
Fusion
 Neutron Beam Injectors (LOVA)
 Li Loop LOFA transient analysis
 ITER Cryostat modeling
 Helium Lithium
 Helium Cooled Pebble Bed Test Blanket (Tritium

Breeding)

• Sodium Properties
• Sodium Equation of State
• Sodium Themo-mechanical

properties

• Containment Modeling
• Sodium pool fire model
• Sodium spray fire model
• Atmospheric chemistry model
• Sodium-concrete interaction

Sodium Reactors

 Leverage previous work and existing capabilities for salt-fueled and salt-
cooled MSRs:
 General EOS library read-in utility - developed for sodium/SFRs - enabled FLiBe

(among others) as working fluid
 TRISO fuel and pebble bed models – developed for HTGRs
 Miscellaneous physics (see below) and flexible code architecture

Molten Salt Reactors

Accident Tolerant Fuels

High Temperature Gas Reactors
Reactor Components

Pebble Bed Reactor 
components
Prismatic Reactor Components

Materials
TRISO Fuel Modeling

Fission product release 
modeling

Helium Treatment
Graphite modeling

Oxidation Models
Graphite Dust Modeling

Aerosol physics models
Turbulent Deposition
Resuspension

Point Kinetics Model
Steady state initialization and 
transient solution strategy

Micro Reactors

• MELCOR 2 model for
simulation of Heat
Pipes (HP) to transfer
heat from the fuel to
the secondary coolant
flow.
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FeCrAl has been added as a new cladding material 
has been added to MELCOR

New thermal properties
Kanthal-APMT material and the ORNL material handbook.

Oxidation Model
Pre breakaway - Pint, et.al
Post breakaway – Stainless-steel for now

Stoichiometric reactions of the following equations 
are simply applied producing an assumed FeCrAl-
Oxide, similar to the default stainless-steel 
treatment:

Fe +
4
3 H2O →

1
3 Fe3O4 +

4
3 H2 + Qox

Cr + 3
2

H2O → 1
2

Cr2O3 + 3
2

H2 + Qox

Al +
3
2 H2O →

1
2 Al2O3 +

3
2 H2 + Qox
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Release Models

Transient Accident Methodology

Point Reactor Kinetics
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Kinetics data accessible by                                                                  
sensitivity coefficients
Feedback models

•Control function-specified externalcomponent
•Doppler
•Fuel and moderator density 

Define core cell ranges as regions 
over which averages are taken to 
inform feedback models

Standard delayed-group 
treatment

Sandia National Laboratories is a multimission laboratory managed and operated by 
National Technology & Engineering Solutions of Sandia LLC, a wholly owned subsidiary 
of Honeywell International Inc. for the U.S. Department of Energy’s National Nuclear 

Security Administration under contract DE-NA0003525.



Melting Lower Head

Water-Ingression Model
Quenching of the upper crust at the top of the 
corium debris can lead to a considerable density 
change (~18%volume) leading to cracking and 
formation of voids 

Water ingression reduces conduction path to molten pool and 
increases surface area of contact

Melt Eruption Model
Molten corium extruded through crust by 
entrainment from decomposition gases as they 
escape through fissures and defects in the crust.  

Enhances the coolability of the molten corium 
by relocating enthalpy from the internal melt through the crust more 
coolable geometry that is more porous and permeable to water

Top-Quenched Debris in Cavity
New Modeling based on CORQUENCH Model

Fully implemented Validated

Eutectic Model
 Composition dependence of melting temperatures
 User specifies eutectic temperature and 

composition for material pairs
 Zr/SS, Zr/INC, UO2/ZRO2

 Materials Interactions model
 Parabolic rate of dissolution reaction accounting for 

changes to liquidus
 Liquefaction of ZrO2 in BWR canisters
 Liquefaction of UO2 from intact fuel

UO2 ZrO2

2900 K3100 K

solid

liquid

2 phase
2900 K

UO2/ZrO2 Quasi Binary Equilibrium Diagram

U Zr

O
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liquid2 phase
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T > 1000K

rapid
oxidation
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2800K
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2400K

