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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

Tools: (CRIT!prND,G LU E) SGZ{G: Efficient and
Brief QV@WW W able Effective Use of Integral

Experiments for Nuclear

DICE,IDAT,JANIS,NDaST Data Validation

Applications:
Summary of recent applications of the tools

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.l1l
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Collection: DICE Sensitivity Coefficients

Cv
A Y NEA

NUCLEAR ENERGY AGENCY

Handbook Number of
Edition Unique Cases

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] e
Isotope Reaction 5 () AN
HEER R = :'zu"icj'ié]édé&' = DB search: 3 group pIOt’ () TSUNAMI1D/SUSD3D
& 53" No e st distributed:238 group (@) TSUNAMID
: Pu238 ?ﬁ:‘:: . o ong 0no () MCNP Output
os ISOtOpGS o Reactions Can read in N group sensitivitiesand | "
.1 85”30 Americum v ol ~ | perform comparisons O sinsry
Combine with AND Combine with OR Combine with AND Combina with O Sensitivity Plot Represenlaum.l
¥otal K aepsAty;over. ak en gy onge value - . 0.405 PLHVET-FAST-001-001 KN ENDF/B-VIL0 / 238-Group rubar pu-239 ; 0.966323 +/- 0,000021 p";m:ﬂ'"g" bl =4
OR >= < LN : 035 ' He |
Keff sens. < 0.625 eV Keff sans. 0.625 eV - 100 keV Keff sens. = 100} % 0,30-; | Clear
Value : - , Value: -t ,  Valve: £ Load own data...
e - b g S [ b OR == -20‘20% | | Lines width: 5% [ ] Black & white '
Values between -1 and 1, in Y%dk/%E - Keff Sensitivities are currently available for about 85% of cases £o.15 | | @No comparison (O Ratio (O Diference
'E n.m’; J}%r =
I.Hill, J.Gulliford, N.Soppera, M. Bossant, “DICE2013 |*® {£5 e« 1ts 162 161 1E0 161 162 163 164 1E5 1E6 1E7 £
NEW Capabilities and Features”} PHYSOR2014 [IPU-ME!-S!SI-‘]OI-DIHV_’ENDEi::;g:OE::]Gmupﬂunwpu'.‘39' ﬁi%gmma v
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BETTER POLICIES FOR BETTER LIVES

Nuclear Energy Agency

LYNEA

NUCLEAR ENERGY AGENCY

Using DICE Sensitivities 238U Example

Integral benchmark experiments

Appendix B

h a high sensitivity to the cross section of U in the energy
pegion between 10 keV and 20 keV

