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Mario Redondo Morales, South-West 
Experimental Fast Oxide Reactor (SEFOR)

Rike Bostelmann, Prototype FHR Reactor Rabab Elzohery, Versa-Pac Package Model

Hafssa Ziani, The CENM TRIGA MARK II 
Research Reactor

Georgeta Radulescu, Generic BWR SNF Stor-
age Cask Model

Donny Hartanto, Integral Molten Salt Reactor
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SOUTH-WEST EXPERIMENTAL FAST OXIDE REACTOR (SEFOR)

CORE I-E Model developed by M. Redondo, N. García-Herranz and A. 
Jiménez-Carrascosa (UPM) under the sponsor of CSN (Spain)

PuO2-UO2 fuel

UO2 insulator

Beryllium

Nickel reflector

Stainless steel

Radial shield Nickel reflector Radial reflector
(multicolor)

• SEFOR is a MOX-fueled sodium
cooled fast reactor.

• No control rods, the reactivity is
controlled by adjusting the position of
the reflector surrounding the active 
core.

• The American General Electric 
Company and the West German 
Karlsruhe Laboratory conducted a 
series of experimental programs 
from 1969 to 1972 (mainly focused on 
Doppler)

• Proposed by L. Buiron (CEA) in 
OECD/NEA SFR-UAM benchmark for 
validation of multi-physics simulation 
tools and used at UPM for assessment 
of JEFF nuclear data libraries in the 
frame of EU SANDA project.

• Model for KENO-VI/SCALE6.2.4.

Versa-Pac package model

• 3D model of the VP-55 package proposed to
transport fresh HTGR pebbles

• The Pebbles are placed randomly inside the
container.

• 364 pebbles are placed at 55% packing
fraction.

• The model is based on information provided in
the safety analysis report*

Model created by Rabab Elzohery (ORNL)
VP-55 package 

* Versa-Pac Safety Analysis Report, https://www.nrc.gov/docs/ML1833/ML18330A093.pdf

HTGR pebble

11 Open slide master to edit

Integral Molten Salt Reactor

HX

Pump

Top view

Flux distribution

Model created by: Donny Hartanto, Matthew 
Jessee (ORNL) and Daniel Carleton (TEUSA)11

Model developed by Georgeta Radulescu
Work funded by NRC

Generic BWR SNF Storage Cask Model

• Model enabling calculation of 
external storage cask dose rates 
as a function of canister SNF 
loading

• Concrete radial thickness ~ 70 cm

• 89 BWR fuel assemblies

• Pin-by-pin fuel assembly model

• Axial burnup profile on 10 axial 
fuel zones

• Cylindrical dose rate tally mesh

• Maximum dose rate values within 
tally regions at cask surface and 
at one meter from the surface

3D dose rate map (mrem/h)

Concrete 
overpack

BWR SNF 
canister

Horizontal cross-sectional 
view of the cask model

Fuel basket model

Illustration of dose rate 
values <100 mrem/h 

The CENM TRIGA MARK II research reactor
–SCALE design –

• Full TRIGA reactor design operates at

2MWth with natural cooling.

• Different irradiation facilities: pneumatic

transfer system (PTS), graphite thermal

column, rotary specimen rack and four

beam ports.

• 96 U-ZrH1.6 fuel elements, 5 fuel follower

control rods(B4C), 17 graphite elements,

1 Central Thimble.

SCALE version used: 6.3.12Beta,

within KENO-VI(CSAS6) Sequence.

Hafssa Ziania,Tarek El Bardounia, and

Chafik Elyounoussib
a Radiations and Nuclear Systems Group,
FS, Abdelmalek Essaadi University, Tetouan,
Morocco.
b CEN of Maamora, CNESTEN, Rabat,

Morocco.

(a) Reactor core model.

(b) Detailed core model.

(c) Full reactor model.

1

Prototype FHR reactor

Blue: FLiBe Coolant
Red: Fuel Pebble
Black: Moderator Pebble
Gray: Steel Structure

: Graphite Reflector

• A prototype pebble-bed Fluoride-
salt cooled High Temperature 
Reactor (FHR) is planned to be built 
in Oak Ridge, TN

• SCALE model developed based on 
non-proprietary Preliminary Safety 
Analysis Report (PSAR) and UC 
Berkeley FHR Mark 1 design  

Power Level (MWth) 35

Inlet/Outlet Temp. (○C) 550/620

Core Volume (m3) 2

Discharge Burnup (%FIMA) 6

Enrichment (% U-235) 19.9

Neutron fluxModel developed by F. Bostelmann, B. Betzler, 
W. Wieselquist (ORNL), sponsored by the US NRC

3D SCALE model



OECD-NEA FHR Benchmark – Controlled Assembly Model

Controlled Thermal Neutron Flux
(75% Insertion)
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Plank spacer

TRISO fuel

3D AssemblyControl blade

• AHTR style FHR developed for OECD-NEA benchmark calculations
• 3D Static (KENOVI) and depletion (CE-TRITON6) benchmark calculations performed

• keff, flux shape, spectrum, isotopic evolution, …..
• Presented calculation: 55 hours | 24 cores | 97.7% parallel efficiency | 100M particles | 𝝈𝝈𝝈𝝈 = 9 pcm
• 179,504,640 TRISO particles for a single 3D assembly ->  more than 1.08 billion TRISO related surfaces 
• “Triple” heterogeneity: TRISO → fuel plank → assembly → full core
• Other interesting aspects: graphite content, periodic BC mandated, relatively decoupled core
• Very long core + low absorption in graphite + many surfaces = very long simulation times
• Purpose: Complex geometry and heterogeneity introduce interesting/non-trivial challenges when 

performing benchmark quality calculations. Our goal is to evaluate challenges and benchmarking 
differences between state-of-the-art MC and deterministic codes 