2800K

COR_EUT   ON   enables the model & uses defaults
COR_EUT  OFF  disables the eutectics model

COR_EUT  1  ! PairMelt T               f1
1   'UO2/ZRO2'   2550.0     0.5

Comparison of Eutectics 
Model and older interactive 
materials  model

• Automatic plot generation for enhanced user efficiency
• Trend plots, profile plots, animated plots

• User customized plots and model specific plots for 
ultimate flexibility

• Quick access to more data: Material properties, energy 
balances, energy/mass error plots, aerosol size 
distribution  plots, CPU, distribution of aerosol sectional 
mass,  core degradation, candled material distributions, 
…

HTML Output

Miscellaneous Improvements

 Melting Lower Head
 Debris relocating to the lower head contains sufficient 

decay heat to lead to melting of the interior surface of 
the lower head.

 Though MELCOR already accounts for the reduction in 
load-bearing material as the lower head melts, it does 
not allow the melted material to become part of the COR 
package where it 
 can affect heat transfer (focusing effect) of molten materials, 
 can be oxidized (contributing to hydrogen production), 
 can be transferred to the CAV package for MCCI.  

 This code modification will source steel into the 
calculation along with the associated thermal energy 
where the COR package then takes control for further 
relocation

Historically, MELCOR had a specific 
set of oxidizable material:

Zirconium, Stainless-steel, Graphite, 
B4C, Aluminum
Now extended to use the user-
defined materials (UDMs)

General Oxidation Model makes use 
of the new UDMs to  create a new 
oxidizable material.

Define a reactant core material, COR-
USER-METAL, and its oxide product, 
COR-USER-OXIDE.User permitted to 
fully specify material properties
May use templating or be wholly 
user-definedG
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Default material 
properties can be 
templated onto new 
materials
Can be defined for COR 
with extra input

Emissivity, Viscosity, Thermal 
expansion coefficient, Oxidation 
behavior

 
 

 
 

 
HS_RAD  4  NET3 !EM   BeamL     VF 
   1 HS1C  LEFT      EM1  0.5          0.0   0.2  0.4   0.4 
   2 HS2C  LEFT      EM2  0.5         0.2  0.0   0.3   0.5 
   3 HS3C  LEFT        -       0.5         0.4  0.3   0.2   0.1 
   5 HS4C  LEFT        -       0.5         0.4  0.5   0.1   0.0 
 
TF_ID TEMP     1.0     0.0  !T Surface Defined 
TF_TAB 4 
         1 0.0  500.0 
         2 500.0   1500.0 
         3 1000.0 1500.0 
         4 30000.0   1500.0 

 

T 
su

rf
ac

e 
de

fin
ed

 

T=
50

0 
K 

TGAS 

HS
1C

 

Adiabatic Surface 

Adiabatic Surface 

HS
2C

 

HS3C 

HS4C 

VF1,2=0.2 

τj,i is the transmissivity through gas

CO
R 

U
se

r-
de

fin
ed

 M
at

er
ia

ls

Ra
di

at
io

n 
En

cl
os

ur
e 

M
od

el

Implement additional fuel rod components 
to capture temperature gradient

 Temperature in edge region simulated 
 Oxidation and ignition captured

Minimal User Input
 Specify ring geometry as usual
 Specify fraction associated with each rod type
 Specify view factors connecting types

Implement sub-grid radiation model
 User provides view factors between rows of rods

 Geometric view factor now meaningful

Multi-rod Model

Sandia National Laboratories is a multimission laboratory managed and operated 
by National Technology & Engineering Solutions of Sandia LLC, a wholly owned 
subsidiary of Honeywell International Inc. for the U.S. Department of Energy’s 

National Nuclear Security Administration under contract DE-NA0003525.



• User can easily add plots of control functions 
or any plot variable to HTML output.

