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ABSTRACT 
 

The Institute of Radiological Protection and Nuclear Safety (IRSN) acts as 
technical support to French public authorities. Among its duties, one important item 
is to provide help for emergency situations management in case of an accident 
occurring in a French nuclear facility. In this framework, IRSN develops and applies 
numerical tools dealing with containment management issues. Up to now IRSN 
has not got any specific tool for experimental reactors. Accordingly, it has been 
then decided to extend the ASTEC code, devoted to severe accident scenarios for 
Pressurized Water Reactors, to this kind of reactors. This lumped-parameter code, 
co-developed by IRSN and GRS (Germany), covers the entire phenomenology 
from the initiating event up to fission products release outside the reactor 
containment, except for the steam explosion and the mechanical integrity of the 
containment. A first application to experimental reactors was carried out to assess 
the High Flux Reactor (HFR) operator’s improvement proposal concerning the 
containment management during accidental situations. This reactor, located in 
Grenoble (France), is composed of a double wall containment with a pressurized 
containment annulus preventing any direct leakage into the environment. Until 
now, in case of severe accidents (mainly core melting in pool, explosive reactivity 
accident called BORAX), the HFR emergency management consisted in isolating 
the containment building in the early stage of the accident, to prevent any 
radioactive products release to the environment. The operator decided to improve 
this containment management during accidental situations by using an air filtering 
venting system able to maintain a slight sub-atmospheric pressure in the reactor 
building. The operator’s demonstration of the efficiency of this new system is 
mainly based on containment pressure evaluations during accidental transients. 
IRSN assessed these calculations through ASTEC calculations. Finally, a global 
agreement was found with the operator’s conclusions. Globally, it demonstrates 
that ASTEC is a convenient tool for safety assessment and emergency 
management of experimental reactors. Future work is planned to extend modeling 
to core and pool, as to enable simulating the complete accident and predict fission 
products releases. 

 
 
1 Introduction 
 
As technical support to French public authorities, one of the duties of the Institute of 
Radiological Protection and Nuclear Safety (IRSN) is to improve emergency situations 
management in case of an accident occurring in a French nuclear facility. In this framework, 
IRSN develops and applies numerical tools for dealing with containment management 
issues. Up until now, IRSN did not have a specific tool for experimental reactors. 
Accordingly, it has been then decided to extend the use of the ASTEC code [1], devoted to 
severe accident scenarios for Pressurized Water Reactors, to this kind of reactors. A first 



2/5 

application to experimental reactors was carried out to assess the High Flux Reactor (HFR) 
operator’s improvement proposal concerning the containment management during accidental 
situations. The final purpose is to evaluate the radiological releases into the environment. As 
a first step, the pressure evolution in containment has been computed for three severe 
accidents scenarios: core melting under water, core melting in air and the explosive reactivity 
accident called BORAX. This paper describes the ASTEC modelling and presents some 
calculations results demonstrating the capabilities of the code to provide valuable support for 
safety analysis. 
 
2 Overview of the ASTEC code 
 
The ASTEC (Accident Source Term Evaluation Code) integral code is being co-developped 
by IRSN and GRS (Gesellschaft fur Anlagenund Reaktorsicherheit). It simulates the 
complete scenario of a severe accident in a Pressurized Water Reactor, from the initiating 
event up to fission products release outside the reactor containment. ASTEC consists of 
several modules dedicated to specific phenomena: for instance, CPA for the thermal-
hydraulics and aerosol behaviour in containment, ISODOP for the fission products and 
actinide isotope decay, SOPHAEROS for the transport of fission products… They can be 
used in a coupled mode or a stand-alone mode. The validation of the code is based on a 
large number of separated-effects tests and integral experiments [3]. The applications are 
source term evaluation studies, Probabilistic Safety Assessment level 2 studies (PSA-2) and 
accident management studies for PWR. 
As far as research reactors are concerned, some discrepancies exist with power plants, 
especially design, power level and operating mode. Nevertheless, the containment behaviour 
is driven by the same physical phenomena and that is why the code can be applied for 
studying situation management. The CPA module, devoted to thermohydraulics in 
containment, is based on a “lumped-parameter” approach (0D zones connected by 
junctions). Energy and mass equations are solved in each zone, and mass transfers between 
zones are described by momentum equations. CPA is able to take into account all the 
phenomena occurring in containment, especially evaporation, condensation, and heat 
transfers (forced and free convection, radiation, 1D conduction in structures). 
 
3 HFR computations 
 
3.1 HFR description and containment modelling 
The HFR, located in Grenoble (France), operates with a thermal power of 57 MW and 
produces an intense source of neutrons entirely dedicated to fundamental research. The 
core consists of a single fuel element made of 280 plates highly enriched in uranium 235 
(93%) with aluminium cladding. It is cooled and moderated by heavy water. The reactor 
containment building has two walls: an inner concrete wall and an outer metal shell (figure 1). 
The space between these two walls is pressurized at 135 mbar compared to the reactor 
building, which is under slight sub-atmospheric pressure (999 mbar). Until now, in case of 
severe accidents, the HFR emergency management consisted in isolating the containment 
building in the early stage of the accident, to prevent any radioactive products release to the 
environment. The operator decided to improve this containment management during 
accidental situations by using an air filtering venting system able to maintain a slight sub-
atmospheric pressure in the reactor building. 
The HFR containment was modelled using five compartments (figure 1). Two compartments 
have been used for the operation area to model the pool and the storage pool separately, but 
also to take into account possible convection movement. Internal structures made of 
concrete or steel, like the travelling crane, are taken into account. The leakage from the 
pressurized containment annulus to the containment building is given by experimental 
correlations established by the operator. The containment depressurization system is taken 
into account by imposing an outgoing mass flow rate. 
 



