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Moose Framework?| 2r& 5t Simulation
Sample

@ ICE File Edit Navigate Search Project Developer Run Window Help 0O @9 S2atlibil: 32 O 3 T 0xEd @ (%) 2%12:21 YoungChulCho Q @ =
® @ workspace_dev - itemDB/jobs/iceLaunch_20171226103132/demo_result.e - ICE
O Qe DB MREBS P e B ¢B5B8&
n [ Inpu Proje Reso = B [T Plot Editor 32 [] *MOOSE Workflow.xml =
+ Select series... Close &+ =— %
Adaptivity
AuxKernels
AuxScalarKernels DB demo_result.e
AuxVariables Time:15
YBCs
bottom
top
Bounds

Constraints
Controls -\—nm
DGKernels
Dampers =
Debug
DeprecatedBlock M 100
DiracKernels
Distributions
Executioner
Functions
GlobalParams
ICs
InterfaceKernels
» Kernels
» Materials
Mesh
MeshModifiers
MultiApps
NodalKernels
NodalNormals
Outputs
¥ Postprocessors
node10temp
Preconditioning

Problem
Samplers y. x
ScalarKernels

<]<]<]

<J<]<]

K isiioit user: ycc
Rt o Sun Jan 21 12:21:04 2018
VectorPostprocessors
2 X o »® s
=l Console [T] Properties Mesh Elements Progress Error Log E®» o T )

Property Value
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Application

Multiphysics and Object Oriented Abstraction Layer

libmesh (1D, 2D, and 3D steady and transient simulations on a variety
of popular geometric and finite element types)

slepc (Eigenvalue Problem
Computation)

Trilinos (Data Transfer Kit)
PETSc (PDE)

Parallel Computing

From Laptop to High Performance Computing Environment
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4 )

Application
Heat Solid Porous
Conduction Mechanics Rock
[~
4 N\
( N\
MOOSE b
Sections
éj Kernel Materials Network
L ) Aux Kernel Custom UI \ /
' N\
e A
ii BC’s Execution
@ IC's PostProcessors
-
| J QA / \ )
A
A\
Flux Power
_ J
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Science

Under-
standing

Traditional Science
Approach

2018 =H| AX}H shg| QFAF

Science
Under-
standing

@)}deling & Simulat[io>

Addition of Science
Based Modeling and
Simulation




281t 1_'

* Vision — Have a clear and compelling
vision of the mission, and develop a
comprehensive program to create new
capabilities

* Leadership — Headquarters need a
“team of rivals” at the national
laboratories for leadership of the

program
| =] * Partnership — Success requires the best
History of the 1stTen Years of ASCI . - . .
(Accelerated Strategic Computing Initialive) from UnlverSItleS, Industry and nathnal
. laboratories
* Endurance — Accomplishing the ambitious

goals will take time and funding. But it
must deliver increasing capabilities “early
and often”

(*) 1990 ~ 2010 AO| HPC 7|28 F=HE wHARHS| CHEAL
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Performance = 5 A t
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Codes > =
> Fundamental Methods and
Models
: Verification, Validation &
>upporting Uncertainty Quantification
Program
Elements Capability Transfer
Enabling Computational
\_ Technologies
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Capability Transfer

Open Source
Engineering

Interface

Open Source Industry

Database Proprietary

Interface Interface

Gridding,
GUI, Results
Analysis

Interface

NEAMS Framework

Ol —

| ferface -

Interface

Interface Interface Bl

Interface

Neutronics

Hydro Thermo

Solvers

» Enable the efficient transfer of
advanced modeling and
simulation capabilities from the
science domain to the industry
engineering domain

 Understand the roadblocks and
where possible provide
technologies to overcome them

* One identified roadblock is the
interoperability of existing
codes, proprietary codes, open
source and newly developed
advanced codes

* To overcome this, develop the
NEAMS interoperability
framework
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Enabling Computational Technologies
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Optl

B o
< |Vr Detect Leaks | Relative fo Baseline ‘ |- [ Leaked Block  ©
hS

F | | filterappati6a)
%)

o Software quality
» Application development tools

* Problem setup tools (e.g.
mesh generation)

* Numerical libraries (e.g. solvers)

