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What Is NDaST?
• Some java code resulting in a GUI that connects nuclear 

data (JANIS) to integral experiments (DICE, IDAT, SINBAD, 

NEA Benchmarks).

https://www.oecd-nea.org/ndast

Industrial engineering: is a branch of engineering which deals with the optimization of 

complex processes, systems, or organizations. Industrial engineers work to eliminate 

waste of time, money, materials, person-hours, machine time, energy and other resources 

that do not generate value. According to the Institute of Industrial and Systems Engineers, 

they create engineering processes and systems that improve quality and productivity.[1]

https://www.oecd-nea.org/ndast
https://en.wikipedia.org/wiki/Engineering
https://en.wikipedia.org/wiki/Process_(engineering)
https://en.wikipedia.org/wiki/System
https://en.wikipedia.org/wiki/Organizations
https://en.wikipedia.org/wiki/Institute_of_Industrial_and_Systems_Engineers
https://en.wikipedia.org/wiki/Industrial_engineering#cite_note-1
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Nuclear Data Sensitivity Tool (NDaST) Flowchart

Select / load benchmarks 

Sensitivities (S) & C/E data
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IDAT

Personal

Numerical Benchmarks

User Input Perturbation (P)

isotope/reaction/energy 
cross section

S*P

Δkeff for selected cases

C/E output plot  
grouped by criteria

Covariance data via JANIS (C)

Built in processed data for 
major libraries  

Load personal (coverx)

M energy groups (fixed)

S*C*ST

UC(XS) for selected cases

Additional uncertainty 
on output plot grouped 

by criteria

Matrix plot showing 
individual contribution 

to UC(XS) by isotope-
reaction

AND
/OR

JANIS MF33: ENDF/B-VII.1 = 2138 files, 

JEFF-3.2 = 5688 files JENDL-4.0 = 2155 files 

TENDL-2013 = 77811 files, SCALE6.2

Benchmarks (Sensitivities)  Nuclear Data (% Change or Covariance)  Integral Results

Database of over 
4000 Sensitivity 

Data Files

XML and GUI
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Handbook 
Edition

Number of 
Unique Cases 

Sources

2012 727 TSUNAMI1D+TSUNAMI3D [VALID]+MMK-KENO

2013 3575 Previous +Non VALID cases SCALE6.0 from Balance Inputs

2014 4011 Previous + MCNP6 + SCALE6.2BClutch

2015 4065 Previous + New Cases

2016 ~4200 Previous + New Cases + P1 Sensitivities [~400 cases]

2017 ~4200 Previous+P1 Sensitivities [~700 cases]

2017 ~600 IDAT Sensitivities [Waiting input +Code GPT]

Sensitivity Profiles Available [DICE + IDAT]

Covariance Data Available [JANIS]
• All major libraries have BOXER files with MF32/MF33 processed. (~30 libraries 

with covariances, ~40 libraries)

• Users can add MF31. In the future these will be available

• No MF34. Will come in the future.

• Supports user entered BOXER / COVERX files

• Supports some versions of the SCALE covariance library

• Sensitivity dot product to characterise similarity.
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Load Own Covariance
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DICE+IDAT With Proposed 7 Group Structure
Some ZPPR Fission 
Sensitivity Profiles

Support added for 
MCNP6.2 created 
TSUNAMI3D format 
following JEFF 2021 
winter meeting
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Linking to representative benchmarks from various application 

WPEC SG46: Efficient
and Effective Use of 
Integral Experiments 

for Nuclear Data 
Validation

Collect 
benchmarks 
and automate 
the impact of 
new data on 
these activities

Industry surrogate 

models/response functions
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Have I see it before?
JEF/DOC-1840 JEFF-3.3T13 Processed Covariances: Uncertainty 

Propagation Analysis and Comparison
J. Dyrda, O. Cabellos

JEF/DOC-1772 JEFF-3.3T1 processed covariances : uncertainty propagation analysis and 
comparison, J. Dyrda

JEF/DOC-1759 JEFF-3.3-T1 processed covariances: uncertainty propagation, analysis and 
comparison, J. Dyrda

JEF/DOC-1727 Use of the NDaST tool for Benchmarking and Validation, J. Dyrda

JEF/DOC-1639 Development of a new Nuclear Data Sensitivity tool at NEA, J. Dyrda

April 2015-2017

jefdoc-
1991

Feedbacks on JEFF-3.3 Evaluation Oscar 
Cabellos

UPM Spain April 
2020

And as parts of other presentations, example:

JEF/DOC-1789 CIELO Pu-239 data testing with NDAST tool, Ian HILL, NEA

• Used for CIELO

• Presented at NCSP2017 Annual Meeting

• Presented at WONDER2018

• Presented at ND2018

• Presented at ANS2018

https://www.oecd-nea.org/dbdata/nds_jefdoc/jefdoc-1840.pdf
https://www.oecd-nea.org/dbdata/nds_jefdoc/jefdoc-1772.pdf
https://www.oecd-nea.org/dbdata/nds_jefdoc/jefdoc-1759.pdf
https://www.oecd-nea.org/dbdata/nds_jefdoc/jefdoc-1727.pdf
https://www.oecd-nea.org/dbdata/nds_jefdoc/jefdoc-1639.pdf
http://oecd-nea.org/dbdata/nds_jefdoc/jefdoc-1991.pdf
https://www.oecd-nea.org/dbdata/nds_jefdoc/jefdoc-1789.pdf
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NDaST fast, and keeps getting faster

JEFF3.3 test set (146 cases for 54 covariance files)  runs 

in under 1 minute. Previously 20-30 minutes.

