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Uncertainty Quantification Methods

* Monte Carlo sampling:
- LHS, Quasi MC, Design of Experiments, Adaptive Sampling

 Local and global reliability
- Employ optimization to efficiently determine failure probabilities

« Polynomial chaos expansions / stochastic collocation
- Large research investment, adaptive sparse grids, compressive sensing

* Mixed aleatory-epistemic approaches
- Regulatory Requirements, “uncertainty on uncertainties”

« Surrogate Models: Gaussian processes, PCE, splines, etc.

We focus on UQ methods that are as

Sondi efficient and accurate as possible
@l”aaﬁL‘:ﬁ?é,ies assuming simulations are very costly.




Dakota: Distinguishing Strengths

* Makes sensitivity analysis, optimization, and uncertainty quantification
practical for costly computational models

* Flexible interface to simulation codes: one interface; many methods
» Combined deterministic/probabilistic analysis
« Continual advanced algorithm R&D to tackle computational challenges

- Treats non-smooth, discontinuous, multi-modal responses

- Surrogate-based, multi-fidelity, and hybrid methods, random field modeling, discrepancy modeling,
dimension reduction

- Risk-informed decision-making: epistemic and mixed UQ, rare events, Bayesian inference

» Scalable parallel computing from desktop to HPC
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Many Methods in One Tool

Sensitivity Analysis Uncertainty Quantification

e Designs: MC/LHS, DACE, sparse grid, |* MC/LHS/Adaptive Sampling
one-at-a-time * Reliability

* Analysis: correlations, scatter, Morris | * Stochastic expansions
effects, Sobol indices e Epistemic methods

Optimization Calibration

e Gradient-based local * Tailored gradient-based

e Derivative-free local e Use any optimizer

* Global/heuristics e Bayesian inference

e Surrogate-based

Interface Dakota to your simulation once, then apply
various algorithms depending on your goal...
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NEAMS Workbench

* Provides the capability to:

- create and process input files for various nuclear reactor codes including SCALE,
ARC, and BISON

- Parse the inputs into a parse tree

- Validate the inputs

- Run the code with the given input file
- Postprocess the output.

* “One stop” which provides a graphical user interface to perform input file
creation and parsing, input validation, job execution, workflow
management, and output postprocessing

 Challenge: The Workbench allows a user to create input and run a

nuclear code (typically once or a few times). Dakota is another layer in
the process.

Sandia
National
Laboratories

PN A
P\O b(\
w T
z 0 S >

2



NEAMS Workbench

Workbench
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@BISON Fuel Performance Code

Solution method: Implicit finite element solution of the coupled thermomechanics and species diffusion equations
using the MOOSE framework; 1D spherical, 2D axisymmetric or 3D

Multiphysics constitutive models: large deformation mechanics (plasticity and creep), cracking, thermal
expansion, densification, fission gas release, radiation effects (swelling, thermal conductivity degradation, etc.)
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Dakota-Bison Coupling

DAKOTA Text Input DAKOTA DAKOTA Output:
File Executable Text and Tabular Data
DAKOTA Parameters DAKOTA
File Results File

A

post-processing
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Dakota within the NEAMS Workbench

New development

(_- - @ANS .




Dakota within the NEAMS Workbench

New Input Deck Reader (NIDR)
S =
Definition Driven Interpreter (DDI)
¢ Same syntax
e Same input fields
 DDI doesn’t support

« shorthand. E.g., ‘desc’ in place of ‘description
* ‘relaxed’ ordering of input

Well ordered: method sampling sample type lhs
Relaxed order: method sampling lhs sample type




Dakota within the NEAMS Workbench

eCe

File Edit View Run Help Testing

Reload Save Save as Close tab

Filter

MNavigation

Print

i MEAMS Workbench

Cut Copy Paste | Undo Hedo | Find

w |hs2-testing.in*
v document

v

v

v

v

v
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environment
tabular_data
method
» probability_levels
v sampling
sample_type
samples
seed
variables
¥ normal_uncertain
value
means
std_deviations
descriptors
w triangular_uncertain
value
mades
lower_bounds
upper_bounds
descriptors
interface
v analysis_drivers
value
system
parameters_file
results_file
file_save
file_tag
responses
v response_functions
value
v descriptors
value
value
value
no_gradients
no_hessians

