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Experimentation Carbon & Stainless steels

 About 17 of these had full decommissioning.

 12 reactors closed following an accident/incident, including 8 (partial) core melts: -1986) Fukushima Daiichi (Japan, 2011)

TMI (USA-1979) Chernobyl (Ukraine

INTRODUCTION

Importance of corrosion management during decommissioning

Structural materials have been chosen for reactor standard operation, investigated for their behavior during accidents, but not for decommissioning conditions while they still have functions (mechanical, tightness,…)

Long term issues (deferred dismantling)

After core melt: 





  110 commercial power reactors, 48 prototypes and over 250 research reactors have been retired from operation.

Fukushima

  knowledge of the corium interactions, fuel debris and fission products (physicochemical status) & behaviour  corrosion & radiations  behavior of key components after accident conditions corium Interactions: MOx + Zircaloy + stainless steel + Inconel + B 4 C + Fission Products "Prototypic" in-vessel corium system: U-Zr-Fe-O The Molten Corium Concrete Interaction starts:  The components of the concrete (CaO, SiO 2 , Al 2 O 3 , MgO, H 2 O, CO 2 ) are added to the already complex in-vessel system (U-Zr-O-Fe)  As a first approximation the Fe-U-Zr-Al-Ca-Si-O system is representative of an ex-vessel corium Issue: core melt configurations A better thermodynamic description of the in & exvessel corium sub-systems is needed to improve the thermal and thermo-hydraulics codes accuracy Need of exp. data at very high temperatures 1500°C ≤ T ≤ 3200°C Development of a specific exp. setup and Thermodynamics Investigation by a Laser Heating Approach ATTILHA: Development of a setup for high solid/liquid transitions Contactless  Aerodynamic levitation Containerless Acquisition of data on corium systems  Phase diagram data (liquidus, solidus)  Thermo-radiative properties (IR emissivity) 2 different ATTILHA configurations: All the instruments are synchronized Validation on transitions in oxide systems Al 2 Fe 0.85 Zr 0.15 Composition moved into the ternary Fe-Zr-system tie-line: Fe 0.97 O 0.03 -Fe 0.05 Zr 0.32 O 0.63 Levitation gas: He O Observation of dynamic phenomena:  Formation of 2 liquids in-situ Estimation of the emissivity ratio between the two liquids  ε oxide ~ 2ε metal Irradiation gamma performed in the POSEIODON pond, at CEA-Saclay Front part  link to the cyclotron (H + ) Middle part  Tank of the cell Back part  Temperature, pressure & hydrogen pressure sensors Temperature  300 (°C) Pressure  90 (bar) Hydrogen pressure  400 (mbar) Free potential  E 316L vs. Platinum (V) High temperature and high pressure electrochemical cell High temperature and high pressure electrochemical cell Brevet n°08 56970 du 15.10.2008, CEA (DEN & DSM)-LSI | PAGE 13 CEA -Damien Féron 2018 S. Perrin & al., LTC2016, Toronto, 2016 ATMOSPHERIC CORROSION OF CARBON STEEL Corrosion of carbon steel (A37) in a closed humid atmosphere Influence of the humidity at temperature 80°C, and of irradiation gamma (20 & 80 Gy.h -1 ) Generalized corrosion, but not uniform Lower corrosion rate at 70% HR than at 100% HR, with or without irradiation Higher corrosion rate at 100% HR and 80 Gy.h & al., JNM 419 (2011) 241-247 Potential and hydrogen partial pressure evolution at 300°C, proton flux = 6.6x10 11 H + .cm -2
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ATMOSPHERIC CORROSION

Phenomena: outdoor and indoor atmospheric corrosion, including closed atmospheres. Applications: deferred dismantling, interim storage, first period of geological disposal. Observations: shape of localised corrosions not in accordance with the well-known "Evans" droplet