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2 I SNAP/DAKOTA Uncertainty Analysis

Pros

> SNAP provides access to
MELCOR’s extensive inventory
of sensitivity coetficients and

input parameters.

° R_ich_ 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 steep 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 uset.

° Input decks with new MELCOR
models (relative to SNAP version)

cannot be used
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Performing a Sensitivity Study with SNAP
31 Step | —= Downloading Dakota Plugin

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

. Create a Numeric " T 3
value in your model "
New /Updates (3) | Remove 3 Uncertain

st NR G e e
value as an input 1A s Analysis support.

[] CONTAIN 2.0.0

Va l U e Uncertainty 126

. Create a Dakota
Run Stream

. Specify a model
node as parametric
MELGEN or .

ELCOR depending
on input)

. Define Dakota
parametric
properties

. Coordinate data
flow

. Run Job

Select Available Select Updates Deselect Al Continue




Comparison of Job Streams

Two-Step MELGEN/MELCOR Stream

Subi
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Performing a Sensitivity Study with SNAP

51 Step 2 = Adding a Numeric (1)

Select Dakota plug-
in during the SNA
plugins download
and installation
step

Create a Numeric
value in your model

Assign the Numeric
value as an input
value

Create a Dakota
Run Stream

Specify a model
node as parametric
MELGEN or .

ELCOR depending
on input)

Define Dakota
parametric
properties

Coordinate data
flow

Run Job

Create the Numeric
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Performing a Sensitivity Study with SNAP
Step 2 - Adding a Numeric
s | Sensitivity Coefficient as an uncertain parameter (2)

Select Dakota plug-
in during the SNA
plugins download
and installation
step

Create a Numeric

value in your model

Assign the Numeric
value as an input
value

Create a Dakota
Run Stream

Specify a model
node as parametric
MELGEN or

ELCOR depending
on input)

Define Dakota
parametric
properties

Coordinate data
flow

Run Job

First create a new numeric
r1, which has no units.

Then add the sensitivity coefficient

¢ 4 Numerics [3]
Z Integers [0]
¢ R Reals[3]
BR HDBLH (Heat Transfer C.)
ER VFALL (velocity)
BR 1 (No Unit)

to the model database.

M **unsaved - (DEMO, Version 2.1)**

o Ml User Defined Materials [21]

o 2§ Fuel Dispersal [1]

o "% Hydrogen Recombiners [1]

o Fan Coolers [1]

o & Containment Sprays [1]

o= ¥+ Flow Paths [11]

|fil SCF Model [0]

o M Transfer Package [9]
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1001 Zircaloy Oxidation Rate Constant Coefficients
1002 Steel Oxidation Rate Constant Coefficients
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1005 B4C Reaction Model Parameters

1006 B4C Reaction Rate Parameters

1007 Ring Minimum Flow Area Fractions

1010 Material Dissolution Rate Coefficients
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10116 Zircaloy Post-Breakaway Oxidation Rate Constant Coeflicients
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1020 Radial Relocation Model Parameters

1021 Channel-Bypass Relocation Time Constant
1030 dT/dz Model Parameters
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1102 Steel Emissivity

1103 Particulate Emissivity

1104 Oxidized Zircaloy Emissivity

1131 Molten Material Holdup Parameters

1132 Core Component Failure Parameters

1141 Core Melt Breakthrough Candling Parameters
1151 Conglomerate Debris Surface Area Coefficients

Package

Select
Coefficient

-

DTabIt 0]
N
4% COR 11412 G W

* General [ ] Show Disabled
o Description | <none= Arbit ™7
£ % Coefficient | 1141 rl] rary P

vatue = .

8_ '8 Value | 1.0| H @ Select
O .= i
S First Index || 27

Index




Performing a Sensitivity Study with SNAP

71 Step 3 — Assign the New Numeric a value

Select Dakota plug-
in during the SNA
plugins download
and installation
step

Create a Numeric

value in your model

Assign the Numeric
value as an input
value

Create a Dakota
Run Stream

Specify a model
node as parametric
MELGEN or ‘

ELCOR depending
on input)

Define Dakota
parametric
properties

Coordinate data
flow

Run Job
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Performing a Sensitivity Study with SNAP

s | Step 4 — Dakota Job Stream (1)

Select Dakota plug-
in during the SNA
plugins download
and installation
step

Create a Numeric

value in your model

Assign the Numeric
value as an input
value

=l Use

r Defined Materials [21]

<> Basic Stream
A simple job stream.

2 Template
Select from one of the previously saved templates.

4P 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 startvalue to an end value.

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

~ %8 Fuel Dispersal [1]

~ “® Hydrogen Recombiners [1]
= B Fan Coolers [1]

~ & Containment Sprays [1]

= % Flow Paths [11]

% DAKOTA Uncertainty
Uncertainty support for the DAKOTA toolkit.

