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INTRODUCTION
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q Nowadays, for the evaluation of the safety margins, the use of BEPU approach is
of great interest for the International Scientific Nuclear Community.

q Considering the key role of Severe Accident (SA) codes for deterministic safety
analyses and source term evaluations, several research activities in national and
international frameworks are in progress and are planned to reduce and/or
estimate the uncertainty in SA phenomena prediction.

q In this framework, from an operative point of view, one of the key needs is to have
an automatic coupling between the UTs and the SA code.
o For example, by using the probabilistic method to propagate input uncertainty,

the Uncertaity Tool (Uts) will perform several steps and several parameters
should be selected by the user when performing an Uncertainty Analyses (UA).

o The use of a user-friendly environment/architecture, that permits a direct
coupling between the SA code and the UTs, for characterizing the UA and to
perform all the uncertainty steps, is one of key operative needs.
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o USNRC codes (e.g. MELCOR, TRACE, etc.) can be used together with a user-
friendly front end, Symbolic Nuclear Analysis Package (SNAP), able to:
o Support the code user in the development and visualization of the nodalization,
o Show a direct visualization of selected calculated data, and
o Accept existing code inputs.

o One of the features of SNAP of current interest for the International Technical
Nuclear Community, is the possibility of coupling USNRC codes with the DAKOTA
toolkit. Through SNAP it is possible to set up the DAKOTA uncertainty analysis and
to perform automatically all the necessary steps.

o The target of this presentations is to briefly show:
o Main details of the MELCOR/DAKOTA coupling in a SNAP

environment/architecture;
o Different steps necessary to set it up;
o Some exemplificative applications to show the potentiality of the coupling.



INTRODUCTION

q Several methodologies have been developed in the past to perform
UA. In particular these uncertainty methodologies can be grouped
in:
o Methods to propagate input uncertainty, divided in

o Probabilistic (e.g. CSAU, GRS, IPSN, etc.);
o Deterministic methods (e.g. AEAW, EDF-Framatome,

etc.);
o Method to extrapolate output uncertainty (e.g. UMAE).

q The probabilistic method to propagate input uncertainty can be
applied through the DAKOTA toolkit developed by SANDIA.

q DAKOTA can be also coupled with the USNRC codes in the SNAP
environment/architecture to automate the uncertainty analysis
execution.
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PROBABILISTIC METHOD TO PROPAGATE INPUT 
UNCERTAINTIES IN A CODE
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q The probabilistic method to propagate input uncertainty is based on the
creation of a set code runs.

q Each individual run is obtained by randomly selecting a value from each
uncertain parameter Probability Density Function (PDF).

q The model input is adjusted, implementing these values, to create a singular
instance of the model input of which an analysis is to be performed.

q A set of N models and corresponding code analyses are created and solved
with a given analysis code.

q Then, through correlation analysis, the relationship between the selected
uncertain input parameters and the results is characterized for selected FOMs.

q Each uncertain input parameter is defined by its range of variation and its PDF.



MELCOR/DAKOTA COUPLING IN A SNAP 
ENVIRONMENT/ARCHITECTURE-DAKOTA TOOLKIT
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q DAKOTA is an open source software written in C++ and developed by Sandia
National Laboratories to perform parametric and uncertainty analysis in a fast and
automatic way.

q The aim of this toolkit is to bridge simulation codes and analysis methods for
parametric evaluation, uncertainty quantification and system optimization.

q The DAKOTA toolkit is also provided as a plug-in for SNAP, which is a graphical
user interface designed to support the use of USNRC nuclear codes (e.g.
MELCOR, TRACE, etc.).

q Using SNAP, it is possible to build the input model in a graphical environment and
to have a direct visualization of the computed data by using animation capability
within SNAP.

Through SNAP it is possible to set up a DAKOTA UA and to 
perform all analytical steps automatically.



MELCOR/DAKOTA COUPLING IN A SNAP 
ENVIRONMENT/ARCHITECTURE - SNAP
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q USNRC codes (e.g. MELCOR, TRACE) can be used together with a user-friendly front end, SNAP,
able to:
o Support the user in the development and visualization of the nodalization,
o Show a direct visualization of selected calculated data,
o Accept existing code input.

q SNAP is a suite of integrated applications including:
o “Model Editor”,
o “Job Status”,
o “Configuration Tool”, and
o “Calculation Server”.

q In particular, the “Model Editor” is used for the nodalization development and visualization and for the
visualization of the selected calculated data by using its graphical and animation model capability.

q SNAP allows the:
o Development of input-decks from scratch,
o Import of existing input-decks developed in native ASCII format,
o Development of the post processing of the simulations by using:

§ SNAP animation modelling capabilities and
§ AptPlot plot capabilities,

o Execution of uncertainty analyses that automatically:
§ Run different random sampling tasks,
§ Develop requested dispersion plots, and
§ Generate statistical and response correlation analyses.

o Etc.



