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Westinghouse defines two of the time frames that would occur in a severe 

accident.  Time Frame 1 is the Core Heatup Phase and Time Frame 2 is the In-Vessel 

Severe Accident Phase.   

Westinghouse states that “Time Frame 1 is defined as the period of time after core 

uncovery and prior to the onset of significant core damage as evidenced by the rapid 

zirconium-water reactions in the core.  This is the transition period from design basis to 

severe accident environment.”1   

Regarding Time Frame 2, Westinghouse states that “[t]he onset of rapid 

zirconium-water reactions of the fuel rod cladding and hydrogen generation defines the 

beginning of Time Frame 2.  The heat of the exothermic reaction accelerates the 

degradation, melting, and relocation of the core.”2   

Westinghouse maintains that the core-exit gas temperature would reach 1200°F in 

Time Frame 1, before the onset of the rapid zirconium-steam reaction of the fuel 

cladding.3  However, experimental data demonstrates that this would not necessarily be 

the case.   

In the LOFT LP-FP-2 experiment, an experiment simulating a severe accident, 

core-exit temperatures were measured at around 800°F when in-core thermocouples 

measured fuel cladding temperatures exceeding 3300°F.  Therefore, after the onset of the 

                                                 
1 Westinghouse, “AP1000 Design Control Document,” Rev. 19, Tier 2 Material, Chapter 19, 
“Probabilistic Risk Assessment,” Appendix 19D, “Equipment Survivability Assessment,” June 
13, 2011, available at: www.nrc.gov, NRC Library, ADAMS Documents, Accession Number: 
ML11171A416, p. 19D-3. 
2 Id., p. 19D-3, 19D-4. 
3 Id., p. 19D-3. 
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rapid zirconium-steam reaction, core-exit temperatures were measured at around 800°F.  

(This is discussed on pages 16 to 18 of the petition.)   

An OECD Nuclear Energy Agency report, “Core Exit Temperature (CET) 

Effectiveness in Accident Management of Nuclear Power Reactor,” published in 2010, 

states that in LOFT LP-FP-2, “during the rapid oxidation phase [core-exit temperatures] 

appeared essentially to be disconnected from core temperatures.”4   

Clearly, there are problems with Westinghouse’s emergency response guidelines 

for the AP1000.  Plant operators are instructed to actuate the AP1000 containment 

hydrogen igniters after the core-exit thermocouple measurements exceed 1200°F, which 

would most likely be some time after a meltdown had commenced.   

Another problem with Westinghouse’s plan to have plant operators rely on core-

exit thermocouple measurements in the event of a severe accident is that plant operators 

might reflood an overheated core when they did not realize that the core was in fact 

overheated.  Consider a scenario in which there were similar temperature differences 

between in-core and core-exit temperatures as were observed in LOFT LP-FP-2.  If plant 

operators were to reflood the core when core-exit temperatures were well below 1200°F, 

the core could already be overheated—fuel-cladding temperatures could be over 3300°F, 

at a temperature where zirconium melts.  In such a case, there would also be some 

liquefaction of core components, because of eutectic reactions taking place at 

temperatures as low as 2200°F.  For example, the eutectic reaction between zirconium 

and stainless steel.   

Unintentionally reflooding an overheated core could be very dangerous.  In a 

severe accident, during the reflooding of an overheated reactor core up to 300 kilograms 

of hydrogen could be generated in one minute.5   

                                                 
4 Robert Prior, et al., OECD Nuclear Energy Agency, Committee on the Safety of Nuclear 
Installations, “Core Exit Temperature (CET) Effectiveness in Accident Management of Nuclear 
Power Reactor,” NEA/CSNI/R(2010)9, November 26 2010, p. 50. 
5 E. Bachellerie, et al., “Generic Approach for Designing and Implementing a Passive 
Autocatalytic Recombiner PAR-System in Nuclear Power Plant Containments,” Nuclear 
Engineering and Design, 221, 2003, p. 158. 
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Regarding the refooding of an overheated reactor core, a second OECD Nuclear 

Energy Agency report, “In-Vessel Core Degradation Code Validation Matrix: Update 

1996-1999,” published in 2000, states:  

Several of the integrated core damage progression tests have been 
reflooded, resulting in production of significant amounts of steam, with 
further oxidation and hydrogen generation, as observed in some CORA 
tests and in LOFT-LP-FP-2.  This renewed heatup is important regarding 
accident management, as the additional hydrogen might threaten 
containment integrity and increased fission product release would increase 
the source term.  The increasing fuel temperatures, being counter-intuitive, 
might confuse the operators into taking inappropriate action.6   
 
It is evident that with Westinghouse’s plan to have plant operators rely on core-

exit thermocouple measurements in the event of a severe accident, operators could 

unintentionally reflood an overheated core, which would rapidly generate additional 

hydrogen, at a rate as high as 5.0 kilograms per second, which could, in turn, compromise 

the containment if the hydrogen were to detonate.   

In the petition, data from experiments simulating design basis accidents is 

discussed on pages 14 to 16.  Two of the main conclusions from such experiments 

conducted at four different facilities are that core exit temperature measurements display 

in all cases a significant delay (up to several hundred seconds) and that core exit 

temperature measurements are always significantly lower (up to several hundred Celsius) 

than the actual maximum cladding temperature.   

Clearly, for severe accidents, Westinghouse’s plan for AP1000 plant operators to 

rely on core exit temperature measurements to monitor the condition of the core and to 

wait for a core exit temperature measurement of 1200°F to signal when to actuate 

hydrogen igniters and implement other procedures would be neither productive nor safe.   

Respectfully submitted,  
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6 OECD Nuclear Energy Agency, “In-Vessel Core Degradation Code Validation Matrix: Update 
1996-1999,” Report by an OECD NEA Group of Experts, October 2000, p. 13.  