Processors | | Dakota B document B i | Dakota - Dakota 1 B Aun
1 # DAKOTA INPUT FILE
2
3 environment
4 tabular data
5
6 method
7 probability levels = 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.5 0.95
(1 0.05 0.1 0.2 0.3 0.4 0.50.6 0.7 0.80.9 0.95
9 num_probability levels = 0 11 11
i0 sampling
i1 aample type lhs
12 samples = 20
13 seed = 3487
14
15 variabl /method/sampling <
16 samples
17 seesd
18 fixed seed
19 sample_type GrainRad'
20 refinement samples
21 d optimal
a2 wvariance based decomp 0.316
23 backfill D 3.162
24 principal components fFf" 'ResclParam' 'GrainBoundCoeff!
25 wilks
26 interfa /method
27 ana id_method ript'
2R cutput
29 final_ solutions ms.in'
an hybrid lts.out’
Eh multi start
3z pareto_set loncurrency = 30
33 iterator_serwvers
34 respong iterator _scheduling
a5 processc«:s_pe:_itera:or
36 branch_and bound [1' '"Swelling'
37 surrogate_based local
3g surrogate based global
aa dot freg
dot_mmfd
dot_hfgs
dot slp
det sgp
dot

max iteraticns

+—— Dakota input file

Autocompletion
showing options
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Dakota within the NEAMS Workbench
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fvariables

id wariables

active

mixed

relaxed

continuous_design
discrete_design_range
discrete_design_set
normal_uncertain
lognormal_uncertain
uniform_uncertain
loguniform_uncertain
triangular_uncertain
exponential_uncertain

beta uncertain
gamma_uncertain
gumbel_uncertain
Trechet_uncertain

weibull uncertain
histogram_bin_uncertain
poisson_uncertain
binomial_uncertain
negative_binomial_uncertain
geometric_uncertain
hypergeometric_uncertain
histogram_point_uncertain
uncertain_correlation_matrix
continuous_interwval uncertain
discrete_interval_uncertain
discrete uncertain_set
continuous_state :j

=z NEAMS Workbench (on... |

Pull down showing
options for specifying
variable types
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Dakota within the NEAMS Workbenc

NEAMS Workbench (on nodel.ornl.gov)

File Edit View Run Help
Reload Save Saveas Closetab Print | Cut Copy FPaste | Undo Redo | Find

lavigation & X | textbook_uq_sampling.in £ | Ihs.Simple correlation matrix.spf | | /home02/17u/lhs Simple correlation matrix.spf = |
[Fitter Processors ¥ |[Dakota ] |[document | ||[pakota - Dakotal x| Run ¥ View ¥ Edit ¥

ple correlation matrix.sp 1# Dakota Input File: textbook_uq_sampling.in
document 2 environment
- textbook_uq_sampling.in 3 tabular data
document = : i < -
4 tabular_data_file = 'textbook_uqg_sampling.dat
5
6
7 method
8 sampling
9 sample_type lhs
10 samples = 10

11 seed = 98765 rng rnum2 B .

12 response_levels = 6.1 0.2 0.6 DakOta Input flle
13 8.1 6.20.6

14 0.1 6.2 0.6

15 distribution cumulative

16

17 variables

18 uniform_uncertain = 2

19 lower_bounds = ©. 0.

20 upper_bounds = 1. 1.

21 descriptors = 'x1' 'x2'

22

23 interface

24 id_interface = 'I1'

25 analysis_drivers = 'text_book'
26 direct

27

28 responses

29 response_functions = 3
30 no_gradients

31 no_hessians

2 Results

Mon May 22 19:09:26 2017 I Mon May 22 19:13:46 2017 | Mon May 22 19:15:36 2017 [0 |

— pane
193 Begin I1 Evaluation 9

[

195 Parameters for evaluation 9: n

196 6.8346679844e-01 X1 S OWI n
197 6.6215521550e-01 x2

198

199 Direct interface: invoking text_book

n
200
201 Active response data for Il evaluation 9: u nC IO n
202 Active set vector = { 1111}

203 2.3066424677e-02 response_fn_1

204 1.3604925681e-01 response_fn_2 u

205 9.6716130197e-02 response_fn_3 eva | uatlo n S
206

207

208

T —————.

