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Zr hydride are formed over the whole cladding thickness Hydride lens

SAFETY BARRIERS IN PWRS

| PAGE 6 ❶-first barrier -fuel cladding : the fuel, inside which most of the radioactive products are already trapped, is enclosed within a metal cladding; ❷-second barrier -reactor coolant boundaries : the reactor coolant system is enclosed within a pressurized metal envelope that includes the reactor vessel which houses the core containing the fuel rods; ❸ -third barrier -reactor containment: the reactor coolant system is itself enclosed in a thickwalled concrete containment building (for the EPR™ reactor, the containment is a double shell resting on a thick basemat, the inner wall being covered with a leak-tight metallic liner). 

If one of the



  barriers is leaking, the reactor is stopped D. Féron | NuCoSS-15 | July 2015 CORROSION & SAFETY BARRIERS | PAGE 7 ❶ -fuel cladding : zirconium alloys / limited residence time (3 years) ❷ -reactor coolant boundaries : pressure vessel (irradiation damages) but also pipes and steam generator tubes / life time of the plant (repairs except for the RPV) ❸ -reactor containment: concrete of the reactor building (life time duration and accidental situations) Maintaining the integrity and leak tightness of just one of these barriers is sufficient to contain radioactive fission products. Fuel cladding : corrosion of zirconium alloys limits the residence time of fuel materials Reactor coolant boundaries : pressure vessel (irradiation damages) is limited by irradiation damages, while stress corrosion cracking of the nickel base alloys tubes of the SG limits the life time Chemistry: lithium /boron & hydrogen (Zn injection)  Total residence time: 3 years increased to 5 years  Burnup: from 30 GWd/t to 75-100 GWd/t  Fuel cycles increased from 18 to 24 month cycle  Evolution of the zircaloy alloy from Zircaloy4® to M5® nuclear fuel cladding In reactor, Zr alloy cladding undergoes -on the outersurface (water side) • General corrosion from primary water • Hydriding -on the innersurface (oxide side) • Stress corrosion cracking (iodine) Generalised Corrosion of Zr alloys in LWR Schematic representation of the zirconium alloy corrosion showing the pretransition, the transitory and the postransitory regions In primary water environments (water or steam), Zr alloy cladding undergoes corrosion according to: Zr + 2H 2 O → ZrO 2 + 2(1-w)H 2 (coolant) + 4wH 2 (metal) w= fraction of produced hydrogen absorbed by the metal  Progressive formation of a ZrO 2 layer Hydriding | NuCoSS-15 | July 2015 Oxidation rates of Zircaloy-4 and M5 TM measured in primary water conditions by autoclave tests (at 360°C, with10 ppm of Li and 650 ppm of B in water). Cycles appear with transitions Cladding corrosion and crud deposits observed on BWR with brass condensers Nodular corrosion in BWR Local increases of the temperature: one of the explanations of observed local degradations (nodular corrosion & Crud Induced Localized Corrosion -CILC) Important increase of the oxide thickness at the top of the fuel tubes where the temperature is the highest Data obtained on French PWRs (Framatome and CEA data). with high burnup: a hydride rim (30-60 µm) is observed close to the colder outer surface (oxide thickness > 50µm) -If oxide layer delaminates, the outer surface will be colder (better cooling) and hydrogen precipitates to form hydride lens HYDRIDE IMPACTS -Crack initiates in the rim or lens and propagates (high burnups with Zircaly 4) -Ductility is reduced -Delayed hydride cracking (DHC -phenomenon occurs at lower temperatures, for instance during dry storage / crack initiation under reactor operation and crack propagation at lower temperatures) -Hydride reorientation (HRO) occurs when tensile hoop stress are generated by internal pressure (during cooled down often) and results in a

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

CORROSION OF ZR CLADDING