DAKOTA UNCERTAINTY ANALYSIS WORKFLOW FOR MELCOR 
CODE IN A SNAP ENVIRONMENT/ARCHITECTURE
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Ø In particular, the DAKOTA plugin allows the
following:
o Enter the uncertain input parameters

with their range and PDF,
o Select the sampling method (Monte

Carlo or Latin Hypercube),
o Enter the desired FOMs for the

analysis, and
o Set the final report that contains the

results of the UA application; this
report is automatically generated at
the end of the uncertainty
quantification analysis.

Ø DAKOTA is run first to sample the uncertain
input parameter values and to generate the
set of code inputs.

Ø After the solution of the set of code inputs
and the extraction of the desired data,
DAKOTA is run a second time to perform the
uncertainty analysis and applies correlation
techniques to evaluate the correlation
between input and output parameters
selected as FOMs.



MELCOR/DAKOTA COUPLING IN A SNAP 
ENVIRONMENT/ARCHITECTURE

q The minimum number of code runs, N, depends on the requested
probability content α, the confidence level β and the number of FOMs.

q In case only one FOM is investigated, for the one-sided tolerance
interval, the required number of code runs can be found, based on
Wilks, by solving the following equation with respect to N:

q If more than one FOM is investigated, for the one-sided tolerance
interval, the required number of code runs can be found by solving
the following equation with respect to N

where p is the number of FOMs.
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STEPS NECESSARY TO SETUP A MELCOR/DAKOTA 
COUPLING IN A SNAP NVIRONMENT/ARCHITECTURE
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1. Creation of the DAKOTA Uncertainty Job Stream for a Two-Step
MELGEN/MELCOR Stream and selection of the MELGEN and MELCOR
executables,

2. Definition of the DAKOTA application properties, characterization of the PDF, set-
up of the automatically generated report,

3. Definition of the Plotting Step properties,
4. Creation and set-up of the Data Extraction and DAKOTA Uncertainty Steps,
5. Creation and set-up of DAKOTA Uncertainty Steps,
6. Execution of the Uncertainty Analysis.

ALL the 
STEPS 
are 
described
in detail
in the 
NUREG-
IA



DEFINITION OF THE DAKOTA APPLICATION PROPERTIES, 
CHARACTERIZATION OF THE PDF, SET-UP OF THE 
AUTOMATICALLY GENERATED REPORT 
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q After setting up the MELGEN and MELCOR steps, the characterization of the different
uncertain parameters may be defined.

q From the EDIT UNCERTAINTY CONFIGURATION, various Tabs allow users to:
o Characterize the sampling process:

o “Number of Samples”: In order to select the number of samples a “Calculated
Samples Button” is available to the user to evaluate the required number of tasks
considering the Order, Probability, and Confidence selected by the user. The
calculation is based on Wilks formula.

o “Random Seed”;
o “Sampling Method” (Monte-Carlo or Latin Hypercube method);
o “Input Error Handling” (ignore model check errors; filter out inputs that fail model

check; replace input that fail model check),
o FOMs,
o Order, probability and confidence level;
o Replacement factor.

o Identify uncertain input parameters and their related distribution characteristics;

o Identify the FOMs;

o Specifying the aspects of the automatically generated report.



EDIT UNCERTAINTY CONFIGURATION/DAKOTA 
PROPERTIES” SNAP TAB
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“VARIABLE/ SELECT THE VARIABLE 
CATEGORY/SELECT THE VARIABLE” TAB
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EXAMPLE OF INPUT UNCERTAIN PDF REPRESENTATION IN 
THE “EDIT UNCERTAINTY CONFIGURATION/DISTRIBUTION”  
TAB
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“EDIT UNCERTAINTY CONFIGURATION/REPORT” 
SNAP TAB
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DAKOTA UA REPORT
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q The report is automatically generated by DAKOTA at the end of the UA as
characterized in the “Edit Uncertainty Configuration View/Report” Tab along
with the input specifications.

q The report includes the following sections:
o Introduction section,
o Uncertainty quantification input options section,
o Variate and response data section,
o DAKOTA Results:

In this section after a summary of the second DAKOTA run, the following
information are reported for each FOM:
§ Cumulative distribution function and probability density function,
§ Statistical results, and
§ Response correlation.

o DAKOTA Input File: The input file used in a -pre_run DAKOTA invocation to
generate the random variates.

