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0 What is an integral experiment

U Integral experiments databases: ICSBEP and IRPHEP

Q Visualization and databases search tools: DICE and IDAT
L NDaST tool

U Examples of validations
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O The importance of Nuclear Data for energy and non-energy applications

Fusion/ITER

Nuclear Data for Applications (fission and fusion, radiation protection, nucIea?

medicine, nuclear security, object and materials analysis,... )

and Science (reactions and structure of nuclei, astrophysics, basic physics,...)/

Space technology  |EMIF/DONES Medical applications Astrophyscis

ARIEL-H2020 - International on-line school on nuclear data: NuDataPath - 2022, O. Cabellos (UPM)
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O Nuclear Data in the modelling

Boltzmann equation: Neutron transport, photon
transport, charge particle transport, etc ... — criticality,
fission power distribution, reactivity coefficients,
shielding, spent fuel storage, etc... safety analysis

Bateman equation: Inventory evolution ->
radioactivity, decay heat, dose rates, waste
management and environmental impact, etc ...
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Modelling for criticality, radiation damage, activation analysis, safegards, reactor emergency core cooling,

shielding calculations, radioprotection, ....
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U Nuclear Data are the bridge between the nuclear physics/the differential
experiments and the simulations for applications

N
3

“Py(n,tot)

Cross Section (barns)
=

Incident Energy (MeV)

Differential Experiments

> of Nuclear

Evaluation

Theory/Models

Uncertainty
Quantification

Bayesian Approach

Sensitivity Analysis - trends

~-SFCO

Ng
i

Tests &

Q

USERS

benchmarking

Calculations/simulations in real applications

Integral Experiments

Criticality & safety assessments, burnup credit, decay heat, shielding...
accelerators ..medical applications ... astrophysics...

Nuclear Data
Evaluation Files

tousd

Gt siom nret

Hadrans ard Nuclei

JEFF-3.3 {Nov 2017):

Processing Nuclear
Data for
Simulation/Codes
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U The End-Users are the bridge between the applications and the necessity
of new nuclear data

Correlations between
integral Experiments

Evaluated Adjusted Libraries ‘:> . Necessity of new Nuclear
Nuclear for Applications Data: The HPRL
Data Files

NEA Nuclear Data High Priority Request List

Nuclear Data
Uncertainties

Results of your search in Fhe request list
Bayesian Approach e
QO Explanations of each column can 2 Mr;.n::hthmlm-lmkmw
ﬁﬂ i@
%% Sensitivity Analysis - trends :
]| Calculation .vs. Experiments
(C/E)
USERS Validation
Calculations/simulations in real applications Integral Experiments

Criticality & safety assessments, burnup credit, decay heat, shielding...
accelerators ..medical applications .. astrophysics...
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ICSBEP (International Handbook of Evaluated Criticality Safety Benchmark
Experiments Project) is a project whose objective is:

To compile critical and subcritical benchmark experiment data into a standardised format
that allows criticality safety analysis

To easily use the data to validate calculation tools and cross-section libraries.

Established 1992/1995, Handbook Released Yearly (DVD or Online)

Over 5000 critical, subcritical and physics configurations

Nuclear Sclence
September 2014

Rocky Flats Critical Mass Laboratory

https://www.oecd-nea.org/icms/pl 24498/international-criticality-safety-benchmark-evaluation-project-icsbep
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O “Benchmarks” are “Evaluated Experiments”

Content of an evaluation
1) Experimental data

2) Experiment and uncertainty evaluation ... Experimental uncertainty: detectors,... Ak 4
3) Benchmark Model ... Model versus the “Real” experiment
» Dimension (e.g. radii,..), compositions, .... impact of these simplifications Ak_;m°de! ?
« correlation between experiments ?
= Simplified Model — versus — detailed model.... differences in Sensitivity profiles? (e.g.PMI-2)

4) Sample calculations

5) Appendixes
kf}(f + Akgj)r(]f N kg}?dell + Akz/lf(}dell o kg}ﬁl;,C:Modell:MCNP+]EFF—3.3 iAk;,’;l;C:Modell:MCNP+]EFF—3.3
Model Model CALC:Model,MCNP+JEFF—-3.3 CALC:Model,:MCNP+JEFF—-3.3

O ICSBEP was primarily devoted for “Criticality Safety Assessment” (CSA)
o Validation of computer-nuclear data

o Nuclear data validation or adjustment

ARIEL-H2020 - International on-line school on nuclear data: NuDataPath - 2022, O. Cabellos (UPM)
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DICE is the Database for ICSBEP, provided with a searching tool in JAVA

o : ‘e srers=)
O DIStrI buted Wlth H and bOO k FileDg;iahase:NEA Personal-Keff Window Help

Critical / Suberitical | Alarm / Shielding | Fundamental Physics Correlation Matrix Rank Similar Keff trends plots

SI nce 200 1 | Themes - || Identification code

=+ | General items il

o =)
. - @ Evaluator _— . .
O Relatl o nal database & Internal reviewer Fissile material Physical form Spectrum
# Independent reviewer None selected None selected None selected
- # Varying parameter(s) across cases (PU) - Plutonium (MET) - Metal (FAST) - Fast
. - @ Laboratory (HEU) - Highly Enriched Uranium (S0L) - Solution (INTER) - Intermediate-Energy
O U Se r Frle n d Iy Way to Searc h - ® Main purpose (IEV) - Intermediate Enriched Uranium (COMF) - Compound (THERM) - Thermal
* Title (LEU) - Low Enriched Uranium (MISC) - Miscellaneous (MIXED) - Mixed
® Keywords (U233) - Uranium-233

- # Dates (evaluation and experiment) (MDX) - Mixed Plutonium - Uranium

o DICE includes: Sensitivity (5720 Speaal toze

# Fuel form/Fissile material
# Fuel region

data, tools using sensitivity 8 U and et percen

data to identify  useful

benchmarks, load your own i

keff data, etc... S cvsnaree

----- # Flux distribution (3-g)

m

# Moderator/coolant material

# Cladding material

# Reflector material

# Neutron absorbing material

# Separation material

# Geometry

# Benchmark Keff and Calculations

~® Fission distribution (3-g) Suberitical
@ Capture distribution (3-g) (@) Critical and subcritical () Critical () Subcritical
----- # Neutron balance
----- # Neutron gas temperature L_|| Acceptable
----- # Average fission neutrons per neutron absorbed in the core () Acceptable and unacceptable (@) Acceptable () Unacceptable
— # Keff Sensitivities & - = —
Query
Number of cases Clear
Title
Case label
History : =
- 45M of 247M

https://www.oecd-nea.org/science/wpncs/icsbep/dice.html

ARIEL-H2020 - International on-line school on nuclear data: NuDataPath - 2022, O. Cabellos (UPM)
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O Accessing benchmark information: PDFs for reading, inputs, ...