Line: 1, Col:1 ¥




Dakota within the NEAMS Workbench

NEAMS Workbench (on nodel.ornl.gov)
File Edit View Bun Help

Reload Save Saveas Closetab Print | Cut Copy Paste | Undo Redo | Find

Navigation & X | Ihs2in | Ihs.Simple correlation matrix.spf | fhome02/17u/flhs.Simple correlation matrix.spf fhome02/I7uflhs Simple correlation matrix.spf [£] |
[Fitter Plot | Table |
E- Ths.Simple correlation matrix.spf
== 0 0.8 1.6 2.4 3.2 4.8

4 !
Simple correlation matrix
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Description of BISON Case Study

* The Bison fuel performance code was coupled to Dakota to analyze
rod 1 from the IFA-432 experimental assembly irradiated at the
Halden reactor in Norway.'

* Kyle Gamble (Ildaho National Laboratory) provided the Bison input
and example power history, axial peaking factors, etc.

* Input uncertainties were assumed in manufacturing parameters
(e.g., cladding thickness), and model parameters (e.g., fuel thermal
conductivity).

 Outputs of interest include fuel centerline temperature and fission
gas release.

» Related work in reference 2 and 3.

1. Hann, C.R., et al. “Data Report for the NRC/PNL Halden Assembly IFA-432,” NUREG/CR-0560, PNL-2673, 1978.

2. Swiler, L., Gamble, K., Schmidt, R. and R. Williamson. SAND Report 2015-8088 “Sensitivity Analysis of OECD Benchmark Tests in BISON.”
3. Gamble, K. and L. Swiler. “Uncertainty Quantification and Sensitivity Analysis Applications to Fuel Performance Modeling.” TOPFUEL
American Nuclear Society Conference, Sept. 2016.




Input / Outputs for Sampling Study

* Inputs

- Fill Pressure
Fuel conductivity
Clad conductivity
Fuel thermal expansion
Gas conductivity factor
Gap thickness

* Qutputs
- Clad Temperature
- Fuel Centerline Temperature
- Fission Gas Release
- Clad Diameter
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[}gkota

File Edit View Run Help
Reload  Save

006

Filter

Navigation

Saveas Closetab  Print

within the NEAMS Workbench

== NEAMS Workbench

v lhs.in*
v document
v environment
tabular_data
» top_method_pointer
method
» id_method
v sampling
sample_type
samples
seed
v variables
v normal_uncertain
value
means
std_deviations
descriptors
v interface
» id_interface
v asynchronous
evaluation_concurrency
v analysis_drivers
value
fork
v responses
» response_functions
» descriptors
no_gradients
no_hessians

Document
Navigation
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Cut Copy Paste Undo Redo Find
Processors y - | Dakota - 6.8 | document | Dakota-6.8 B pny vewy Ea,
1 environment
2 tabular graphics data
3 method pointer = 'UQ'
‘ | ] L]
e Dakot t fil
6 id_method = 'UQ' a O a In pu I e
7 sampling
8 sample type lhs
9 samples = 10
10 seed = 50923
11
12 variable ["*"°%0
13 A cutpus 9
14 m :'i“i;:““‘i“s 94E-03 5.335E-03 10421.5 2.2E-06 6.4E-7 1.1E+5 16. 1.00E-05 1.15E-4
15 g 94E-04 5.335E-04 1042.15 2.2E-07 6.4E-8 1.1E+4 1.6 1.00E-06 1.15E-5
16 d ,'::c:fd lad thick' 'fp out rad' 'fuel density' 'fuel rough' 'clad rough' 'fill pressure' 'clad cond' 'fuel therm exp' 'gap thick'
17 variables
18 interfac '"or"ece < .
19 /me;:hod/sampl;ng 1 A t I t
20 S s ation concurrency = 6 u OCO m p e IO n
21 zixe?wseed ¢ 'python dakota driver.py' . .
22 sample_typa ctory named = "work"
23 e el s = "IFA-432 test.tmpl"” "dakota driver.py" S h OWI n g O ptl O n S
24 "lhs.drive"
25 "powerhistory.csv" "peakingfactors.csv"
26 o o ! tag directory save
27 :e;;agil;:yilevels
28 e
29 probability levels
30 m’ponsa genireliabilityilevels
31 resp ;n:gel¥po;n:ez
32 descriptors = "avg clad temp' 'centerline temp bottom' 'fission gas gen' 'fission gas release'
33 no_gradients
34 no_hessians
35
Line: 11, Col:9 y / Validation ~ Messages
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Dakota within the NEAMS Workbench