.



DAKOTA UA REPORT
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q REPORT: Variate and Response data:
o The Uncertainty quantification input options section includes:

§ A tabulated summary of the main information characterizing the UA application,
§ A tabulated summary of distributions, their characteristic parameters, and the selected model

variables,
§ A table listing the application used in the job stream is reported, and
§ User identified FOMs in the analysis.

q REPORT: Variate and Response data:
o In the Variate and response data section, after a summary of the first DAKOTA run, the following

information are present:
§ Plot requested in the “Edit Uncertainty Configuration/Report”
§ Variate data (input uncertain parameters value for each task) and response data table (FOM

value for each task).
o The plots present in the DAKOTA automatically generated report are:

§ Input uncertain parameter against iteration index,
§ FOM VS input uncertain parameter, and
§ Input uncertain parameter VS another input uncertain parameter.

o For each FOM the follow is reported:
§ A table presenting response data for each task and
§ A table presenting the value of each uncertain parameter for each task.

q REPORT: DAKOTA results
o In relation to the DAKOTA statistical results of the FOM, the following information can be found in

the automatically generated report:
• Plots: Cumulative distribution function and Probability density function,
• Tabulated Data: Statistical results -Min value, Max value, Mean value, Median value and the

related task, Standard deviation, and Coefficient of variance.



MELCOR/DAKOTA COUPLING, IN A SNAP 
ENVIRONMENT/ARCHITECTURE - ENEA SAMPLES
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q ENEA MELCOR/DAKOTA uncertainty studies are reported here:
o SAMPLE 1: MELCOR/DAKOTA COUPLING AGAINST CSTF-AB1 test
o SAMPLE 2: MELCOR/DAKOTA COUPLING FOR A PWR

q These represent only the first ENEA exercises showing complete application of 
the coupling procedure of MELCOR and DAKOTA within the SNAP 
environment/architecture. 

q The purpose of these exercises is not to be a complete and representative 
analysis of the MELCOR code nor the most relevant input parameters or their 
associated PDFs but instead is only intended to demonstrate the methodology.

q Therefore, the main purpose of these applications is to:
o Show the feasibility of the MELCOR/DAKOTA coupling, 
o Provide detailed on the capabilities provided by this methodology, and 
o Show the great advantage of using SNAP:
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The following four figures of 
merit are defined for this 
uncertainty analysis:

- SUSP:  Suspended airborne
concentration

- MMD:   Aerosol mass 
median diameter

- SSD:   Geometric standard 
deviation of the 
aerosol distribution

- TOT_DEP:   Tot mass 
deposited 

SAMPLE 1 - MELCOR/DAKOTA COUPLING AGAINST CSTF-
AB1 TEST: FOMS

An model input set of 452 runs is computed such that the four specified FOMs 
with a 98.0% probability and a 98.0% confidence level are satisfied. 



SAMPLE 1 - VARIATE AND RESPONSE DATA:  INPUT UNCERTAIN 
PARAMETER VS ITERATION INDEX FOR THE CASE1
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SAMPLE 1: VARIATE AND RESPONSE DATA:  FOM VS 
INPUT UNCERTAIN PARAMETERS
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SAMPLE 1 - MELCOR/DAKOTA COUPLING AGAINST CSTF-
AB1 TEST : SUSPENDED MASS AT THE END OF THE POOL 
FIRE
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Statistical results

Response correlation reported in the automatically 
generated DAKOTA report based on the 59 samples



SAMPLE 1 - MELCOR/DAKOTA COUPLING AGAINST CSTF-
AB1 TEST: SUSPENDED MASS – TIME DEPENDENT
ANALYSES

24
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SAMPLE 1 - TIME DEPENDENT ANALYSIS, APTPLOT
SCRIPT FOR THE DATA EXTRACTION



SAMPLE 2: MELCOR/DAKOTA COUPLING FOR A 
PWR
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q In the CSARP framework, a MELCOR/DAKOTA sample input model has been 
developed by ENEA using the _PWR_v2-0.inp input available for MELCOR 
users. 

q Since the file was available in ASCII format, the steps that have been 
performed with SNAP are:
o Import the _PWR_v2-0.inp into SNAP and create a .med file,
o Create the Job Stream for the MELCOR and DAKOTA analysis,
o Identify uncertain input parameters and their related distribution 

characteristics;
o Run the analyses with SNAP.

q The total cumulative hydrogen production in the core from all the oxidation 
processes (COR-DMH2-TOT ) at the end the transient has been selected as 
the only FOM for this analysis.

