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Nuclear data libraries and their V&V 05
The nuclear data libraries production chain
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It is a complex procedure that require extensive Verification and Validation (V&V)



Nuclear data libraries and their V&V

The need for automation and standardization

1 .ACE file 102 reactions

il

103 isotopes in a

\

single library per isotope per .ACE file
(MT numbers) }

~ 10° different cross sections to be verified!
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Heavy automation is a necessity, which, at the
same time, is an opportunity for standardization
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Nuclear data libraries and their V&V

The fission bias
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Nuclear data libraries and their V&V 50
The fission bias
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* complex geometries that
need to be fully
modelled

« different regions with
different needs

* adetailed spatial
distribution of tallies is
needed

Integral parameters representative : : ‘
of the entire system that simplifies

the V&V process Vast amount of tallies and energy/spatial

discretization 8




What is JADE? c‘/\;
0 <O

JADE is a python based software that aims to establish itself as a corner stone
for a complete and extensive automated and standardized V&V procedure for
nuclear data libraries, with a special focus towards fusion applications.
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What is JADE? 50

The organization of the project AV

_ Waterfall approach
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STAKEHOLDERS

Deployment

Implemented by means of a stage approach and > 1.5 ppy of total effort
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What is JADE? M
JADE needs

2)

o X
\D

N
)

%,
C

b [,

MCNP as
transport _
Vast amount of benchmark to code Vast amount of auﬂ(::tl:::g;lc‘ylst-
be automatically generated outputs

processing
and run

11



What is JADE?
Benchmarks suite
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Benchmarks suite

Verification
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The Sphere Leakage benchmark Q\i/\7
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A uniform 0-14 MeV neutron point source is inserted
at the center of a sphere composed entirely by a single
isotope or a typical ITER material.

All isotopes provided by the nuclear data library
under assessment are singularly tested.

Tallied quantities:
* Neutron and photon leakage flux (energy binned);
* Neutron and photon heating inside the sphere;

* Tritium and Helium production inside the sphere;
* DPA.
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The Sphere Leakage benchmark
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5 SPHERE LEAKAGE TEST RESULTS RECAP: STATISTICAL CHECKS
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. ZAID TALLY

Neutron Flux at the Neutron Flux at the Gamma flux at the
e | e | et | g g 610 | SETE | e cin 1| T | ragoncinpiy | SR || oot | Gt | o s
groups [2] 1z 24 Group Structure] [32]

1001 H-1 Passed Passed Passed Passed All zeros All zeros Passed Missed Missed Passed Passed
1002 H-2 Missed Passed Passed Missed All zeros Passed Passed Passed Passed Passed Passed
1003 H-3 Passed Passed Passed Passed All zeros All zeros Passed All zeras All zeros All zeros All zeros
2003 He-3 Passed Passed Passed Passed Passed Passed Passed Passed Passed Passed Passed
2004 He-4 Passed Passed Passed Passed All zeros All zeros Passed All zeros All zeros All zeros All zeros
3006 Li-6 Passed Passed Passed Passed Passed Passed Passed Passed Passed Passed Passed
3007 Li-7 Passed Passed Passed Passed Passed Passed Passed Missed Missed Missed Missed
4009 Be-9 Missed Passed Passed Missed Passed Passed Passed Missed Missed Passed Passed
5010 B-10 Passed Passed Passed Passed Passed Passed Passed Passed Passed Passed Passed
5011 B-11 Passed Passed Passed Passed Passed Passed Passed Missed Missed Passed Passed
6012 12 Passed Passed Passed Passed Passed All zeros Passed Passed Passed Passed Passed
6013 c-13 Missed Passed Passed Missed Passed Passed Passed Passed Passed Passed Passed
7014 N-14 Passed Passed Passed Passed Passed Passed Passed Passed Passed Passed Passed
7015 N-15 Passed Passed Passed Passed Passed Passed Passed Passed Passed Passed Passed
8016 0-16 Passed Passed Passed Passed Passed All zeros Passed Passed Passed Passed Passed
8017 0-17 Passed Passed Passed Passed Passed Passed Passed Passed Passed Passed Passed
8018 0-18 Passed Passed Passed Passed Passed All zeros Passed Passed Passed Passed Passed
9019 F-19 Passed Passed Passed Passed Passed Passed Passed Missed Missed Missed Missed
11023 Passed Passed Passed Passed Passed All zeros Passed Passed Passed Passed Passed
12024 Passed Passed Passed Passed Passed All zeros Missed Passed Passed Passed Passed
12025 Passed Passed Passed Passed Passed All zeros Passed Passed Passed Passed Passed
12026 Passed Passed Passed Passed Passed All zeros Passed Missed Missed Passed Passed
13027 Passed Passed Passed Passed Passed Passed Passed Missed Missed Passed Passed
14028 Passed Passed Passed Passed Passed zeros Passed Passed Passed Passed Passed .