Icrﬁvﬁi Commonname  Reaction Sensitivity®

[(Ak/k)/(Ac/e] x 10°

AST-001-009 BFS-31-4 (n,tot) 56

C-FAST-001-009 BF5-31-4 ny) -39

OMP-INTER-005-001  ZPR-6/6A (ny) -36

U-COMP-INTER-005-001  ZPR-G/6A (n,tot) -31

MIX-COMP-FAST-001-001  ZPR-6/7 in,y) 31

MIX-COMP-FAST-006-001  ZPPR-2 ny) -29

MIX-COMP-FAST-005-001  ZPR-9 Ass 31 ny) -29

MIX-MISC-FAST-002-001 BFS-49/14 ny) -

MIX-COMP-FAST-001-001  ZPR-&/7 {n,tot) 27

MIX-COMP-FAST-006-001  ZPPR-2 (n,tot) -26

MIX-COMP-FAST-005-001  ZPR-9 Ass 31 (n,tot) -26

. 238 MIX-MISC-FAST-002-001 BFS-49/14 (n,tot) -

]n tlrle Resunance Region MIX-MISC-FAST-001-011 BF5-42 () -20

IEU-MET-FAST-022-006 a-5 (n,¥) -

et liopechy IEU-COMP-FAST-004-001 ZPR-3/12 Load 10 (n,¥) -20

E,;':;;‘;,,‘:;T IEU-MET-FAST-017-001 BF5-35-1 (n,tot) -20

Efntf'nﬂ'f;' MIX-MISC-FAST-001-011 BFS-42 (n,tot) -20

gﬁiﬁﬁﬁ s IEU-MET-FAST-022-006 a-5 (n,tot) -

T s MIX-MISC-FAST-003-001 BFS5-97/1 (ny) -17

Fign f am MIX-MISC-FAST-003-001 BFS-97/1 {n,tot) -12

e |EU-MET-FAST-022-005 8-S (ny) -

&ﬁiﬂ;ﬁ;ﬁ MIX-MET-INTER-004-001 ZPR-3/53 (ny) -15

gt;:g:ﬁ;m |EU-MET-FAST-010-001 ZPR-6/9 Load11 ny) -15

I[EU-COMP-FAST-004-001 ZPR-3/12 Load 10 (n,tot) -15

3 |EU-MET-FAST-022-005 8BS {n,tot) -

Report EUR 27504 |[EU-MET-FAST-022-007 10-5 ny) -

IEU-MET-FAST-012-001 ZPR-3/41 ny) -14

|EU-MET-FAST-010-001 ZPR-6/9 Load11 (n,tot) -13

© 2017 Organisation for Economic Co-operation and Development



@) OECD Nuclear Energy Agency LY NEA
IAEA Is a User

Sensitivities in the DICE package of ICSBEP

BETTER POLICIES FOR BETTER LIVES

https://www-
nds.iaea.org/CIELO/Trkov_On%?20th

€%20Use%200f%20Sensitivities %20 ‘

t0%20Identify%20Compensating%20
Effects%200f%20Nuclear%20Data%
20in%20Integral%20Benchmarks.pdf

Ian,

Do you have by any chance the
sensitivity profiles for the
remaining benchmarks of the
HMFO007 series? There is a group
of discrepant benchmarks with
EALF near 3 keV that
correspond to cases 37-40, but
the sensitivities are given only
for the cases up to 35.

Cheers, Andre;j

NUCLEAR ENERGY AGENCY

DICE search for the selected nuclide
The first step In the process is to identify benchmarks that are most sensitive to the reactions of the
nuclide of interest {i.e. the U in the present study) with the help of DICE. The process is as follows:

i,

In the "Energy, spectra, sensitivitles” select the Energy of average neutron causing fisslon,
"Average fission group energy” and all sensitivities to k_eff.

Select the nuclide for which the sensitivities are required (e.g. HELI:l

Select reactions (e.g.: capture, elastic, fission inelastic; it is probably unnecessary to select
nu-bar, since practically all benchmarks are directly sensitive to it. Likewise, it is not
necessary to select the total, since all the major partial reactions are included).

Sort the selected benchmarks by thermal k_eff sensitivities, then by reaction.

Select six (or otherwise) benchmarks most sensitive to thermal capture of U-235; be careful
not to double-count benchmarks with multiple entries in the database. Save the selection to
an Excell spreadsheet (or otherwise).

Similarly, select six (or otherwise) benchmarks most sensitive to thermal scattering cross
section; be sure to check the negative as well as positive sensitivities. Add the selection to an
Excell spreadsheet (or otherwise).

Repeat the procedure for thermal fission cross section.

Repeat steps 4 to 7 for epithermal k_eff sensitivities, including the inelastic cross sections.
Repeat steps 4 to 7 for fast k_eff sensitivities, including the inelastic cross sections.

© 2017 Organisation for Economic Co-operation and Development




BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

@) OECD Nuclear Energy Agency ALY NEA

IRPhEP Database and Analysis Tool (IDAT), equivalent w3
for DICE for Reactor Physics Measurements

File Database=NEA Window Help
Search Rank Similar CRIT & CRIT BUCK SPEC REAC COEF KIN RRATE POWDIS

B ] Devions 2 [ case 0 Detector Reaction numerator  Reaction denominator  Exp.  Bxp. Uncertainty  Code  Library
[ Am241-Fresion 001001 Fiaclon Chamber—[Ama41-Hedlon— Pu330 Haclon 0351 3 a NS (ABB-03 1066
7| Am243- - 01-001  Fission Chamber  Am241-Fission PuZ30 Fission j z;% 2.9%MCNPS — ENDFBVIS
001001 Fioslon Chambar— Am33-Fidon — Pusioriedon 03 | S osapoLoz EFa3INE O
OvLoi-Capture 01001 Fission Chamber  Am43-Fission ﬁ@t@ 0.2 IQ%NCNPS — (ABBN-03 209G 0.2
H1-Elastic DO 00 et ey cton—— Pu330.Fin 03 S O%MCNPY  DECSS G 0
In115-Capture 01003 Fission Chamber | AmJ41-Fisslon 730-Fission 0,082 31%APOLLOY EE22 1726 0
Mn55-Capture 201003 e e Feion — Pus3g ot 08| ERL EN nﬁﬁ .
?%m %ﬂ: on ﬂtmmﬁﬁa ) 30-Fission 0.062 ..Wfﬂmxm 35:21 ;ZG o
Pu238-Fission - :m'!g amber 'Ifri%{f;'fssln “Pu230 Fieclon 00416 =:f}%& — [ABB 53 98C |
ﬁg&ggm [-003 | n Chambes Hﬂ;:_:;s_slg_?[ 239-Fission 0.0416 38 o MCHPS EI-EF,‘I}E;T
241 Fedon 001-005  Foslon Chamber — Am3dl Fston—— Pu3ioFedon — 0.0387 3 5sApoLL07 s 173 0348
Tha3z-Hision : Tm?_h{%%ﬂﬁ ~[Am34i-Fisdon i % :1%’ | zﬁ%ﬁ‘_%yﬂ G
Hﬁ%u — goodness of fit red.ced chi-squared = 3,15
U338+ (o Capture !
Hm-(:mture 2
el coe
= Raac.i%eﬂams.
Fuel+Cd-Fission
| Pu239-Fission g 1.000 .
U235 +Cd- Thermal Fission
e . 2 owrs
U238+ Cd-Thermal Capture
il U238-Fission \ E 0.950
|:1-_l|v“l'.'ll‘|El
i | Libraries ¥
[ Filter with "Rank Similar” criteria
Plot options
Averaging: Arithmetic i
] reduced chi-squared (") bars (@) points
Group by: Case ID |
..and: REACTION_NUMERATOR v =) , . | ]
Sort by: Average Increasing v BFS1-FUND-EXP- BFS1-FUND-EXP- BFSIFUNDEXP- BFSI-LMFREXP- BFSI-FUNDEXP-  BFSILMFREXP- BFSIAMFREXP-
& — i e — 001-009 001003 001-008 002001 001-001 002002 001001
fm v 105, [Jover| 100 = points [mamz2a1-Fission @am242Fission|
[ 5ar 773m