[ N
File Edit View Run Help

Reload  Save

006

Filter

Saveas Closetab
Navigation

Print

== NEAMS Workbench

v lhs.in*
v document
v environment
tabular_data
» top_method_pointer
method
» id_method
v sampling
sample_type
samples
seed
v variables
v normal_uncertain
value
means
std_deviations
descriptors
v interface
» id_interface
v asynchronous
evaluation_concurrency
v analysis_drivers
value
fork
v responses
» response_functions
» descriptors
no_gradients
no_hessians

Document
Navigation
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Cut Copy Paste Undo  Redo Find
Processors y - | Dakota - 6.8 | document | Dakota-6.8 B pny vewy Ea,
1 environment
2 fvariables
3 id wvariables
4 active " n
wEr Dakota input file
6 relaxed
7 continucus design
8 discrete design_ range
9 discrete design_set
normal uncertain
10 lognormal uncertain
11 uniform uncertain
12 vari loguniform uncertain
13 triangular uncertain
14 exponential uncertain }5E-03 10421.5 2.2E-06 6.4E-7 1.1E+5 16. 1.00E-05 1.15E-4
15 bEta_UﬂCEIC"—Eli{l I5E-04 1042.15 2.2E-07 6.4E-8 1.1E+4 1.6 1.00E-06 1.15E-5
16 gamma_uncertain out rad' 'fuel density' 'fuel rough' 'clad rough' 'fill pressure' 'clad cond' 'fuel therm exp' 'gap thick’
17 gumbel uncertain [ = = = = = = — =
18 inte frechet uncertain
1: weibull uncertain 4 =
20 histogram bin uncertain ey = 6 u Own S OWI n g
poisson uncertain N
21 binomial uncertain l_dri‘fer'py ! » » »
P EE = options for specifyin
23 geometric uncertain ist.tmpl"” "dakota driver.py"
24 hypergecmetric uncertain i
25 histogram peint unecertain lory.csv" "peakingfactors.csv" =
26 uncertain_correlation matrix save V a rI a e e S
23 continucus_interwval uncertain
28 discrete_ interval uncertain
discrete uncertain set
29 - —
ntinucus state
30 resp °°° -
discrete state range
31 | =
32 | Tl EerEt?‘E o ???Et . i tline temp bottom' 'fission gas gen' 'fission gas release'
inear_inequality constraint matrix — — — — — —
33 linear inequality lower bounds
34 linear inequality upper bounds
35 linear_inequality scale types

Line: 11.04

linear inequality scales

linear eguality constraint matrix
linear eguality targets

linear egquality scale types
linear eqguality scales

Messages

ANS .