i DICE =

File Database=Local Personal-Keff Window Help

Critical / Subcritical | Alarm { Shielding Fundamental Physics Correlation Matrix Rank Similar Keff trends plots ‘
Themes » || Identification code
General items | BUET FAST 001
=% Wldentification
- # Evaluator Fissile material Physical form Spectrum
- # Internal reviewer None selected None selected Mone selected
- 4 Independent reviews
- # Varying parameter(s] (HEU) - Highly Enriched Uranium (S0L) - Solution (INTER) - Intermediatz-Energy
- Lal?orabory (IEU) - Intermediate Enriched Uranium (COMP) - Compound ((THERM]) - Thermal
- # Main purpose _ || |y - Low Enriched Uranium (MISC) - Miscellaneous ((MIXED) - Mixed
- & Title =11 lw233) - Uranium-233
@ Keywords ) (MIX) - Mixed Plutenium - Uranium
-- # Dates (evaluation an (SPEC) - Special Isotope
- # References
By Fue
- 4 Fuel form/Fissle mat
- 4 Fuel region
- # Uand Pu weight per
- @ Puf{U+Pu) ratio -
- 4 Moderator fcoolant mater Woice |ESSiScR ==
Cladding material Fia Dmsvsse-Local Prsoralkefl Window bilp
# Cladding i Cobcal{Sberitesl | parm/shkdog. | | Gorreaton e | Ranksmiae | _aff wends o
-4 Reflector material i (EERETITa)| T, Refine search L Wew search | [)riorz. E53vert, ()it L Pt [ ot | Soec s ey 58] P0F 1. wnce
N Subcritical
- 4 Meutron absorbing mater Sensitivity Plot =
~-® Separation material Critical and sUbCTHCA | o [ oyyercrantoos e oo eces 0o : — -
PU-MET-PAST-001-001 Fission pu-236 - 0. 726410 +- 0.000380
-4 Geometry e 940 | U HET-FAST-031 001 4 p-238 £ 0.000000 +/- 0,000
-4 Benchmark Keff and Calc ~ 078 | PV Fas1 0 00 90054 o] G000%0D
() Acceptable and unag o
4 m + -
[
Query o300
Identification code = PU-MET-FAST-001 are Clear
and Fissile material = Plutonium Fos of cases —
and Physical form = Metal £ ome el
and Spectrum = Fast £ ety tion ratio
and Acceptable = Acceptable E o S or
i | .
o V)
0.625 eV
e rubar unit e
e ol unit #21 region #6 525 eV - 100 keV 1
totmurt 222 regen 213
. feom et F21 g 86 100 keV Search !
s B 7% F2redm 413 eff Sensitivity over all energy (3edk/3%:T)
scater materl 23
™ scater materil #4
scater vt s2rs0in 311
ocze ccateruni £ regin £10
scater materil #2
s =3 scater materal £1
negy e a1
- —ru T-001 nubiar pU-338 — PUMET-FAST-001-001 fission u-238 — FL METFAST-001-001 chipu-238 b el £
History : —Pu- 1-001 plastic pu-739 0 pur3a st matral £3 ) .

1Evaluation, 4 Cases

ARIEL-H2020 - International on-line school on nuclear data: NuDataPath - 2022, O. Cabellos (UPM)
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L ND Sensitivity Viewer

@ DICE E@

File Database=NEA Personal-Keff Window Help

Critical / Suberitical | Alarm / Shielding | Fundamental Physics | Correlation Matrix | Rank Similar | _Keff trends plots |
Select columns ‘ T Refine search ‘Qllewsearchl [0 Horiz. &5 vert. (I Flat L= Plots [ ParPlots ‘ Spectra plots |Sensitivity plots ‘ PDF HTML XML
wgm m Representation
Sensitivity Plot r—— -
0.200 default - E
LEU-SOL-THERM-007-001 KENO ENDF/B-VILO / 238-Group total h-1 @ 0,130589 +/- 0.001818
LEU-S0L-THERM-007-001 KENO ENDF/B-VILD / 238-Group fission | 0.444604 +/- 0.000080 [ Plots | l Table ]
0.175 | Clear ]
[ Load own data... ]
> 0.150 lines width: | 45
E) F scatter Pt
i scatter material ;
m 0- 1 25 B capture
= £ capture material
el i n,gamma
0 0.100 : n,gamma materi;
[ [ mn-55
—I 28 : n-14
b [+ 1. ni-38
— 0.075 L niG0
c (- L ni-61
: E- L ni-62
0.050 @ 3 e B
[T L 016
Q B : p-31
o - 532
0.025 o =33
[ s34
a 28 : 536
= 0.000 [+ 1 si-28
> " B si-29
w— (B ) si-30
= R
& -0.025 Ry
c || nubar E
O |__| nubar material #
| fission
(/2] -0.050 [ fission material #
|| total
|__| total material #1
-0.075 || capture
|__| capture material
|| n,gamma
n,gamma materi
-0.100 | chi
: chi material #1
iE5 1E4 1E3 1E2 1E41 1E0 1E1 1E2 1E3 1E4 1E5 1E8  1E7 Cscater L
|__| scatter material ;
Energy (eV) S ge——
|| elastic
\- LEU-S0OL-THERM-007-001 KENO ENDF/B-VIL0 £ 238-Graup total h-1 B LEU-S0L-THERM-007-001 KENO ENDF/B-YIL0 | 238-Group fission u-235| || elastic material 2 —
Cursor position : X = 7.6667E-7 Y = -1.5472E-1 £ 47M
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U Searching experimental benchmarks using different fields:
An example: MOX Experiments With Soluble Gd