Create a Dakota
Run Stream

Specify a model
node as parametric
MELGEN or

7l CCF Model [0]
= Il Transfer Package [9]

-ﬁSen

- 1Y Cas

sitivity Coefficients [1]
es [1]

Create new a view for this Job Stream.

X - 83 Jobps
EI.—COR dependlng : ;]E':b Con New ‘ Back H Next H Finish H Cancel
on -lnput) ~ Eilé” Add To Sub-System » I
= Create View
Define Dakota AddToView ¥ fegory
al'ametl'lC General | Change Order [ Show Disabl
P g
propertles Cut ties Available
. Co
Coordinate data o
ﬂOW Paste Special
Run Job —
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91 Step 4 — Dakota Job Stream (2)

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

Create a Numeric
value in your model

Assign the Numeric
value as an input
value

Create a Dakota Run
Stream

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

Define Dakota
parametric
properties

Coordinate data flow
Run Job

<> Basic Stream
A simple job stream.

22 Template
Select from one of the previously saved templates.

4P MNumeric 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.

[[] Tabular Parametric
The parametric case takes the form of atable of shared variable values.

% DAKOTA Uncertainty
Uncertainty support for the DAKOTA toolkit.

Create new a view for this Job Stream.

Back || Next 3 || Finish || Cancel

#3 An Empty Stream
Anew Job Stream with a Model Node.

[ A single Step MELGEN Straam
AJob stream containing a single model node connected to a MELGEN job
step.

il Asingle Step MELCOR Stream

Ajob stream containing a MELCOR job step and an AptPlot step. This
stream uses an External 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. This

stream rung the full model with MELGEN then runs MELCOR with the
resulting restart file

Create new a view for this Job Stream

& Back || Next H Finish H Cancel

Two-Step MELGEN/MELCOR Stream

MELCOR @

2 MELCOR

MELGEN Step
1 MG _Step
MELZORZ2X model @

1 MELGEN restartm

melgen _}input autput :II,
MED f > message >

diag >

MELCOR Step *
2 MC_Step

restart f =
) input output f =
message

b restart diag ==

plotr’
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101 Step 4 -=Dakota Run Stream (3) — Add AptPlot to view

1.

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

Create a Numeric
value in your model

Assign the Numeric
value as an input
value

Create a Dakota Run
Stream

Specify a model
node as parametric
(MELGEN or MELCOR

depending on input)

Define Dakota
parametric
properties

Coordinate data
flow

Run Job
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MELCOR Step
MELCOR [@ 2 MC_Step AptPlot
2 MELCOR . el WarpFactor
melcor restart >

output f =

WMELZEN Step
1 MG_Step

f

MELCOR2X maodel @
MELGEN

{

tput

melgen input =R .
MED -:} message f|. -~
diag [

BO) param batzh f =
i screen [

) reen -
input  yuarp pdf

=




Performing a Sensitivity Study with SNAP
11 1 Step 4 -=Dakota Run Stream (4) - Add Extract Data

1. Select Dakota plug- o
in during the SNAP ITEYITTN  Cof T v e
plugins download - o
and installation step| Add Extract

Data to Job

Stream

2. Create a Numeric
value in your model

3. Assign the Numeric
value as an input
value

4. Create a Dakota Run
Stream

© Model Edinor 157
e Gt Tosls Window ol

5. Specify a model T —
node as parametric | ..i-® I
(MELGEN or MELCOR| [N
depending on input)

Two-Step MELGEN/MELCOR Stream

. MELCOR Step P
6. Define Dakota weecon @ 2 e
© = L= 3 WarpF actor
a restart f =
meleor ) . )
parametric v S P S
o message [ | screen >
ro ertl es NOrestat  diag :::»f =R Oinput g parf
MELGEN Step plat
1 MG_Step
° MELCOR2X model @ Extract Data
7 rdain MELGEN restart i 4 Step
¢ Fikg o output =
= — | Nove Up rO input - batoh [
flow 4 Extract Data 4 (GE] Move Down message .- [0 plot vasf>
| diag =
R L - e e sereen [
rame GET_Fom | Con

[ ———

8. Run Job - mm
e




Performing a Sensitivity Study with SNAP
121 Step 4 —-Dakota Run Stream (4) - Add DAKOTA to Job Stream

1. Select Dakota plug- |: e
in during the SNAP | ..iiv ™ =
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 R iz
] Dwnunneiwnﬁs‘frsd'\mm =
5. Specify a model BEET e
node as parametric T