Dakota within the NEAMS Workbench

File Edit View Run Help
Reload Save Saveas Ciosetab Print

00

Filter

Navigation

IFA-432_test.tmpl*
v document

GlobalParams

ReferenceResidualProblem_type

SmearedPelletMesh_type - Mest
/ariables

AuxVariables

Functions

SolidMechanics

Kernels

Burnup

AuxKernels

BCs

Materials

Dampers

Transient_type - Executioner

environment
tabular_data

» top_method_pointer

method

» id_method

» sampling

variables

» normal_uncertain

interface

» id_interface

» asynchronous

» analysis_drivers

responses

» response_functions

» descriptors
no_gradients
no_hessians

Document
Navigation
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4 NEAMS Workbench
Cut Copy Paste Undo  Redo Find
= A 3
Processors y Dakota - 6.8 document ] Dakota - 6.8 B an, P
1 " abort_on_solve_fail : abort if solve not converged rather than cut timestep
environment active : If specified only the blocks named will be visited and made active
2 tabular graphics data compute_initial_residual_before_preset bcs : Use the residual norm computed *before* PresetBCs are imposed in...
gt s = control_tags : Adds user-defined labels for accessing object parameters via con...
3 met‘hOd_Po;ntar =2 'UQ' dc : The timestep size between solves
4 enable : Set the enabled status of the MooseObject.
5 method inactive : 1f specified blocks matching these identifiers will be skipped.
’ isObjectAction : Indicates that this is a MooseObjectAction.
6 id method = 'UQ’' 1_abs_step_tol : Linear Absolute Step Tolerance
= : max_xfem_update : Maximum number of times to update XFEM crack topology in a step ...
7 sampling mffd_type : Specifies the finite differencing type for Jacobian-free solve t...
8 sample type lhs nl_abs_step_tol : Nonlinear Absolute step Tolerance
o= nl_max_funcs : Max Nonlinear solver function evaluations
i 1 =10 =
samples = " ] nl_rel_step_tol : Nonlinear Relative step Tolerance
10 seed = 50923 no_fe_reinit : Specifies whether or not to reinitialize FEs
picard_abs_tol : The absolute nonlinear residual to shoot for during Picard itera...
11 A
picard max_its : Number of times each timestep will be solved. Mainly used when ...
12 vaziables, picard_rel_tol : The relative nonlinear residual drop to shoot for during Picard ...
13 B e relaxation_factor : Fraction of newly computed value to keep.Set between 0 and 2.
nom'l_uncerta"'n =59 relaxed_variables : List of variables to relax during Picard Iteration
14 means = 0.94E-03 5.335E-03 10421.5 2.2E-(Q reset_dt : Use when restarting a calculation to force a change in dt.
: : estart_file base : File base name used for restart
15 std deviations = 0.94E-04 5.335E-04 1042.15 2.2E-0| hene — - | Wine TAtaGEMCIDN ot iget,
16 descziptorg = 'clad thick' 'fp out rad' 'fuel density' 'fuel . splitting : Top-level splitting defining a hierarchical decomposition into s...
17 pus el P - = ss_check_tol : Whenever the relative residual changes by less than this the sol...
ss_tmin : Minimum number of timesteps to take before checking for steady s...
18 interface, time_period_ends : The end times of time periods
: : - time_period_starts : The start times of time periods
19 ‘ld_"'nterf‘ce = 'I1' time_periods : The names of periods
i = timestep_tolerance : the tolerance setting for final timestep size and sync times
asynchronous evaluation concurrency 2=
21 Ivels det = TH0Eh _— dri x trans_ss_check : Whether or not to check for steady state conditions
analysis arivers = ‘python ota driver.py use_multiapp_dt : If true then the dt for the simulation will be chosen by the Mul...
22 fork work d_irectory named = "work" verbose : Print detailed diagnostics on timestep calculation
nna B LT e MTTIR ADA hem ke dee T A I Ve hem B o mmalE Adas?ivity
Line: 11, Col: 1 o / Predictor
4 AdamsPredictor
SimplePredictor n u n
TimeIntegrator
e e (2 o === Bison transient options
; 1 BDF:
23 [Mesh] CrankNicolson
ExplicitEuler
24 type = SmearedPelletMesh i tMidpod
ExplicitMidpoint
25 clad mesh density = customize ExplicitTVDRK2
26 pellet mesh density = customize R 7 L] ‘
27 nx p =17 546 |[./TimeStepper]
L} [} L]
28 nx c =4 547 type = IterationAdaptiveDT
29 ny p =175 I I l I I 548 dt = 2.0e2
30 ny cu =3 549 optimal_ iterations = 10
31 ny c =296 550 iteration window = 2
32 nycl =3 551 growth_factor = 10
33 pellet outer radius = <fp_out rad> # Varying parameter 552 linear_ iteration_ratio = 100
34 pellet height = 12.8422222222222e-3 553 force_step_every function point = true
35 pellet quantity = 45 554 timestep_limiting function = power_ history
36 clad_thickness = <clad_thick> # Varying parameter 555 max_function_change = 3e20
37 clad _gap width = <gap_ thick> # Varying parameter BE [../]
o i - ] [ ]
38 clad bot gap_height = le-3 557
39 plenum fuel ratio = 0.04395224 # Dependent upon varying parameters 558 |[./Quadrature] ISO' I II I u I e
40 top bot clad height = 2.7e-3 559 order = FIFTH
41 elem_type = QUADS 560 side_order = SEVENTH
42 displacements = 'disp x disp y' e [../]
43 patch size = 10 # For contact algorithm 562 []
44 patch update strategy = auto 563
Line: 24, Col: 3 o Validation ~ Messages Line: 545, Col: 3  /Transient_type

