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EVOLUTION TO MELTDOWN 

-A PHENOM1ENOLOGICAL CHECKLIST

0 VESSEL BOILOFF PRECURSORS (SEQUENCE DEPENDENT) 

0 BOILOFF FROM CORE REGION 

* FUEL HEATUP 

*DECAY HEAT (F.P. LOSS AS DAMAGE INCREASES) 

-ZR/H1 2O REACTION, H2 GENERATION 

- HEAT LOSS BY VARIOUS MECHANISMS 

- CLAD DAMAGE (0 EMBRITTLEMENT, ZR0 2 SPALLATIOIJ) 

- CLAD RELOCATION 

-FORMATION OF FUEL/CLAD RUBBLE POSSIBLE
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*FUEL MELT 

- FORMATION OF U-0-ZR !ELTABLES 

- LOCAL HELT MIOTIONJ (RIVULET FLO01) 

- FREEZING, REMELT AT LOWER ELEVATIONS (BLOCKAGE?) 

- MELT STREAMING, OUEiJLIIIG (STEAM EXPLOSION?), FRAGMENTATION 
A14D DISPERSION 

CORE BARL STEAM 1 CRUST, SINTERED RUBBLE 
DADD13 IrnATm~ O~r% 7.fA

REACTOR.  
VESSEL

STEAM ( /INTACT FUEL RODS 

~WATER LEVEL

PLATE

DIFFUSER 
PLATE

BOTTOM SUPPORT 
PLATE

*CORE MELT 

-FORMATION OF MOLTEN POOL (CRUST STABILITY) 

-STRUCTURAL HEATUP AND MELT-IN4 OF STEEL 

-POOL CRUST FAILURE (STREAMING) OR CORE. SLUMPING TO LOWER PLENUM
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o LOWlER PLENJUM 

- FAILURE OF BELOW-CORE STRUCTURES 

I IIL/AER IIJTERACT1IU;S III LUwE.R PLEiJUfl(UI ~ IIGS XLSU 
DEBRIS BED FOR;1AIIOIJ) 

- VAPORIZATIONi OF REMAININJG WATER 

- ATTACK OF PRESSURE VESSEL 

- BREACH OF RPV ANID EXIT OF CURE IIATEHIALS 

HOT, 
WEAKEN ED 

CORE BARREL 

HOT, 

WEAKENED ML 

LOWER COREIl

4.

~*0



PHE1NOMEIJOLOGICAL UNCERTAINTIES

*EARLY 

-CLAD FRACTURE A14D RELOCATION MODES 

-FISSION PRODUCT REDISTRIBUTION 

-EARLY U-O-ZR MELTABLES (11 Ps, BEHAVIOR, PROPERTIES) 

*FAILURE MODES OF INTERNAL STRUCTURES (EFFECT Oil S EQUENCE) 

-BLOCKAGE EFFECTS (HEAT TRANSFER, EXTENT OF H20/ZR REACTION) 

-MELT MOTION (STREAMING, REFREEZINJG, COHERENCY) 

* LATE 

- CRUST (FORMATION, STRENGTH, REMIELT) 

- OCCURKE14CE OF STEAI EXPLOSIONS 

- MELT-W4ATER INTERACTIONS (DEGREE OF FRAGMENTlATION, DISPERSAL 
P OTENTIAL, TYPE OF DEBRIS BEDS FORMED) 

- DEBRIS COOLABILITY.  

- VESSEL FAILURE MODE(S) AND TIriIIG
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UINCERTAINJTIES FOLLOWIIN6 
RE114TRUDUCTIUIJ OF WATER INTO 

DAMAMED CURE 

EARLY (PREMELT) DEBRIS 

=> TYPE AWl) EXTEWT OF DAMAGE 

- OXIDIZED CLAD 

- BALLOONED CLAD 

- FRACTURED CLAD + PELLETS 

=>~ LOCATION OF DEBRIS 

- IlW-PLACE

- RUBBLE HEAP 

- SETTLED INTO UNDAMAGED CORE 

=>~ GEOMETRY OF DEBRIS 

- FRACTURE OR FRAGMENT SIZES 

- PACKI14G 

SEFFECTS OF WATER ENTRY 

-HEAT TRANSFER 

-HYDRODY1NAMIC EFFECTS
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UNJCERTAINTIES FOLLOWINIG 
RL114TKUUUCIIUfN OF WAFER INTO 

OAfIA6ED CORE 

LATE (MOLTENI) DEBRIS 

=> TYPE AND EXTENT OF MELT 

- SIZE, ENTHALPY ABOVE M-ELT 

- DEGREE OF COHERENCY 

=)00 LOCATION OF MELT 

- BLOCKAGES (WATER ACCESS) 

-. AXIAL PENETRATION 

u*EFFECTS OF WATER ENTRY 

- STEAM EXPLOSION, DAMAGE 

- MELT QUENCH, FRAGME14TATIOII 

- DISPERSAL OF DEBRIS 

m~DEBRIS BED 

- FORMATION (STRATIFIED?) 

- COOLIING 

- REMELT


