
2018 Power Plant Simulation Conference 
Houston, Texas 

January 15, 2017 

Challenges of Modeling the 
Fukushima Event on a Full Scope 

Simulator  



Outline 

•  Prologue 
•  Background 
•  Description of MELCOR 
•  Purpose of a Full Scope Simulator 
•  How a Severe Accident is Modeled within THOR 
•  Challenges of Modeling Fukushima 
•  Differences Between Daiichi and Daini  
•  Summary 

2 



Prologue 

•  The Fukushima event exemplifies the significance of 
having a well trained team that can manage extreme 
events 

•  Training is best accomplished through training exercises, 
having a full scope simulator is an important part of this 
exposition 

•  The simulator must be designed to include both the 
phenomena as well the equipment response that may 
occur 
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Choice of Simulation Engine 
•  MELCOR was chosen to some extent based on my experience with 

MELCOR and MAAP 
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My Experience with the Codes 

•  Over 30 years of experience in severe accident research 
•  Worked for over 10 years as part of the BWR Severe Accident 

Technology program at ORNL, (incorporating specific models into 
MELCOR) 

•  Worked for 10 years at AREVA using MAAP on various reactor 
designs (EPR, B&W, CE, and W) and code improvements 

•  Recognized expert in severe accident phenomena, including serving 
on several panels sponsored by NRC, DOE, EPRI, and INPO 
   SOARCA, CROSSWALK, Fukushima 

•  Teaches the severe accident session at MIT’s course “Nuclear Plant 
Safety Course:” 
http://professional.mit.edu/programs/short-programs/
nuclear-plant-safety 
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MELCOR is Managed by the NRC and 
Developed at Sandia National 

Laboratory/ORNL 

•  NRC started development of MELCOR in the 1980’s 
•  Nearly a billion dollars has been spent on MELCOR’s 

development over the years 
•  Has gone from a PRA code to application to Design Basis 
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MELCOR’s Capabilities 

•  Great modeling flexibility afforded by control volume 
approach and control functions 

•  Unified code for all reactor types 
•  Control functions can be used to interface MELCOR to other 

codes, e.g. through PVM 
  Set boundary conditions 
  Force flow 
  Add external fluid 

•  Models have been and continue to be improved, including 
enhancements to the code based on results from 
Fukushima 
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To Recapitulate, Purpose of a full 
Scope Simulator 

•  Provide training to operators in a “Virtual Environment” 
that mimics anticipated severe accident responses on 
the control room instrumentation 

•  Deliver Severe Accident Management Guideline training 
  Practice in real-time as opposed to table top exercises 
  Can easily change simulation so that operators are 

continuously challenged 
  Ability to test FLEX procedures 
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The Severe Accident Portion of the 
Simulation is Modeled by MELCOR 

•  THOR is utilized up to the point of the start of 
runaway zirc oxidation, typically 2,200 F (i.e., 
significant dry-out of the core) 

•  Once core oxidation is calculated, THOR 
hands off the Reactor Coolant System 
modeling to MELCOR 

•  THOR and MELCOR interacts through 
boundary conditions 

•  MELCOR is used to model the debris in  
the cavity, allowing for post vessel-failure 
simulation 

•  Both THOR and MELCOR run in real-time 
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Currently CORYS has Several MELCOR 
Models Both PWRs and BWRs 

•  Started development of a full scope simulator in 2012 with 
Monticello   

•  For BWRs, only the RV is modeled 
•  For PWRs, the entire RCS is modeled 
•  The base model includes the  

relevant information at nominal 
operating conditions 

•  THOR models other regions 
of the plant 
  Drywell 

Wetwell 
  SRV Operation 
  Containment 
  Etc. 
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Fukushima Event Synopsis  

•  The Fukushima event was a combination of several 
failures 
  Complete loss of onsite and offsite power cause by tidal wave  
  Loss of battery 
  Loss of instrumentation 

•  Several systems failed in an “as is” state  
  At the time of event, the isolation condensers in 1F1 were 

isolated 
  The RCIC pumps continued to operate in 1F2 and 1F3, 

inhibited by control 
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Challenges Faced in Simulating a 
Fukushima Event 

•  Modeling the environment during and after the event 

•  Detailed modeling of electrical systems and associated 
logic components 

•  Modeling operation of systems (components) without 
control logic (valves failing in “as-is” configuration) 

•  Ensuring simulation agrees with accident progression  
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Simulating Control Room Environment 
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Modeling Damage to Components/
Systems 

•  Simulator must allow for either direct or indirect removal 
of components during the modeled transient (e.g. 
flooding): 
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Possible failure of 
top of drywell 



Failure of Components as Condition 
Change 
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•  Dynamic modeling 
failure of electrical 
equipment during a 
flooding event –  



Modeling Dependent Logic  
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Modeling the Interaction of AC and DC 
Power Systems 

•  For the isolation condensers, extreme details made be 
required to model restoration of service: 
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Simulation Should be Extended 
Beyond Vessel Failure 
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Modeling of Control Logic or Equipment 
Fragility is Required for Proper 

Simulation 
•  At 1F2 the RCIC pumps ran (~72 hours) until eventually 

failed – possibly from high exhaust temperature or other 
cause 

•  At 1F3, RCIC stopped when a protection signal (DC 
power was available) tripped the pump 

•  Again at 1F3, HPCI auto-started on ‘lo lo’ reactor vessel 
water level and ran until the pressure dropped below the 
operating range (HPCI was operated in ‘Test Mode’ most 
of the time with only periodic flow to the vessel) 
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Simulation Enhancements as Part of 
Fukushima Effort by the NRC/Sandia 

•  Currently the NRC/Sandia are working on an enhanced 
RCIC model –  
“RCIC Operation in Fukushima Accidents as Modeled by 
MELCOR and Proposed Testing,” SAND2014-18746C 

•  Modeling multiple fuel rod types (Accident Tolerant Fuel) 
•  Enhanced debris spreading model 
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Differences Between Fukushima 
Daiichi and Daini 

•  One external high-voltage power line still functioned, 
allowing plant staff in the central control room to monitor 
data on internal reactor temperatures and water levels 

•  The steam powered reactor core isolation cooling system 
(RCIC) in all 4 units was activated and ran as needed to 
maintain water level 

•  Ultimately a non-emergency system known as the 
Makeup Water Condensate (MUWC) system was used 
to maintain water level which was an accident mitigation 
method TEPCO put in place at all its nuclear plants 
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2F1 Continued to Have a Single Train 
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Epilogue on Full Scope Simulator 

•  Many of the distracting characteristics noted during 
Fukushima (and Three Mile Island) can be simulated in a 
full scope simulator  
  Turning the lights out, making the operators use a flashlight 
  Limiting the functioning instrumentation 
  Multiple radiation alarms which are not directly related to the 

accident (similar to TMI accident) 

•  The simulator must be designed with sufficient detail to 
model system behavior (including control logic) to 
various transients, e.g., the unabated operation of the 
RCIC system 
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Summary 

•  The THOR-MELCOR integration provides an extension 
to the  simulator software to include severe accident 
simulation 

•  Simulator provides the ability to train to both Severe 
Accident Management Guides as well as FLEX 

•  A full scope simulator provides a “virtual environment” 
that allows trainers to simulate worst possible 
circumstances 
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•  Contacts 
  Robert Sanders 

robert.sanders@corys.com  

  Barney Panfil 
barney.panfil@corys.com 
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