1k Statistical Checks (2) [Sgels:

® . »
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Statistical Checks | Errors ‘ Values

Comparison |

Pronto @Impcstazwcm di visualizzazione B



The Sphere Leakage ben
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ADE architecture and development

General scheme
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ADE Architecture and development

Pull requests (1
Add file ~ Code ~ About
)E, a novel nuclear data
|

The following options are available in the post-processing menu:

. -intlib print all libraries that were tested and that are available for post-processing; Templates

. 5 post-process a
. wpzre COMpare different libraries results on computational benchmarks;
. wpexp COMpare different libraries results on experimental benchmarks;

o i go back to the main menu; Rl

For the | pp |, szre ANd  compexp  the selection of the libraries will be directly prompt to video. The
selection of the libraries is done indicating their correspondent suffix specified in the xsdir file (e.g.

]..W]h:—r.::rJ“';lsLl)zlii’t;':i;r;|:J"e than ane library, the suffixes should be separated by a - (e.g G itH u b: htt pS ://g it h u b ) CO m/d Od u 94/JA D E

is indicated is always considered as the reference library for the post-

JADE in a nutshell processing. There may be a limitation on the number of libraries that can be compared at once

Installation depending on the post-processing settings. CoNDERC Home Documentation Contributors Datasets ~

Folder Structure

Only one library at the time can be post-processed with the po option. Nevertheless, when a

Configuration comparison is requested that includes libraries that were not singularly post-processed, an

—_— automaticl gp | oparation ta conchucted on tham. Gompilation of Nuclear Data Experiments for Radiation Characterisation (CoNDERC)

Quality check menu

The purpose of the CONDERC project is to transfer into technology the experimental integral radiation information that can be used as part of the

Computational Benchmark menu Validation and Verification processes of nuclear model and code systems, and to provide various schema to perform the V&V. Under the auspices of
Experimental Benchmark menu Please note that print1ic will simply show all libraries for which at least one benchmark has the IAEA Nuclear Data Section, individuals and institutions are assembling several of databases and code infrastructures based on their own V&V
pe b : N been run activities mainly associated with inventory, activation-transmutation, source term and radiation shielding R&D.

Post-processing menu

Default Benchmarks
Post-Processing Gallery Decay Heat Spectra Shielding
Utilities Please note that part of the single post-processing of the libraries is used in the comparisons.
Tips & Tricks Also, JADE does not perform any checks on the consistency between the two. This Fusion Events Spectra Aspis CIAE FNS
responsability is left to the user. The following is an example of incorrect usage that can lead to
efroneous results: i
Fission Events NIST  Oklavian  Pulsed
JADE Testing
. 1. a first assessment is run;
License Lo
2. single post-processing is completed; Replica Tiara

Contributors

zs are changed and the assessment is re-run;

3. some configuration sett

IR -

Beyond Keff Experiments
ReadTheDocs: https://jade-a-nuclear-data-libraries-vv-

tool.readthedocs.io/en/latest/ CoNDERC:

MCNP Thermal Resonance

https://nds.iaea.org/conderc/
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ADE architecture

(base) C:\Users\d.laghi\Documents\GitHub\JADE\Code\tests>pytest

test session starts
platform win32 -- Python 3.8.5, pytest-6.1.1, py-1.9.8, pluggy-8.13.1
rootdir: C:\Users\d.laghi\Documents\GitHub\JADE\Code\tests

collected 29 items

inputfile_test.py
libmanager test.py
matreader test.py
output_test.py
parsersD1S_test.py
sphereoutput_test._py

summary
AL\ N\ M\Anaconda3\lib\site-packages\pyreadline\py3k_compat.py:8
C:\Users\d.laghi\Anaconda3\1lib\site-packages\pyreadline\py3k_compat.py:8: DeprecationWarning: Using or importing the ABCs from 'collections' instead of from 'collectio
ns.abc' is deprecated since Python 3.3, and in 3.9 it will stop working
return isinstance(x, collections.Callable)

AN MVAnaconda3\lib\site-packages\win32\1ib\pywintypes.py:2
C:\Users\d.laghi\Anaconda3\lib\site-packages\win32\1lib\pywintypes_py:2: DeprecationWarning: the imp module is deprecated in favour of importlib; see the module’s docum
entation for alternative uses
import imp, sys, os

AL AN MVAnaconda3\lib\site-packages\docx\section.py:7
C:\Users\d. laghi\Anaconda3\lib\site-packages\docx\section.py:7: DeprecationWarning: Using or importing the ABCs from ‘collections' instead of from 'collections.abc” is
deprecated since Python 3.3, and in 3.9 it will stop working
from collections import Sequence

AN AL MVAnaconda3\lib\site-packages\x1rd\xlsx.py: 266
AL\ Mnaconda3Zlib\site-packages\x1rd\x1sx.py: 266
sersh\d. laghi\Anaconda3\lib\site-packages\x1rd\xlsx.py:266: DeprecationWarning: This method will be removed in future versions. Use "tree.iter()' or "list(tree.ite
instead.

for elem in self.tree.iter() if Element_has_iter else self.tree.getiterator():

AL A\L AL\l M\Anaconda3\1lib\site-packages\x1lrd\xlsx.py:312
C:\Users\d.laghi\Anaconda3\lib\site-packages\x1lrd\x1lsx.py:312: DeprecationWarning: This method will be removed in future versions. Use "tree.iter()’' or "list(tree.ite
r())" instead.
for elem in self.tree.iter() if Element_has_iter else self_tree.getiterator():

matreader_test.py::TestMatCardlList::test_translation
..\libmanager.py:162: UserWarning: The Deafult library 81c was used for zaid 1001
warnings.warn(MSG_DEFLIB. format(self.defaultlib, zaid))

: https://docs.pytest.org/en/stable/warnings.html
= , 7 warnings in 2

@&

* Help the stability
of the code

* Increase trust on
JADE results

* Sets a minimum
quality standard
for future
contributors to the
code

* Speed up
introduction of
new features
(faster verification)




JADE architecture and development

H dodu94 /JADE | Pubiic

Code Issues ' 21 Pull requests ' 1 Discussions (® Actions Projects ' 2

@ Update .gitattributes build #29

() Summary

At each push on the main JADE branch:

JADE is installed in a cloud Windows
environment and the automatic testing is run
(handled by GitHub)

The documentation is rebuilt by ReadTheDocs
and adjourned

Security ' 1

& Unwatch 3

Insights

= % Fork 0 ¢ Star 1 -

Settings

X Re-run all jobs

~

ii Read the Docs

Progetti

/)
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JADE, a nuclear data libraries V&V tool \ Mostra Documenti
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Passato
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\
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latest
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ADE in numbers

