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LICENSEE: MITSUBISHI HEAVY INDUSTRIES, LTD. 
 
FACILITY:   US-APWR STANDARD DESIGN PRE-APPLICATION REVIEW 
 
SUBJECT: SUMMARY OF THE JULY 26, 2007, PUBLIC MEETING ON SEVERE 

ACCIDENT ANALYSIS METHODOLOGIES FOR THE US-APWR  
 
 
On July 26, 2007, a Category 1 public meeting was held between the U.S. Nuclear Regulatory 
Commission (NRC) staff and representatives of Mitsubishi Heavy Industries (MHI), Ltd. at NRC 
Headquarters in Rockville, Maryland.  The purpose of the meeting was to discuss severe 
accident methodology and the assumptions MHI used for the analyses.  A list of meeting 
attendees is provided as Enclosure 1.  MHI presented handouts that are shown in Enclosures 2 
and 3 and can be accessed through the Agencywide Documents Access and Management 
System Accession Numbers ML07260694 and ML072840557, respectively.   
 
MHI presented information on the severe accident analysis methodology used on the US-APWR 
design and MHI’s approach to evaluate the effectiveness of the mitigation features. 
 
Severe accidents are a class of accidents beyond the design basis which result in core damage 
and may occur if plant conditions exceed design basis limits.  MHI stated that it will demonstrate 
the US-APWR’s ability to mitigate severe accident consequences by complying with NRC 
regulations, particularly Three Mile Island requirements of 10 CFR 50.34(f), by developing a 
Probabilistic Risk Assessment and by demonstrating technical resolution of applicable 
unresolved safety issues and generic safety issues discussed in NUREG-0933.  Due to the 
similarity between the US-APWR and existing pressurized-water reactor (PWR) plants, in some 
cases MHI was able to apply current severe accident experimental databases and employ 
previously tested analytical methods.   
 
MHI identified eight (8) severe accident issues:  hydrogen mixing and combustion, core debris 
coolability, steam explosion (in- and ex- vessel), high pressure melt ejection and direct 
containment heating, temperature induced steam generator tube rupture, molten core concrete 
interaction, long-term containment overpressure, and equipment survivability. 
 
MHI discussed their analysis of the hydrogen mixing and combustion.  The analysis was done to 
demonstrate that the containment ensures a mixed atmosphere, the distributed hydrogen 
concentration will remain less than 10% and the containment integrity is maintained when the 
igniters are functional, and that the containment integrity is maintained assuming an Adiabatic 
Isochoric Complete Combustion of hydrogen.  MHI explained that MAAP and GOTHIC models 
were used to evaluate the hydrogen release rate and the effectiveness of the igniters and 
atmosphere mixers.  At this point, the NRC staff asked why MAAP was needed if the amount of 
H2 could be calculated based on 100% zirconium reaction and why both MAAP and GOTHIC 
models needed to be used.  MHI explained that MAAP was used to get a conservative hydrogen 
flow rate estimate for 100% clad failure, which was then applied as a boundary condition to the 
GOTHIC model.  The modeling showed that local hydrogen concentrations would remain below 
10% during severe accidents.  MHI also stated that the containment ultimate structural 
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capability was evaluated in accordance with Section 3 of the American Society of Mechanical 
Engineers (ASME) Code to show its ability to withstand the pressure rise associated with 
hydrogen control from the igniters, as well as AICC. 
 
Next, MHI discussed their analysis of the cooling of the core debris when the reactor cavity is 
flooded.  This analysis will be done using a MAAP model whose assumption of water ingression 
into the melt is supported by COTELS and OECD MCCI experiments.  The modeling assumes 
two characteristic scenarios for debris cooling; the debris drops into a water pool, or the water is 
injected onto molten debris on the cavity floor.  Inherent uncertainties will also be considered, 
such as the amount of water ingression into the debris bed and the effectiveness of heat 
transfer.  NRC emphasized the importance of providing a list of model parameters and ranges.  
When there are variations to parameter ranges, there will be a reference available with 
experimental data to make sure the variations are within range. 
 
