Current Understanding of the Iodine Chemistry in Reactor Safety

- Lessons learnt from the International PHEBUS FP Programme -
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Several aspects of iodine behaviour have been the subject of numerous small and large scale separate-effect laboratory experiments, since iodine represents a health hazard if released in significant quantities into the environment. The experiments were conducted under well defined and ‘clean’ conditions to understand its release from degraded nuclear fuel, from gas and aqueous phases and from surfaces by heterogeneous reactions. Thermodynamic and kinetic data bases have been developed and integrated in codes to predict the iodine speciation and volatility.

Based on the results of the in-pile experimental programmes, e.g., HEVA-VERCORS (F), HV-VI, PBF (USA), it is generally accepted that more than 95 % of the iodine released will be in CsI form and the rest will be volatile (molecular and organoiodine). Models to predict the chemical behaviour of the fission products in the reactor coolant system piping, e.g., VICTORIA, have been developed based on the main speciation of iodine at the source and by considering all the possible reactions with participating constituents using mainly the minimisation of the Gibb’s free energies. 

In a series of in-pile experiments at the PHEBUS reactor in Cadarache/France the chemical behaviour of the Fission Products is studied in the framework of an international long-term research programme (F, EU, Canada, CH, Japan, Korea and USA). This PHEBUS FP programme is providing a unique source of data on fission product release, transport and chemical behaviour under prototypic core degradation conditions. The release of iodine from the degraded Phebus bundle during the first two Tests FPT0 (1993) and FPT1 (1996) was generally in agreement with the available data base. However, the measured iodine behaviour in the transport piping had provided iodine speciation and the source to the containment, which was largely different from the anticipated behaviour. The LOFT-FP2 test (1985, USA) was the first core melt test studying the fission product release and transport behaviour in a large scale integral facility containing a small core enclosed in a scaled-down pressure vessel and reactor coolant system. The core had contained control rods of silver, indium and cadmium alloy. Although the results were not conclusive, however, there were indications that the iodine did not behave like CsI as anticipated. Silver was present at the end of the transport path, although it was not expected.

Unlike the code predictions, a large fraction of the released iodine remained in gaseous form (about 40%) even at temperatures as low as 150oC in the transport system piping and a large fraction remained airborne. The anticipated behaviour could not have been observed, because the presence of structural materials, e.g. control rod components, such as silver, indium, besides fission products had dominated the iodine behaviour. Such effects were not previously observed, since the test series of the Phebus FP programme are the first experiments to consider the integral or total fission product behaviour.

Although the iodine source to the PHEBUS containment was much higher than anticipated and had provided a very high initial iodine concentration, the airborne iodine concentration had rapidly decayed. Most of the iodine was then found in the sump as a non-soluble iodine species. Silver aerosol from the silver-indium-cadmium control rod in the containment atmosphere and sump could have influenced the iodine speciation resulting in a lower volatile iodine concentration in the containment atmosphere. However, an unknown source was causing a stable level of airborne iodine concentration. Radiolytic decomposition of AgI in the sump, which could provide an additional volatile iodine source, could not be clearly excluded based on current measurements and available information. Paint and molecular iodine reactions have determined the overall iodine speciation including organic iodide in the containment atmosphere as expected. A higher iodine concentration in the PHEBUS containment, although not yet completely understood, has a potential implication for the PWR source term if an early leakage from the PWR containment would occur.

The radiolytic stability, that is, the effect of b-irradiation on silver iodide, is subject of an experimental programme at PSI, which supports the PHEBUS FP programme. Current experiments using AgI aqueous colloids in the presence of a dissolved b-emitting radionuclide (188Re) show that AgI is radiolytically unstable. However, iodine volatilisation and possible formation of non-volatile iodate, both of which determine the molecular iodine source to the atmosphere, are dependent on the prevailing iodine chemistry in the sump. Experiments in Phebus typical sump conditions are now in preparation.

