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Common Platforms for Analysis 

(TMI-2 / Fukushima ??) 
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Three Mile Island Units 1 and 2 

March 28, 1979 
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Three Mile Island (TMI) NPS 

Located near Middleton, PA 

Babcock & Wilcox PWRs 

 

Unit 1 rated at 792 Mwe 

Unit 2 rated at 880 MWe 
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Three Mile Island Unit 2 History 

• Reactor scram: 04:00 3/28/79 

• Core melt and relocation: ~05:00 – 07:30 3/28/79 

• Hydrogen deflagration: 13:00 3/28/79 

• Recirculation cooling: Late 3/28/79 

• Phased water processing: 1979-1993 

• Containment venting 43Kci Kr-85: July 1980 

• Containment entry: July 1980 

• Reactor head removed and core melt found: July 1984 

• Start defuel: October 1985 

• Shipping spent fuel: 1988-1990 

• Finish defuel: January 1990 

• Evaporate ~2.8 M gallons processed water: 1991-1993 

• Cost: ~$1 billion 
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TMI-2 Has Been a Significant Focus of the 

NRC’s “Perspectives on Reactor Safety” 

Course Since Late 1990’s  

• Rev.2 of NUREG/CR-6042 published in March 2002 

• Authored by F.E.Haskin, A.L.Camp, S.A.Hodge, and D.A.Powers 

 

• Excellent discussion of the TMI-2 accident  

• Extensive chronology of the major TMI-2 accident events 

References: 
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The TMI-2 accident chronology is well 

documented and will not be repeated 

here BUT a summary of the chronology 

is included at the end of this 

presentation.  

TMI-2 is obviously the accident scenario of choice for evaluating 

ATFs in PWRs 
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Fukushima Dai-ichi BDBA 

(BWR Severe Accidents) 
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Epicenter 

2011 Tohoku Pacific Earthquake 

• Occurred 14:46 March 11, 2011 

• Magnitude: 9.0 M 

• Epicenter location: 130 km off the coast of 
Sanriku, 38°6”N and 142°51”E, and 24 km in 
depth 

• The height of the tsunami that hit the 
Fukushima Dai-ichi NPS was more than 14 m  

Fukushima Dai-ichi NPP 

Fukushima Dai-ni NPP 
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Fukushima Dai-ichi Nuclear Power 

Station 

Units 5 & 6 

Dry SNF 

Storage 

Units 1-4 
Common 

Spent Fuel 

Pool 
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Tsunami Flooding at Fukushima Dai-ichi 
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The Tsunami Was the Primary Cause 

of the Accident on 3/11 

Note: 

All operating units automatically shut down 

(scrammed) when the earthquake occurred  

Diesel Generators (DGs) started and worked 

properly until the tsunami struck 

All electric-motor driven pumps (including the ECCS 

pumps) became inoperable 

The steam-turbine-driven pumps (RCIC and HPCI) 

were available 
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BWR/3, 4 Generation Plants 

• BWR/3 (460 MWe, 1F1) 

– Mark 1 containment (drywell + torus-type suppression pool) 

– SFP on top floor of the R/B 

– Isolation condenser for passive core cooling (at  
high pressure) 

– Core spray system (at low pressure) after  
depressurization by SRVs 

– HPCI (high pressure core injection, at high pressure) 

• BWR/4 (784 MWe, 1F2, 3, and 4) 

– Mark I containment (drywell + torus-type  
suppression pool) 

– SFP on top floor of the R/B 

– RCIC (reactor core isolation cooling) and  
HPCI (high pressure core injection) (at high  
pressure) 

– CS (core spray) and RHR/LPCI (at low pressure) after depressurization by SRVs 
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Event Progression 
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A Best-Estimate DOE/NRC Study (SNL/INL/ORNL) of 

the Fukushima Accident Published in July 2012 

•Data Portal (INL) : available data, information, 

timelines, etc on the accidents 

 

•Accident TimeLines 

 

•Analyses of the Reactor Accidents  for Units 

1-4 – (SNL and ORNL) 

 

•Model descriptions, input, assumptions 

•Analyses and results 
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Fukushima Dai-ichi Accident Timelines 
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MELCOR RPV and Containment Pressure 

Predictions (SNL) Compared to TEPCO data (Unit 1) 
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Shinya Mizokami (TEPCO) MAAP Analyses of 

Fukushima Dai-ichi Unit 1 
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MELCOR RPV and Containment Pressure 

Predictions (SNL) Compared to TEPCO data (Unit 2) 
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Shinya Mizokami (TEPCO) MAAP Analyses of 

Fukushima Dai-ichi Unit 2 
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MELCOR Predicted RPV and Containment 

Pressures Compared to TEPCO Data (Unit 3) 

SNL 

ORNL 



25 OECD-NEA Second Meeting on ATFs for LWRs 28 October 2013 

Shinya Mizokami (TEPCO) MAAP Analyses of 

Fukushima Dai-ichi Unit 3 
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Fukushima Base Case for Analysis 

Unit 1 ?  2 ? Or 3 ? 
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Unit 1 ? 