# DICE =R N

File Database=MEA Personal-Keff Window Help

Critical / Subcritical | Alarm / Shielding | Fundamental Physics | Correlation Matrix | Rank Similar | Keff trends plots |
. Themes || Fissile material
=} |, General items || |0 Mone selected -
- # Identification =+ 1. Compound
- % Evaluator LAMOX (Mixed U and Pu Oxides)
-~ # Internal reviewer # Plutonium Oxide =
- # Independent reviewer # Thorium Oxide -
- % Varying parameter(s) across cases = # Uranium Hexafluoride @ DICE EI@
- Laboratory # Uranium Hydride File Database=NEA Personal-Keff Window Help
- % Main purpose # Uranium Oxide
- % Title # Uranium Silicide Critical / Subcritical | Alarm / Shielding | Fundamental Physics | Correlation Matrix | Rank Similar | _Keff trends plots |
- # Keywords . ) # Uranium Tetrafluoride - # Varying parameter(s) across cases » || Solid Soluble
- # Dates (evaluation and experiment) [ # Uranium-233 Oxide - # Laboratory | None selected « | [l Mone selected
- # References Metal / Alloy -~ % Main purpose - # Ag-Tn-Cd Alloy =l
Fuel #® Curium - @ Title [+ 10 Aluminum materials i
=2 MFucl form/Fissile material - % Keywords || |#+ | Borated materials || Fission products
- # Fuel region Comb - # Dates (evaluation and experiment) # Cadmium L4
- U and Pu weight percent iy ;JeFlieferences : Sggr:t.;d — i L@ None
- # Puf(U+Pu) ratio _ FLzl gurzdnin re (gl - # Fuel form/Fissile material -4 Dysprosium Alloy (Dy, Ti)
----- # Moderator/coolant material Value -~ # Fuel region S| | e Erbium
----- # Cladding material ) - # U and Pu weight percent - # EUropium
..... s Dnflactar matarial OR = # Pu/(U+Pu) ratio [+ | Gadolinium materials
< | 1 | 3 Moderator/coolant material # Graphite
Cladding material - # Hafnium
Query Reflector material # Tron : . @
Acceptable = Acceptable % Lead Combine with AND (@) Combine with OR
and Fissile material = MOX (Mixed U and Pu Oxides) Separation material % Molybdenum
Geometry @ Nickel Neutron absorbing material concentration (g/L)
. N Benchmark Keff and Calculations - # None - . .
IR B Energy, spectra, sensitivities i ~ Ralisk ek
M Ennree nf Avunrsnn Madean |nthaeme ransina Combine with AND (@) Combine with OR OR >= <=
26 Evaluations, 371 Cases L] | ’
Query
Acceptable = Acceptable « | Humber of casesCase label Clear
and Fissile material = MOX (Mixed U and Pu Oxides) - |Title
d Soluble = Gadolinium
History : | -
3 Evaluations, 14 Cases W s7Mofzerm
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U Searching experimental benchmarks using different fields:

e.g. Sensitivities

3-g search, full 238 Group SDF'’s are stored for plotting and computations
@ e =@

File Database=NEA Window Help
Critical / Suberitical | Alarm / Shielding | Fundamental Physics | Correlation Matrix | Rank Similar |~ Keff trends plots |

=1 General items || Isotope Reaction
::: E‘;ﬂfﬂﬁﬁ"ﬂ" |||+ None selected | None selected
- Internal reviewer E a iHHl Hydrogen ‘= |capture
~# Independent reviewer e H S | epastic
~# Varying parameter(s) across cases 3 - li - Lithium e
: haboratory | 4 - Be - Beryllium nesion
» T%m purpose | 5-B-Boron inelastic
M KlIEV?NDrdS | 6-C- Carbon nubar
-+ Dates (evaluation and experiment) k: g: g'_ gg%%%” scatter
i ‘_‘_..oug{eferences : 9-F - Flugrine total
. Euei form/Fissile material - 11-Na - Sodium %

-+ Fuel region
s Uand 8u weight percent (") Combine with AND (@) Combine with OR Combine with AND (@) Combine with OR
- Puj(U+Pu) ratio |

- Moderator/coolant material = || Total Keff sensitivi ergy range

-+ (ladding material W

~# ﬁeﬂtectnr nl;ate'gilal el o Value ; +-:

o Neutron absorbing materia

~# Separation material < C et Th resh 0 I d ‘ OR >=

-# Geomefry & )

Keff sens. > 100 keV

- Benchmark Keff and Calculations < (0,625 eV Keff sens. 0.625 eV
(= Eneragy, spectra, sensitivities
~# Energy of Average Neutron Lethargy causing Fission Value : 4[-: Value : +-: Value : +-:
~# Average Fission Group Energy
Flux distribution (3-q) OR »= <= OR »= <= OR »= <=
Fission d‘ijstribéltion (3-q)
Capture distribution (3-
Neﬁtron balance G-a) Values between -1 and 1, in %dk/%Z
Neutron gas temperature

Average fission neutrons per neutron absorbed in the core ™| Keff Sensitivities are currently available for about 75% of cases

ARIEL-H2020 - International on-line school on nuclear data: NuDataPath - 2022, O. Cabellos (UPM)
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U Example: DICE Plotting of Be Sensitivity > 0.005 for HMF

0.4 .
Be Sensitivity ,
-] |
= (0.3 t -
2 i v i :
% [ : '
Can also read as noz : P
=) ) n .
1000 pcm/1% <—> 2 ' L ;
change in T 5 I ' - .1 T
S 0.1 ! . ! i
X H ; . " H
s 0 i 8
2 n H
]
’ A A
S & 0 o A W & N T - T T P\ T O U
A (S S E S ,\s:"‘ S FEF I F S ST I S
FFFFPFF &‘“ x“ s:‘* s:‘“ x‘“ s:“ sc‘“ &‘“ x“ s:‘* s:‘“ x‘“ &
R R R R R R R R R R R 2
C P P P P P PP PR LS
FII I EF I TSI IS
%
Evaluation identification
X axis: Evaluation identification v Y axis:| Keff sensitivity > 100 keV (%dk/%Z) -/ Series: Reaction v

ARIEL-H2020 - International on-line school on nuclear data: NuDataPath - 2022, O. Cabellos (UPM)
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U Status of existing correlations “of benchmark model uncertainties”

& DICE - (= B X
T
File Database=Writable H2 Personal-Keff Window Help
| Critical / Subcritical I Alarm / Shielding | Fundamental Physics Correlation Matrix Rank Similar Keff trends plots |
Display: :[ Show cases level details ]
@ Uncertainties HCF HCF HCF HCI HCI HCI HCM HCM HCT HCT HCT HCT HCT HCT
001 002 004 003 004 005 003 004 003 004 005 Q0o Q07 008
") Sensitivities HCFoo1 [ (H) | + + -
_ HoFooz — + (8 | + E
. Horood |+ | + | (8
...Evaluation identifier: HCIDO3 &2
Al fissile material » | | HCIOO4 (+)
: : - | HCI005 (4
ﬂ" p-hysuml form * | | HCMOD3 {.|_] +
Al spectrum < | |HCMOoo4 + | (B
' " | HCToO3 (£ | + + + + +
...Facilities: HCT004 + B+ o+ |+ |+
./ Mone selected « | | HCTOOS + + (B + + +
= L\ Arnentina - | | HCTDOG + |+ |+ ([(H]| + | +
1| i | ; HCTOO7 |+ |+ |+ | @]+
+ + + + + H T
Show cross-references HCTo0s (A ( ]r
80 Evaluations, 533 Cases