© 2017 Organisation for Economic Co-operation and Development




@) OECD Nuclear Energy Agency Ly NEA

BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

Library Testing Perspective: What is
Current Status, What is Required

To assess the impact on all PU-SOL-THERM

- Run 600 Benchmarks, k.4 ~10 pcm Days
To assess the impact of each reaction on the benchmarks et
- 600 X #Reactions [Look what is driving the k 4 change] Months
To assess the impact of each reaction and each energy range on the -
benchmarks Years
> 600 X #Reactions X #Energies [Look at energy region driving the change] S
To decide between different options in each reaction and energy Decades

- 600 X #Reactions X #Energies X #Options

Example: 10 h per run, 5 reactions, 10 energy groups, 5 options
=600 X 10 h X5 X 10 X 5 = 1.5 Million Computer Hours or 171 Computer Years! (per isotope ©)

Attempt to reduce this to minutes! See Next Slide
02017 Organsatonior conomc CooporatbnandDovelopment |

© 2017 Organisation for Economic Co-operation and Development
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

Nuclear Data Sensitivity Tool (NDaST) Flowchart

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

S*P
Ak for selected cases

C/E output plot
grouped by criteria

User Input Perturbation (P)

isotope/reaction/energy
cross section

Select / load benchmarks
Sensitivities (S) & C/ E data

DICE
IDAT

S*C*ST

Ucxs) for selected cases

Personal

- N Additional uncertainty

on output plot grouped
by criteria

N\ | Built in processed data for

Database of over maijor libraries
4000 Sensitivity
Data Files

N\

Matrix plot showing
individual contribution
to Ugxs) by isotope-

JANIS MF33: ENDF/B-VII.1 = 2138 files, reaction
JEFF-3.2 = 5688 files JENDL-4.0 = 2155 files
TENDL-2013 = 77811 files, SCALE6.2

Load personal (coverx)

M energy groups (fixed)

© 2017 Organisation for Economic Co-operation and Development
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

NDaST: Perturbations or JANIS Computations

* An automated link has been introduced to the JANIS nuclear data software
to generate the perturbation ratios between two evaluations.

« Or choice a perturbation/s in an e e
arbitrary group Structure_ Upper energy : |2.0E? | inev

Subdivision : |1o.o |im_mu |

l\ﬂ ENDF
JA JENDL
A MEA
JAJEFF

pectrum type L3
Correlation
i (Constant spectrum
. 10 Mev——— : 10 MeV ' )Y spectrum
- - | = '© e Emax,th: |0 ,,n s heta,th: 0,054 in eV
10 ke~ 0 ke 5 Lbomrs
== e 5 ) General spectrum ]
10 eV _ el " Erna, epi @ Maxwellian spectrum lheta, fis 1400000.0 in eV
10 mev - 3 10 mel a4 Fission spectrum
10 pev I L LB R R S B e o g 1 1L g
10peV  10meV  10eV  10keV 10 MeV
MAT 9437, MT 18
. “ i _ o e | w
i - — AT £ \ ]
g -y : | b et - cha b e il 2 v—\\ | I
- n: g o o =
| - : : = L T LT A [ —— - Il
| " TR ' o g 097 \'“i‘:l'hl 'le\ 1_
B b’ 095
o 1
i 093 ]
g m_. i e o e+~ — TG T S i T T 081
I—— rbvreing 1E9 1E-8 1ET 1E-6 1E5 1E-4 0.001 001 01 1 10
| L e B et 1 ncit laed [ —EE i

