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Summary 
One of the goals of the METIS project is to further develop and improve tools and methodologies 
employed in seismic safety assessments of nuclear reactors. METIS particularly aims at providing a new 

calculation framework for Seismic PSA, based on SCRAM code for Boolean computations, on Andromeda 
software for fault trees and event trees definition and user interface, and on a tool developed in the 

frame of METIS project for managing and generating seismic data (METIS Seismic database from WP 
7.2). 

Within the context of the WP7 Task 3.1 an uncertainty propagation tool has been developed. This 
document presents the developed tool that, given the samples of basic events probabilities and the 

results of the Seismic PSA model in terms of cutsets, provides the value of the Core Damage Frequency 
(CDF) for each sample.  

Keywords 
Seismic, PSA, uncertainty, CDF, Tool 
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1. Introduction
One of the goals of the METIS project is to further develop and improve tools and methodologies 
employed in seismic safety assessments of nuclear reactors. METIS particularly aims at providing a new 

calculation framework for Seismic PSA, based on SCRAM code for Boolean computations, on Andromeda 
software for fault trees and event trees definition and user interface, and on a tool developed in the 

frame of METIS project for managing and generating seismic data (METIS Seismic database from WP 
7.2). 

Within the context of the WP7 Task 3.1, an uncertainty propagation tool has been developed. This 
document presents the developed tool that, given the samples of basic events probabilities and the 

results of the Seismic PSA model in terms of cutsets, provides the value of the Core Damage Frequency 
(CDF) for each sample.  

The developed tool will be available on the openMETIS gitlab repository https://gitlab.pam-
retd.fr/openmetis. 

This document is organized as follows. Section 2 describes the developed tool in terms of input files, 
output files, technical specifications and use case. Section 3 presents some conclusions. In the Appendix, 
the user guide of the tool is provided. 

2. Tool
Within the context of the METIS project, the WP7 Task 3.1 [1] aims at developing a method and an 

associated tool for propagating uncertainty within the Seismic PSA model.  

The tools considered within the project are: 

► Andromeda, a tool developed by EDF for editing and manipulating PSA models (see Figure 1),

Figure 1. Screenshot of Andromeda 

► SCRAM [3], an open-source computing tool which is coupled with Andromeda for the

quantification of PSA models,

https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgitlab.pam-retd.fr%2Fopenmetis&data=05%7C02%7Cclaudia.picoco%40edf.fr%7Cd082f367e3814f79c6c508dcd3d4325c%7Ce242425b70fc44dc9ddfc21e304e6c80%7C1%7C0%7C638618155555780295%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=W%2B%2Bo4ogHt%2BlpBqizvZ2OquQ%2BCizcOEWclD4zbYq2vcA%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgitlab.pam-retd.fr%2Fopenmetis&data=05%7C02%7Cclaudia.picoco%40edf.fr%7Cd082f367e3814f79c6c508dcd3d4325c%7Ce242425b70fc44dc9ddfc21e304e6c80%7C1%7C0%7C638618155555780295%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=W%2B%2Bo4ogHt%2BlpBqizvZ2OquQ%2BCizcOEWclD4zbYq2vcA%3D&reserved=0
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► Seismic PSA DataBase tool (SPSADB), an Excel macro developed by the IRSN that allows to 

perform MonteCarlo sampling on basic events probabilities (see Figure 2). 

 

Figure 2. Seismic PSA DataBase tool [2] 

 

As of today, the toolchain works as follows: Andromeda builds the Master Fault Tree (MFT), then it 
transfers it to the calculations tool, SCRAM in this case. SCRAM then generates the list of corresponding 
cutsets that are finally processed by Andromeda. 

The final goal of this activity under the Task 7.3.1 [1] is to develop a “SEISMIC PRA TOOL” within this 
context, capable of propagating uncertainties of basic events (Bes) in CDF. 