3/5 

 

 

Figure 1: HFR cross section and ASTEC modelling 

 
3.2 Accidental transient simulations 
Three scenarios were studied with the CPA module of ASTEC: core melting under water, 
core melting in air and the explosive reactivity accident called BORAX. The two containment 
managements have been simulated: current static containment based on the building 
isolation and dynamic containment using an air filtering venting system proposed by the 
operator. Studying the current management and make comparisons with the operator 
calculations was a first step before assessing the efficiency of the new venting system.  
For each transient, operating instructions concerning the containment management are 
taken into account: indeed, the containment annulus pressurization is reduced from 135 to 
70 mbar in order to reduce the leakage mass flow rate from the containment annulus. This 
limits the containment inflation while also allowing sufficient overpressure in the annulus in 
the case of combustion of cold and hot sources. 
 
3.2.1 Core melting under water 
The first scenario is a conventional loss of coolant accident, occurring for example in case of 
a partial or total plugging of the fuel element channels by a moving object. The decay heat is 
released into the water.  
In the case of containment isolation, a fast pressure increase is observed during the first 
stage of the accident, when the leakage from the pressurized containment annulus and the 
steam produced by the decay heat released into the pool are maximal (see the black curve 
on figure 2).  
A good agreement was found with the operator calculations: the depressurization system is 
powerful enough to maintain the containment under sub-atmospheric pressure (see the blue 
curve on figure 2). 
 
3.2.2 Core melting in air 
The second scenario is a loss of coolant accident during the fuel handling. It can be the 
consequence of failures leading to the obstruction of the fuel element reflood. The decay 
heat is released into the air and the concrete. A good agreement was also found with the 
operator results (see figure 2).  
 
The case of a core melting in air inside the reactor cavity has also been studied, even if such 
an accident is totally excluded. A sequence of events leading to the core top uncovering after 
24 hours has been considered. The operator is planning on using this delay to depressurize 
the containment building from 999 to 980 mbar before the core melting in air. The 
calculations highlighted that this operating instruction is required to maintain a sub-
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atmospheric pressure in the containment building during the two first hours of the accident 
while using the depressurization system (see figure 3). 
 
 

 

Figure 2: Containment pressure in case of core melting under water (on the left) and in case of 

core melting in air during the fuel handling (on the right) 

 

 

Figure 3: Containment pressure in case of core melting in air inside the reactor cavity while 

using the depressurization system 

 
3.2.3 Explosive reactivity accident 
The third scenario is a reactivity accident occurring in case of a fast control rod withdrawal. 
The reactivity injection can lead to the cladding melting and generate a steam explosion 
ejecting a large amount of water outside the pool. The pressure peak resulting from this 
massive injection of hot water in the operation area is difficult to evaluate. The quantity of 
steam produced depends on the water mass and the exchange with the air, increased by the 
spray fragmentation and velocity. This phenomenon was modeled using the spray module of 
ASTEC. It was possible to control the quantity of steam produced by simply tuning the 
droplets diameter. Owing to the explosive nature of this accident, the combustion of hot and 
cold sources was also taken into account by injecting an extra energy source. 
A parametric study showed that the initial pressure peak is included within the range of 117 
to 172 mbar, depending on the spray features (water mass and droplets diameter). A sub-
atmospheric pressure is reached in the containment building after 2 to 4 hours with the 
depressurization system (see figure 4). 
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Figure 4: Containment pressure in case of the explosive reactivity accident called BORAX while 

using the depressurization system 

 
4 Conclusion 
 
First application of ASTEC to research reactor has been carried out without modification of 
the code. It deals with the RHF operator’s improvement proposal concerning the containment 
management during accidental situations. Three severe accidents scenarios have been 
simulated: core melting in water, core melting in air and the explosive reactivity accident 
(BORAX). A global agreement was found with the operator’s conclusions. Sensitivity to 
relevant parameters or hypothesis such as the operating instructions in case of accidental 
situations has been stressed by the calculations. The use of such a tool made the safety 
assessment more efficient. Besides, the input deck is now available to simulate the thermal-
hydraulics behaviour of the containment for different accidental situations. All the information 
given by the code can be used for crisis management. Indeed, for each simulated accident, 
new tables can be prepared with results of pressure evolution in the reactor building, useful 
to know the ventilation mass flow rate and then evaluate the consequences on the 
environment. 
The input deck can be extended to core and pool modeling in order to evaluate radiological 
consequences due to the release of FP's. Developments are also planned in ASTEC to 
simulate with a simplified modelling the growth of the bubble during a BORAX accident. 
Furthermore, it demonstrates that ASTEC is a convenient tool for safety assessment and 
emergency management of experimental reactors. 
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