Published
papers

D. Laghi et al, 2020, “JADE, a new software tool for nuclear
fusion data libraries Verification & Validation”, Fusion
Engineering and Design, 161 112075. DOI:
https://doi.org/10.1016/j.fusengdes.2020.112075

D. Laghi et al, “Application of JADE V&YV capabilities to the
new FENDL v3.2 Beta release”, Nuclear Fusion, 61 11.DOI:
http://iopscience.iop.org/article/10.1088/1741-4326/ac121a

Lines of code Q
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Implemented
benchmarks

CPU simulation
hours worth of data
that has been post-
processed
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Next foreseeable steps o,
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Expansion of the CO N D E RC &
- SINBAD

benchmarks suite




Machine learning: a possible mid-term future

Monte Carlo codes like
OpenMC are currently

GPU solvers

\,

Simulation time could
decrease

Leveraging the open source
automation of benchmarks

by a few ) running and definition of

//’

porting their code to order of magnitudes! 4 acceptance test, ML algorithm
could be introduced to support
the libraries evaluation process
Model ML generated Acceptance )
fitting

cross sections test
pnnnni N
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g ] 50“
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Expe(;lr:ental ST
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9 extraction Quality metrics

An example of application is NucML?: https://pedrojrv.github.io/nucml/index.html
1Pedro Jr. Vicente-Valdez, Massimiliano Fratoni (UC Berkely, USA)

(w
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https://pedrojrv.github.io/nucml/index.html

What it will be great to have Q\i/\7

J
de |’
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A comprehensive, unified, user-friendly, open-source, ready to be used
database of experiment (e.g., Conderc+SINBAD GitHub).

* A platform to provide feedback and record exchanges (e.g., GitHub).
* A collection of computational benchmark to use (e.g., 1D ITER).

* A standardized way to share and collect the different executed
benchmarks in a common database (e.g., CONDERC) trying to avoid
duplication.

* A closer collaboration with the different parties with periodic exchange
(i.e., CCFE).

* Guidelines for the V&V of (fusion) libraries with clear acceptance criteria
(e.g., C/E TBR : [0.95, 1.05]).
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Summagz O
SES

* JADE improves the standardization and the automation level in the field of
nuclear data V&YV (especially regarding fusion application).

* JADE is a consolidated open-source tool built for the community by the
community. If you are interested on collaborating do not hesitate to
contact us. Let’s join forces.

* V&V on many libraries has been already performed by JADE(i.e.,
FENDL3.1d, FENDL3.2, JEFF-3.3., JEFF-4.0T1). Few inconsistencies and
discrepancies were spotted and reported. More work is planned.

* We sincerely appreciate the effort put in place by NEA, IAEA, SINBAD to
modernize the experimental database and the collaboration with the
different parties to continue the development of JADE.



GitHub: https://github.com/dodu94/JADE
READ THE DOCS: https://readthedocs.org/

Any Questions?
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ADE application to production cases ",