2.1. Goal of the tool 

The Seismic PSA DataBase tool is able to sample uncertainty parameters from their probability 

distributions and to propagate them (while accounting for dependencies) up to Basic Event probabilities. 

It produces a txt file where each line corresponds to a sample of the different selected basic event 
probabilities:  

Nom BE1, Nom BE2, …, Nom BEn 

V1, V2, … Vn 

 

(where Vi is the sampled value of the BEi probability) 

The Seismic PRA Tool has to quantify the CDF for each line of the text file (corresponding to a different 

MonteCarlo sample). This CDF quantification must be performed by post processing the cutsets without 
regenerating them. The Seismic PRA Tool has to use the provided MCS list in order to quantify the CDF 

for each line, and thus for the different Peak Ground Accelerations (PGA). The requantified CDF for each 
line should finally be added as a new column to the original sampling file. 

2.2. Input and output data of the Seismic PRA Tool 
The inputs to Seismic PRA Tool are: 

► The text file generated by the Seismic PSA DataBase tool: 

Nom BE1, Nom BE2, …, Nom BEn 

V1, V2, … Vn 
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The size of the text file depends on the number of considered equipment (number of columns 

of the file) and on the number of samples set by the user (number of lines of the file). 

Indicatively, a mean amount of equipment between 600 and 800 (i.e., which translates in at 

least 600 columns in the file) is considered. The consequent matrix size would be: 12000 octets 

x Nb samples. For 10000 samples, therefore, this means about 14 Giga octets1.  

► SCRAM Results file2 containing the list of Minimal Cut Sets (MCS) and mean values for BEs and 

Common Cause Failure events: this file in XML format is generated by Andromeda/SCRAM. 

The outputs from Seismic PRA Tool are:  

► The original text file but with the added column of the quantified CDF: 

Nom BE1, Nom BE2, …, Nom BEn 

V1, V2, … Vn 

Where the order of the lines of the original file is maintained, as the order of the lines is the 

link to the PGA value. 

► A log file with errors, if any. 

2.3. Additional tool specifications  

For the tool development, the specifications of the model to be used within the METIS project have 
been adopted, thus: 

► Number of minimal cutsets: between 1000 and 2000 

► Number of equipment (number of values per sampling): between 600 and 800 

► Maximum number of samples: 10000 

The tool is standalone (Seismic PSA DataBase tool will remain standalone and independent as well as 
Andromeda).  

2.4. Tool functioning 
The tool, developed by Edgemind, works as follows (see the Annexe for further detail): 

• Phase I: Initialization 

o Read SCRAM result of Seismic PSA model quantification 

o Read SPSADB sampling file 

o Construct internal cutset list 

o Construct mapping between SCRAM cutset events and SPSADB sampling events 
(pattern matching) 

• Phase II: CDF calculation 

o For each sampling (Iteration): 

o For mapped events: Apply values from sampling to cutset events 

o For all others: Apply MEAN value from SCRAM result 

 
1 Data provided by IRSN partners. 
2 SCRAM results file has to be generated using the version SCRAM 0.16.2 of SCRAM. 
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▪ Calculate CDF value with MCUB algorithm (see CDF Calculation) 

▪ Support for probability and frequency calculations (see CDF Calculation) 

• Phase III: Result Export 

o Export new sampling file with additional CDF column 

o Print CDF value for each sampling in additional column 

The global toolchain is shown in Figure 3 : 

- From the PSA model, Andromeda creates an encoded MFT (Master Fault Tree) (by renaming 

BEs and CCFs) and a mapping file that allows to encode/decode the element names. After 
SCRAM calculations, Andromeda takes the results and creates a second XML file with names 
decoded. The SCRAM results file to consider for the project is this second file. 

- From the Seismic PSA DataBase tool, the user generates the second file containing the 
MonteCarlo sampling propagated up to the Bes. 

- The two files constitute the input to the Seismic PRA Tool. 

