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1. INTRODUCTION 

The R&D programmes relating to the behaviour of containments 
during severe accidents cover several domains: 

• leaktightness of the containment: this programme concerns the 
mechanical resistance of the concretes and the cracking 
criteria, on the one hand, and the leak rate through the 
porosities or cracks, on the other; 

• gaseous releases inside the containment. In addition to the 
releases of steam and fission products from the primary circuit, 
the gaseous H2O and CO2 releases from the concrete must 
also be studied: firstly during the corium-concrete interaction, 
and secondly during the heating of the internal surface of the 
containment which can be raised to a high temperature on 
contact with the atmosphere, for example during hydrogen 
combustion; 

• the release of fission products during the corium-concrete 
interactions; 

• the behaviour of the fission products inside the containment, 
particularly as regards iodine. 

2. THERMAL DECOMPOSITION OF THE CONCRETE 

The CEA (French Atomic Energy Commission) has, since 1980, 
been carrying out a major study programme on the thermal 
behaviour of concrete subjected to temperatures between 300°C 
and 800°C and the water and CO2 releases under such 
conditions. 



The objective of this programme is to evaluate the quantity of gas: 

a) which is bubbling through the melted material during corium-
concrete interaction; 

b) which is released by the internal wall of the reactor cav:tv 
heated by radiation during the first phase of the cariun-
concrete interaction. 

2.1 Experimental equipment 

The experimental apparatus, shown in the diagram in Figure 1, 
includes a lower part designed for heating and comprising seven 
tubular elements of 8 kW of maximum unit power. 

The experimental concrete, 1.15 m in diameter and 1 m thick, is 
poured directly inside its metal wrapper. After a minimum drying 
period of 28 days, it is placed above the heating elements. 

In oraer to evaluate the quantities of water released by each 
surface of the concrete block, two different systems were devised, 
one applicable to the cold surface, the other to the hot surface 
(see Figure 2). 

The steam released by the hot surface is cooled in an exchanger 
and then condensed in a ball cooler. The condensate is 
recovered in a storage tank whose variation in weight is 
constantly monitored. 

On the cold surface, each zone is fitted with a humidity detector 
which carries out a constant analysis of the water content of the 
gas film confined in the zone in question. 

In order to achieve the maximum possible precision in the CO2 
quantitative dosage, taking into account the particular 
experimental conditions, it was decided to implement several 
methods: 
• spectrometry measurement of the quadripolar mass, 
• measurement of the CO2 flow by integral absorption. 

At the end of the test it is possible to evaluate the balance by 
comparing the volume of water and CO2 recovered in the 
sampling zones with the variation in the mass of the test 
specimen, this variation being measured by means of the 
dynamometers supporting the concrete block. 

In addition, each test specimen includes one or two samples, 
conical in shape, situated in the central zone, of the same 
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composition of the block itself, designed to measure the residual 
water content of the concrete after the test 

The concrete block is fitted with a wide variety of instruments 
designed to record the f?Mowing measurements: 
• temperature, 
• internal pressure, 
• thermal diffusivity, 
• acoustic emission. 

Experimental programme 

This programme which was begun in 1981 and is now finished 
was presented in Washington in 1982/Ref. 1/. 

Test 
identification 

Hot surface 
temperature 

(°C) 
Reinforcement 

Test 
duration 

(days) 

DEMTO 320-550 No 2.5 
DEMT1 320 Yes 5 
DEMT2 550 Yes 5 
DEMT3 550 No 5 
DEMT4 550 Yes with drain 5 
DEMT5 880 Yes 5 
DEMT6 880 No 5 

RELEASE OF FISSION PRODUCT DURING THE CORIUM-
CONCRETE INTERACTION 

The corium-concrete interaction phenomena, in terms of erosion 
speed and gaseous release, are known with sufficient precision 
for the calculation of severe accident scenarios. The margins of 
error are similar to those associated with the other phenomena 
taken into account in these scenarios. The calculation code used 
in France, Wechsl, developed in Germany, was validated with the 
Beta experiments and now constitutes a reliable tool. 
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As regards the amission of fission products during the corium-
concrete interactions, the extent of our knowledge is inadequate 
and the situation is as follows: 

