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2 SNAP/DAKOTA Uncertainty Analysis

Pros
. SNAP provides access to
MELCOR's rich inventory of
sensitivity coefficients and input
parameters.
. Rich set of parameter

distributions to choose from.
. Graphical interface to DAKOTA

input
. Familiar SNAP interface
. Input, post-processing, UA

. MELCOR, RELAP, TRACE,COBRA,
CONTAIN, FRAPCON, PARCS

. All-in-one solution for UA
. SNAP schedules multi-parameter runs

after setup

. SNAP prepares statistical report generated
upon job completion

Cons
. SNAP has relatively step learning

curve for beginner
. Failed runs (realizations) are not

accounted for and no statistical
report is generated. They lead to
an incomplete job with no
diagnostics to user.
. Input decks with new MELCOR

models (relative to SNAP version
cannot be used

converted to
parametnc tasks

invoked in
pre-run" mode

Client-side generating the uncertainty parametnc models

Modified inputs I '

 f----

Stream
Manager

Parametnc
fan-out

DAKOTA Step

Parametric
fan-in

Server-side Submitted Stream

DAKOTA Step Process

Step 1
generate post-run
results from
vanable inputs

Post-Run
Results

Step 2
Execute DAKOTA
In "post-run" mode

DAKOTA
Dakota
Output

Step 3
generate report
from results and
outputs

► ODF
Report".



Performing a Sensitivity Study with SNAP
3 Step l Downloading Dakota Plugin

1. Select Dakota_plug-
in during the SNAP
plugins download
and-installation
step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota
Run Stream

5. Specify a model
node as parametric
(MELGEN or
MELCOR depending
on input)

6. Define Dakota
parametric
properties

7. Coordinate data
flow

8. Run Job

[L, Plugin Manager

New / Updates (3) Remove (3)

Package Stabs Available

AVF 3.2.14

CONTAIN 2.0.0

Uncertainty 1.2.6

Select Avalable Select Updates L Deselect NI I

Uncertainty

Reference Implementation for

Uncertainty Analysis support.

Continue



1 Performing a Sensitivity Study with SNAP4 Step 2 Adding a Numeric (I)

1. Select Dakota_plug-
in during the SNAP
plugins download
and-installation
step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota
Run Stream

5. Specify a model
node as parametric
(MELGEN or
MELCOR depending
on input)

6. Define Dakota
parametric
properties

7. Coordinate data
flow

8. Run Job

Create the Numeric
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Heatriansfeijmum!) 

Cut

Copy

Paste

Paste Special

Delete

OK Cancel

❑ Show Disabled

o Properties Available

Name is
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Name

Description

interartve Vanahle

Value

VFALL

on
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o l
t

Connect
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•

0 Core R4 t
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Performing a Sensitivity Study with SNAP
5 Step 2 Adding a Sensitivity Coefficient (2)

1. Select Dakota_plug-
in during the SNAP
plugins download
anciinstallation
step

Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota
Run Stream

5. Specify a model
node as parametric
(MELGEN or
MELCOR depending
on input)

6. Define Dakota
parametric
properties

7. Coordinate data
flow

8. Run Job

in -unsaved_ (DEMO, Version 2.1)"
o- III User Defined Materials [21]
0- Fuel Dispersal [1]

o- Hydrogen Recornbiners [1]
O- giL Fan Coolers [1]

Containrnent Sprays [1]

o- >>> Flow Paths [11]
CCF Model [0]

0- 111 Transfer Package [9]
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p COR

0- e Cases [1

Job Stre

o- Connecti
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R Real:
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D Tabl
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Mew

Add To Sub-System 0

Cut

Copy

Paste

Paste Special

Delete

Coefficient Type COR (1001 - 1699)

