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COMMARA-3.0 - ENDF/B-VII.1 Covariance Materials

e

184 materials: 12 Light, 99 structural, 73 Actinides

'H, °H, “He, °Li "Li, °Be, '°B, "B, °C,
15N’ 160’ 19|:’ 24Mg, 25Mg, 26Mg’ 27A|’
28Si’ 29Si’ SOSi’ 35C|’ 37C|’ 39K’ 41K’ 46Ti,
*Ti, *°Ti, *Ti, *°Ti, *°Cr, **Cr, *Cr,
>Cr, >>Mn, **Fe, *°Fe, >'Fe, >°Co, *°N|,
GONi, 89Y, QOZr’ 91Zr’ QZZr’ QBZr’ 94Zr’ QSZr,
*Zr, ®*Nb, **Mo, **Mo, **Mo, **Mo,
97MO, 98M0, 100M0, 99TC, 101RU, 102RU,
103RU, 104RU, 1O6RU, 105Pd’ 107Pd’ 108Pd,
109Ag, 127|, 129|’ 131X6, 132Xe’ 134Xe,
133C3, 135CS, 139La’ 141Ce’ 141Pr’ 143Nd’
145Nd’ 146Nd’ 148Nd’ 147Pm, 149Sm’
151Sm, 1428m’ 153EU, 155EU, 1526d’
153Gd, 154Gd, 1SSGd, 1566d, 157Gd’
1586d’ 16OGd

166Er, 167Er’ 168Er, 170Er, 180W, 182W’
183W, 184W, 186W, 191|r, 193”, 197Au,
204Pb’ 206Pb, 207Pb, 208Pb’ 209Bi’ 225AC,
226AC, 227AC, 227Th, 229Th’ 230Th’ 231Th,
232Th, 233Th’ 234Th, 229Pa, 230Pa’ 232Pa’
230U’ 231U’ 232U’ 233U, 234U’ 235U, 236U’
238U’ 234Np’ 235Np’ 236Np’ 237Np, 238Np’
239Np, 236Pu’ 237PU, 238PU, 239Pu, 240Pu’
241Pu’ 242Pu’ 244Pu, 246Pu’ 240Am’
241Am, 242m1Am’ 243Am, 240Cm’ 241Cm’
242Cm’ 243Cm’ 244Cm’ 245Cm 246Cm,
248Cm’ 249Cm, 250Cm, 24SBk, 24GBk’
247Bk’ 2485k’ ZSOBk’ 246Cf, 249Cf’ 250Cf,
251Cf, 252Cf’ 253Cf’ 254Cf’ 251ES, 252ES,
253ES, 254ES, 254m1ES, 255ES, 255|:m
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Scope

* Assoclated with neutron cross sections from
ENDF/B-VII.1

* Multigroup (processed) covariances with uniform
lethargy energy groups (33 groups, flux: thermal-1/Efiss spec )

* Reaction channels:
- (n,el), (n,inl), (n,2n), (n,y)
— (n,f) & nubar MF31 (73)

— prompt fission neutron spectra (PFNS, 23%239249py LANL,
JENDL-4 MF35 (85), plus cross-material covariances

(LANL)
— Mubars MF34 (116 & additional from JENDL) |
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NJOY flux weighting

Flux

-10

- Eb = 0.2 eV, thermal

Flux weighting

Ec=100keV |

10

10°
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Incident Neutron Energy (eV)
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Recent Covariance Evolution

ENDF/B-VII.O ENDF/B VII 1

New evaluatlons

AFCI -COM I\/IARA 2.0 COMI\/IARA 3.0
/ ENDF/B-VII.0 Central Values ENDF/B-VII.1 Central Values
GNEP \ 1 I
Low Fidelity  New covar evals New covar evals

. BH[II]I(I-IMIIEH
S Hoblit SG33 meeting ABORATORY

S NEA, May 22, 2013




Quality Assurance

* Web-based Sigma-QA (A. Sonzogni) allows visual and also
guantitative inspection of:

— Differential uncertainties (dynamic)

— Integral uncertanties (static)

* UnCor applied to full library, performs 8 tests, warnings for possible
problems including:

— small uncertainties: (n,tot)<1%, (n,el) and (n,y)<2%, etc.
— non-positive-definite matrices (fixable for all but PFNS)

— PFENS covariance not summing to zero (not usually a problem)