ARIEL-H2020 - International on-line school on nuclear data: NuDataPath - 2022, O. Cabellos (UPM)
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® DICE
File Database=Local Personal-Keff Window Help
Critical / Subcritical | Alarm / Shielding
Fundamental Physics Correlation Matrix Rank Similar | Keff trends plots
Display: ' Return to evaluations level
{:} Uncertainties HMF HMF HMF HMF HMF HMF HMF HMF HMF HMF HMF HMF HMF HMF HMF
. L 057 057 057 057 057 057 058 058 058 058 058 066 066 066 066
(@ Sensitivities 001 002 002 004 005 006 001 002 003 004 005 001 002 003 004
Filter by...
...Evaluation identifier:
HEU v
MET v
FAST v
...Facilities:
LN -
4 I 2

ARIEL-H2020 - International on-line school on nuclear data: NuDataPath - 2022, O. Cabellos (UPM)
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U Providing own keff-calculated results of benchmarking

File Datdgase=LocalShared Personal-Keff Window Help

Critical / Suberi hysics | Correlation Matrix | Rank Similar Keff trends plots

[=F [T Libraries A
e ’_‘ﬂ Case ID E. Mean E. Std dev E. Uncertainty RMS Code Library C. Mean C. Std dev C. Uncertainty RMS G/E
—_—
PU-MET-FAST-001-001 0,99999 0 0,0011 IMCNPS KAERI-ENDF/B-VIL1 0,99986 0 2,5e-4 0,99987
a D[cE PU-MET-FAST-001-001 0,99999 0 0,0011 MCHNPS KAERI-JEFF-3.2 0,09919 0 2,6e-4 0,0992
PU-MET-FAST-001-001 0,99999 0 0,0011 IMCNPS KAERT-JEFF-3.3T1 0,99935 0 2,684 0,99936
. . __||PU-MET-FAST-001-001 0,99999 0 0,0011 MCHNPS KAERI-JEFF-3.3T2 0,09935 0 2,6e-4 0,00936
— - PU-MET-FAST-001-001 0,99999 0 0,0011 IMCNPS KAERI-JENDL-4.0u 0,99831 0 2,5e-4 0,99832
FI I E Data base_ N PEEG"EI KEH WI Gw H E PU-MET-FAST-001-001 0,99999 0 0,0011 MCNPE INEA-JENDL-4.0 0,99841 0 2,7e-4 0,99842
PU-MET-FAST-001-001 0,99999 0 0,0011 MCNP6.1.1beta LANL_Kahler-ENDF/8-VIL1 1,00069 0 fe-5 11,0007
.y .y PU-MET-FAST-001-001 0,99999 0 0,0011 TRIPOLI-4.8 (CEA/CAD-JEFF-3.3T1 0,999441 0 7,69e-5 0,999451
Erltlml ||r Subﬂ'ltlml LDE d wa I UES PU-MET-FAST-001-001 0,999995 5e-6 0,0011 MCNPG TAEA-ENDF/B-VILL 1,000275 4,154 6e-5 1,00028
PU-MET-FAST-001-001 0,999995 5e-6 0,0011 IMCNPE JAEA-JEFF-3.3T1 0,99963 4e-4 6e-5 0,999635
PU-MET-FAST-001-001 1 0 0,0011 MCNPG INEA-ENDF/B-VIL1 0,00934 0 2,7e-4 0,00934
-I-I . PU-MET-FAST-001-001 1 0 0,0011 IMCNPE INEA-JEFF-3.2 1,00023 0 2,7e-4 1,00023
| - EmEE E:{pﬂrt va I ll.l Es tﬂ fl I E PU-MET-FAST-001-001 1 0 0,0011 MCNPE INEA-JEFF-3.3T1 0,99933 0 2,7e-4 0,99933
H PU-MET-FAST-001-001 1 0 0,0011 MCNPE ‘NEF\'JEFFS.STZ 0,99933 0 2,684 0,99933 -
. e Tora ees
=R General items ' |
: edr values
H . . 1 ,01 25 goodness of fit reduced chi-squared = 6,99
ntifirati T
- || JENDL
KAERT-ENDF/B-VIL1
KAERT-JEFF-3.2 1 ’01 00
KAERI-JEFF-3.3T1
KAERI-JEFF-3.3T2
2 ARSI IO D = 4 ANTZE T
@ Load your Keff calculations ‘ Bl T
1/3 Data Mext step = T
Paste your data below: T
hmm5-1 MCHE&-VIM ENDF/B-VII.1-VDM 1.00536 0.00047 5
hmm5-2 MCHE&-VIM ENDF/B-VII.1-VDM 1.0151e 0.00035
hmm5-3 MCHE&6-VIM ENDF/B-VII.1-VDM 1.01481 0.00035
hmm5-4 MCHE&6-VIM ENDF/B-VII.1-VDM 1.00663 0.00040
hmm5-5 MCHE&6-VIM ENDF/B-VII.1-VDM 1.00025 0.00043 -
7RG JEFF-3.312
- [V NRG-JEFF-3.3T3 09975
|| NRG-JENDL-4.0
V| PSE-IEFF-3.2
- || PSI-JEFF-3.3T1 -
|__| RED2002 Continuous 0’9950
- LD K%
@ Load your Keff calculations L2l
3/3 Columns 0,9925 T
Code Library axeff
Common l
escrbe your columns
Col #1 Col 22 Col 23 Col #4 Cal #5 Col #6 Caol #7 0’9900
Content:  [valandcaseID sk Benchmark Model  (Code Library Keff  |akeff =
Row #1  |hmm5-1 MCNPG-VDM  [ENDF/B-VIL.1-VDM  |1.00535  |0.00047 0 9875 -
Row #2 lhmm5-2. MCNPE-VDM  [ENDF/BVIL1VDM [1.01516 |0.00035 L .
Rowz3  fmms3 MCNPG-/DM__ENDF/E-VIL. 1DM _|1.01461 _0.00035
Row #4 lhmm5-4 MCNPE&-VDM  [ENDF/BVIL1-VDM  [1.00663 |0.00040 SPEC U233 LEU IEU MIX HEU PU
Row 5 fmmss MCNPE/DM ENDF/B-VIT. 1VDM | 1.00025 _[0.00043
97M of 494M
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DICE

File Database=LocalShared Personal-Keff Window Help e
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.- [J] NEA-JEFF-3.3T1
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U The use of Figure of Merit (FoM) to assess the performance of ND in keff
These metrics can give reliable indications of the nuclear data performance

O Average C/E

O Average difference, r.m.s. Delta-k
— magnitude of the average difference between C and E { i“‘ o | Keute — fﬁ'r.;p|

— smaller values better fit to benchamrk n
J Residuals: (kca|c-kexp)/AkeXp

d Chi-squared, X?/DoF

— accounts for the uncertainty in the experimental value

— sensitive to cases with unrealistically small uncertainties

— If x<1 then, on average calculations math benchmarks to within one exp. std.