Some changes included:

• Discarding zones in sensitivity profiles

• Discarding sensitivity nuclide reactions with 0’s.

• Using a custom binary format to optimise compression 

and transfer
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• An automated link has been introduced to the JANIS nuclear data software to

generate the perturbation ratios between two evaluations.

• Represented within any energy group 

structure required. 

• Analytical or personal spectrum 

weightings may also be applied

• Multiple perturbations of the same 

nuclide-reaction can now be input for 

faster comparison with one single run

• NDaST now has a ‘file upload’ 

feature, to avoid needing to already 

have libraries held in a JANIS base.

NDaST: Automated JANIS Computations
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Half Monte Carlo Method (HMM) Results

keff distribution, sorted 

lowest keff to highest,

plotted with the HMM keff

predictions for 20 samples 

and full automated set

Example breakdown by 

reaction for 20 sample 

cases
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Delta keff Distributions by Reaction

elastic inelastic n,2n fission n,gamma nubar chi

Mean 0.00014 -0.00004 -0.00001 -0.00064 0.00001 -0.00002 -0.00046

St. dev. 0.00344 0.00145 0.00002 0.00648 0.00025 0.00238 0.00093

Skew 0.12074 0.34519 0.11337 0.05432 -0.17265 0.18915 -0.03932

Kurt. -1.20829 0.10658 -0.45525 -0.38844 -0.60157 0.02513 -0.22921

elastic inelastic n,2n

fission n,gamma

Chi

nubar
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New Functionality to Search Covariance Data

Based on priority list, 

NDaST will retrieve a 

covariance file for each 

selected isotope/reaction.

Looks through all the 

sensitivities and provides a 

list of which 

isotopes/reactions reactions 

have ‘high’ sensitivities

User can select top X
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Analytic Covariance
Taken from:

Herranz, Nuria & Cabellos, O. & Sanz, Javier & Juan, Jesus. 

(2008). Impact of different correlation structures in cross-

section covariance matrices on the inventory and inventory-

related parameters. 
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NDaST can compute c(k) and they are dynamic
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Command Line: Potential to implement in 

pipeline

Usage: <input> <output> [OPTIONS]...
<input> : NDaST file with input parameters (sensitivities plus and/or covariances)
<output> : NDaST file with input parameters and calculation results

Options:
-q, --quiet : suppress all messages except errors
-od, --off-diagonal : compute off-diagonal terms (cases/sensitivities representativity, 

aka 'Ck')
-f, --force : allow overwriting output file

Current:

To be implemented (2022):
• Numerator and denominator, being either JANIS references or “file” references 

• group structure for ratios

• Weighting spectrum for ratios

NDaST is a combination of GUI tools, not surprisingly its first port of call wasn’t 

to be designed for pipelines that didn’t/don’t exist.

GUI tools have been necessary to trouble shoot suspicious results. Linear 

perturbation theory, and the number of options depending on the exact 

code/library/benchmarks/covariance isn’t a oiled machine.
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Energy Dependence Breakdown

NDaST was previously able to display in its output the breakdown of either a perturbation (i.e. Δkeff) or uncertainty (covariance in keff)

calculation as a function of the contributing nuclide-reaction pairings.

However, limitation to this degree of detail does not allow a deeper analysis of which energy regions constitute the greatest or smallest values

within the total for that nuclide-reaction.

But the problem was the memory size of such a fine level of detail

(~1000s of energy groups, ~100s of benchmarks, ~10s of nuclide-

reaction pairs); noting that energy covariance matrices are large,

square and often not very sparse.

The solution implemented was for the software to interactively

relaunch the calculation specifically when clicked on by the user for

a given nuclide-reaction pair.

In order that totals over different ranges of

energy can be quickly computed and

displayed, region selection bars may be used

over the breakdown plot, which is colour-

coded by magnitude.
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Conclusion

Lots of potential for NDaST to integrate with other data 

sources, tools.

Complexity is still an issue. 

Look for more training resources in 2022.

The person power for NDaST is extremely low, 0.2 FTE, and 

70 % of this is simple maintenance (ensure compatibility 

with JANIS,DICE,IDAT) and outreach (such as this 

presentation).

Contact: ndast@oecd-nea.org

mailto:ndast@oecd-nea.org