 Results analysis (e.q.
visualization)
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Framework =7} 0|

ci- y/ ES Z=7}=l Framework &

actions, auxkernels, base, bcs, constraints, dampers, dgkernels,
dirackernels, executioners, functions, geomsearch, ics,
indicators, kernels, markers, materials, mesh, meshmodifiers,

2009 32 : "
multiapps, outputs, parser, postprocessors, preconditioners,
predictors, restart, splits, timeintegrators, timesteppers,
transfers, userobject

2010 1 vectorprocessors

2013 3 interfacekernels, nodalkernels, partitioner

2014 1 distributions

2016 2 relationshipmanagers, samplers

2017 1 problems, systems, variables

2018 1 linesearches

2018 =H| AX}H shg| QFAF



X715 BE o

combined, heat_conduction, linear_elasticity, navier_stokes,

2002 2 solid_mechanics
chemical_reactions, contact, phase_field, richards,
2010 6 )
tensor_mechanics, water_steam_eos
fluid_properties, level_set, porous_flow, rdg, stochastic_tools,
2015 6
xfem
2017 1 functional_expansion_tools
2018 1 material
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X715 BE o

combined, heat_conduction, linear_elasticity, navier_stokes,

2002 2 solid_mechanics
chemical_reactions, contact, phase_field, richards,
2010 6 )
tensor_mechanics, water_steam_eos
fluid_properties, level_set, porous_flow, rdg, stochastic_tools,
2015 6
xfem
2017 1 functional_expansion_tools
2018 1 material
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App &

Bison A finite element-based nuclear fuel performance code

RELAP-7 A next generation nuclear systems safety analysis code

Mastodon A highly-parallelizable, finite-element analysis code capable of
three-dimensional nonlinear soil-structure analysis including the
simulation of source-to-site wave propagation

Grizzly A code for modeling degradation of nuclear power plant systems,
structures, and components due to exposure to normal operating
conditions

Mammoth A code to couple the MOOSE applications for radiation transport
(Rattlesnake), thermal-fluids (RELAP-7), and fuel performance
(BISON) into a single simulation framework

Marmot A mesoscale fuel performance code

Rattlesnake A radiation transport solver for the linearized Boltzmann radiation
transport equation

2018 =H| AX}H shg| QFAF



MOOQOSE Framework 7|8 App 21Zt (2/2)

SAM (%) Provide fast-running, whole-plant transient analyses capability with
improved-fidelity for SFR, LFR, and MSR/FHR.

Bighorn (**) A Computational Fluid Dynamics (CFD) simulation code for
modeling and predicting the multi-component, multi-phase fluid
dynamics in multi-dimensions

Falcon A code to simulate the tightly coupled fluid-rock behavior in
hydrothermal and engineered geothermal system (EGS) reservoirs,
targeting the dynamics of fracture stimulation, fluid flow, rock
deformation, and heat transport in a single integrated code, with
the ultimate goal of providing a tool that can be used to test the
viability of EGS in the United States and worldwide.

(*) Argonne National LabOj|A| 7{gf
) N =
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e Couple NRC's TRACE code with
BISON for Accident Tolerant Fuels
(ATF) analysis

« Coupling approach:

— Develop Blue CRAB(*), a MOOSE-Wrapped
App (executable MOOSE-based code using
MOOSE Multi Apps and Transfers) to
couple NRC's TRACE nuclear reactor system

code with CASL/NEAMS BISON fuel
performance code.

(*) CRAB: Comprehensive Reactor Analysis Bundle

2018 =A EXtE o2
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« NEAMS Workbench Integrated Environment

® e me NEAMS Workbench
File Edit View Run Help
FAeload Save Save as Close Prine Cut Ceoy Pasto Undo Feodo Find
0O  tevomon s vt > [ © © =
ARC ) document EJ  Arc-Arct B ey vew, Globel
5 , DB: arcbench_1test3_COr | iwewsn z B Auto opply
v .
. .
Cycle: 3 Time:3 e
{ Psaudocolor hed \ -t g
3 var mriux_c-muu_crx:wa E‘: % s (;..‘ "'-..
.20E-01 . 19280400 Opsn  Ciose  Recpen Replace  Overtay
u235 ) = 1.66667E-01 ¢ at ract 4 z Active source bench_test3 ik v
U238 ) = 1.66667E-01 - . F-lvbei ekl roshe 2
ol6 ) 6.66667E-01 & at £ Time
.- 9.0430+05 —_—.