Incident energy (MeV)

© 2017 Organisation for Economic Co-operation and Development
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BETTER POLICIES FOR BETTER

Nuclear Energy Agency

Cg‘%\ ‘ QLEAERENQGY AGENCY

NDaST Application Example 1: Rapid Test New Pu239
CIELO Sum of MF18,MT102,MF452

to [ ASVM_ENDFBVITL

[T Bas

. [7] BNAB+LIPAR +TEPCON

- [] CEMDL-3. 1 Continuous

- [7| CIELO-PU239-MT-TOTAL

ICSBEP has
Approximately
750 Pu and 500

Mixed

Benchmarks

‘_HIH

2 || Freshe matesial
J P
| HEL chf

BEE

f

E

‘am lhm:-lhnﬂ - Nubar

ol lchi . __
:-f.!iﬂ"-

=t Capture

Fission

¥ COMP

7] Mse
e

| FAST creasing

JINTIR =" =
4| THERM 1o = | , D over |
Y HDED -

Keff C/E

1.0300

1.0275 |
1.0250
1.0225
1.0200
1.0175
1.0150
1.0125
1.0100
1.0075
1.0050
1.0025

1.0000

0.9975
0.9950
0.9925-

Red ENDF/B-VII.1
Reference

Blue Sum, CIELO

!

MTI102  iTi8

44

MT452

-

FAST

THERM

|I:I ASVM_EMDFEVIN O CIELO-PU239-MT-TOTAL O CIELO-PLI235-|

© 2017 Organisation for Economic Co-operation and Development
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BETTER POLICIES FOR BETTER LIVES

Application Example 2: Helping ENDF/B-VIII.0, DICE/NDaST

| 0O1%(elastic + n,alpha)
an Sample HST and LCT Cases—perturbation X Sensitivity dk/dZ
It would be great if we could get a few pics that diagnose | = [ 4e8 C/EUncertainty (%500 pom here mostly )
the effects of the oxygen changes. Some of the main doczs| B Buwml _
changes can be summarized : l%ﬂ-m--'l S g
- lower elastic at low energies thermal o] | o | ||
- bigger n,a in the 3-6 and above region -a.m" i . d [f E?feclt Df_c;osssection perturbation (~200 pcm here)
- total cross section better understood in the few MeV - Bl e L e
range (though perhaps the total xs did not change much) SRR TR
| Fi ol v
e 015(elastic) n 01%(n,alpha)
= e -50pem. = -100 pem
S5 AverageoverHST  AverageoverlCT i Average over LCT
P~ Exbé.gh‘ﬁéﬂts Experiments wz EXPEFLTEHB
(Using htto:/ fwww.;clt:nea.orz! ndast/)

© 2017 Organisation for Economic Co-operation and Development
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

Application Example 2: Helping ENDF/B-VIII.0, DICE/NDaST
0O1%(elastic + n,alpha)

Sample HST and LCT Cases—perturbation X Sensitivity dk/dZ

0.0700

It would be great if we could get a few pics that diagnose
the effects of the oxygen changes. Some of the main

changes can be summarized : 0.0075 : —
- lower elastic at low energies thermal coot ey Millalim § M QER C/EUncertzlnty (=500 penthers mostiy )
. . . 0.0025 O T O Y AT A O Y o o O . 8 i
- bigger n,a in the 3-6 and above region 2 ooe SESUEEARERRUSRUNSER =
- total cross section better understood in the few MeV Sooos "% e
' -0.0050 A MRS N e
range (though perhaps the total xs did not change much) o ' TSP TR|  S0 TS——, W
s T LB g T

; S BT bSO Db et b Bobsb R0 S D &

(elastio P

Regarding the O16 elastic reaction.

3 il CE e
16 H 16
The impact for LEU-COMP-THERM experiments is of the O (ElaStIC) n o (I’I al ha)

order -50 pcm. However for some heavy water

benchmarks the impact is more like -150 to -200 pcm. g gé -50pem % ‘ % -100 pem

It appears the magnitude seems to hinge on the degree of §?: = ~—— L@ —— -—-J'
moderation (under or over) rather than the leakage for i=  AverageoverHST  AverageoverlCT . AverageoverHST  AverageoverLCT
these experiments; these also tend to be low leakage - Experiments Experiments by ments Experiments
experiments. {Using htto://www.oecd-nea.ore/ndast/}

In most of these experiments decreasing the elastic
scattering, decreases reactivity, so the systems are
undermoderated.

Some experiments that are overmoderated (LCT060, an
RBMK benchmark) show an increase in reactivity ~+20
pcm.