 

 

Figure 3. Seismic PRA Toolchain 

2.5. CDF Algorithm 
The user can refer to the documentation in Annexe for further detail. 

3. Use case 
For testing the Seismic PRA Tool, the model of WP7.3 was used as well as the macro provided within 
the Task.  

The user generates: 

- XML file from Andromeda-SCRAM, containing the cutsets 

- Excel Macro containing the sampling values for basic events 

Then, the user precises these files as inputs by using the graphical interface of the tool, together with 
the path and name of the folder, as shown in Figure 4. Finally, the “Run” button starts the quantification. 
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Figure 4. GUI of Seismic PRA Tool 

 

The tool generates a file similar to the original sampling file but with an additional MCUB column 
containing the calculated CDF values, as shown in Figure 5.  

 

 

Figure 5. Generated results file 

 
Further, a log file is generated to indicate calculation details and warnings, if any. A global log file is 
generated as well in case of tool errors. 
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4. Conclusions 
This document describes the tool developed within the WP7 Task 3.1. The goal of the tool is to quantify 
the CDF for each sample provided by the Seismic PSA DataBase tool for uncertainty propagation. The 
user guide to use the tool is provided in the Appendix. 

As discussed in [4], in order to propagate the uncertainty in the results of the seismic model, it is 

necessary to make the Andromeda/SCRAM framework interact with the SPSADB Tool. The Seismic PRA 
Tool address this need, however the two software interact within the tool through their results. In 
particular, in the considered toolchain: 

- The SPSADB generates the sampled set of Structures, Systems and Components (SSC) failure 

probability using a MonteCarlo approach. It is therefore responsible of handling the 
mathematical laws and the dependencies correlating the SSC failure probability to the level of 
seismic hazards.  

- Andromeda/SCRAM provides the list of the cutset as well as the list of all the basic events that 
are not included in the SPSADB results (i.e., that are not sampled). 

Although, this interaction between the two software (Andromeda/SCRAM and SPSADB) is realized via 
the tool, the Seismic PRA Tool remains external and independent from the two softwares which have 
not been modified.  

Future work could include developing features to: 

- Visualize results (e.g., plot chart), 

- Calculate measures to characterize the uncertainty (e.g., error factor, kurtosis, skewness). 

5. References 
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[3] Enhanced version of the PSA calculation engine SCRAM, METIS D7.3, Charles DROSZCZ 

[4] Development of an open-source representation format for PSA, METIS D7.1, Mohamed HIBTI 

  



 

GA N°945121  13 

6. Appendix: User Guide 
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1 Introduction

1.1 Description

The tool calculates CDF values for sets of basic event values (samples) that have been simulated
for seismic PRA uncertainty study. Each sample leads to another CDF value. A CDF value
represents the top event probability or frequency of an unwanted situation (hazard).
It is not the purpose of the tool to interpret calculated CDF values, the tool rather calculates and
exports them. Further CDF analysis would require an external tool.
Please note that the basic event samples are provided by an external tool, the Seismic PSA
DataBase tool (SPSADB) (developed by IRSN). Appendix 4.1 provides a screenshot of the SPSADB
and Appendix 4.2 shows a sample that has been generated from this tool.
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1 INTRODUCTION 1.2 Interfaces

Note that the samples are not required to contain values for all PSA basic events (i.e. samples
can be partial). If not stated, mean values from Scram result are automatically applied by
default.
The tool requires further a MCS (Minimal Cut Sets) file. This file contains sets of basic event
combinations that may lead to a seismic hazard, what allows the tool to re-calculate a CDF
value given per basic event sample.
Currently, exclusively Scram MCS results are supported. Scram is an open source fault tree
quantification engine (https://github.com/SCRAM-NG), that has been used within the Metis
project (https://metis-h2020.eu/), likewise this tool. An example of a Scram result file (a
XML file) is provided in Appendix 4.3.

1.2 Interfaces

Figure 1 summarises the tool interfaces.