An model input set of 59 runs is computed such that the 1 specified FOM with a 
95.0% probability and a 95.0% confidence level are satisfied. 



SAMPLE-2: TOT HYDROGEN MASS GENERATED DISPERSION, 
CUMULATIVE DISTRIBUTION FUNCTION, AND PROBABILITY 
DENSITY FUNCTION 
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SAMPLE 2 - STATISTICAL AND RESPONSE 
CORRELATION RESULTS
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Statistical results based on the 59 samples

Response correlation reported in the automatically 
generated DAKOTA report based on the 59 samples



SAMPLE 2- DAKOTA INPUT REPORTED IN THE 
AUTOMATICALLY GENERATED REPORT
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SAMPLE 2- NOT TIME DEPENDENT ANALYSIS, APTPLOT 
SCRIPT FOR THE DATA EXTRACTION
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SAMPLE 2- SNAP JOB-STATUS DURING THE 
DAKOTA UNCERTAINTY APPLICATION 
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IN PROGRESS NUREG-IA
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q Considering the interest of the International Community (e.g. EU-MUSA,
IAEA-CRP(I31033), etc.) on the MELCOR/DAKOTA coupling a NUREG–
IA, developed together with SANDIA and POLITO, is in review phase
and has the main target of:

o Showing the main details of the MELCOR/DAKOTA coupling in a
SNAP environment/architecture;

o Showing the different steps necessary to set it up;
o Describing two sample applications to show the feasibility and to

analyze the capabilities of this coupling (these first excercises aim to
show only the complete application of the coupling procedure of
MELCOR and DAKOTA in a SNAP enviroment/architecture; they do
not want to represent a complete and representative analyses of the
MELCOR code uncertainty).

o Supporting MECOR users.
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qUNDER SANDIA 

REVIEW

A NUREG-IA, in SANDIA REVIEW process, has been prepared to investigate 
the MELCOR/DAKOTA coupling in a SNAP environment/architecture and to 
be an endorsed user-guide
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The activity is done in collaboration with 
POLITO, SANDIA.

A NUREG-IA, in SANDIA REVIEW process, has been prepared to investigate 
the MELCOR/DAKOTA coupling in a SNAP environment/architecture and to 
be an endorsed user-guide



CONCLUSIONS- ON MELCOR/DAKOTA COUPLING 
THROUGH SNAP GUI
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q MELCOR can be coupled with DAKOTA to perform Uncertainty Analysis.

q The coupling can be done in SNAP or “stand alone” with scripts.

q Using SNAP, it is possible to build the input model in a graphical environment and to
have a direct visualization of the computed data by using animation capability within
SNAP.

q Two sample applications about the MELCOR/DAKOTA coupling in a SNAP
environment/architecture have been carried out by ENEA.

q A NUREG-IA is in progress to support the MELCOR users in the development of the
MELCOR/DAKOTA coupling in SNAP.

q Currently if one calculation fails it prevents finalizing the UA application in SNAP:

o New Python directed job-stream capability in SNAP have been added;

o In the version 1.7 of the SNAP uncertainty plugin “the uncertainty quantification
support in Python Directed streams was updated to support a specified
number of "Replacement Samples" that are used to run additional tasks to
replace those that fail to execute”
(https://www.aptplot.com/snap/plugins/uncertainty/changes.jsp).



DEVELOPMENT OF MELCOR AND DAKOTA  THROUGH THE NEW 
PYTHON DIRECTED JOB-STREAM CAPABILITY IN SNAP

36

q Currently the “replacement samples” option is not available when using the
SNAP/GUI. Therefore, if one calculation fails, it prevents Uncertainty Analysis
finalization:

q New Python Directed job-stream feature has been added in SNAP.