While for HEU-SOL-THERM experiments it appears that
the effect is =100 pcm for low leakage systems
[moderation effect] and up to -300 pcm for high
leakage systems. [For maximum HST leakage
systems]. | think this aligns with your expectations.

© 2017 Organisation for Economic Co-operation and Development
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BETTER POLICIES FOR BETTER LIVES

Nuclear Energy Agency

LYNEA

NUCLEAR ENERGY AGENCY

Application Example 2: Helping ENDF/B-VIII.0, DICE/NDaST

It would be great if we could get a few pics that diagnose
the effects of the oxygen changes. Some of the main
changes can be summarized :

- lower elastic at low energies thermal

- bigger n,a in the 3-6 and above region

- total cross section better understood in the few MeV
range (though perhaps the total xs did not change much)

(elastic)

Regarding the O16 elastic reaction.

The impact for LEU-COMP-THERM experiments is of the
order -50 pcm. However for some heavy water
benchmarks the impact is more like -150 to -200 pcm.

It appears the magnitude seems to hinge on the degree of
moderation (under or over) rather than the leakage for
these experiments; these also tend to be low leakage
experiments.

In most of these experiments decreasing the elastic
scattering, decreases reactivity, so the systems are
undermoderated.

Some experiments that are overmoderated (LCT060, an
RBMK benchmark) show an increase in reactivity ~+20
pcm.

While for HEU-SOL-THERM experiments it appears that
the effect is =100 pcm for low leakage systems
[moderation effect] and up to -300 pcm for high
leakage systems. [For maximum HST leakage
systems]. | think this aligns with your expectations.

Sample HST and LCT Cases—perturbation X Sensitivity dk/dZ

0O1%(elastic + n,alpha)

0.0100
0.0075

e - ] F C/E Uncertainty (~500 pcm here mostly E)
0.0025 B : .
£ o000 | Lt el o) e bl Lictgnt |
S -0.0028 l-l i i ]
-0.0050 ; A=
0.0075 Effect of cross section perturbation (~200 pcm here)

0100 Uranyl-Fluoridein D20 {from elastic) ,

P BB s e S R

015(elastic) n 0%%(n,alpha)

-50

aos : e

= pem SOpch = — -100 pem
i AverageoverHsT AverageoverlCT  ii AverageoverHST  AverageoverLCT
oo Expég?‘ﬂents Experiments ooy Expeﬁmeﬂls Experj;nents

[Using htto://www.oecd-nea.ore/ndast/)

Mark,

Ian - thanks so much. A very helpful and fascinating summary.

If I may I will show a viewgraphs on this at nd2016 to illustrate the value of
your NDaST tools. It really helps point to which benchmarks are most
sensitive, and to which cross section changes (eg n,alpha versus scattering)
impact things most. I will also integrate a few sentences on this into the Cielo
nd2016 paper.

I am copying some others who will be interested in your analysis.

Best

Mark

© 2017 Organisation for Economic Co-operation and Development
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BETTER POLICIES FOR BETTER LIVES

LYNEA

NUCLEAR ENERGY AGENCY

Nuclear Energy Agency

Application Example 3: CIELO Big Paper

CIELO 276 pem ENDF/B-VIL1 294 pem
CIELO-1 B-VIL.1 JEFF3.3 JENDLA,.0ul vzswr/mme 235 MT2/MT2
Godiva Godiva CGodiva CGodiva Correlation Correlation
keeff Unc.  k-eff Unc. k-eff Une. o s W W , o ol Bl 1
(pem) (pem) (pem) k-eff Unec. da E :::: 4
fission 788 269 648 320 . e A
nubar 540 545 510 274 - 5 .
PENS E,, 151 276 364 176 . 0 v .
e T - i . o i e v
inelastic 608 (est.) 616 698 681 e Wm‘.?:f:m S """’%'::Z
capture 281 873 375 269 T Correiation
Summed 1042 (est.) 1220 1342 962 S R R B
Exp. unc. 100 100 100 100 . ‘ Cowed 1B !
IC-E| 6 8 23 167 g o — £ o
0
CIELO-1 B-VIL1 JEFF3.3 JENDLA.Oul g e . g -
Jezebel  Jezebel  Jezebel  Jezebel 100 e 100 uev -1 4
k-eff Unc. k-eff Unc. k-eff Unc. k-eff Unc Y, fmar TRE Eh RN Woav Wedy w0k Oy
(i) - Cses) To— MAT 9228, MT 18 MAT 5228, MT 18
ﬁﬁiDn !}DB 331 3['5 434 5 MT102/MT102 281 pem U235 MT102/MT102 873 pem
nubar 241 81 413 200 Goreation Correlation
PFNS E,, 185 186 443 286 i , 1
elastic 463 138 90 108 g
inelastic 797 797 150 250 0 § oy ) :
capture GT T4 30 59 s g 1 rev
Summed 1025 562 645 648 . 2 o N
Exp. unc. 200 200 200 200 op tome e ke o sV Ome e oMY oMV
IC-E| 15 12 38 185 i e AT 9228, W 102

