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MOTIVATION
 Climate Change

 Peak Oil

 Gen-IV Reactor
 Transition Scenarios

 Cyclus
 RAVEN and Reduced-Order Models



REACTOR BENCHMARK

 OECD Benchmark

 Octagonal Geometry 

 379 Hexagonal Subassemblies

 5 Layers of Fuel

 No Blanket

 1-GWth

 Circular Pins

 Pin Pitch = ⁄𝑃𝑃 𝑛𝑛 tan ⁄𝜋𝜋 6 = ⁄9.38021 𝑛𝑛



FRESH FUEL COMPOSITION

 Metal Fuel Form

 24 isotopes including Uranium, Neptunium, Plutonium, Americium, 
Californium, Zirconium, and Molybdenum

 5 Vertical “Layers” of Fuel

 Inner and Outer Core

 Same Isotopes at Different Abundances in Inner/Outer Core and 
Different Layers



INNER CORE FUEL COMPOSITION



OUTER CORE FUEL COMPOSITION



SERPENT2
 Monte-Carlo based Simulation Software

 Universe-Based Constructive Solid Geometry
 Pin < Subassembly < Lattice

 Continuous-Energy

 Developed at VTT Technical Research Centre of Finland

 Plain text Input File
 Geometry

 Material

 Simulation Parameters

 Plain text and Image Output



MATERIAL CARDS
 Provide Alias and ZAID for Each Material In Reactor

 Provide Number Densities of Isotopes

 ACE, NFY, DEC Libraries for Material Properties
 Courtesy of ARFC



PIN CARDS
 A Universe of Coaxial Cylinders of Homogeneous Material

 Provide Alias of Fill Material and Outer Radius

 Outermost Region is Coolant



GEOMETRY CODE

 Pictures of Benchmark Schematic next to Code to Model that 
Region of the Reactor



Driver Subassembly



REFLECTOR SUBASSEMBLY



SHIELD SUBASSEMBLY



CONTROL ROD SUBASSEMBLY



LATTICE CARDS

 Position Subassemblies

With Universe Numbers



RESULTS

 Geometry Plots
 Vertical and Horizontal Cross-Sections

 Burnup Plots
 Before and After

 Depleted Fuel Content



GEOMETRY PLOT
 View along Z-Axis

 Different Color Corresponds to 

Different Pin Universe



GEOMETRY PLOT
 View from Y-axis

 Five Layers of Fuel



BURNUP PLOT - BEFORE

 Color Indicates Flux

 Absorbers Doing A Good Job



BURNUP PLOT - AFTER

 One Year Of Operation

 Dimmer Plot Indicates Refueling

Is Needed



BEFORE AFTER



USED FUEL COMPOSITION

 Over 2000 different nuclides

 “Recipe” Input for Cyclus

 Reduced Order Model for Raven
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