• the studies undertaken so far have shown that the corium-
concrete interactions were necessarily preceded by a phase 
involving the heating of the fuel to a very high temperature, in 
the region of fusion (2,800°C); during this phase, which is of 
short duration (several hours), significant quantities of volatile 
fission products are emitted. After rupture of the vessel, and its 
discharge into the bottom of the reactor pit, the corium cools 
rapidly, to approximately 1,500°C, at which temperature it 
remains for several days. At present we have large 
uncertainties in the evaluation of the fission product emissions 
during this phase. Considering the temperature decrease, it is 
likely that the emission kinetics are low, but as the duration is 
relatively long, we cannot make any assumptions about the 
results. At present there are very few representative 
experiments. Consequently, the calculation code of the STCP 
system (Vanessa) cannot be correctly validated . 

In view of the above, the French programme uses two types of 
experiment: 

• The ACE programme, phase A 

This programme will be carried out in the Argone laboratories. 
It comprises large scale corium fusion tests. 

These tests are comparable in scale with the BETA tests (KfK, 
Karlsruhe, West Germany) and SURC (Sandia National 
Laboratories, USA). This enables the "edge effect" to be 
eliminated. 

In these tests, ANL will heat masses of corium of approximately 
300 kg by means of a resistance heater in square crucibles 
(50 x 50 cm). Mixtures of diverse composition including UO2, 
Zr02. Zr, stainless steel, CaO and SiC-2 and containing 
simulators of fission products such as La203, BaO and SrO will 
be melted and maintained at a fixed temperature, in contact 
with different types of concrete. 

Eight tests are planned (not counting the functioning tests) for 
this large scale series. A draft schedule is given in Table 1. 

A wide range of instrumentation is used for these experiments, 
the devices used for the measurement of the aerosols being 
particularly sophisticated. The principal quantities measured 
are the temperatures in the corium, in the gasos and in the 
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concrete, the heat flow lost to the walls, the heating power, the 
mass flows of the gases and the aerosol characteristics. 

• The Baracuda programme 

General objectives of Baracuda: 

Baracuda provides a database involving reactor material 
experiments to: 
- study the fission product release aspects of molten core 

concrete interaction (MCCI) especially for long term release, 
- evaluate predictions of key modelling/code development 

efforts in the light of the experimental measurements, 
- validate the thermochemical equilibrium code Gemini, 

and specifically: 
• obtain data for various calculated (Wechsl code) 

compositions of melt (corium + concrete) representative of 
the long term MCCI on phenomena that control: 
- the overall releases of aerosols, 
- the physical and chemical characteristics of aerosols. 

Approach 

Baracuda experiments are sparging tests bubbling a controlled 
flow of gases through a corium-concrete mixture and a controlled 
flow of gases representative of various states of the MCCI. The 
input data are calculated with the MCCI code Wechsl and the 
mixtures are typically: UO2 (30%), Z1O2 (10%), SO2 (40%), etc. 
and the gas flow rates are: 0 to 2.10'3 kg//s/m2 

Test facility 

The test facility is illustrated in figure 3. 

The apparatus is illustrated in figure 4. 

Scale: 
• diameter of melt: 0.30 m 
• height of melt: 0.2 to 0.4 m 
• quantity of melt: 50 to 100 kg. 
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Heating: 
• 0 to 3 kW/kg of melt direct induction heating using a 200 kW 

power supply with a frequency range of 100 to 400 kHz. 

Temperatures: 
• temperature of melt from 1,500 to 2,200 K. 