* non-positive-definite matrices are usually fixable by slightly
reducing the off-diagonal elements. If not, slightly more drastic

_& Measures may be required. _,
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COMMARA Checklist

* Test for small uncertainties:

Uncertainty test 1

Total with small __

(n,elas)

uncertainties : 174 __

(n,2n) 3.0

. N
Total with too large (n.9) 2.0

uncertainties : 91 I

Prompt nubar 0.7

)
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COMMARA Checklist

e 2"d tast for too small uncertainties:
If cross section < 3mb = uncert = 25%

* Optical model peaks in elastic:

* Zero unc with non-zero cross section:
* Peaks/jumps In uncertainties:

* Negative eigenvalues :

S. Hoblit SG33 meeting NATIONAL LABORATORY
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19|:

3.0 LANL o T T T

MF33 estimates |
40 | 1QF (n,'Y) Commara 3.0 - -

2.0: LANL estimates _ Commara 2.0 -+ |
with 25% unc limit when 3ot -
> i
o <3mb c
~T — '
T
0 ; o |
[ 9-F-19(§,gamma) ENDF/B-VII.1 | 8 20 B : ]
; \ ; ; | é ) f P l
10 F |
O S E— N " > 3 7 5 5 7
E+1 E+2 E+3 E+4 E+5 E+6 E+7 10 10 10 10 10 10 10 10 10 10
Incident N eg e Incident Neutron Energy (eV)
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52Cr

60

3.0: New ORNL RRR 0T 520r (n,'Y) Commara 3.0 -

evaluation ol Commara 2.0 —

':C%SO -
2.0: Estimate using §20_ B
kernel approximation .

10 10° 10" 102 10 10*  10° 10® 107
Incident Neutron Eneray (eV)

]
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50 . . |

3.0: Up_dated LANL U (n,el)
evaluation il

%30 -

E Commara 3.0 -
2.0: LANL evaluation, 520 Commara20
optical peak truncated N
tO 4% ————___ E E“L“:.._.._w"__ -

0 —

102 10" 10 10" 10®° 10° 10* 10° 10° 10’
Incident Neutron Energy (eV)

]
nnnuuﬁﬁﬁm
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3.0: Updated MF33 -
\V.G. Pronyaev, U (n,f)
IPPE/LANL

Commara 3.0 -

Commara 2.0

S
1

Uncertainty (%)
w

2.0: MF33 covariances
LANL/ORNL _ u

pr— ]

107 10 10" 102 10° 10 10> 10° 10’
Incident Neutron Enerav (eV)

)
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3.0: Updated MF33/MT18 |**py (nf) N
standards covariances, *°| 1 N
V.G. Pronyaev IPPE | o
9 o ' i . Commara 2.0 -
2.0: MF33 evaluation & N ' :' 4
by LANL/ORNL e
05l SRS i S
0

10" 10° 10" 102 10> 10*  10°  10° 107
Incident Neutron Enerav (eV)

)
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242Pu

70 . . ; . . . . ; .
3.0: adopted ol 22y (o) _
JENDL-4 =
50 T Commara 3.0 -~ T ]
53240 - Commara 2.0 = ]
: '
2.0: Empire/Kalmanin 3o} _
fast region. 5 .
thermal/RRR. L
; | | R S

102 107 10° 10" 10° 10® 10* 10° 10° 10’
Incident Neutron Energy (eV)
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30 | | | | | | . . .
: 243

. . *Cmme) |
?20 - _

2.0: default z ST -

Empire/Kalman with §

Low-fidelity estimates in =~ ° A E— -

ermariRiR 5 _ Commara 3.0 -+~ ,._

Commara 2.0 -
] I I : | |

102 107 10° 10" 10° 10° 10* 10° 10° 107
Incident Neutron Energy (eV)

]
nnnuuﬁﬁﬁm
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Nubar covariances

Aviv vs. E for *?Pu(total v)
] ] ] ] ] ] ]

I I
;51{;?3 COrdinate scales are 9% relative
239 P ' I I A N I 400 - = standard deviation and nu-bar.
|
300 B Abscissa scales are energy (V).
200 - |
100 —
2 2 ognl ahD q] AnZ 4p3 dnd 4n5 anB qaT
10 10 105 10° 105 107 107 100 100 10 ) . - s = o
| I I |
ek -
S- | &
. m
2 E
S = g
. o
= — - =
- S
=2 — 2
— =
= — |
B
. —
with MF31: 73 iy I
. N il.I"—l__
S |
T T T T