i

\

o

LIBRARY: 31c |
LEGEND]
h >150%
SPHERE LEAKAGE TEST RESULTS RECAP: VALUES L[5 1S
10.51% 5 [1]%
<10.50%
. .
Tested libraries:
* Neutron Flux at the Gamma flux at the
e zanme | energy | e pom produc Tarocucr OPABroducton | T MANUAL comparison R4 F61 | comparicon (4.8 e Hores
e FENDL V2.1 eroups 24 Group Structure]
N ° 41093 Nb-93 Value >0 for all bins | Value >0for all bins § Value=0forallbins | Value >0forall bins | Value >0 for all bins 0.00%
eUtrons 42092 Mo-92 Value >0 for all bins | Value >0for all bins { Value > 0forallbins | Value >Dforall bins i Value >0 for all bins 0.00%
POint Source ° FENDL v3 0 42094 Mo-94 Value >0 for all bins | Value >0for all bins i Value > 0forallbins | Value >0forall bins | Value >0 for all bins 0.00%
. 42095 Mo-95 Value >0 for all bins | Value >0for all bins { Value > 0forallbins | Value >Dforall bins i Value >0 for all bins 0.00%
42096 Mo-96 Value >0 for all bins | Value >0for all bins i Value > 0forallbins | Value >0forall bins | Value >0 for all bins 0.00%
V0|d Sphere 22097 Mao-37 Value >0 for all bins | Value >0for all bins § Value > 0forallbins | Value >0forall bins § Value >0 for all bins 0.00%
[ ] FENDL v3 1d 42098 Mo-98 Value > 0 for all bins | Value >0 for all bins i Value > 0forallbins | Value >Dforall bins | Value >0 for all bins 0.00%
(R:S(:m) * 42100 Mo-100 Value >0 for all bins | Value >0for all bins § Value > 0forallbins | Value >0forall bins ;| Value >0 for all bins 0.00%
45103 Rh-103 Value >0 for all bins | Value >0 for all bins i Value > 0forallbins | Value >Dforall bins | Value >0 for all bins 0.00%
° EN DF VII 1 47107 Ag-107 Value >0 for all bins | Value >0for all bins i Value=0forallbins | Value >0forall bins ;| Value >0 for all bins 0.00%
. 47109 Ag-109 Value >0 for all bins | Value >0for all bins § Value=0forallbins | Value >Dforall bins | Value >0 for all bins 0.00%
|So‘t0pe 48106 Cd-106 Value >0 for all bins | Value >0forall bins i Value > 0forallbins | Value >0forall bins | Value >0 for all bins 0.00%
48108 cd-108 Value >0 for all bins | Value >0forall bins i Value > 0forallbins | Value >Dforall bins | Value=0for all bins 0.00%
Sphere 48110 d-110 Value >0 for all bins | Value >0for all bins § Value > 0forallbins | Value >0forall bins ; Value=0for all bins 0.00%
48111 €d-111 Value > 0for all bins | Value >0forall bins | Value >0 forall bins | Value>0forall bins | Value >0 forall bins i 0.00%
48112 cd-112 Value >0 for all bins | Value >0for all bins § Value > 0forallbins | Value >0forall bins ; Value=0for all bins 0.00%
48113 €d-113 Value >0 for all bins | Value >0for all bins § Value > 0forallbins | Value >Dforall bins | Value=0for all bins 0.00%
Graveya rd 28114 Cd-114 Value > 0 for all bins | Value >0forall bins : Value>0forall bins | Value >0forall bins | Value=0forall bins 0.00%
48116 d-116 Value >0 for all bins | Value >0for all bins § Value > 0forallbins | Value >Dforall bins | Value=0for all bins 0.00%
50112 Sn-112 Value >0 for all bins | Value >0for all bins § Value > 0forallbins | Value >0forall bins } Value >0 for all bins 0.00% 0.00%
50114 Sn-114 Value >0 for all bins | Value >0forall bins i Value > 0forallbins | Value >Dforall bins | Value >0 for all bins 0.00% 0.00%
50115 Sn-115 Value >0 for all bins | Value >0for all bins § Value > 0forallbins | Value >0forall bins } Value >0 for all bins 0.00% 0.00%
50116 5n-116 Value >0 for all bins | Value >0forall bins i Value > 0forallbins | Value >Dforall bins | Value >0 for all bins 0.00% 0.00%

Known errors in the FENDL v3.1d were re-spotted by JADE consistency checks
Paper:

D. Laghi, M. Fabbri, L. Isolan, R. Pampin, M. Sumini, A. Portone and A. Trkov, 2020, “JADE, a new
software tool for nuclear fusion data libraries Verification & Validation”, Fusion Engineering and Design,
161 112075. DOI: https://doi.org/10.1016/j.fusengdes.2020.112075
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JADE application to production cases

Proof of concept
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Some examples where the leakage neutron flux results differed significantly among the
tested libraries.
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SPHERE LEAKAGE COMPARISON RECAP