< Custom Sensitivity Coefficient >

1001 Zircaloy Oxidation Rate Constant Coefficients

1002 Steel Oxidation Rate Constant Coeffidents

1003 Gaseous Diffusion Oxidation Coeffidents

1004 Oxidation Cutoff Temperatures

1005 B4C Reaction Model Parameters

1006 B4C Reaction Rate Parameters

1007 Ring Minimum Flow Area Fractions

1010 Material Dissolution Rate Coefficients

1011 Eutectic Reaction Temperatures

1016 Zircaloy Post-Breakaway Oxidation Rate Constant Coefficients

1017 Lifetime Parameters for Breakaway Model

1020 Radial Relocation Model Parameters

1021 Channel-Bypass Relocation Time Constant

1030 dTlciz Model Parameters

1101 Fuel-Cladding Gap Emissivities

1102 Steel Emissivity

1103 Particulate Emissivity

1104 Oxidized Zircaloy EmissMty

1131 Molten Material Holdup Parameters

Core Component Failure Parameters

1141 Core Melt Breakthrough Candling Parameters

1151 Conglomerate Debris Surface Area Coefficients

COR 1141-2

Select
Package

Select
Coefficient

:c6

OK Cancel

ir General D Show Disabled

Description <none> Em
Coefficient 1141

Arbitrary Ti 7

Value value 1 Olo Ti
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Performing a Sensitivity Study with SNAP
6 Step 3 Assign the New Numeric

1. Select Dakota_plug-
in during the SNAP
plugins download
and-installation
step

2. Create a Numeric
value in your model

- Assign the Numeric
value as an input
value

4. Create a Dakota
Run Stream

5. Specify a model
node as parametric
(MELGEN or
MELCOR depending
on input)

6. Define Dakota
parametric
properties

7. Coordinate data
flow

8. Run Job

.<2 -

0- 111 User Defined NCG [9]
111 User Defined rvIaterials [1]
ti Fuel Dispersal [0]
cl Hydrogen Recombiners [0]

Fan Coolers [0]
A- Containment Sprays [0]

Flow Paths [1]
1n1 CCF Model [0]

0- III Transfer Package [0]
? ep Sensitivity Coefficients [1]

ep CVH 4407-11
e Cases [1]

0- a Job Streams [2]
0- 04 Connections [8]
0- 41> Numerics [1]

Select a Shared Real

Name Current Vaiue Engineering Unit

Inane>

tbR rl 0.4 No Unit (-)

OK Cancel

do CVH 4407-11
v General

Description

Coefficient

Value

Arst Index

Show Disabled

<none>

4407

r1(0.4)1(-)

111

It?



Performing a Sensitivity Study with SNAP
7 Step 4 Dakota Job Stream (I)

1. Select Dakota_plug-
in during the SNAP
plugins download
and-installation
step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota
Run Stream

5. Specify d model
node as parametric
(MELGEN or
MELCOR depending
on input)

6. Define Dakota
parametric
properties

7. Coordinate data
flow

8. Run Job

- ■ User Defined Materials [21]
- ¢¢¢ Fuel Dispersal [1]

- 1 Hydrogen Recombiners [1]
- II Fan Coolers [1]

- Containrnent Sprays 01
- >» Flow Paths M11
bl CCF Model [0]

- 111 Transfer Package [9]

- ki Sensitivity Coefficients [1]
- e Cases [-ll

- Co

- 41> Nu
- Vie

General

Niew II.

Add To S u b-Systern 0

Create View

Add To View 0

Change Drder

Cut

CoPY

Paste

Paste Special

Delete

•

Basic Stream

A simple job stream.

Template

Select from one of the previously saved templates.

<ID Numeric Combination

The numeric combination builds a set of input models by modifying the
value of one or more input shared numeric values. Each selected shared
numeric will either iterate through a list of predefined values or increment
from a start value to an end value.

El Tabular Parametric

The parametric case takes the form of a table of shared vadable values.

ft DAKOTA Uncertainty

Unceitainty support for the DAKOTA toolktt

LT!%j Create new a view for this Job Stream.

Next Finish Cancel

ties Available



Performing a Sensitivity Study with SNAP
8 Step 4 Dakota Job Stream (2)

1. Select Dakota plug-in
during the SNAP
plugins download and
installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

Create a Dakota Run
Stream

5. Specify a model node
as parametric
(MELGEN or MELCOR
depending on input)

6. Define Dakota
parametric
properties

7. Coordinate data flow

8. Run Job

<> Basic Stream

A simple job stream.

gl Template
Selectfrom one of the previously saved templates.

48- Numeric Combination

The numeric combination builds a set of input models by modifying the
value of one or more input shared numeric values. Each selected shared
numeric will either iterate through a list of predefined values or increment
hom a start value to an end value.

❑ Tabular Parametric

The parametric case takes the form of a table of shared variable values.