Correlation Matrix

1.0 -1.0
0.8 -0.8
0.6 -0.6
0.4 -0.4
0.2 -0.2
0.0 0.0
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Mubar covariances

Ap/p vs. E for ***Th(mt251)
| | |

2 ] ]

228Th ) e
N | Abscissa scales are energy (V).
Most mubar
covariances in
ENDF/B-VII.1 from
JENDL
Correlation Matrix
o
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Missing Mubars (MF34)

0233U 234U 235U 236U 238U
1 1 1 1

o 237Np Possible Sources:
LANL

e 238Dy 239Pyy 240Py, 241PY | Empire estimates
o 241AM 242MmIAM 243Am JENDL
o 242:246CM

Only structural materials with MF34
23Na 55Mn 56Fe 180-186\/\/

~ . BROOKHEVEN
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Developing cross-
ISotope cross-reaction
covariances

= EXFOR contains many forms of

coupled cross section data:
* reaction combinations
* reactions on elemental targets
* non-elastic data
* ratios to monitors (unused)
* “isomers math” (unused)

" Goal: Refit all COMMARA-2.0 priority
cross sections simultaneously

* 33-group structure
* ENDEF/B-VII.1 covariances for prior

- includes “on-diagonal” covariance
- includes standards “off-diagonals”

* use EXFOR entry’s REACTION string to
construct linearized kernel

- End product is covariance,

B.«mkhi not mean values
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Integral experiment uncertainty simulations
using COMMARA 2 & 3.0

SFR ADMAB
Isotope |Tcap |0fiss| V' | Tel [Tinel | X P: | Total Isotope [ocap | ofiss | v | 0al [oina| x | PF' | Total
240pyy [ 206 [241[439] 39 [ 113 [169] 0 | 580 “'Am | 231|122 |172| 11 | 116 O [ O | 333
6Fe 195 0 | 0 [320|321| 0 | 88| 501 *'Pu | 73 | 42 |33 0 | 57 [ O | O | 107
2450 | 8 |aaals50l 0ol 3 | ol o | 447 *Cm | 13 |1063|{115{ 0 | 10 | 0 | O [ 1070
23817 | 50 | 9 1331511230 0l 0| 244 ziggm 505 iil 516 1 | 37 1 0| O 972
244 m | 300 995 3 |229] 0| 0| 59
238%? EL; Esl; Eall 3 352 208 8 gg% 20 QQSOZNP 183 1711651 14 97 1.0 1 0 277
22Pu 176193 |81 | 7 | 15| 0 | 0 | 216 240 Bi 64 0 0 |66 11661 0 4 0 190
230 Pu | 56 | 88 |151| 8 | 64 | 82| 0 | 211
241Pu 131113641 | 27| 78 |100]| 0 | 233 15 1 o 1ola1el 1310l ol 216
sy D95 145 134 21 38 1 0 0 117 239py | 91 | 126 | 35 | 15 | 118 |129] 0 | 237
Am | 55 | 58 [13 | 2 | 18 | O | O | 83 242m Am| 11 14210 0 | 4 | 0 | 0| 143
23Na 8 0 0 |21 [182]| 0 [145| 234 238pu [ 32 | 56 |59 2 | 19| 3]0 89
Total | 423|567 [492[329] 459 [198[170[ 1063 (== Total | 674 [1360[593[227] 355 [153] 0 | 1690 ==
[sotope|ocap |Tfss| V | el |Tinel| X P [ Total Isotope |Ocap |oass| v | 0el |oimer| x | P [Total
240py; 1531 94 (119136 1106195 | 0 | 261 241Am [230 122 |172] 11 |116 | O | O | 333
ke 194 0 | 0 (320|320 0 | 80| 499 MPu | 73| 74330 |57 |0 |0] 123
245m 139 146 167l 0] 2 |21] o | 93 245Cm | 57 [112(149] 0 | 6 |69 0 | 207
23817 |48 | 9 1331521231145/ 0 | 248 24Cm | 311148416 1 | 25 [ 45| 1 | 543
2440 1 ga 31 100l 11 3 | 3|0l 133 2::'7Am 300449 95| 3 [229| 0 [ 0 | 594
238 Np |314|171|65| 1 |64 | 0| 0| 369
wipy [ a0 41 |26 | 6 | 14 [35] 1| 85 B |63 0|0 166166 | 0| 0 | 190
239py [ 132|141 41 | 27 | 78 [100] 0 | 236 [ A 8T ] 8 60600 109
a1 N 1| oo |21t6] 13]0] 0] 216
s W95 7O 342 38 00 ) 128 299py | 91 [131]35 | 15 | 118|129 0 | 240
Na 102 0 0 17 | 182 0 35 212 QSSPU 17 10 21 1 5 14 0 33
Total | 345 206 |186327| 456 |160| 87 | 738 <:Zj Total | 602|551 1492(227| 346 [165| 1 | 1052 <¢::j
. BROOKHFEVEN
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Summary