• Cons: 

– How and where RPV failed ? 

– There is NO possibility to prevent  a melt-down, even if there is no 
energy generation by the water-Zr reaction 

– An ATF design probably would not have prevented the melt-down 

– Inadequate TEPCO plant data early in the accident 

• Pros: 

– Simpler to model (no RCIIC or HPCI activation, no sprays) 

– Fewer uncertainties (of operator actions) 

– Bottom head failure within 15 hours (reasonable computation time) 

– High probability of core on the floor (can incorporate effects of ATFs on 
ex-vessel phase of the accident) 
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Unit 2 ? 

• Cons: 

– At least 66 hours of transient would have to be simulated – this is a 
significant computation time for our SA codes, especially if multiple runs 
are made 

– Uncertainty in RCIC operation (intermittent, operator trim, and/or 
degradation of pump output) 

– How and where RPV failed ? 

– Problems in WW modeling (saturation and local overheating/boiling) 

• Pros: 

– There is a possibility to prevent  the melt-down, if there is no energy 
generation by the water-Zr reaction 

– An ATF design may have prevented the melt-down 

– Adequate TEPCO plant data 
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Unit 3 ? 

• Cons: 

– At least 50 hours of transient would have to be simulated – this is a significant computation 
time for our SA codes, especially if multiple runs are made 

– 1F3 is difficult to model even before core degradation starts: 

• Uncertainty in RCIC operation (intermittent or operator trim of pump output) 

• After RCIC failure and the initiation of the HPCI, RPV pressure dropped significantly (DUE to the 
steam demand of the HPCI steam turbines), some codes may not be able to model this phenomena 

• HPCI performance degrades with dropping RPV steam pressure [SO, how much water was pumped 
into the RPV is uncertain] 

– After HPCI failure, the RPV repressurizes and boiloff starts [this probably started earlier 
with the degradation in the HPCI pumping performance] 

• DW/WW  pressures increase significantly (noncondensable gas generation or local WW 
saturation/boiling) 

• DW sprays initiated (uncertainties in delivery ammount and efficiencies) 

• How and where RPV failed ? 

– Problems in WW modeling (saturation and local overheating/boiling) noted in SAND2012-
6173 

• Pros: 

– There is a possibility to prevent  the melt-down, if there are no energy generation by the 
water-Zr reaction 

– An ATF design may have prevented the melt-down 

– Adequate TEPCO plant data 
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Questions ?? 
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TMI-2 Chronology 
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Chronology of Major TMI-2 Accidents Events – p.1 
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TMI-2: Initial Condition – Standby Operation at 97% Power 

Distribution of fuel rod rating 

(kW/m) in the core 
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Chronology of Major TMI-2 Accidents Events – p.2 
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Chronology of Major TMI-2 Accidents Events – p.3 
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TMI-2 : all pumps off, reactor core drying out 

and heating up, superheated steam flowing to 

pressurizer and to one steam generator and 

condensing 

Hypothesized core 

condition  

at 150-160  mins 

(2.5 to 2.7 h) 
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TMI-2 : Initial core degradation 

Possible mode of 

initial fuel liquefaction 

and downward flow 
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Chronology of Major TMI-2 Accidents Events – p.4 
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TMI-2 : Core Dryout and Heatup continuing, 

hydrogen generation via steam/Zr reaction in 

hotter core regions 

Hypothesized core condition  

at 173  mins (~2.8 h) 
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TMI-2 : core partially quenched by fluid during 

loop B pump start, heatup resumes 

Hypothesized core configuration  

between 174 and 180  mins  

(2.8  to 3.0 h) 
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TMI-2 : Hypothesized core configuration at 224 

mins (3:44:00) – just prior to molten pour 
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Chronology of Major TMI-2 Accidents Events – p.5 
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Chronology of Major TMI-2 Accidents Events – p.6 
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Chronology of Major TMI-2 Accidents Events – p.7 
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TMI-2 : Accident Radioisotope Release Pathways 
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TMI-2 : Final debris configuration 

Structures 

surrounding core 

Debris inside 

core barrel 
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TMI-2 : Lower head cross-section of hard debris 

Debris depth 

Lower-head 

hot spot 


