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…Running fast……Running fast…
1. …Running fast……Running fast…

…Running fast……Running fast…
System controlSystem control

CoreCore TurbineTurbine

gg
2.   …No crashing……No crashing…

3.   …Accuracy?……Accuracy?…

PressurizerPressurizerSteam separatorSteam separator

Steam generatorSteam generator

….Uncertainty ….Uncertainty 
Quantification…Quantification…

ContainmentContainment
PumpsPumps

ValvesValves

PipingPiping
ElbowsElbows
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Safety margin characterization
Balance between design, operation and safety code

Probabilistic Risk Probabilistic Risk 
Assessment (PRA)Assessment (PRA)

Help in decision making
Licensing

Risk monitoring/forecast

SimulatorSimulator::
TrainingTraininggg

LOCA, DBALOCA, DBA
(Legacy codes: RELAP(Legacy codes: RELAP55, , TracTrac,,

AC  CA HA )AC  CA HA )

System vulnerability System vulnerability 
search enginesearch engineNonNon--DBADBA

(plant ageing)(plant ageing)

3

TRACE, CATHARE)TRACE, CATHARE) (plant ageing)(plant ageing)



HighHigh--order space order space discretizationdiscretization (DG(DG--
FEM)FEM)

ObjectObject--oriented (C++)oriented (C++)

Parallel (MPICH)Parallel (MPICH)
FullyFully--implicit, Limplicit, L--stable, Highstable, High-- order time order time 
discretizationdiscretization

StateState--ofof--thethe--art linear algebra (art linear algebra (KrylovKrylov--
based, JFNK, based, JFNK, PETScPETSc))

CrossCross--platform build (platform build (cmakecmake))

SVN (TRAC/Wiki bSVN (TRAC/Wiki b b d)b d)

GUI & 3D visualizationGUI & 3D visualization

Database management (SQL)Database management (SQL)
))

UQUQ--enabled (integration with enabled (integration with 
DAKOTA)DAKOTA)

AllAll--speed capabilities, t/d consistent real speed capabilities, t/d consistent real 

SVN (TRAC/Wiki webSVN (TRAC/Wiki web--based)based)

Advanced 2Advanced 2--phase flow modelingphase flow modeling

AllAll speed capabilities, t/d consistent real speed capabilities, t/d consistent real 
fluid EOSsfluid EOSs
Boron and corrosion product transportBoron and corrosion product transport Extensive verificationExtensive verification

V l d  V l d  

Uncertainty QuantificationUncertainty Quantification

Validation strategyValidation strategy

Documentation (html, Documentation (html, pdfpdf/latex /latex 
based manual)based manual)

Ni htl  i  t tiNi htl  i  t ti
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Nightly regression testingNightly regression testing
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I/O, GUI, code control utilities Component Factory

Computational engineComponent & Interface Component & Interface 

Pre/Post-Processors
(CuBiT, ViSiT, Paraview, ParMeTiS, Zoltan)

Computational engine
Time discretization,

Transient control

Component & Interface 
Library

Component & Interface 
Library

1-phase
pump

1-phase
pump

2-phase
pump

2-phase
pump

1-phase
pipe

1-phase
pipe 2-phase

pipe
2-phase

pipe
2-phase
elbow

2-phase
elbow 1 phase1 phase Li  Al b  

p pp p

TurbineTurbine

1-phase
elbow

1-phase
elbow

elbowelbow 1-phase
T-junc.

1-phase
T-junc.

PressurizerPressurizer

Linear Algebra, 
Nonlinear Solvers

PETScPETSc
TrilinosTrilinosUQ & SA

DakotaDakota

Component utilities
and Material 

Library 
Closure
Library

DakotaDakota
ADIC (FSA & ADIC (FSA & AdjointAdjoint))
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Library of  templates Library Library



32 components32 components

T/HT/H

ThermalThermal--StructuralStructural
(ageing)(ageing)

Core Core NeutronicsNeutronics
(emulator)(emulator)
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8 scenario parameters
12 modeling/IC/BC parameters

1 discretization parameter
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Analytic reliability methodsAnalytic reliability methods
(transforming the uncertainty quantification problem to 

an optimization one, where the goal is to find the 
“most probable point” of  failure (MPP))

Stochastic expansion methods
Laura Swiler, SNL

p
(develop an approximation of  a random response function in terms of  

finite-dimensional series expansions:
polynomial chaos expansion (PCE) and 

stochastic collocation (SC))

Bayesian-based methods
(Combining LHS sampling with orthogonal ray 

skeleton, eliminating “inactive” parameters) Ralph Nelson, LANL

Efficient Subspace Method (ESM)
(Reducing parameter space by analyzing and SVD of  

the covariance matrix) + combining with 
stochastic expansion methods

Brian Williams, LANL

14

stochastic expansion methods

Hany S.  Abdel-Khalik, NCSU
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(develop an approximation of  a random 
response function in terms of  finite-

dimensional series expansions)

(6 scenario parameters)(6 scenario parameters)

9x10-1
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Reference:  104 LHC 
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7x10-1  
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 97 LHC samples
 PCE with 97 evaluations

5x10-1

6x10
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(develop an approximation of  a random 
response function in terms of  finite-

dimensional series expansions)

((6 6 scenario parameters)scenario parameters)
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 PCE with 545 evaluations
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