DAKOTA Uncertainty

Uncertainty support for the DAKOTA toolkit.

Create new a view for this Job Stream.

Back Next Finish Cancel

g 3 An Empty Stream
A new Job Stream with a Model Node.

A Single Step MELGEN Stream

A job stream containing a single model node connected to a MELGEN job
step.

V A Single Step MELCOR Stream

A job stream containing a MELCOR job step and an AptPlot step. This
stream uses an Extemal File to reference the restart file from a previously
completed MELGEN or MELCOR job.

A Two-Step MELGEN/MELCOR Stream

A job stream containing a MELGEN, a MELCOR, and an AptPlot step. Thin
stream runs the full model with MELGEN then nins MELCOR with the
resulting restart file.

E Create new a view for this Job Stream.

Back Next Finish Cancel

Two-Step MELGENIVIELCOR Stream

Submit



Performing a Sensitivity Study with SNAP
9 Step 4 Dakota Run Stream (3) —Add AptPlot to view

1. Select Dakota plug-
in during the SNAP
plugins download
and installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

Create a Dakota Run
Stream

5. Specify a model
node as parametric
(MELGEN or MELCOR
depending on input)

6. Define Dakota
parametric
properties

7. Coordinate data
flow

8. Run Job
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Performing a Sensitivity Study with SNAP
10 Step 4 Dakota Run Stream (4) —Add Extract Data

1. Select Dakota plug-
in during the SNAP
plugins download
and installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

Create a Dakota Run
Stream

5. Specify a model
node as parametric
(MELGEN or MELCOR
depending on input)

6. Define Dakota
parametric
properties

7. Coordinate data
flow

8. Run Job

Add Extract
Data to Job
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Performing a Sensitivity Study with SNAP
11 Step 4 -Dakota Run Stream (4) -Add DAKOTA to Job Stream

1. Select Dakota plug-
in during the SNAP
plugins download
and installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota Run
Stream

5. Specify a model
node as parametric
(MELGEN or MELCOR
depending on input)

Define Dakota
parametric
properties

Coordinate data
flow

8. Run Job
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Performing a Sensitivity Study with SNAP
12 Step 5 Parametric Model Node

1. Select Dakota plug-in
during the SNAP
plugins download and
installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota Run
Stream

5. Specify a model node
as parametric
(MELGEN or MELCOR
depending on input)

6. Define uaKota
parametric properties

7. Coordinate data flow

8. Run Job

y- qi, 1 wotep_n'eam
0- fk Stream Steps [3]
a Input Switches [0]
Ei Files [0]

9 0- Model Nodes [2]
C" g MELCOR2X model 1(MELGEN)
C" MELCOR 2 (MELCOR)

.2- -fik Connections [55]

&OP'

, MELCOR2X model 1 {ME LG EN)

w General E Show Disabled
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2 Files [0]
9 a Model Nodes [2]
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0- 4D Numerics [2]
9 .---= Views [3]
0- .---= LAYOUT

Am'

MELCOR 2 {MELCOR} :c6

w General E show Disabled
Label MELCOR I
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Description <none> E1 $27
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MED

MELCOP:n•
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Performing a Sensitivity Study with SNAP
13 Step 6 Parametric Properties (I)

1. Select Dakota plug-in
during the SNAP
plugins download and
installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota Run
Stream

5. Specify a model node
as parametric
(MELGEN or MELCOR
depending on input)

6. Define Dakota
parametric
properties

7. Coordinate data flow

8. Run Job

Cr- otilluiray L IJ

CDR 1141-2

CEI Cases 01
MELCOR

Job Streams [1]
TwoStep_Stream

O- Connections [55]

c- 4P Numerics [0]

O- Views [1]

if DAKOTA Properties  ns Report
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Figures alien( El pi ri
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Confidence

Replacement Factor

Time Dependent

❑
195.0

195.0

❑ mdent
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/1/4 I

Help * Undo 01 Redo

TwoStep_Strearn
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.