• Controls
• Time units can be changed in HTML plot
• Log/Linear scale for x or y acis
• Maximum and minimum values can be 

selected by user
• Minimal Input Required

User Customized Plots

• Static plots generated automatically at each 
time edit

• MELGEN plots provide graphical plot 
for verifying input

• User can create animations of component 
temperature profile

• Local COR atmosphere fluid 
temperature also supported

• Controls
• Playback speed
• Scroll to time frame
• Maximum and minimum 

temperature scale

Minimal Input Required

• Viscosity
• Thermal conductivity

• Materials
• User-defined materials
• Default Materials

• Properties
• Thermal conductivity
• Enthalpy
• Heat capacity

• Saturation Pressure
• Saturation Temperature
• Liquid Density at 

saturation
• Vapor density at 

saturation
• Liquid specific enthalpy at 

saturation pressure
• Vapor specific enthalpy at 

saturation pressure
• Liquid specific heat
• Vapor specific heat

Static and Animated Profiles
Temperatures, mass, power, surface area, volumes

• Lightning fast hyper-linked navigation to the MELCOR output you’re looking for.
• Graphical depiction of core degradation
• Automatic plot generation for enhanced user efficiency

• Trend plots, profile plots, animated plots
• Plots of material property functions, EOS functions, and fluid properties automatically generated 

for user verification/QA
• Animated temperature profile for greater insight into accident progression
• User customized plots and model specific plots for ultimate flexibility
• Embed user customized HTML input for problem description
• Access to more data: Energy balances, energy/mass error plots, aerosol size distribution  plots, 

CPU, distribution of aerosol sectional mass,  core degradation, candled material distributions, …

User HTML Description

Automatically Generated Model-Dependent Plots
NA SPRAY FIRE MODELMCCI MODELSHS PACKAGE

EOS PACKAGENON CONDENSIBLE GAS PACKAGEMATERIAL PROPERTIES PACKAGE

Material Property Plots Generated at MELGEN

Now Available in MELCOR 2.2.14770 or Later

Sandia National Laboratories is a multimission laboratory managed and operated 
by National Technology & Engineering Solutions of Sandia LLC, a wholly owned 
subsidiary of Honeywell International Inc. for the U.S. Department of Energy’s 

National Nuclear Security Administration under contract DE-NA0003525.
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SCALE/MELCOR Non-LWR Source Term 
Demonstration Project –
Fluoride-Salt-Cooled High-Temperature 
Reactor (FHR)

September 14, 2021
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SCALE/MELCOR Non-LWR Source 
Term Demonstration Project –
Heat Pipe Reactor

June 2021
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SCALE/MELCOR Non-LWR Source 
Term Demonstration Project –
High-Temperature Gas-Cooled 
Reactor

July 2021
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Vessel control volume, flow path, and heat structure nodalization with 
core package boundaries in blue
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Top (inlet) is coolest when 
helium circulator is operating

Exit hottest at the bottom 
of the pebble bed

Exit is cooler due to the flow reversal and 
cooler air entering from the exit plenum

High Temperature Gas Cooled Reactor

Heat Pipe Reactors

Fluoride Salt Cooled High Temperature Reactor (FHR)
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Kinetics data accessible by                                                                  
sensitivity coefficients

Feedback models
• Control function-specified external
• Doppler
• Fuel and moderator density
• New for SFRs (under development) 

• Dimension changes and rod bowing
• Molten fuel/clad 
• Sodium void 

Define core cell ranges over 
which component average 
temperatures are taken to 
inform feedback models

Standard 6 group treatment

SFR Components (under development)

Transient/Accident Solution Methodology

Standard Point Reactor Kinetics Equations

Sodium Equation of State (EOS)

SFR Containment (Ex-Vessel) Models

SFR Expanded In-Vessel Modeling

Sandia National Laboratories is a multimission laboratory managed and 
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Transient/Accident Solution Methodology

FLiBe Equation of State (EOS)

Fluid Fuel Point Reactor Kinetics Equations

ORNL MSRE Zero-Power Flow Coast-Down Benchmark 

GRTR Modeling Framework

Thermochemistry and Data Needs
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