The third severe accident analysis that MHI discussed was in- and ex-Vessel steam explosions.  
For in-vessel steam explosions MHI examined the applicability of existing PWR studies and 
found that current studies apply to the US-APWR and that in-vessel steam explosion is unlikely 
and has a minimal importance with regard to risk.  For ex-vessel steam explosions, MHI will 
estimate the pressure load and evaluate the containment’s ability to withstand the increase.  
MAAP calculations will be used to set the initial conditions for a TEXAS-V analysis which will 
predict the pressure load.  The structural capability of the containment will then be evaluated 
with these loads using LS-DYNA.  At this point, the staff commented that the approach appears 
sound, but MHI must be careful to be thorough when creating and running their structural 
analysis model. 
 
MHI then discussed analysis goals they had established to adequately address severe 
accidents related to High Pressure Melt Ejection (HPME) and Direct Containment Heating 
(DCE).  These included demonstrating the adequacy of the Reactor Coolant System (RCS) 
depressurization valve, investigating the ability of a debris trap to limit the amount of core debris 
dispersed to the atmosphere, and demonstrating the containment structure has sufficient 
capability to withstand the pressure rise.  MHI explained that the ability of the RCS 
depressurization valve to prevent HPME will be evaluated using a MAAP model.  The amount of 
core debris will be estimated by examining existing studies and their applicability to the 
US-APWR.  The structural capability will be investigated by conservatively assuming the 
amount of core debris dispersion and then using a two-cell equilibrium model to evaluate the 
pressure rise due to DCE. 
 
The fifth severe accident analysis method discussed by MHI was Temperature Induced Steam 
Generator Tube Rupture (TI-SGTR).  MHI explained the goal of the analysis is to demonstrate 
the capacity of the RCS depressurization valve is sufficient to ensure that the potential of TI-
SGTR is acceptably low.  MHI explained that MAAP will be used to analyze high pressure 
scenarios and the ability of the depressurization valve to operate sufficiently in these conditions.  
Existing related studies will also be reviewed to gauge their applicability to the US-APWR.  NRC 
suggested running two (2) MAAP levels (1)  a high day high steam generator pressure and, (2) 
a high day low steam generator pressure. 
 
The sixth severe accident analysis discussed by MHI was Molten Core Concrete Interaction 
(MCCI).  The goals of this analysis are to demonstrate that containment integrity will remain 
during the MCCI related pressure rise beyond 24 hours after the initial onset of core damage, 
and to show that basemat melt-through will not occur within 24 hours.  MHI explained that the 
analysis utilizes MAAP to investigate characteristic accident scenarios, including no water in the 
reactor cavity, to see if the containment structural capability remains in place after 24 hours.   
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The effect on MCCI, and the resulting erosion and gas generation rates, due to differences in 
material properties from the use of different common sands will also be reviewed.  NRC said to 
consider sensitivity studies if the MAAP downward and sideward ablation rates are the same. 
 
The seventh severe accident analysis discussed was long-term containment overpressure.  The 
goal of this analysis is to show the effectiveness of diverse mitigation features and the ability of 
containment to withstand pressurization for more than 24 hours following core damage.  Once 
again MAAP will be used to evaluate the effectiveness of the mitigation features, including 
containment spray, alternative containment cooling by recirculation unit, and firewater injection 
to spray header.  The containment’s structural capability will also be examined.  At this point, 
the staff reminded MHI to model the containment’s response assuming none of the mitigation 
features are functional. 
 
The eighth and final severe accident analysis discussed by MHI was equipment survivability.  
The goal of this analysis is to demonstrate equipment survivability of systems and components 
to maintain safe shutdown under condition created by hydrogen burning, per 10 CFR 
50.44(c)(3).  MHI explained that the necessary systems and components will be identified 
during the Design Certification (DC) stage, while a complete analysis will be provided as part of 
a Combined License (COL).  Various accident scenarios will be analyzed using MAAP, while 
GOTHIC will be used to analyze environmental conditions.  For the DC, the availability of 
systems and components under the calculated environmental conditions will be investigated.  At 
this point, the staff asked if a PRA would be completed for the DC.  MHI responded that a PRA 
for major components could be included in the DC, but a complete, plant-specific PRA would be 
incorporated into the COL. 
 
