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Pu rpose

A Reactor de5|gns iIncur both safety and economic constraints

Ensuring ALARA principles for certification and preventing damage
Keeping development and operational costs low for economic viability

A Safety and economic considerations are often counteracted

Higher temperatures create a more efficient power cycle, but reduce margin
for system failure

Higher burnup reduces fuel costs, but create higher likelihood of fuel failure

Exotic/advanced materials are more thermally or neutronically efficient, but
cost more to integrate

A Modeling and simulation used to test and analyze different reactor
configurations

A Design-basis accident simulations are common to determine safety
features

A Effects of various design considerations are often difficult to determine
implicitly, especially when considered together

A Large parameter space means many different configurations to consider

Base Design

Modify Design
Parameters

Safety Viability

Economic Viability

Optimized Design
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A Base model is coupled neutronics, depletion, thermal-hydraulics, fuel-performance model
I Includes equilibrium core simulation and protected DLOFC transient
I Goal is that nominal configuration satisfies system constraints, but not optimized

A 1dentify appropriate design parameters and output quantities related to constraints and optimization
A Sensitivity analysis provides insight on how reactor behaves when changing parameters

A Reduced-order model provides fast-evaluating surrogate for optimization

A System constraints include safety and nonproliferation, reduces space of viable configurations

A Optimized model is a minimization problem for factors like fuel utilization/cost
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Y DOE NEAMS MOOSE Based Applications

ANEAMS: The Nuclear Energy Advanced
Modeling and Simulation Program
AMOOSE: Multiphysics Object Oriented
Simulation Environment
AElexible
A 1D, 1DR, 2D, 2DRZ, 3D,
A Huge variety of physics
A Adaptive time stepping and sub cycling

A Multiscale through Multiapp system
A Easily Extendible to new physics and sales

Bison
Nuclear Fuel Performance

MOOSE Marmot
HPC Framework Mesoscale Materials

Sockeye
Heat pipe Simulation

ATunable fidelity
A 0D scalar lumped parameters problem
A 1D systems models

AMul t i D I ntermedi ate 0hc
_ geometry
AHigh-f i del ity dAexplicito G
' AScalable
W aioras Motbstes A MOOSE supports hybrid parallelism

Systems Analysis

A Scales well on workstation and HPC
A 2D/RZ models execute in minutes
A High-fidelity 3D models execute on HPC
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“NEAMS Base Reactor Design

‘ Core—

A Nominal Characteristics: A Model Description: Discharge Chute—l
I Power: 200 MWth I Mesh: MOOSE reactor module Uppercmw_l
I Core height/radius: 8.93/1.2m I Geometry: 2D RZ (axisymmetric) Reﬂeml

TRISO packing: 9.24%
(18,687 per pebble)

Fuel kernel diameter: 0.435 mm
Fuel enrichment: 15.5%

Pebble discharge rate:
1.5 pebbles/min

Burnup limit: 147.6 MW d/kgpy
Helium flow rate: 64.3 kg/s

He inlet temperature: 260 °C
He outlet pressure: 5.8 Mpa
RCCS Temperature: 70 °C

Equilibrium core: neutronics,
depletion, thermal hydraulics, fuel

Control Rod Channel-

performance “ﬂetl
Protected DLOFC: depletion, Riser-
heat conduction, fuel Conus Channel
E:?)ré(;;m ance Lower Plenum—l
A Griffin: neutronics and
depletion
A Pron 0 horn: thermal Reactor Pressure Vessel—
hydraulics and heat
conduction

A Bison:fuel performance
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% ~Multiphysics Coupling

Equilibrium Core (steady-state) Protected DLOFC (transient)

PRONGORN + GRIFFIN - DLOFC

A 2D RZ Heat Conduction: No fluid flow
or coolant heat transfer

ADecay heat: explicit short-depletion

calculation, no neutronics

) _____‘. |

GRIFFIN 7 Neutronics + Depletion

A2D Rz Diffusion: Pebble bed, upper cavity, reflector, control rod.

ACross sections: 9 Energy groups, 6 tabulation variables (Burnup, Fuel Temperature
Moderator temperature, Enrichment, TRISO packing, Fuel kernel radius)

ADepletion: 5 streamlines, 295 isotopes + 20 pseudo isotopes, 13 burnup groups

Fuel
Temperature
Moderator
Temperature

BISON T TRISO HC
A1D Spherical Heat conduction:

7 Pebbl -shellmodel, A
BISON i TRISO HC PRONGHORN - TH TRISO particle model.

A1D Spherical Heat conduction: i '

Pebble core-shellmodel, Average A2D RZ porous media: Pebblebed, Agﬁ:(l)qolsl;ngrlgu(;?f;l;agtpf%?ézr;ifgére

TRISO particle model. cavity, reflector, gaps, barrel, RPV, zone (300)
A 3,900 single CPU subapps, one for A Gaps treatment: radiation conduction

each BU group (13) and foreach modelfor gaps and cavity.

«sa[ cCOrezone (300)

NUCLEAR ENERGY ADVANCED MODELING & SIMULATION PROGRAM
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% ~Neutronics Model
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V' A2DRZ 9-group diffusion model
A Control rod placed at critical configuration
A Simulated k-eff: 0.99961
A Excess reactivity: 806 pcm
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S - Depletion Model

A Eulerian streamline depletion:

1 295 isotopes + 20 pseudo
Isotopes

5 streamlines (processed
from DEM calculation)

13 burnup groups (0-196.8
MWd/kgw)

A Max pebble power: 2.67 kW
A Peaking factor: 2.01

A Average fissile Plutonium
fraction: 63.2%

Streamlines
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~* - ~Thermal Hydraulics Model
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A 2D RZ coupled porous flow
and solid heat conduction
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