© 2017 Organisation for Economic Co-operation and Development
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BETTER POLICIES FOR BETTER LIVES

Application Example 4: Testing New

Covariance for JEFF-3.3 T3 vs T1
Selected Example Benchmarks

28 o . 1o 1o Ratio
Case label Sensitivity Code | JEFF-3.3 | JEFF-3.3 | J33T3 -J33T1
ENDF/B-VIl.1 | JENDL-4.0 | J33T1/E7.1
T3 T1 {pcm)

NUCLEAR ENERGY AGENCY

KENO ENDF/B-VILO

PCI001-001 / 238-Group 0.020410 0.020364 +5 0.005471  0.006559
HMFD01-001 KENO ABBN-93 /
(Godiva) 299-Group 0.014788 0.014788 0 0.006302 0.008816 2.34

IMFO03-001  KENO ENDF/B-VILO
(Detailed Model) / 238-Group
KENO ENDF/B-VILO

0.020409 0.020409 0 0.012785  0.007286 1.59

PST011-006 0.011741 0.009639 +210 0.009423  0.009537 1.02
/ 238-Group
. KENO ENDE/B-VILO - .
UMFO01-001 [aeous 0.009813 0.009813 0 0.009813  0.008172 1.00
cT008-001  (ENOENDF/B-VILO ) o\ hisce 0002937  +151 0.003879 0.004038  0.76
[ 238-Group
KENO ABBN-93 / : : :
H5T032-001 299-Group 0.004103 0.001186 +292 0.002306  0.002300 051
KENO ENDF/B-VIL.O
HMipn&nm e 0.017284 0.015995 +129 0.019962 0.006437 0.80
PMFO01-001  KENO ENDE/B-VILO -
(Detailed Model) / 238-Group 0.002943 0.003036 -9 0.007796 0.005421 0.38

© 2017 Organisation for Economic Co-operation and Development
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BETTER POLICIES FOR BETTER

App 5: Covariance Testing Industrial Scale

The scale of the number of calculations is difficult for
people to comprehend. Everything is there, but to distil to
a slide or even a journal paper is difficult.

o Impact of different ND covariances in ICSBEP suite (4501 Benchmarks!!!)

JENDL-4.0u ENDF/B-VIL1  SCALE-6.2rev8 JEFF-3.3T4
FISSILE Benchm. Exp. uncert X5s XS5 XS5 Nu  CHI XS5  Nu CHI
MAT. # (pcm) (pcm) (pcm) (pcm) (pcm) (pcm)  (pcm) (pcm) (pcm)
HEU 1364 379 523 717 660 s97 [542 | 219
IEU 215 391 521 871 827 698 | 526 | 343
LEU 1500 254 380 425 412 389 | 537 | 127
MIX 411 434 611 467 543 sog | 419 | 460
PU 766 405 638 422 485 538 | 453 @
SPEC 5 333 754 646 429 642 | 146 | B3

U233 239 583 284 322 271 267 /AT (1)
il e

Total 4501 v /
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NDaST: Automated JANIS Computations

« An automated link has been introduced to the JANIS nuclear data software to
generate the perturbation ratios between two evaluations.

S e
File m] Window Help

NO i
a DICE=HTTP jdev »——
ﬁ IDAT=HTIP jdev *———

Group type :

« Upload 1000 Trial Evaluations

Lower energy : iney

= |
f@ JANIS=(4) ;MY EHDE
JENDL
S
nsitivities K

JEFF

Upper energy : |2.0E? | iney

SR

Subdivision : |10.0 | in groups/decad

Spectrum
Spectrum type : PWWR. -
Constant spectrum
WY spectrum .
Emax, th : 0. PWWR spectrum lheta, th : 0.054 in eV
General spectrum
Emax,epi : 2Mmasonelian spectrum lheta, fis : 1400000.0 in eV
Fission spectrum

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.
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