At the conclusion of the meeting, NRC staff stated the overall severe accident analysis 
approach is sound.  Members of the public were in attendance.  A Public Meeting Feedback 
form was received.  The feedback was positive and the attendee felt that the staff provided clear 
responses to MHI questions and clearly outlined the NRC expectations.  The feedback has 
been entered into the NRC Public Meeting Feedback System.  Please direct any inquiries to me 
at 301-415-1626, or bcl1@nrc.gov 
 
     /RA/ 
 
     Bryce Lehman 
     US-APWR Projects Branch 1 
     Division of New Reactor Licensing 
     Office of New Reactors 
 
Project No. 751 
 
Enclosures: 
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     8th Pre-Application Review Meeting -  
     Design Features for SA Mitigation 
 
cc w/encls: See next page
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DC Mitsubishi - US APWR Mailing List      List #9 

cc: 
Mr. Glenn H. Archinoff Masayuki Kambara 
AECL Technologies Mitsubishi Nuclear Energy Systems, Inc. 
481 North Frederick Avenue 2300 Wilson Blvd. 
Suite 405 Suite 300 
Gaithersburg, MD  20877 Arlington, VA  22201-5426 
              
Ms. Michele Boyd Masahiko Kaneda 
Legislative Director Mitsubishi Heavy Industries, Ltd. 
Energy Program 16-5, Konan 2-Chome, Minato-Ku 
Public Citizens Critical Mass Energy Tokyo, 108-8215 JAPAN 
  and Environmental Program        
215 Pennsylvania Avenue, SE Shinji Kawanago 
Washington, DC  20003 Mitsubishi Nuclear Energy Systems, Inc. 
       2300 Wilson Blvd. 
W. Craig Conklin, Director Suite 300 
Chemical and Nuclear Preparedness & Arlington, VA  22201-5426 
   Protection Division (CNPPD)        
Office of Infrastructure Protection Sirirat Mongkolkarn 
Department of Homeland Security Office Administrator 
Washington, DC  20528 Mitsubishi Nuclear Energy Systems, Inc. 
       2300 Wilson Boulevard, Suite 300 
Mr. Marvin Fertel Arlington, VA  22201-5426 
Senior Vice President        
  and Chief Nuclear Officer Dr. Masanori Onozuka 
Nuclear Energy Institute Mitsubishi Nuclear Energy Systems, Inc. 
1776 I Street, NW 2300 Wilson Blvd. 
Suite 400 Suite 300 
Washington, DC  20006-3708 Arlington, VA  22201-5426 
              
Mr. Ray Ganthner Dr. C. Keith Paulson 
AREVA, Framatome ANP, Inc. Mitsubishi Nuclear Energy Systems, Inc. 
3315 Old Forest Road 300 Oxford Drive, Suite 301 
P.O. Box 10935 Monroeville, PA  15146 
Lynchburg, VA  24506-0935        
       
Mr. Paul Gaukler 
Pillsbury, Winthrop, Shaw, Pittman 
2300 N Street, NW 
Washington, DC  20037 
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Vanessa E. Quinn, Acting Director 
Technological Hazards Division 
National Preparedness Directorate 
Federal Emergency Management Agency 
500 C Street, NW 
Washington, DC  20472 
       
Mr. Robert E. Sweeney 
IBEX ESI 
4641 Montgomery Avenue 
Suite 350 
Bethesda, MD  20814 
       
Mr. Ed Wallace 
General Manager - Projects 
PBMR Pty LTD 
P. O. Box 9396 
Centurion 0046 
Republic of South Africa 
       