l:_':'!"::nir. - L'crllr:l,fllfi":"m:p)g

. 21 1
=X
L il

O PDFs, CDFs, ... % of results within experimental std. dev
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U Results of criticality benchmarking using ICSBEP

Cumulative Chi2 build-up
Institution
NEA v
73 - i i
. —— ENDFB-VIIL.b4
J3T2+
25 LSTs
2 G}ﬂﬁvv)—a—e—wﬁo E8b4
. . J3T2
6 ’ ,,/f*a/”'frwn;-'/“""""
0 28000 \ } g
é . P X —— JEFF-3.3T2
2 ™ prssspteressertts % LY = JEFF-3.3T2+
: HMI6-( 1-4) = = N PST9-3 JEFF-3.373
r o _{,Gg-s,-c-».v/wk\ﬁ—v w® JENDL-4
I HMF73. L
= g PMF8-1
] ree Lkl IMF1-4 LST7-3
Asrdf HSI1
. astass:
Benchmark Cases (arbitrary progression)
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U Results of criticality benchmarking using ICSBEP

Figure. % of results within experimental std. dev.

100

——NRG-ENDF/B-VII.1

==NRG-JEFF-3.3T2

—NRG-JEFF-3.3T2+
NRG-JENDL-4.0

% of results
within
experimental
std. dev.

ABS(kgsr_C - kefr_exp)/ Ak,_exp
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U Shielding and fusion application: SINBAD Database

OKTAVIAN Zr 61 cm
10 ¢

O ReaCtor Sh|e|d|ng (46) i EXPERIMENTAL

——CAL_ENDF/B-VIIIb4
=—CAL_FENDL-3.1b

I~ --=-CAL_JEFF-3.3T2

- = CAL_JEFF-3.3T3

o Fusion neutronics shielding (31)

-

o Accelerator shielding (23)

@
o

Neutron Flux (n/lethargy/source)

Figure. An example: Neutron

leakage from OKTAVIAN pulsed NewtronEnergy (V)
sphere 61 cm sphere - Type | OKTAVIAN W 40 cm

EXPERIMENTAL
——CAL_ENDF/B-VIlIb4
==CAL_FENDL-3.1b
----CAL_JEFF-3.3T2
- - CAL_JEFF-3.3T3

-

e
-

Neutron Flux (n/lethargy/source)

3mm inner )
diameter 4
4

Neutron Energy (MeV)

https://www.oecd-nea.org/jcms/pl_32139/shielding-integral-benchmark-archive-and-database-sinbad
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U SFCOMPO: Post Irradiation Experimental Measurements
o 700 samples

[ | £ Nuclear Energy Agency (NEA) -~ X | =+ - a X

<« C (@ (O https//www.oecd-nea.org/jcms/pl_21515/sfcompo-2-0-spent-fuel-isotopic-composition o o®H LA v e 8| & IZI

Homepage > Topics > SFCOMPO 2.0 (Spent Fuel Isotopic Composition)

SFCOMPO 2.0 (Spent Fuel Isotopic Composition)

T
e == Related topics

~§ Pameo pods Operatng Hstary

Assembly F21037C fors

Download files
Evaluation Guide for the
’ .’. Evaluated Spent Nuclear Fuel

Assay Database (SFCOMPO)
. ' 117M8

O]

Wumber of fuel rods i ring (1) | s Rt 1 O el D | s il ity
[ 1 e 1303 m ®50n

Axdal position (mm)

BE]

image: NEA

Database of measured isotopic concentrations of spent nuclear fuel, with operational histories and design
data

https://www.oecd-nea.org/jcms/pl 21515/sfcompo-2-0-spent-fuel-isotopic-composition
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[0 | B Percher-WANDA-Adjustment-M: X | [ dbrown-CSEWG-WANDA022.p- X | 2 CoNDERC x =R

&« O A 5] https://www-nds.iaea.org/conderc/ @, {5 ® {:3 {\5 a

CoNDERC Home :

Compilation of Nuclear Data Experiments for Radiation Characterisation (CONDERC)

The purpose of the CoONDERC project is to transfer into technology the experimental integral radiation information that can be used as part of the
Validation and Verification processes of nuclear model and code systems, and to provide various schema to perform the V&V. Under the auspices of
the IAEA Nuclear Data Section, individuals and institutions are assembling several of databases and code infrastructures based on their own V&V
activities mainly associated with inventory, activation-transmutation, source term and radiation shielding R&D.

Decay Heat Spectra Shielding
Fusion Events Spectra Aspis CIAE FNS
Fission Events NIST  Oktavian  Pulsed

Replica Tiara

Beyond Keff Experiments
MCNP Thermal Resonance
TRIPOLI Baghdad Atlas &

https://www-nds.iaea.org/conderc/
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U Experimental reactors

Ref. P. Tamagno, JEF/DOC-1752 (2016)

1.01 = : : : ; : ;

< JEPES3TL | JEFF32) [pem]

e T E ZPPR-10A +644

3§ . i Pre-Racine-2B +33

1_| : . f— Racine-1A +391

NSNS B ZONA-2B 137

0.995 x x Masurca-1B -603

4 E 4 m °£ N Mistral-2 +240

Benchmarks
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U Computational Benchmarking

Reference: John C. Wagner and Georgeta Radulescu, Specification for Phase VII Benchmark UO2 Fuel: Study of spent fuel
compositions for long-term disposal, NEA Expert Group on Burn-up Credit, November, 2008

Keff Fresh Fuel i~ '
. 30
® (1) SCALE 5.1/KENO VI-ENDF/B-V, 44 grps ® (2) SCALE 6.1/KENO V.a-ENDF/B-VII.0, CE 7;: :f:;:;
Water —=—]
© (3) MCNP-4C2-JENDL3.3, CE @ (4) SCALE 6.0/KENO V.a-ENDF/B-VILO, CE 30an Upper Hardware
. (5) MCNPX-2 5-JEFF-3.1.1 CE © (6) MCNPX-2.4.0-ENDF/B-VI, CE Uppor —
I B (7) MCNPX-2.5-JEFF-3.1.1, CE I @ (8) CRISTALV1.0-JEF-2.2, 172 grps Region
(9) MORETS-JEFF-3.1, CE ® (10) SCALE 6.0/KENO V.a-ENDF/B-VII.0, 238 grps
. (11) SCALE 6.0/KENO V.a-ENDF/B-VII.O, 238 grps ® (12)SCALE 6.0/KENO V.a-ENDF/B-VII.0, CE Ly
® (13) MCNP5 1.40-ENDF/B-VII, CE Mean (1.1485) ..
— = Down (-260 pcm) B (16) MCNP6.1-JEFF-3.3T3, CE 293K et
— = Up (+260 pcm) W (17) MCNP6.1-ENDF/B-VIII.b4, CE 293K
1.16000 S
L | |
L | ! | 369.2cm  Fuel Rods
i JEFF-3.1.1
1.15500
3 [ ]
- e
£ - N /
g R e T e e et r T e e P A
1.15000 L / i
- o o [
F v ® 9 | |
- [ ] ] o Lower Hardware
h—----——-----——"———--- ------ -_-_----_---._-‘-_—-- o Lower Lid
1.14500
; S—
i Figure. Cask model (side view)
1.14000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Case: Code + Nuclear Data
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U Computational Benchmarking: new reactor designs