Half Monte Carlo Method (HMM) Results

PMFO0O01 Jezebel keff distribution
1.03000
- TMC L
1.02500 i § k.« distribution, sorted
1.02000 - .
lowest ki to highest,
1.01500 ) E s
HMM full plotted with the HMM k.,
1.01000 o
4= 1.00500 . predictions for 20 samples
L S —— : and full automated set
0.99500
0.99000
0.98500 § Example breakdown by
0.98000 | .
reaction for 20 sample
0.97500
0 200 400 600 800 1000 cases
Delta keff (pem)
Case Number
24 34 38| 170| 431/436| 455| 476| 494| 527| 558 591| 643| 670/ 680, 710, 738 772| 782 993
Elastic 606| -217| -157| -441| 513| 59|-520| 59| 216| -47| 606| -222| -490| -348 42| 364 629| -481| 393|-253
Inelastic 110 252 -19 75| -190|139| 119| 132| 384 -9| -130| 219 1| -206 81| -192 69 -14|-143| -45
N,2N -3 -1 -4 -3 -4 1 -6 1 2 -6 -3 -4 -3 -3 -4 -4 -1 -6 -7 2
Fission -800 120| 780| S66| 1488|486|-272| 485| -877| 16| 827| -940| -974| -537| S5S41|-1258| -767| 314|-486|-367
N,Gamma -29 3 13 22 19| -30| -27| -30 10| -18| -22 -10 21 -42|1 -51 -28 -22 23 5| 34
nubar -249 113| 126| -27| 610(225|-175| -48| -189| 138| -221| 272| -428 -2| -230| 315| 482| -200| 221| 207
Chi 144 -129| -187| -219| -254| -15| -62|-129 -76| -130| 111| -208| -117| -154| 130 -61 55 59| 95 1
Total -221 141 552| -27| 2183|865|-943| 470| -530| -56| 1170| -893|-1989|-1291| S08| -864| 444| -305| 79 -421
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BETTER POLICIES FOR BETTER LIVES NUCLEAR ENERGY AGENCY

Delta ki Distributions by Reaction

: e =t Py T r=mron <
T IAGET 201 e d WAl = MEatT Lo 5 (e | o 001001 Detatied Moden - NOBST Tl ) s | # paroo1-001 etasied Maden - NDasT FEREoE
| Pernabasens | Ferusnssons (3) | cumncermmntes | | Peraatons | Ferurostons () | patsuncermaenes || Pectrbatons] Perirnotons (an | Data uncertsenses]
. L e wooe I

| icites § Reacuans | [rasces fReactons

{3 w70
15 s /e oo ! = o
S Einam e e sons & Ptz
7 nasmic s sasTic 3 |Basmc
paEAsTIE oo0ee L4 7 mEAsTIC S . . | reAsTIC
e aoose = Zinan
Fizsion s Fisston - 1 Fisston
rgaa = h_Garen soms In_caaen
pry [Ty InBar
o ooms o a0 1o
some soers
oo0s
eoe. A | 0 s
i :
o a
001
o

§

T

:a-geﬁbuan
TREERERIEEE

i e WL R | Portubasons] Pt sbatons (30
N e e—— o
5 | Pasciden /Reachonn
5 7] i/ manchors am
an e
ELasmic Desic
| mevasic e
o Histion
ppppp e
canma ey
i i

HHH T T
EERRERRERRREREENE

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
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V.2 Verifying CHI Covariance Data

1 The Jezebel case

Nuclear Energy Agency ¢

Cy

Y NEA

X
d NUCLEAR ENERGY AGENCY

Figure. CHI rel.error(%) as a function of Ein

Incident neutron data // MAT9437 /
MT=18 : (z,fission) / Covariances data
(BOXER) Relative standard deviation

g — Ein=0.001 MeV ]
5 12t — Ein=0.1 MeV =
) ) ) E —_ E?n=1 MeV
Figure. Jezebel (PMF1-1) neutron fission spectrum g M=l —
1.0E402 ;
E [}
I 2
1.08+01 = ‘g
S 108400 ¢ b
2 ; o
:.3 1.0£-01 —%
g : Incident energy (MeV)
.g LOE-02
& : Relative error in Keff
10E03 ¢ Energy distribution as a function of Relative
i of Ein_mean contribution to
O 0tr02 100403 L08+02 LOEK0S 108e06 L0Ee07 100408 Jezebel spectrum  (calculated with NDaST) the total uncertainty
Neutron Energy (eV) _in (ev) (%) (pcm) (pcm)
1.00E-05 0.0 256 0
1.00E+03 0.0 256 0
1.00E+05 2.3 455 10
1.00E+06 354 443 157
5.00E+06 57.0 399 227
1.00E+07 53 380 20

Total uncertainty (pcm) due to CHI uncertainty

assuming Full correlated = 415
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Addition of Personal Benchmarks

ZEE— New benchmark || Can act as a

© NDaST |

' repository for

Experimental value: 1.000
Experimental uncertainty: |0.002

gErtlies ol - iations Sensitivties sens it i VvV i ty fi I es.