Measurements: 
• temperature of the melt: ten wavelength pyrometer 

thermocouple Pt/Rh gained 
superkhantai (Mo Si02> 

• measure of ail surface heat losses 
• gas composition input/output of the melt 
• aerosol diagnostic: release rates: filers 

particle size distribution: impactor 
post test analysis: chemical 
characterization 

BEHAVIOUR OF THE FISSION PRODUCTS INSIDE THE 
CONTAINMENT 

The fission products released by the fuel traverse the primary 
circuit where they may react with the gases (steam and 
hydrogen) and the materials composing the primary circuit 
(stainless steel, zircalloy and inconel). They are then injected 
into the containment where they are again in contact with a 
different atmosphere (air, steam, hydrogen, CO2 etc.) and with 
the walls of the containment (steel, concrete and paint). We must 
therefore know how the chemical form of the fission products will 
evolve and, in particular, if their composition will correspond to a 
gaseous or condensed form (solid or liquid). 

This is particularly important in the case of iodine which can take 
numerous chemical forms, more or less volatile in character, 
under the effect of its interaction with the surfaces and/or the 
radiation which it receives. 

Iodine-paint interaction 

In one group of tests the quantity of iodine absorbed and 
desorbed by the paints in different temperature conditions and for 
gases of different composition (air-steam and CO2) is measured. 
The following parameters are examined: 
• nature of the paint, 
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• thickness of the pant (between 15 and 80 u.m), 
• temperature (between oO and 120°C), 
• concentration in gaseous iodine (10 - 6 to 10"4 g/l), 
• velocity of gas flow, 
• presence of condensed water on the painted surface. 

During these tests the following are measured: 
• the quantity of iodine absorbed by the surface, 
• the quantity of iodine released at higher temperatures 
• the formation of organic iodine, it any. 

Iodine-concrete interaction 

The interaction between the iodine and the concrete merits 
attention as it can occur on two occasions: 

• in the event of leaks from the containment, the gas contained 
in it migrates, with the impurities which it contains, across the 
concrete; the concrete can retain these impurities, iodine in 
particular; 

• in the event of leaks from the internal containment of a reactor 
with a double containment, the gases emitted will spend a 
considerable time (several hours) in the space between the 
internal containment and the external containment (the inter-
containment space). During this time the iodine may react with 
the concrete surfaces (approximately 20,000 m2). 

The tests will be carried out by passing a gaseous mixture across 
the porosities of a concrete test specimen 

Influence of irradiation 

In the event of a severe accident, the water containing the fission 
products, and therefore the iodine, is recovered in the sunp 
situated at the base of the reactor. Under the effect of radiation, 
the chemical iodine compounds can dissociate, releasing volatile 
iodine compounds. 

The experiments are carried out on a small scale on solution of 
Csl at different pH values and with different radiation doses up to 
10MRad. 
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TABLE 1 

ACE-PROGRAMME—Phase A 

Corium composition will be determined from specific code cases: 
• Oxides from in-vessel: UO2, ZiOz, Fe304. Cra03, NiO 
• Oxides from early ex-vessel: CaO, Si02, MgO, AI2O3 
• Metals: Fe, Cr, Ni, Ru-Steel alloy, Zr-Te 
• Rssion products: Lâ203, BaO, SrO, CeC*2 

Test 
No. 

Concrete (1.4) 
Type 

Target 
MettTemp.K 

In-vessel 
Oxidation, % (2) 

B4C Ag. in 

L1 L/S 2,500 70 — - P ) 
L2 B* 2.500 70 — (yes) 
L3 B* 2,500 30 — (yes) 
L4 B* 2,500 30 (yes) (3) — 
L5 L/S 2,000 100 (yes) — 
L6 L/S 2,500 30 — (yes) 
L7 L/S 2.500 30 (yes) — 
L8 L/S 2,500 70 — (yes) 

Notes: 

(1 ) Concrete type: L/S - Limestone/common sand. 

(2) 70% in-vessei oxidation indicates 30% Zr, SST are in metallic form 
in corium mixture; similarly, 30% in-vessel oxidation indicates 70% 
Zr, SST are in metallic form in corium mixture. 

(3) (yes): implies conditional yes, predicated on the success achieved 
in direct heating of the corium mixture containing substantial 
quantities of metallic components. 

(4) Concrete should include rebar. 

* The basalt concrete composition and procedure for fabrication will 
be specified by FRG. 
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