ASTRID prototype
(600 MWe)

Interm. Na circuit
Driver core ~ MOX

MYRRHA concept
(50-100 MWe)

Cooled by lead-bismuth |
Driver core ~ MOX
Start-up core ~ UO, fuel

| MOX | JEFF-3.2 | JEFF-3.3T1

Diff.
Kest 1.00479 1.00737 @
3.2 3.3T1 DlEdTISRION 0.343 0.346 +1.0%
probability
Kot 0.99829 1.0018 Total capture

o 0.664 0.660 -0.5%
Total fi probability
otal fission
orobability 0340 0344 +1.0% m JEFF-3.2 | JEFF-3.3T1
Total Ket 1.01003  1.00001 @

capture 0.658 0.654 -0.6% Total fission -
probability probability 0.408 0.404 -1.0%

Total capture o
P. Romojaro, JEFF/DOC-1756(2016) probability  0-°% 0.600 +0.7%
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International Reactor Physics Benchmark Experiment Evaluation Project

o Established in 2000

o 10+ types of measurements. (Only k-eff in ICSBEP ... with exceptions see FUND)
Reaction Rate Distribution, Spectral Characteristics, Power Distributions, Reactivity Effects, Isotopic
Composition, Reactivity Coefficients,...

Nuclear Sclence a 18
July 2019 ‘1 | &

- 200 reactor benchmarks

- 200 spectra benchmarks . International Handbook of
=4\ Evaluated Reactor Physics
o Organised by reactor type | “ Benchmark Experiments
o Similar format to ICSBEP, - <

with subsections for each measurement type

LEAR ENERGY AGENCY

https://www.oecd-nea.org/jcms/pl_20279/international-handbook-of-evaluated-reactor-physics-benchmark-experiments-irphe
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0 The IRPhEP Database and Analysis Tool (IDAT) was first released in 2013 and is included on the IRPhE
Handbook DVD. This database and corresponding user interface allows easy access to handbook
information.

e Identification Code
|=- . General Items
= Identification -
: - Evaluati}r . .
#» Internal Reviewer Reactor N Reactor T Facility T
= Independent Reviewer eactor Tame R0 T ety Type
- #» Organisation/Laboratory None selected ~  |None selected ~ | [None selected
] : ;221@ ord ASTRA E (BWR) - Boiling Water Reactor | |(EXP) - Experimental Facility
e Dates {Evaluatlon and Experiment) ATR (FUND) - Fundamental (POWER) - Power Reactor
- # References BFS1 (GCFR) - Gas Cooled (Fast) Reactor _ | [(RESR) - Research Reartor
I . Materials BFS2 (GCR) - Gas Cooled (Thermal) Reactor | =
i : EES: Composition BR2 (HWR) - Heavy Water Maderated Reactor
" e Cladding o CORAL(T) (LMFR) - Liquid Metal Fast Reactor
e r‘:gdengtcrfCoolant CREOLE (LWR) - Light Water Moderated Reactor
@ Absorber CROCUS (MSR) - Molten Salt Reactor
E_}E Me(azsurememtrl'c; ity Measurements DCA ~  |[(PWR) - Pressurized Water Reactor -
: : Binlgr:tnglanrtlfeznd Calculated Values T T
= . BUCK - Buckling & Extrapolation Lenath CRIT suB BUCK SPEC
—# Benchmark and Calculated Values l | H B
=+ 1. SPEC - Spectral Indices | REAC | COEF [k || RRATE
# Detector
— & Spectral Index [ POWDIS [Cliso [TIm1sc
-~ # Benchmark and Calculated Values Handbook
=t 1 REAC - Relaﬁtlwtthfgects andboo
-~ & Materials / Metho q & q
= Bonchmatk and Calculated Values (@ Both Handbooks () Only present in IRPREP (| Only present in ICSBEP
=4 COgF }JﬁReaCE$tv C??ﬁﬁﬂ-.enés File Datahase=16 Window Help
-~ Coefficient Type etho Search | RankSimiar | CRIT | BCRIT | BUK | SPEC | REAC [ COEF | KIN | RRATE | POWDIS
- = Benchmark and Calculated values . Refine search & New search | [0 Horlz. Ve, | Fat L= Piots | Balance plots Spestra Sesitiities
=1 L KIN - Kinetics Measurements koS Evaluation idenification # matching casas
- ginet;\c-; Pakramc?t(e}r]I ated Val p ;"ﬁu“ *”"?..u...s
- & Benchmark an culated Values easurement
= . RRATE - R.e,acljon—Rate Dis}ribuﬁons 165 et cten
# Detector/Detection Details Inkgsnal reviewer
@ Device Input/Reaction O epieatan sty
_ —#» Benchmark and Calculated Values e e -
=4 POWDIS - JF:ower Distributi?ns vearapeo i
-~ # Detector/Detection Details Years CREOLE
# Device Input/Reaction Reyision (CROCUS-WR-RESR.00]
» Benchmark and Calculated Values | g I o i e car e o
|- | Calculated Data (Over Entire System) S T — i ; o e E |FROm FONDN (o o
-~ # Flux Distribution (3-g) 4§ BUCK - Budding & Exrapalaion Length (ASTRA-SCR 5 01007 1 ! - |
s Fission Distribution (2-g) e it e
-~ Capture Distribution (3-a) | KN nbo Messurements AR T -
H 4 RRATI - Dictributiong . 1 1 1
= Neutron Balance + . POWDIS - Powef Distribirions aps:mnnemmmnz H [ LW
- » Keff Sensitivities & Calgied et (Over Eutice Sistem) v g v -
. BF‘SIFUNDBPOGIOM W

https://www.oecd-nea.org/jcms/pl_20296/international-reactor-physics-handbook-database-and-analysis-tool-idat
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0 An example IRPHEP Benchmark: Light-water reactor lattices at KRITZ reactor in
Studsvik (Sweden) for criticality at room and elevated temperatures