Mr. Gary Wright, Director 
Division of Nuclear Facility Safety 
Illinois Emergency Management Agency 
1035 Outer Park Drive 
Springfield, IL  62704 
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Email 
APH@NEI.org   (Adrian Heymer) 
awc@nei.org   (Anne W. Cottingham) 
bennettS2@bv.com   (Steve A. Bennett) 
bob.brown@ge.com   (Robert E. Brown) 
BrinkmCB@westinghouse.com   (Charles Brinkman) 
chris.maslak@ge.com   (Chris Maslak) 
ck_paulson@mnes-us.com   (C Keith Paulson) 
ckpaulson@aol.com   (C.K. Paulson) 
CumminWE@Westinghouse.com   (Edward W. Cummins) 
cwaltman@roe.com   (C. Waltman) 
david.hinds@ge.com   (David Hinds) 
david.lewis@pillsburylaw.com   (David Lewis) 
DeLaBarreR@state.gov   (R. DeLaBarre) 
Dennis.Buschbaum@txu.com   (Denny Buschbaum) 
dlochbaum@UCSUSA.org   (David Lochbaum) 
dwoodla1@txu.com   (Donald Woodlan) 
erg-xl@cox.net   (Eddie R. Grant) 
frankq@hursttech.com   (Frank Quinn) 
gcesare@enercon.com   (Guy Cesare) 
greshaja@westinghouse.com  (James Gresham) 
JAC3@nrc.gov   (Jeff Ciocco) 
james.beard@gene.ge.com   (James Beard) 
jcurtiss@winston.com   (Jim Curtiss) 
jgutierrez@morganlewis.com   (Jay M. Gutierrez) 
jim.riccio@wdc.greenpeace.org   (James Riccio) 
JJNesrsta@cpsenergy.com  (James J. Nesrsta) 
john.o'neil@pillsburylaw.com   (John O'Neil) 
Joseph.savage@ge.com   (Joseph Savage) 
Joseph_Hegner@dom.com    (Joseph Hegner) 
kcrogers@aol.com   (K. C. Rogers) 
KSutton@morganlewis.com   (Kathryn M. Sutton) 
kwaugh@impact-net.org   (Kenneth O. Waugh) 
lynchs@gao.gov   (Sarah Lynch - Meeting Notices Only) 
Margaret.Bennet@dom.com   (Margaret Bennet) 
maria.webb@pillsburylaw.com   (Maria Webb) 
mark.beaumont@wsms.com   (Mark Beaumont) 
masahiko_kaneda@mhi.co.jp   (Masahiko Kaneda) 
masanori_onozuka@mnes-us.com   (Masanori Onozuka) 
masayuki_kambara@mhi.co.jp   (Masayuki Kambara) 
matias.travieso-diaz@pillsburylaw.com   (Matias Travieso-Diaz) 
media@nei.org   (Scott Peterson) 
mike_moran@fpl.com   (Mike Moran) 
mwetterhahn@winston.com   (M. Wetterhahn) 
nirsnet@nirs.org   (Michael Mariotte) 
patriciaL.campbell@ge.com   (Patricia L. Campbell) 
paul.gaukler@pillsburylaw.com   (Paul Gaukler) 
Paul@beyondnuclear.org   (Paul Gunter) 
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pshastings@duke-energy.com   (Peter Hastings) 
RJB@NEI.org   (Russell Bell) 
RKTemple@cpsenergy.com   (R.K. Temple) 
roberta.swain@ge.com   (Roberta Swain) 
ronald.hagen@eia.doe.gov   (Ronald Hagen) 
sandra.sloan@areva.com   (Sandra Sloan) 
sfrantz@morganlewis.com   (Stephen P. Frantz) 
shinji_kawanago@mnes-us.com   (Shinji Kawanago) 
steven.hucik@ge.com   (Steven Hucik) 
Tansel.Selekler@nuclear.energy.gov   (Tansel Selekler) 
tom.miller@hq.doe.gov   (Tom Miller) 
trsmith@winston.com   (Tyson Smith) 
VictorB@bv.com   (Bill Victor) 
vijukrp@westinghouse.com   (Ronald P. Vijuk) 
waraksre@westinghouse.com   (Rosemarie E. Waraks) 
whorin@winston.com   (W. Horin) 
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