20



Dakota within the NEAMS Workbench

[ JoN =5 NEAMS Workbench
File Edit View Run Help
Reload Save Saveas Closetab  Print Cut Copy Paste Undo Redo Find
006 Navigation
Processors y Dakota - 6.8 | document B Dakota - 6.8 Aun o View Edit o
— 8 sample_type lhs
v Ihsin 9 samples = 10 . .
T 10 seed = 50523 Dakota input file
tabular_data
. ;‘e;‘ogamethod_pomter 12 miable’,l
» id_method 13 normal uncertain = 9
v sampling 14 means = 0.94E-03 5.335E-03 10421.5 2.2E-06 6.4E-7 1.1E+5 16. 1.00E-05 1.15E-4
:gz::gfype i) std deviations = 0.94E-04 5.335E-04 1042.15 2.2E-07 6.4E-8 1.1E+4 1.6 1.00E-06 1.15E-5
seed 16 descriptors = 'clad _thick' 'fp out rad' 'fuel density' 'fuel rough' 'clad rough' 'fill pressure' 'clad cond' 'fuel therm exp' 'gap thick'
17
’ m"::,:;eu noertain 18 interface,
means 170 Sl oo - I TT1L
std_deviations
descriptors
. 685
v R 686 TN T N T
v as_ynchronous ::Z | 1_/< (| \. = . T \! |
evaluation_concurrency | Jp— Il ==Y LA LW ="
: . 689 | T8 # I IN_LENNELDN I
y ""a")::fgd""e’s 690 . R T N N AN
691
fork
v responses :gg _ ie
» response_functions 694 - s
g - "y Results panel
no_hessians 697 N (7 "
698 | N N . 5
699 v ¢/ n h t
700 | AN £ e\ { »
Document [& . v i Showing execution
702 ) _/ N N (> (>
703 AR I/ 1/
Navigation | SRR messages and
706
707 Nuclear Fuel Performance Analysis Code f t' I t'
708 Idaho National Laborat
7o b Fobte, Toune unction evaiuations
710
11 Copyright 2015 Battelle Energy Alliance, LLC
712 ALL RIGETS RESERVED
713
714 Prepared by Battelle Energy Alliance, LLC
718 Under Contract No. DE-AC07-05ID14517
716 With the U. S. Department of Energy
Line: 12, Col: 11  Mvariables/,
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Dakota within the NEAMS Workbenc

®

File Edit View Run Help

7 NEAMS Workbench

Reload Save Saveas Closetab  Print Cut Copy Paste Undo  Redo Find
B e
3 2 1 0 Partial correlation matrix between input and output
0 0518236 |0.458274 | 0.834432 | 0.211862
10149007 | -0.0204323 | -0.391797 | -0.038074 clad_thick Fargatocersletion skt 09
2 0272583 | 0.112252 |-0.282182 | 0.97387
3 0.370904 |0.327105 | 0.270096 | 0.3716
| | | fp_out_rad
4 0.0919053  0.125938 | 0.142922 | 0.0699791 -
5 0273072 | -0.225958 | 0263890 | -0.221873
6 0157616 |0.181101 | 0.14931 | 0.0252665 fuel_density -
7 0719268 099752 | 0.972551 |0.983806
8 0.0817386 | -0.0159561 | 0150233 | 0.964718 103
) fuel_rough |
Processors -None: g ? [ Arc - Arc 1 B § clad._rough - i,
1139 &
1140 o
1141 | \\ _Z7/ 1§ = Nl )
1142 | 1.7 11 L DR U N Y O I ¥ N fill_pressure
1143 | \ L e MDD = =) 4-03
1144 V1220 =) L= AL LN NZe51 NN
ii:g \ / \ / \ /Z N_ 7 M AT T
1147
1148 - L 086
1149 e g LD fuel_therm_exp
1150 /) (\ N
1151 (« ) ) \
1152 \) (4 )\ )
1153 | /) t 7" /\ gap_thick 09
1154 \ ar i ( 7 ) 1 L
1155 | A / ety ¢ " avg_clad_temp centerline_temp_bottom — fission_gas_gen fission_gas_release
- Ul
1156 We MY LT AN
1157 A (> [f].>
1158 N (¢ 74 1/
iiiz Al ¢l L4 £ (  Processors y  -None- B B Ac-Act B mny vew, e, B
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Summary

» Dakota is a SNL tool that performs uncertainty quantification,
optimization, and sensitivity analysis of simulation models.

* NEAMS Workbench is an ORNL tool to allow the user to create,
validate, parse, and process input files for various codes including
SCALE, ARC, and Bison.

 Bison is an INL tool to model performance of nuclear fuels.

* We demonstrated the integration of all three: both Dakota and
Bison are integrated within Workbench. In one study, we can
define the Dakota input and the corresponding Bison input.

» Demonstrated post-processing of sample results with visual
display of correlation matrices.
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