(MELGEN or MELCOR [ —
depending on input) s

6. Define Dakota
parametric
properties

MMMMMMMMMMM

ppppppp

7. Coordinate data
flow

8. Run Job

bateh




Performing a Sensitivity Study with SNAP
5| Step 5 — Parametric Model Node

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

Create a Numeric
value in your model

Assign the Numeric
value as an input
value

Create a Dakota Run
Stream

Specify a model node
as parametric

(MELGEN or MELCOR
depending on input)

Define Dakota
parametric properties

Coordinate data flow
Run Job

o lwoStep_stream
o £7F Stream Steps [3]
L Input Switches [0]
[ Files [0]
¢ CF Model Modes [2]

MELCORZ2X model 1 (MELGEN)

[.
o= [% MELCOR 2 (MELCOR)
o= «fF Connections [65]

5

MELGEN

melgen f =
MED f >

{ MELCOR2X model @
5

.

[l MELCOR2X model 1 (MELGEN) 4w l =
¥ General [ Show Disabled MELCOR2X model
Label [mELGEN B ParMELGEN
Stream TwosStep_Stream melgen >
Description <none= MED | =~
Parametric B True () False -4
MELCOR Case|[] = Inactive = D ™ P

A 1IpULSWILLHES (U]

[3 Files [0]

¢ O Model Modes [2]

o= b Numeri

o A LAY

o % MELCORZX model 1 (MELGEN)
o=

MELCOR 2 (MELCOR)

&« Connections [59)

cs [2]

¢ = Views [3]

ouT

MELCOR

[ e

LMELCGH Gl }

Fa 4

il MELCOR 2 (MELCOR)

¥ General

["] Show Disabled

l

Label

[MELCOR

Stream

TwoStep_Stream

2 MELCCR

weLcor El }
)

Diescription =none= F ﬁ ‘?
Parametric ® True ™ P

melcor
MELCOR Case | [¥] MELCOR BliEK .
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141 Step 6 — Parametric Properties (1)

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

Create a Numeric
value in your model

Assign the Numeric
value as an input
value

Create a Dakota Run
Stream

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

Define Dakota
parametric
properties

Coordinate data flow
Run Job

" % DAKOTA Properties | @ Vari | & pistributi | ¥ Report |
Number of Samples 59 | Order O
Random Seed ™| Probability ’9507
Sampling Method @ Monte-Carlo O Latin Hypercube Confidence [so ]
Input Error Handling |lgnore model check errors |v| Replacement Factor
Figures of Meri [B)[x] [#][+ Time Dependent O ndent> 7]
Name [ Cowerumit | uppertimt |  Descripton |
T o OEISILVILY UL | 1] hizNass I = ‘ L [<unset-
#2 COR 1141-2
¢ 19 Cases [1]
il MELCOR
¢ &2 Job Streams [1]
o B TwoStep_Stream T
& «IF Connections [55]
o= 4P Numerics [0] [Hep | [ ®v Redo

o= = Views [1]

.
@ TwoStep_Stream
» General | | Show Disgbled
Mame |Twn Step Stream
Description ZMone=
Stream Type DAKOTA Uncertainty

Parametric Properties

59 Monte-Carlo samples, 1 respons...

File Groups

0 Groups

Platform

Local




Performing a Sensitivity Study with SNAP
15 1 Step 6 — Parametric Properties (2) — Figures of Merit

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

| @ DAKOTA Properties | (g Variables | [2] Distributions | ¥ Report |

¢ Create. a Numer]c Number of Samples |59 | Order 0l
value ln your mOdel Random Seed | Probability |95.I:I |
Assign the Numeric Sampling Method i® Monte-Carlo ) Latin Hypercube Confidence |95.0 |
Value as an inPUt Input Error Handling ‘Ignore model check errors ‘V| Replacement Factor
value
Figures of Merit I:' I:H:‘ Time Dependent [] :ndent= |:|
° Create a Dakota Run Mame Lower Limit Upper Limit Description
Stream H2ZMass O O =unset=
. Specify a model node At this point we have added an
as parametric FOM, given it a name, limits, and
(MELGEN or MELCOR description, but have not
depending on input) connected it to the database
. Define Dakota

parametric properties
. Coordinate data flow
. Run Job

‘ Help | | Undo H Redo | ‘ OK H Cancel | ‘
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Performing a Sensitivity Study with SNAP

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

Create a Numeric
value in your model

Assign the Numeric
value as an input
value

Create a Dakota Run
Stream

Specify a model
node as parametric
(MELGEN or MELCOR

depending on input)

Define Dakota
parametric
properties

Coordinate data flow
Run Job

Step 6 — Parametric Properties (3) — Sensitivity Variables

0 Edit Uncertainty Configuraticl

n

[ @ DAKOTA Properties | & Variables | [A Distributions | ¥ Report |

[#][+]

