted in applying the PLEXUS code to a situation
already studied by IPSN with the method suggested by the Basic Safety Rule: explosion
of a cloud from the evaporation of a layer of liquid hydrogen in air under detonation or
deflagration conditions (evaluation of the overpressure produced as function of source
distance, in the atmosphere without barriers).

These studies will be continued in the following directions:
- effects of cloud shape,
- effects of barriers,
- experimental study of mechanical effects of shock waves on barriers,

- studies of other gases.

The results will be applied to a real case on site, involving the presence of an obstacle.

2.8. SEISMIC RESEARCH.

For nuclear power plants, IPSN developed a method for determining the earthquake
intensity to be taken into account for the design of the plants; this method was also
applied to the nuclear fuel cycle plants. It consists of historical and geological studies to
assess the intensity of what is termed the "maximum historically probable earthquake",
the earthquake taken into consideration in the design basis then being the "maximum
safety earthquake" defined as being one degree higher than the maximum historically
probable earthquake in the MSK scale. Response spectra with a number of damping
values are then established by using a collection of data on recent earthquakes from diffe-
rent regions of the world. A permanent updating of the data is ensured.

Complementary studies were started in the area of plant earthquake resistance. Spanning
six years, the programme's objectives are to better assess the existing margins concerning
the structures' earthquake resistance in the event of an earthquake. The studies started
with an initial phase of static trials on solid walls and then of dynamic trials on walls
either solid or with centred or non-centred openings. The next phase of trials looked at
the effect of the number of openings in a wall and on the effect of transverse walls on
overall resistance. Generally speaking, the trials did not demonstrate any clear-cut
resistance of the buildings but they did allow calculation methods to be developed and
applied to the earthquake resistance of real structures. These studies are sub-contracted
to CEA - DMT.

3. CONCLUSION.

The safety of a nuclear installation is primarily the responsability of its operator. As an
independant expert, the French IPSN performs research works to better assess the
operators' proposals.

The foregoing shows that IPSN is carrying out works in all the main fields concerning
the safety of plants and laboratories of the nuclear fuel cycle.
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