Figure 1. Schematic top and side views of the core are presented

Scatter plot for Series 4 of [C/E - 1] (in pcm)

. - — i | — ~4A-MORET 5.D.1/ JEFF-3.3 (report) —a—SCALE / JEFF-3.3 (UPM)
v vt gt H —O—SCALE / ENDF/B-VII.1 (report) —&—SCALE / ENDF/B-VII.1 (UPM)
et vesel e ”HHH”“”H””HI“ —&—SCALE / JEFF-3.1.1 (UPM) - m - MORET 5.D.1/ ENDF/B-VIIL.O (report)
- = EXP
E 200 [ ‘ . : :
e T ’ - - 100 | i | :
\ = F : : :
/ ) & I RAi ARRRRREOE RESCCCRARCOE RESUAERRCCIAREEREE S B A1 B SRERRS 1. BN JPEes &
R N+ I | SR R - - Q [ A .
\ £ 00 | . :
\ e 1 =i L - - N 1 T ' -
. w  -200 [ ; R
= w . B : . . IV
i N S I | 4 o [ = h a
e | i um:»n 300 F | | | !
' ' = 400 | : ' ' |
S /// F E
roin — - -500 | :
-600 b oy i 1 i I
. ) " 0 50 100 150 200 250
IRPHEP “KRITZ-LWR-RESR-004 Evaluation Report. 2019 Rev.0 Temperature (2C)

37 criticality measurements at room and elevated temperatures
(critical water heights of active fuel covered by water)

o In JEFF-3.3, the trend with temperature

UO2 fuels 1.35wt% in 235U
becomes stronger
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NDaST (Nuclear Data Sensitivity Tool) brings together the existing capabilities of
both DICE and JANIS, whose main objective is:

o to quickly propagate the impact of changes in nuclear data cross sections and
nuclear data covariances to benchmarks

S*P

Ak for selected cases

User Input Perturbation (P)

isotope/reaction/energy

: cross section C/E output plot
Select / load benchmarks grouped by criteria

Sensitivities (S) & C/E data

c DICE S*C*sT
IDAT

Uc(xs) for selected cases

Personal - : Additional uncertainty
e W T T T Covariance data via JANIS (C) on output plot grouped

Built in processed data for by criteria
major libraries N

N\

Load personal (coverx) Matrix plot showing

M energy groups (fixed) individual contribution
' to Ugys) by isotope-
JANIS MF33: ENDF/B-VIL.1 = 2138 files, reaction
JEFF-3.2 = 5688 files JENDL-4.0 = 21355 files
TENDL-2013 = 77811 files

https://lwww.oecd-nea.org/jcms/pl_32450/nuclear-data-sensitivity-tool-ndast
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Sensitivities Panel: Data needs to be added in order to provide the cases for which
the subsequent calculations will be carried out

& NDaST
File Databases Window Help
NDasT |
 Themes || Identification code
B | General itsms 7  —
e
# Evaluator Fissile material Physical JHEU METFAST-00L Spectrum
- % Intemal reviewer None sele ) veT-FAST-002 None selected
Sensitivities @ Independent reviewer WHEUMEH:AFHJOE. i
- # Varying parameter(s) a (HEU) - Highly Enriched Uranium I(SOL) - S{HEU-MET-FAST-004 £ (INTER) - Intermediate-Energy
# Laboratory (IEL) - Intermediate Enriched Uranium |(COMP) g -MET-FAST-005 (THERM) - Thermal
- # Main purpose {LEU) -Low Enriched Uranium (MISC) - |4 MET-F AST-006 (MIXED) - Mixed
o Tite (U233) - Uranium-233 HEU-VET-FAST-007
- @ Keywords (MIX) - Mixed Plutonium - Uranium
~# Dates (evaluaton and e || ropecy - specal Isotope e et s
@ References HEUMET-FAST-010
|| Energy, spectra, sensitivitie e AT 011
# Energy of Average Neu
- & Average Fission Group | FEU-METFAST-012
# Flux distribution (3-g) pphiedinet
- # Fission distribution (3-g) =
AT # Capture distribution (3- HEUAMET-PAST-015
- # Neutron balance :gﬂgﬁagﬁﬁ
- @ Neutron gas temperatu
# Average fission neutror, PEUMET PAST 013
- @ Keff Sensitivities FEU-METFAST-013
* it soaiies 2 e
J Fuel
% Fudl form/Fissle materi FEUMET FAST-022
# U and Pu weight percer
- & PUjU+Pu) ratio
# Moderator/coolant material
Covariances
# Cladding material
# Reflector material Suberitical
# Neutron absorbing material Critical and subcritical () Critical
# Separation material -
® Geometry | Acceptable
: * Efr:“‘hmafkkﬁﬁﬂd CE‘G:‘E 7 || @) Acceptable and unacceptable (@) Acceptable () Unacceptable
Query
Fissile material = Highly Enriched Uranium Title Clear
jand Physical form = Metal Number of cases
jand Spectrum = Fast Case label
jand Acceptable = Acceptable EALF {e¥)
oo Flux < D.625 eV
Flux 0.625 eV - 100 keV
Flux > 100 kev
[Total Keff Sensitivity over all energy (%edk/%Z)
History : | -
Add selected search results to your benchmark set ] [ Cancel
88 Evaluations, 394 Cases 334 of 773M
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Current Databases:
- Experimental benchmarks in DICE and IDAT (useful only when benchmarks have sensitivity profiles)
- Nuclear data covariance in JANIS database

Formats
- Sensitivity data: SCALE, ABBN formats
- Covariance data: ENDF-6, BOXER and COVERX (SCALE®6.1)

o owst ol e e
File Databases Window Help “
o | Add selected searc
[Select columns)| T, Refine search () New search | [T] Horiz. DF\at L Flots [ ParFlots | Spectra plots Sensitivity plots | PDF HTML XML
I colarns [ Evotaton dentfatonturbercfcases e sces resu ItS to your be nc h m ark
|, Generalitems
HELMETFASTO0S | 1BARE SPHERE OF HIGHLY ENRICHED URANIUM 1
1dentification
- set” at bottom left of the
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- [ Case label
|, Energy, spectra, sensitivites
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o » 1000w pano Sensitivity Plot
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» NDasT performs matrix multiplication for calculating keff perturbations and keff uncertainties

» Plotting capability:
- experimental keff + uncertainty
- calculated keff + perturbation (including breakdown) + uncertainty

» Save status (benchm./perturb./covariance selections) in XML format file

Perturbation Panel

& NDsST
Eve Databases Window Help

B e & NDaST [l &)=

Gk Benchmark Sensithaty dKeffieff

JHMF008-00 1 ABBN-33 f 299-... |-7.29327721e-3
[HMF008-00 1 EI'EFJ'B'VI].UJ'Z...“S.MM'J

-

Addition of Reactions and Perturbations: ::::::T
» Computation of Ratios in JANIS a2