Wariable Nominal Variable Distribution Distribution
Wariable Distribution Type Value Units Type Parameters
R VFALL |[A] d1 User-Defi... |nfa Velocity (... [Scalar p:0.0@1.0
Select the variable category: Select the variable:
R User-Defined Reals |42 RN1 70001 1.0E-15 (Nounity
4% Sensitivity Coefficients i
: 4% COR1131.2 2400.0 (Nounit)
|42 cor11412 0.2 (ounity
4~ COR 113211 2700.0 (Mounit)
EE 4% COR1502-2 5.0 (Nounit)
4% COR1250-1 2800.0 (Nounit)
1
1 | Help | | 53 undo || Redo

Prev || Next $ ‘ | Finish H Ccancel |
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171 Step 6 — Parametric Properties (4) - Distributions

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

. Create a Numeric
value in your model

. Assign the Numeric
value as an input
value

. Create a Dakota Run
Stream

. Specify a model
node as parametric
(MELGEN or MELCOR

depending on input)

. Define Dakota
parametric
properties

. Coordinate data
flow

. Run Job

[ @ DAKOTA Properties | & Variables | [o] Distributions | ¥ Report |

[#][v]

[a] d1 (ScalarMo Unit)

MName: |d‘l

Distribution: |Non'r|a|

Rule: Scalar

Distribution Parameters

Wariance

] Max

Mimin - [ o0le) ®

- 7

?98 7 /\

g (Mean) 10/ F
0 (STDV) 0.05 ) P

Z|cumulative distributi

0 %

.l0.00

- |Probability density

0.00

T T T
0.850 1.001.15

‘ Help ‘ ‘ Undo H Redo ‘

Available Distributions:

Normal Triangular
Lognormal Exponential
Uniform Beta

Loguniform Gamma

Gumbel
Frechet
Weibull

Histogram
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18 1 Step 6 — Parametric Properties (5) — Report Options

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

2. Create. a Numer]c [ @ DAKOTA Properties | & Variables | [o] Distributions | ¥ Report | 400-— _
value in your model

Document Format |Microsoﬂ Word Document {.docx)

o 380 -
Title Page P <unset=

3. Assign the Numeric e . L
value as an input e O ]
value Foater ] | |

- ; 340 n I n I n I ‘
Misc. Include Section Titles Plotted Values 2390 2395 2400 2405 7210
) TZMX (COR 1131-2 -)
Include Random Variates |:| |:| I:‘
4. Create a Dakota Run
Include FOM Values Dependent Use Independent Independent
t ream b HDBLH Iteration Index
Sortby |Task Mo. i [ VFALL lteration Index
Tl -
° Include Extract Script Tl $gg>,(:‘“ :{era{!on :ngex
5. Specify a model -
° p y Include Input File K TKMIN Iteration Index

© H2

o
FEEEEOCOCOOO

nOde as pa ram et ric Include Page Numbers [g :; %IH |
(ME LGEN or ME LCOR [¥] Include Table of Contents g Eg g IESE\I

depending on input)

6. Define Dakota
parametric
properties

] [vme ][ G |

7. Coordinate data
flow

8. Run Job
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Step 7 - Coordinate Data Flow (Extract Data 2)

) Gstract Data 4 (Srap) - Dropadtise Views

@ Model Edinca 237

e Eot Tosis Window el F
D DC vyv#1 uﬂ!: 0\@64
S 4 F W
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D o T
Stream PWR_LG | 4
Application 4© Exract Data ]
Relats Lnestion [ |r
VitwinJonSlsten | Yes & N ¥
¥
= e ¥

gt Files 1] Requied Files Missing
DutetFiles [4] Dunpans Dennea L 4
CustemProcsssing  None T
PlatFils Trps CORRA By
PlotFile Cata 4

AptPlol Soript
Paramatric Tagks

t

Q) Define Input Files For Estrsct Dete & (Stemi
| ][] [+][+]
Nawe | ror o Fre — Ruenrme Delets Sner
| Late [ ] Tree Fl Name Completon
‘*——_._ | et MELCORZXPTF Dissaerastsd micat it =
e
L=t o |
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20 1 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
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Step 7- Configure AptPlot output
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21 Step 7 — Coordinate Data Flow (Pipe Plot Data)
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Statistics and Output

Statistical results based on 59 samples:

Summary Value Task #
Min Value 250.87505 34
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
ds 0.0979063 0.102384 0.135067 0.268339
dé 0.110172 0.146704 0.0338983 0.0599765
d7 0.098521 0.123725 0.126768 0209831
dl 0.737284 0.791904 0.765926 0.855157
d2 -0.495872 0627241 -0.379486 -0.653184
d3 0.03035 0.00594472 0.0189947 0.0516358
d4 -0.0188159 0.0125986 -0.0151373 0.0108442
Probability Density Function
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