ZAID TALLIES 50 cm
Neutrons
Point Source
T production He ppm production DPA production Neutron heating F6 Gamma heating F6 A I/;l(;Spl)\ere
=5cm
Polyethyl Non-
M901 clyethyiene, Hon -0.01% 0.01% 0.02% 0.02% Isotope
borated Sphere
M300 Natural silicon 0.00% 0.00% 0.00% 0.00%
M101 $$316L(N)-1G 0.57% 4.18% ' 2.38% Graveyard
M203 Boron carbide (BaC) 9.68% 0.79% -0.01%
M200 Ordinary concrete 1.52% 10.47% -8.15%
M400 Water 0.57% 16.37% -3.24%

Important differences in key neutron related quantities were spotted for typical ITER
materials when comparing the old and new release of FENDL libraries

Paper:

D. Laghi, M. Fabbri, L. Isolan, M. Sumini, G. Schnabel and A. Trkov, 2021, “Application of JADE V&V capabilities to
the new FENDL v3.2 Beta release”, Nuclear Fusion, 61 11.DOI: http://iopscience.iop.org/article/10.1088/1741-
4326/acl121a
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FENDL v3.2 release (BETA)

Ratio of Neutron Heating (vs. FENDL 3.2 beta)

Neutron Heating [W/g]

INBOARD] PLASMA : -+ Egmgt 312
1.0 TF Coil — L w FW/B/S FW/B/S || w P —+ (ENDF/B-VIII.O
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SPHERE|LEAKAGE COMPARISON RECAP
ZAID TALLIES
T production He ppm production DPA production Neutron heating F6 Gamma heating F6
5010 B-10 5.17% 049% AT 4]50% _________________
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Effect of the higher
neutron heating in
the steel layers of

the ITER 1D model

OUTBOARD

B-10 accounts only for 0.00036 % (in mass) of
SS316L(N)-IG and at the same time SS316L(N)-
|G is composed by 45 different isotopes.
Without systematic and automated testing it
would have been more difficult to track the

origin of the issue. .
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FENDL v3.2 official release

ZAID TALLIES
Zaid N. Symbol
T production He ppm production DPA production Neutron heating F6 Gamma heating F6
M101 SS316L(N)-G 8.59% -8.67%
M200 Ordinary Concrete
M203 Boron Carbide
M400 Water 6.52%
M3900 Natural Silicon
M901 Polyethylene, non-
borated
ZAID TALLIES
Zaid N. Symbol
T production He ppm production DPA production Neutron heating F6 Gamma heating F6

3007 Li-7

4009 Be-9

cn1n Bl c 97 4

5011 B-11

6012 Cc-12

6013 Cc-13

7014 N-14

7010 _

8016 0-16

8017 0-17 Identica

8018 0-18
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FENDL v3.2 official release (Water/ O-16) L
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o ( Total Nuclear Heating [W/g]
2 oys| —— FENDL3.1dNBOARD) PLasMA | OUTBOARD Difference in neutron heating are clearly visible in
3 L. s & water both in ITER1D and HCPB TBM benchmarks.
g 1.025 . . . .
2 H f,_mﬂ IAEA nuclear data section is considering for the O-
E 10001 L 16 cross section to either to:
5 007 * Switch to ENDFVIIL.O evaluation;
Q . .
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=2
Ic 0.925 data
E 0.900+ - Neutron Heating [MeV/cc/n sl
2 ] i 1.021 —e— FENDL 3.1d
= 0.8751 |
2 0 20 40 60 8
Cell 1.004

o

©

o
.

o

o

o
!

o4
[t}
s
.
[ ]

Ratio of Neutron Heating (vs. FENDL 3.2)

0.924
850 900 950 1000 1050
R [cm]
Void Water cooled Eurofer97 Breeding Area pt2 Breeding Unit Pipework SS316L(N)-IG/Water

Eurofer97 Breeding Area ptl Breeding Area pt3 Gap
02/02/2022 35