M
v . -0.0020
H £ 00025
Sertrtaton g -0.0030
. oo [ temeur goptenay | | [ puse pernstoners | L
o TS 0.0040
00045
-0.0050
-0.0085
Plot options
Pigapseinsy -0.0080
Display: @ HieffiKert
-0.0088
c
Ok -0.0070 I
+ BENCHMARK_ID
Group by:| 0.0075
1 berchmarids) selectedt Average increasing -
e ) | HMFOOS-001
101 A 100 | poi
B | Topan)| 101 . Elover | 1001{poniz O dKefiKeft = GIE uncertainy
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U Computation of ratios in JANIS Group structure o
Group t... f i v
&2 Create pertubation from JANIS fins e
Nudlide: Pu239 ~ Reaction: |ELASTIC v L:\Fe56 aross check\238grp.be
Numerator
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JEFF>JEFF-3.2 NEA>ENDF/B-VII.0O NEA>JEFF-3.0 NEA>JENDL-4.0 NEA>TENDL-2011 e
Spectrum t... Constant spec...| v
Denominator
JEFF>JEFF-3.2 NEA>ENDF/B-VII.0 NEA>JEFF-3.0 NEA>JENDL-4.0 NEA>TENDL-2011 Constant v... 1.0
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Covariances Panel
Search covariances and press
‘ok’:
- JANIS Database
- Format: ENDF, BOXER
Go! and Output Results Panel '
. = sz | | = == | * Ak/K perturbation (red)
[ = | « Ak/k benchmark uncertainty (blue)
~580 pcm ~920 pc _
=| + Ak/k based on the ENDF7.1 covariance
e = : s =
e e e e

Only inelastic ENDF/B-VII.1 All ENDF/B-VII.1 covariances
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0 What is an integral experiment

U Integral experiments databases: ICSBEP and IRPHEP

Q Visualization and databases search tools: DICE and IDAT
L NDaST tool

U Examples of validations
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J Create a new database in JANIS

... to be used with NDAST

Import WIZARD tool

This wizard will guide you importing new data in an existing or new
Janis base

— Use the “Database > Import Wizard” to
create a permanent database

Following steps:

1)

2)
3)
4)
5)
6)

7

New folder shall be created with three sub-folders, one per type of file (i.e. hendf, boxer and inter).
Then, the files generated shall be copied to their corresponding sub-folders. IMPORTANT! Delete those

empty files

Open JANIS, and at the toolbar click on “database -> import wizard“

Add HENDF/PENDEF files. For that use either “Add directory" or “add files" options. Click on “next"
“‘Automatic detection” should work fine. Click on “next"

Choose a library name, e.qg. JEFF-4.0T1, (less than 20 characters). Click on “next*

Select “a new base® when importing HENDF, that means for the first import. For BOXER and INTER
files, “an existing base" shall be selected, and then, selecting the created database for HENDF files

Choose “path to the folder” where the database will be created. Click on “next"

ARIEL-H2020 - International on-line school on nuclear data: NuDataPath - 2022, O. Cabellos (UPM)
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J Create a new database in JANIS

This wizard will guide you importing new data in an existing or new
Janis base

Following steps:
7)

8) The “base root" shall point to the folder created with the three sub-folders (one for each kind of file type).
Click on “next"

9) Type a “database" name, e.g. “NUDATA”, for showing later in JANIS. Click on “next"

10) A summary of the task to do, plus input parameters, is presented before importing data from files. Click on
“Finish"

11) Once imported HENDF files, for BOXER and INTER files repeat these instructions until step (5), where
to change to “existing base" option

12) Errors might arise if empty files are read, so remove them from the importing list

13) Check that once the BOXER files have been imported into the database, a “Others" tag does not appear
in the “Nuclide / Compound tree". If this tag exists, then, there is an issue in regard to cross-correlation
covariance data, likely to be missing data for one of the two isotopes present in the cross-correlation matrix

14) At the end of this process, a “db.h2.db” le is created, plus the importing logs
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O Two distinct methods of nuclear data adjustment methodologies:
o Deterministic
» Generalized Linear Least Squares (GLLS)
[E — C'(aN])" Vi [E = C'(6N)] + [0 = 0o]"V; o' = 0] = Ximin

Assumptions:

« Experimental and nuclear data are normally distributed
« Linear approximations between all observables
* Model and experimental data are uncorrelated

o Stochastic/Monte Carlo methods

= Bayesian MC technigues -> direct application of Bayes’ Theorem
(0|E) x po(aloc, Ve) X L(yg, Vil|o)

= To avoid the need to linearize non-linear models
= To handle model which are not necessarily normally distributed
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-
{‘\ INDUSTRIALES

WK ETSII | UPM

GLLS: “This approach is a
Bayesian approach in the sense

o First-order Taylor series approximation | that experimental data are used
to adjust prior values. Although

C(o) = C(ay) + S(od —ay) probability density functions are
V. =~ SV, ST not considered explicitly.”
0

O Generalized Linear Least Squares (GLLYS)

o “A posteriori” mean and variance-covariance matrix

—1
o' =0+ Vg, ST[SVG0 ST + Vg ] [E — C(00)]

-1
V=V =V, ST[SV, ST+ Vg | "SV,,

Oo

C'(0") ~ C(ay) + S(a" — 09) = C(0p) + SV ST[SV,. ST+ Vs | [E — C(00)]

-1
Ve =~ SV, ST = SV, ST — SV, ST[SV, ST+ Vg | SV, ST

-1
Vi=Vg — Vg [SV5, ST+ Ve | Vg
-1
Vi_g = Vg [SVy, ST+ Vg | SV,
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O HMF1 — Godiva Benchmark

700 . e 56 s keff Dkeff
600 E (MEAN)  (STD)
500 E PRIOR.... 0.99504 0.01119
400 SeEa POST.... 0.99992  0.00100
300 ; : :

Y [

100 i E E

| ] L
R S R ST "

= EXxercise: BMC adjustment with criticality
5000 random files 235U/TENDL2014
Calculations with MCNP6.1.1
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Correlation: MT18 —-MT452
PRIOR POSTERIOR with HMF1

Correlation Correlation
500 keV 700 keV 1 MaV 2 meV 3 Mev 5 MeV TMeV 10 Mev 20 MeV 500 keV 700 keV 1 MoV 2MeV 3 MoV SMeV  TMeV  10MeV 20 MeV

H

£ EE
T ER

MAT 8228, MT 18
MAT 9228, MT 18

gd8 3
EEE =

@ SMeV  TMeV  10MeV
MAT 9228, MT 452 MAT 9228, MT 452
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