‘ Label Value Uncertainty | Add ties
H (X My calculation | 1.002 0001 | sensitivity 0
o l (CXJL:\Dev\Instructional\my sensitivities.sdf N Ot J u St keff.
Perturbations
Covariances
&> NDaST
File Databases Window Help
Go!
[ DICE search ]I IDAT search H New benchmark | Symbols: values= Keff uncertainties=  dKeff |

Sensitivities

Y 1 sensiv‘
sensi

Sensitiviﬂ_% 0 c sensiti
sensit|
sensit|
sensiti
sensit|
sensiti
sensit
sensiti
sensiti
sensit

cancit

Senchmbrk “Calculations

s S sslsisi<islsl< <
ek i< i< <

Al w i nn ] nnnn

{aw]
[Tl bt o fov ey

2
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Rank Similar

% Dice - o x |
File Database=NEA Personal-Keff Window Help PMF PMF PMF PMF PMF PMF PMF PMF PMF PMF PMF PMF
Critical / Subcritical Alarm / Shielding Fundamental Physics 001 002 003 004 D05 006 008 009 O10 011 012 013
Correlation Matrix Rank Similar Keff trends plots L
[ ]2-groups percent spectra Coverage: 91.1% (4489 [ 4930)
[ |Neutron balance Coverage: 90,99 (4483 / 1930)
|:|3-gmups-5en5!ﬂ'.rlh'ﬁ Coverage: B5.0% (4191 [ 4830)
[+] Sensitivity Covergge: B5,1% (4193 / 4830)

Select senstly lle: ED-002-006_KENO_ENDF-8-VI1.0-—238-Group_ SENS.L.g .

[ ]Show cases with nio data @ oice - o x
File Database=NEA Personal-Keff Window Help o o
Case ID Code Library — Raﬁk]ng gnwmww Alarm / Shielding ~ Fundamental Physics  Correlation Marix  Rank Similar | Keff trends plots |
¢ m'itl J . . Uncertaln lc. ic. Uncertaint
PU-COMP- | VILO Ly n?—*co]aun_ 002-001 1:1929 m o o 1#&3?9_3 299-Group e w: umw:c'genm e
y i e SRR i
pUc0. VILO el s e e
Bl VILO COMp-FAC-005 005 (0 00— Efg{u’%v ontinuovs 1,009 e 031932
PU-C VIO |&3c0°9"mp;. Aef-aa00s ¢ 8 PR e Y ;e ke
PU-CO VILO E:@E o % i —mno_—%mf%w“' é"“j,,;g e iR
PU-COH VILO oU-COMP-FAST-002-4 X MCHE V Continaaus— 110186 hied 0idea v
WT_C i "-'Iw I M= gnochess of fitreduced chi-squared = 3,17 = -
PU-COMP VIL 10m ‘
R viLO [v]Filter with 'Rank Similar’ criteria o : e mll
3 V1L PRI e ik 1am |m il i il i I]
e e 0 P et W R | | ]| E—— TR |
B VI Plot options | Ee pme oo M+ OO
PUNET Vi — S T ITTTI TrEmd i
BU-CoMp- 212 Averaging: Arithmetic “ | - PR | R .
PU-COMP- VIL | reduced chi-squared Jbars (@) points we | o ' | \ ‘
I:E'O i Vi L0 o = - C Opd it [ 10 [0 [ 10 T [ T [ ‘T T [ T o A A1 I
MDX-COMP I Group by: Case L = 2 A A B ST
feslh -- b |
- s | £ E LIS PSSP &
Sort b'ﬁ Shl'laﬂr L EE o s
Clitop | 10%|, [Jover 100 = points
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Conclusion

S years ago how long would it have taken to

a) Find the benchmarks most sensitivity to intermediate energy elastic
scattering.

b) Predict the impact of changing Oxygen (n,alpha) reactions.

c) Predict the keff impact of changes to chi on various classes of
benchmarks

d) Find the nuclear data uncertainty of thousands of ICSBEP
benchmarks

e) Evaluate the impact of thousands of nuclear data files. Examine the
variations in each reaction and energy group

These operations take a few minutes up to 1 hour now. The tools are
already being used to help evaluate and test nuclear data. But we
can still do better. Lots of room to improve, hopefully using the
experiences of SG39/SG46
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PST034-015 NDaST Assumptions/Data

Effect of Cross Section Group Structure -

238G 238G +398 pem 3

640G 238G +438 pcm b ‘

130726 238G +399 pcm M_JJ 0| { t
Effect of Sensitivity Group Structure

238G 238G +398 pcm - Energy (eV) | 238/238 13072/5450

238G 5450G +477 pcm 0.00-0.0 -6.5
13072G 5450G +317 pem 0.01-0.1 +30.5 +30.5
0.1-1.0 -156 -155
- Direct 1.0-5.0 +316 +369
+234 pcm 5.0-10.0 +84 +73
f 10-100 +160 +28.4
: 100-2.0e6  -28.1 -16.7

1E-10 1E-9 1E-8 1E-7 1E-6 1E-5 1E-4 0.001 0.01 01 1 10
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