Model by Jonathon Faulkner 

TRISO embedded fuel planks

~7
00
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B.J. Marshall, Uranium Screw Annie Berens, mHTGR Similar to the Xe-100 Zoe Richter, Xe-100 Full Core and Slice Mod-
els

Matt Jessee, Polaris Wars Ethan Krammer, ATHENA: A Thermal Neutron 
Spectrum Sodium-Cooled Microreactor

Jonathan Faulkner, OECD-NEA FHR Bench-
mark – Controlled Assembly Model
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Uranium screw

Model created by B.J. Marshall (ORNL)

KENO3D Fulcrum 6.3.0

mHTGR Similar to the Xe-100

1

Fuel 15.5 wt% 
UCO

Burnup 165 
MWth

# passes 6

- High-temperature gas-cooled 
pebble-bed reactor based on Xe-
100 specifications [1].

- Full model with 40 equal volume 
zones used for power profile and 
slice model used for depletion

- SCALE 6.3.0 used for the 
modeling

[1] E.J. Mulder, W.A. Boyes, Neutronics characteristics of a 165 MWth Xe-100 
reactor, Nuclear Engineering and Design, Volume 357, 2020, 110415, ISSN 0029-
5493, https://doi.org/10.1016/j.nucengdes.2019.110415.

Xe-100 Full Core and Slice Models

165 MWth pebble bed reactor, 
with a full core and slice model, 
used to determine axial and 
radial power profiles.  Five of 
the nine control rods are fully 
inserted.

(helium is shown at a reduced opacity)

Z. Richter, E. Davidson, S. Skutnik, and M. Munk, “Modeling and Simulation of Xe-100 type Pebble-Bed 
Gas-Cooled Reactor with SCALE,” presented at the International Conference on Mathematics and 
Computational Methods Applied to Nuclear Science and Engineering, Aug. 2023.

Models used to generate axial 
and radial power profiles, as 
part of a sensitivity study of 
fuel discharge characteristics.

Xe-100 Full Core and Slice Models

165 MWth pebble bed reactor, 
with a full core and slice model, 
used to determine axial and 
radial power profiles.  Five of 
the nine control rods are fully 
inserted.

(helium is shown at a reduced opacity)

Z. Richter, E. Davidson, S. Skutnik, and M. Munk, “Modeling and Simulation of Xe-100 type Pebble-Bed 
Gas-Cooled Reactor with SCALE,” presented at the International Conference on Mathematics and 
Computational Methods Applied to Nuclear Science and Engineering, Aug. 2023.

Models used to generate axial 
and radial power profiles, as 
part of a sensitivity study of 
fuel discharge characteristics.

ATHENA: A Thermal Neutron Spectrum Sodium-Cooled Microreactor

Ethan Krammer, Shane Evans 
Ashley Machado, Asha Jayakumar, Thomas Smith

Undergraduate Senior Design Project

Core Parameter Value
Power Level (MWth) 31.04

Inlet/Outlet Temp. (K) 773/973

Core Volume (m3) 0.909

Enrichment (% U-235) 18.0

Fuel Plates 546
Total Scalar Flux Distribution.
Units: neutrons per cm2 per
second per initial source neutron.

Single Fuel Element with 12 
Coolant Channels

Hexagonal array with six element
rows and 36 control drums

• Power: 10 MWe
• Fuel: UCO TRISO particles.
• Moderation: YH1.84 moderation particles.
• Particles embedded in graphite matrix.
• Coolant: sodium channels (0.5 cm diameter) 

with ZrC cladding (0.04 cm thick).
• Control Mechanism: B4C control drums
• Python-SCALE Interface for Writing Input Files

Polaris Wars

• Polaris version 6.3.2 or 7.0beta05

• 200x200 pinmap of 13 pin types

• https://manytools.org/hacker-
tools/convert-images-to-ascii-art/go/

Model created by Matt Jessee (ORNL)

=polaris
system PWR
lib 'broad_lwr'
geom first_place : ASSM 200 2.0 modular=yes
comp c_uox25 : UOX 2.5
mat  FUEL.1 : c_uox25 10.5
mat  FUEL.4 : c_uox25 10.5

pin W : 1.0 : STRUCT : SQR
pin X : 1.0 : FUEL.4 : SQR
pin R : 1.0 : FUEL.1 : SQR
pin B : 1.0 : FUEL.1 : SQR
pin Z : 1.0 : MOD.1  : SQR
pin G : 1.0 : CLAD   : SQR
pin V : 1.0 : COOL.1 : SQR

pin C : 1.0 : COOL.2 : SQR
pin D : 1.0 : COOL.2 : SQR
pin E : 1.0 : COOL.2 : SQR
pin F : 1.0 : COOL.2 : SQR
pin H : 1.0 : COOL.2 : SQR
pin O : 1.0 : COOL.2 : SQR



Managed by UT-Battelle LLC for the US Department of Energy
More information can be found on the SCALE website at  https://www.ornl.gov/scale.

The SCALE code system is a widely used modeling and simulation suite for nuclear safety analysis and design 
that is developed, maintained, tested, and managed by the Nuclear Energy and Fuel Cycle Division at Oak Ridge 
National Laboratory. SCALE provides a comprehensive, verified and validated, user-friendly tool set for criticality 
safety, reactor physics, radiation shielding, radioactive source term characterization, and sensitivity and uncer-
tainty analysis.
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