Figure 1: The tool requires a Scram MCS Result and an SPSADB Sampling File and writes finallythe CDF Result.
The following interfaces are to consider:

• (Input) Scram Result (MCS): Minimal cutset analysis result obtained from Scram when
quantifying a seismic PSA Model.

• (Input) Sampling File: Sampling File that has been generated with SPSADB.
• (Output) CDF Result: Result file produced by the application to store calculated CDF values.

1.3 PRA Toolchain

Figure 2 presents the complete toolchain to consider.
Because Scram is a low level fault tree quantification engine not designed to quantify a PSA
model directly, an additional software "Andromeda" is to consider in interaction with Scram:
First, Andromeda calculates a MFT (Master Fault Tree) which is then processed by Scram and

EdgeMind S.A.S. Page 3/12 Version 1.0
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2 APPLICATION 1.4 Frequency vs Probability

Figure 2: Complete Toolchain: Andromeda and Scram produce the MCS Result and SPSADB theSampling file. Both are input for this tool.
finally post treated by Andromeda in order to inject frequency information (and to perform
some other actions Scram is not capable of).
In order to generate the basic event samples, SPSADB performs Monte Carlo simulations and
finally exports the sampling file.

1.4 Frequency vs Probability

The tool supports frequency and probability CDF calculations, depending to whether the Scram
MCS file is of type frequency or probability.
Please note that Scram does not support the notion of frequencies (as many other fault tree
quantification engines). This is why Andromeda performs a post processing in order to inject
frequency information into Scram result files (as mentioned in 1.3).
Andromedamin 2.16.1 is needed for frequency injection. Scram results calculatedwith previous
Andromeda versions will always lead to probability CDF calculations.
A Scram MCS of type frequency is given in Appendix 4.4.

2 Application

2.1 Setup

The application is delivered as zip file, which contains the following items:
• uncertainty-propagation-tool-seismic-pra.exe: Application Starter
• jre/: Directory that contains the Java 17 JRE (Java Runtime Environment version 17)
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2 APPLICATION 2.2 Execution

• test-metis/: Directory that contains test files for the Metis project
To install the application, unzip the file in a directory of choice.
To start the application, execute the application starter (the exe file).

2.2 Execution

The application provides a graphical user interface (GUI) which is illustrated in Figure 3.

Figure 3: Graphical User Interface of the application
Configuration:

• Sampling File: The sampling file that has been exported by SPSADB.
• SCRAM MCS File: Andromeda / Scram Result file "mcs-result-renamed.xml" (*).
• Output Folder: A folder of choice to store the result.

(*) Note that Andromeda / Scram creates also another file "mcs-result.xml". This is the raw
Scram file. Please use exclusively file "mcs-result-renamed" that has been post-processed by
Andromeda.
Execution: Button RUN triggers the execution.
Log: A log area below the run button displays the application log, see Section 2.4 for more
information.
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2 APPLICATION 2.3 Result

2.3 Result

After successful execution, the tool creates a result file in the output folder. The name of the
result file is <SAMPLING-INPUT-FILE>-out.txt, where SAMPLING-INPUT-FILE corresponds to the
Metis sampling filename that has been specified as input parameter.
The result file is a new sampling that provides an additionalMBUC column. This column indicates
the CDF top event result for each sampling line, as illustrated in Figure 4.

Figure 4: Sampling Result File with additional MCUB column
Please note that the tool uses scientific representation for all floating numbers. This may not
be the case with the input sampling file.

2.4 Logging

A detailed log is created per generation, in order to identify potential problems and to control
the execution. An example log is illustrated in Figure 5.
Different log sections are of interest (as numbered in the example log):

1. Mapping between PSA Events and Sampling Patterns: Indicates for each PSA Basic Event
to which Sampling Basic Event Pattern it has beenmapped to. In case nomapping applies
the MEAN value from Scram result is applied.