TName Twostep_Strearn I

cn ViDescription <none> E
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Performing a Sensitivity Study with SNAP
1 4 Step 6 — Parametric Properties (2) — Figures of Merit

1. Select Dakota plug-in
during the SNAP
plugins download and
installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

Create a Dakota Run
Stream

5. Specify a model node
as parametric
(MELGEN or MELCOR
depending on input)

Define Dakota
parametric properties

7. Coordinate data flow

8. Run Job

r IP DAKOTA Properties

Number of Sarnples

Randorn Seed

Sarnpling Method

Input Error Handling

Figures of Merit

EZ:l Variables E Distributions TI Report

59

111 -auto-

0 Monte-Carlo C) Latin Hypercube

Ignore model check errors

qP

Order

Probability

Confidence

Replacement Factor

❑
95 0

95.0

Time Dependent ❑ ?ndent >

Name I Lower Lirnit

H2Mass

Upper Limit Description

I ❑I <unset,

At this point we have added an
FOM, given it a name, limits, and
description, but have note
connected it to the database

Heip I r:•.• Undo ?.edo OK l l Cancel



Performing a Sensitivity Study with SNAP
15 Step 6 Parametric Properties (3) Sensitivity Variables

1. Select Dakota plug-in
during the SNAP
plugins download
and installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota Run
Stream

5. Specify a model
node as parametric
(MELGEN or MELCOR
depending on input)

6 Define Dakota
parametric
properties

7. Coorainate data flow

Edit Uncertainty Ccirifiguration X

DAKSTA Properties

Variable Distribution

Variable

Type

R WALL 3 di User-Da__

Nominal

Value

Variable

Units

Distribution

Type

Distribution

Parameters

nfa VelocRy (_.. Scalar p:0 0 610

i) Undo

Select the variable category: Select the variable:

IR User-Defined Reals ' RN1 7000-1 1.0E-15 (Nounit)

c COR 1131-2 2400.0 (Nounit)

i., COR 1141-2 0.2 (Nounit)
c COR 1132-1 2700.0 (Nounit)

COR 1502-2 5.0 (Nounit)

COR 1250-1 2800.0 (Nounit)

P sensitivity ci

q.  Prev Next SI Finish Cancel

8. Run Job



Performing a Sensitivity Study with SNAP
16 Step 6 Parametric Properties (4) - Distributions

1. Select Dakota plug-
in during the SNAP
plugins download
and installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota Run
Stream

5. Specify a model
node as parametric
(MELGEN or MELCOR
depending on input)

6. Define Dakota
parametric
properties

7. Coordinate data
flow

8. Run Job

$ DAKOTA Properties
❑ 3

Variables

E d1 (Scalar:No LIM

•
Distributions 1F2l Report

Narne:

Distribution:

Rule:

di 

Normal

Scalar

Distribution Parameters

p (Mean)

(STDV)

Variance

El Min

El Max

1 ol

0 051 TP

?

polo 1?
0 V

Probability density

7.98

0.00

0 850 1.00 1.15

Cumulative dist buti

1.00

0 00

0 050 1 15

Help /e) Undo .`,0 Redo OK Cancel

Available Distributions:

Normal Triangular Gumbel
Lognormal Exponential Frechet
Uniform Beta Weibull
Loguniform Gamma Histogram



Performing a Sensitivity Study with SNAP
17 Step 6 Parametric Properties (5) Report Options

1. Select Dakota plug-
in during the SNAP
plugins download
and installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota Run
Stream

5. Specify a model
node as parametric
(MELGEN or MELCOR
depending on input)

Define Dakota
parametric
properties

Coordinate data
flow

$ DAKOTA Properties Variables Distributions

Document Format

Title Page

Front Matter

Header

Footer

Misc.

Report

Microsoft Word Document (.docx)

<unset,

$21 .unset,

❑
❑
111 Include Section Titles

Li Include Random Variates

1=1 Include FOM Values
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Performing a Sensitivity Study with SNAP
18 Step 7 — Coordinate Data Flow (Extract Data 2)

1. Select Dakota plug-
in during the SNAP
plugins download
and installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota Run
Stream

5. Specify a model
node as parametric
(MELGEN or MELCOR
depending on input)

6. Define Dakota
parametric
properties

Coordinate data
flow
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Performing a Sensitivity Study with SNAP
Performing a Sensitivity Study with SNAP

1 9 Step 7— Configure AptPlot output

1. Select Dakota plug-
in during the SNAP
plugins download
and installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota Run
Stream