4 250405

mreflective

0.0
boundary condition
210 ) { =z 0.1

boundary condition=reflective

eflect

\ Apply to ) active window all windows

\ 72 Apply operators 1o all plots
\ 3 Apply subset selections 1o all plots

137 sub assembly hex |{

38 lower

X
7 v 0
r4

/ Interactive

Make default Load Save Rasot
145 )

Appiy Unpast Dismiss
;47 calculations(
49 rec3{
150 x81ib - "ar
151 egroupname - ANL3
152 scattering_order = 1
i53 ) user: raq
54 di£3d{ Tue May 2 18:

Line: 11, Col: 60 +
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« Seismic analysis of a nuclear power plant

Wave propagation through one-dimensional column in MOOSE at
different times and locations

Salome Uwizerimana®| 20154 MAsk| =& (Structural Modeling and
Dynamic Analysis of Nuclear Power Plant Structures) O A] &%
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. MOOSE 7|8t AppQ! WarthogZ &2 3t BISON I}
PROTEUSO| XK= ol A A

VPOWER
2.835e+02

£240
180
120

=60

6.114e-04

View of the power density result for PROTEUS (left) and its mapped
solution to the BISON fuel pin mesh (right)
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« Develop improved, mechanistic, and predictive models
for fuel performance using hierarchical, multiscale
modeling

Atomistic simulations Meso-scale models Engineering scale fuel performance

Atomistically-
informed
parameters

Degrees of freedom,
operating conditions

Mesoscale-informed
materials models

* ldentify important mechanisms,
* Determine material parameter ,

Predict microstructure evolution
Determine effect of evolution on
values material properties
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« The NEAMS Pellet-to-Plant Simulation Toolkit

= 2 years - g
> = 30.3 MWd/kgU.«

A Qo N
3 ¥ ’
e -
). gl
¥ |
> 9 /|
~ . b4 i 9
1 %4 ) /
g -._
C L
<0

MARMOT

z

(Pellet)
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* Temperature
(Kelvin) in the
RELAP-7 piping
network of cooling
channels for the
AP1000 full reactor
simulation

2018 =7 Xt2 Bt2] 24
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« Comparison of FEM software for 2D heat transfer
analysis in sheet metal laser cutting

x107° %10

10

%10
5 10 0.14
8
8 0.12
115 0.1
6 6
0.08
4 4
1 . ;
4 0.06
2 2
40.04
0.5
0 0 0.02
L) — 0
72 0 0.005 0.01

0 0.005 0.01

Abaqus vs. MOOSE relative error
distribution at t =0.06 s for the
moving laser.

MOOSE temperature distribution at t
= 0.06s (moving laser case).
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« Enhanced Severe Transient Analysis for Prevention
Technical Program Plan

| FY2014 FY2015 FY2016 FY2017 FY2018 FY2019 FY 2020
Q1Q2Q3Q4 [Q1Q2Q3 Q4 [Q1Q2Q3 Q4 |Q1QR2Q3 Q4 [Q1Q2Q3 Q4 |Q1Q2Q3 Q4 [Q1Q2Q3 Q4
ASAP
Initial Strategy
Stakeholder Engagement
Integrated Program Plan
High Priority Use-Cases
Validation
ESAAP Activity
Project Planning
Stakeholder Engagement
Subtask 1
Reference Case 1Demo RELAPS Long-Term Coping - TMIMSLB
Development and Base Case Modeling 1. PRONGHORN 2. Couplingto R7 3. Couplingto 3D Kinetics
VVUQ 1. RAVEN Analysis 2. OECDLOFThenchmark
Reference Case 2Demo RELAPS Advanced Reactor - AP1000PHRS
Development and Base Case Modeling 1.BIGHORN Multiphase 1D R7 Coupling 2D|
VVUQ 1. RAVEN Analysis 2. ROSAEXperiments
Subtask 2
Reference Case 1Demo RELAPS Containment Filtered Venting - Peach Bottom 2BWR
Development and Base Case Modeling 1. Multiphase PRONGHORN 2. Couplingto GOTHIC* 3. Add aerosol transport, hydrogen co mbusion
VVUQ 1. RAVEN Analysis 2. PANDA OECD-SETH
FTE 1.2 25 35 4.5 3.5 15 1

Overall schedule and proposed staffing levels for the ESTAP
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