2. Mean values of Scram PSA result: Indicates theMEAN values of PSA Basic Events that have
been read from Scram result.

3. MCUB value for each sample iteration: The CDF quantification result obtained for each
sampling line by applying MCUB algorithm (see Section 3.2).
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3 TECHNICAL INSIGHTS

Figure 5: Log shows mapping of basic events, PSA MEAN values and calculated CDF values.
The log is shown in the GUI log area and also printed into a log file. This logfile is created next
to the result file.
Another log file, an application log "application.log", is created next to the application starter as
soon as the application starts. It provides principal information of each generation and indicates
the path of detailed log files.

3 Technical Insights

3.1 Sample Processing

3.1.1 Phase I: Initialization

In the first phase, the tool performs the following:
• Read Scram result of seismic PSA model quantification
• Read SPSADB sampling file
• Construct internal cutset list
• Initialize cutset list with basic eventMEANvalues according to ScramMCS result (the Scram
result provides these values)
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3 TECHNICAL INSIGHTS 3.1 Sample Processing

• Constructmapping between cutset events and sampling events (by using patternmatching)
The initialisation of basic events by their MEAN values allows samples to be partial: Samples are
not required to contain all basic events of a PSA model. Mean values are applied by default.
The matching between cutset and sampling events supports special character ’#’ (hash). The
hash is a placeholder for zero or more alphabetical characters (including ’-’ and ’_’) and digits.

3.1.2 Phase II: CDF calculation

The second phase processes the samples one by one, as shown in Figure 6:
• Apply basic event values from the current sample to cutset list
• Calculate probability / frequency values of all cutsets
• Calculate CDF value with MCUB algorithm (see CDF Calculation)

Figure 6: Phase II: At each iteration, basic event values from the current sample are applied (1)in order to re-calculate cutset values (2) and the final CDF value (3).

3.1.3 Phase III: Result Export

The third phase does the following:
• Export a new sampling file with additional CDF column
• Print CDF value for each sampling in the additional column
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3 TECHNICAL INSIGHTS 3.2 MCUB Algorithm

3.2 MCUB Algorithm

The top event CDF is calculated by using the MCUB (min cut upper bound) algorithm. This
algorithm is quite popular in fault and event tree assessment mainly because it provides a
good comprise between rapid execution time and approximation quality (the algorithm does
not calculate the exact value but an approximation). It fits in particular for low probability /
frequency quantification.
Depending on whether the quantification is of type ’probability’ or ’frequency’, the algorithm
works slightly different.

3.2.1 Probability

The probability of each cutset is:

The CDF MCUB probability of the top event is:

3.2.2 Frequency

For frequency quantifications, the algorithm becomes more specific.
Hypothesis: The hypothesis is that there is exactly one frequency basic event in each cutset.
Cutsets that do not satisfy this hypothesis are ignored.
Three steps are to consider:

• Step 1: Group cutsets by frequency event
– Identify frequency event of each cutset
– Create one group of cutsets per frequency event j
– Calculate P(MCS_ij) by ignoring frequency events

• Step 2: Calculate MCUB_j for each cutset group:
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3 TECHNICAL INSIGHTS 3.2 MCUB Algorithm

• Step 3: Calculate CDF MCUB frequency for top event:
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4 APPENDIX

4 Appendix

4.1 Seismic PSA DataBase tool (SPSADB)

Figure 7: SPSADB permits to model seismic related dependencies between basic events and togenerate basic event values (samples) based on a Monte Carlo approach.

4.2 Sampling File Example

Figure 8: Example of a sample file (generated by SPSADB): Rows represent samples, columnsrepresent basic events. The header line provides basic event name patterns.
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4 APPENDIX 4.3 Scram Result Example (Probability)

4.3 Scram Result Example (Probability)

Figure 9: Example of a Scram MCS result of type probability: all basic events are of typeprobability.

4.4 Scram Result Example (Frequency)

Figure 10: Example of a Scram MCS result of type frequency: each product (minimal cutset)contains IE-EARTHQUAKE of type frequency (indicated by is-freq="true").
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