MELCOR and DAKOTA coupling through SNAP:
PYTHON DIRECTED STREAM

MELGEN

MELCOR

Dakota – Variates

FOMs Dakota –
Analysis & Report

APTPLOT Plot –
FOM vs time

The analysis of the  MELCOR and DAKOTA coupling through SNAP
PYTHON DIRECTED STREAM is under development along the EU-MUSA project by UNIPI in 
collaboration with ENEA



DEVELOPMENT OF MELCOR AND DAKOTA  THROUGH THE NEW 
PYTHON DIRECTED JOB-STREAM CAPABILITY IN SNAP
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DEVELOPMENT OF MELCOR AND DAKOTA  THROUGH THE NEW 
PYTHON DIRECTED JOB-STREAM CAPABILITY IN SNAP
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Figure: 
Aerosol amount 

in the containment (g)

First results



DEVELOPMENT OF MELCOR AND DAKOTA  THROUGH THE NEW 
PYTHON DIRECTED JOB-STREAM CAPABILITY IN SNAP
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q SNAP (Dakota Uncertainty Plugin - GUI):
Problems in handling failed MELCOR calculationsà
à ExtractionData & Uncertainty steps fail

q SNAP (Python Directed Stream):
– Script phase seems not user friendly;
– “Replacement samples” option: additional samplings created, but currently failed calculations
not re-run;

– Stream manager current failures when adding jobs to the stream;
– “generate_report” currently fails.

q Considering the current commitments in the EU-MUSA project and IAEA
CRP (I31033) and the current close deadlines for developing the planned
research activity, the direct support of SNAP developers could be
necessary to develop uncertainty estimation that handle the failed
calculations (through GUI or Python direct stream).
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MELCOR/DAKOTA COUPLING GROUP

q The quantification of the uncertainty in a SA transient calculation is a currently relevant
topic in the BEPU framework. 

q Among the available methodologies, the probabilistic method to propagate input 
uncertainties is widely adopted in deterministic safety analyses. 

q Several MELCOR users are currently applying this method with the DAKOTA Uncertainty
Tool (UT), developed by SNL. 

q The goal of this group is to create a platform for MELCOR users for sharing experience and 
discussing the coupling with DAKOTA, both through the Symbolic Nuclear Analysis 
Package (SNAP) and with other coupling methods (e.g. Python scripts).

q The activity is performed in the framework of the USNRC Cooperative Severe Accident
Research Program (CSARP).

q A «MELCOR/DAKOTA coupling» Project has been set in ResearchGate for sharing public 
material. 

q Meetings:
o Two meetings have been already carried out;
o A third meeting will be planned in the next months for discussing and  consolidate the 

current approaches for coupling MELCOR and UT tools
q The group is open to all MELCOR users and it is currently done in collaboration with: 

o CIEMAT, ENEA, JACOBS, KIT, POLITO, PSI, SANDIA, UNIPA, UNIPI, UNIROMA1, USNRC
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NEXT MELCOR/DAKOTA COUPLING GROUP 
MEETING
q Considering the feedback from the previous meetings we propose to have a  

further dedicated meeting  open to:
o MELCOR user community, 
o MELCOR developer, 
o DAKOTA developer, 
o SNAP developer
to discuss in detail the MELCOR/DAKOTA coupling aspects.

q At the end of this meeting will be useful to prepare a document that could be a 
consolidate and endorsed reference to perform uncertainty analyses with 
MELCOR.

q Eventually this document could be a NUREG-IA that could be an endorsed 
reference that summarize the use of MELCOR with uncertainty tools as DAKOTA 
or RAVEN.

q The possible date could be in May but the date is open to discussion to optimize 
the interaction and effectiveness with EU-MUSA and IAEA-CRP(I31033) activities 
where a lot of use of MELCOR/DAKOTA activity is in progress.
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STEPS NECESSARY TO SET-UP A MELCOR/DAKOTA 
COUPLING IN A SNAP ENVRONMENT/ARCHITECTURE 

THROUGH THE GUI

APPENDIX



STEP BY STEP GUIDE TO 
DEVELOP AN UNCERTAINTY STREAM
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DEVELOP AN UNCERTAINTY STREAM



STEP BY STEP GUIDE TO 
DEVELOP AN UNCERTAINTY STREAM



STEP BY STEP GUIDE TO 
DEVELOP AN UNCERTAINTY STREAM

In a more recent version of SNAP (e.g. Model Editor 3.1.3) a Two-Step MELGEN/MELCOR stream, and a Three-Step
MELGEN/MELCOR/APTPLOT Stream are available. In the case of the Three-Step MELGEN/MELCOR/APTPLOT
Stream, the AptPlot stream step is automatically generated. In a more recent Model Editor version (e.g. 3.1.3) in the Two-
Step MELGEN/MELCOR job stream, the AptPlot stream step should be added by the code user. To be consistent with
the description of this report, based on the Model Editor 2.5.7. the reader should select the Three-Step
MELGEN/MELCOR/APTPLOT Stream, if available in the version that he is using.
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