5. Specify a model
node as parametric
(MELGEN or MELCOR
depending on input)

6. Define Dakota
parametric
properties

Coordinate data
flow

8. Run Job
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Performing a Sensitivity Study with SNAP
20 Step 7 — Coordinate Data Flow (Pipe Plot Data)

1. Select Dakota plug-
in during the SNAP
plugins download
and installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota Run
Stream

5. Specify a model
node as parametric
(MELGEN or MELCOR
depending on input)

6. Define Dakota
parametric
properties

Coordinate data
flow
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Performing a Sensitivity Study with SNAP
Step 7 - Coordinate Data Flow (Connect 'Extract Data' output to

21 Dakota input)

1. Select Dakota plug-
in during the SNAP
plugins download
and installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota Run
Stream

5. Specify a model
node as parametric
(MELGEN or MELCOR
depending on input)

6. Define Dakota
parametric
properties

Coordinate data
flow

8. Run Job
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Performing a Sensitivity Study with SNAP
Step 7 — Run Dakota Job Stream

1. Select Dakota plug-in
during the SNAP
plugins download
and installation step

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota Run
Stream

5. Specify a model
node as parametric
(MELGEN or MELCOR
depending on input)

6. Define Dakota
parametric
properties

7. Coordinate data flow

8. Run Job
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5 Step _5

output

post C>

screen C>

report C>

• tit
calcserv://Local/Test/MELCOR/TwoStep_Streaml

Job •& Priority Job Type Status Submitt Started Complet. Calc Time Loaded

MC_Step_TO1 5 MELCOR Complete 12:4 1243:50 125245 No Data No
MC_Step_T02 5 MELCOR Complete 12: 27 12:43:50 12:52:55 No Data No
MC_Step_T03 5 MELCOR Complete 12 3:27 12:43:50 12:53:29 No Data No
MC_Step_T04 5 MELCOR Complete 1 43:32 12:43:51 12:53:34 No Data No
MC_Step_T05 5 MELCOR Complete • 3:27 12:43:50 12:52:43 No Data No
MC_Step_T06 5 MELCOR Complete 2:43:32 12:43:51 12:52:55 No Data No
MC_Step_T07 5 MELCOR Complete 12:43:27 12:43:50 12:52:55 No Data No
MC_Step_T08 5 MELCOR Complete 12:43:27 12:43:50 12:53:03 No Data No
MC_Step_TO9 5 MELCOR Complete 12:43:27 12:43:51 12:52:52 No Data No
MC_Step_T10 5 MELCOR Complete 12:4327 12:43:51 12:53:15 No Data No
MC_Step_T11 5 MELCOR Complete 12:43:32 12:43:52 12:52:58 No Data No
MC_Step_T12 5 MELCOR Complete 12:43:27 12:43:51 12:53:03 No Data No
MC_Step_T13 5 MELCOR Complete 12:43:32 12:43:52 12:53:22 No Data No
MC_Step_T14 5 MELCOR Complete 12:43:32 12:43:54 12:52:58 No Data No
MC_Step_T15 5 MELCOR Complete 12:43:28 12:43:51 12:52:53 No Data No
MC_Step_T16 5 MELCOR Complete 12:43:32 12:43:54 12:53:00 No Data No
MC_Step_T17 5 MELCOR Complete 12:4328 12:43:51 12:53:07 No Data No
MC_Step_T18 5 MELCOR Complete 12:43:33 12:43:55 12:52:42 No Data No
MC_Step T19 5 MELCOR Complete 12:43:33 12:43:56 12:52:44 No Data No



23 Statistics and Output

Statistical results based on 59 samples:

Summary Value Task #

Iskm Value 250.87505 54

Max Value 574.76666 51

Mean 381.43805 -

Median 382.44507 40

Standard Deviation 56.8461

Coefficient of Variance 0.38578

Response Correlations

Simple Partial Simple Rank Partial Rank

d5 0.0979063 0.102384 0.135067 0.268539

d6 0.110172 0.146704 0.0338983 0.0599765

d7 0.098521 0.123725 0.126768 0.209831

dl 0.737284 0.791904 0.765926 0.855157

d2 -0.495872 -0.627241 -0.379486 -0.653184

d3 0.03035 0.00594472 0.0189947 0.0516358

d4 -0.0188159 0.0125986 -0.0151373 0.0108442
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