* ENDF/B-VII.1 released Dec 2011

* ENDF files processed with NJOY using AFCI 33-group
structure, flux = thermal, 1/E, fiss spec (E>100 keV)

* Preliminary files tested using Sigma-QA and UnCor
procedures for Quality Assurance

* Subset provided as COMMARA-3.03

* Final release dependent on funding

. BROOKHEVEN
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EXTRAS
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Commara 2.0 materials

* 110 materials most relevant B & Mo  TAg  ™&m “Th
to fast reactor R&D HoO TS Mo L Mmoo UL
. . ‘He Hi “Mo *1 PR 1
-12 I|ght nuclel (LANL) 5 Lt adn EIL LT L Dy
— 78 structural materials (BNL) Li  “Cr "Moo "Xe MEg MU
_ . - B Cr Mo "™Xe "G I
— 20 majOI’ and MINOr aCt|n|deS “'H; 13 Wi .'.'.Jrl-l.l- I::l:'!'I :.I:.{J.lj 'Ij'lp
(LANL + BNL) "B YFe MTe "Ms FGA *Pu
A tRe Wy MLy PRGE PPy
_ N TFe "Ro MMoe ™Mod MPu
* 135 files ‘) ENj Wy Mipp Mg H iy
. . HF N "MHa  U'Nd MEr Ay
—110 cross section covariances, Viagy  Wlmer TEpy Mg MWEps SRl
1 qf = T1E F i N ot B
_ Mg Lr Kh h [ Eur AT
20 nubars, “Mp YEr PA Mg PP Am
—3 PENS Mg ME ™R TPm PR T Cm
’ YAl “Fr 'Pd T L
— 2 mubars e Wpg T Cm
Wity TR L
" Nb i m
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COMMARA-2 Methodology

* Covariance evaluation methodology
determined by priorities:

—Most important materials treated
iIndividually

—Medium importance materials treated with
simplified methods

—Low priority materials (mostly fission
products) treated with low-fidelity type
approach

BROOKHEVEN
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COMMARA-2 Methodology

Thermal and Resonance Region
eSource of data

*Experiments

*ENDF file (retroactive method)
*Atlas of Neutron Resonances (ANR)
*SAMMY analysis

ofull analysis (MF32, Exp. data)
eretroactive (MF32, ENDF file)

*EMPIRE Resonance Module (MF32, ANR,
scattering radius and thermal point
uncertainties reproduced through
correlations (if possible)

o“Kernel Approximation” (MF33, ANR)
*MF32 with systematic uncertainties in MF33
*‘/low-fidelity’ (Mark Williams) solution

e Assimilation

Fast neutron range (MF33)

*EMPIRE/KALMAN considering
experimental data

*_east Square fitting of experimental
data (SOK code)

*EMPIRE/KALMAN without
experimental data (Low-Fidelity)

*Dispersion analysis - differences
among evaluations (and exp. data)

*Reconsider previous work (ENDF/B-
V1.8, Low-Fidelity)

*Visual analysis of experimental data
* Assimilation

F
e
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NI capture integral quantities from Sigma-QA

capture
Library THERMAL RI MACS 262 F 14 Mew
B.5-ZE4+T B2V 20 kew
ENDFABE-VII . O LR 1.49412 2 .82G6E-2194.022E-=2|2 . 8588E-493
JEFF=.1 LR 1.49412 2. 82G6E-2|16.80=223E-=2|7 . BBEE-4
JENDLS ., & 2 .8971= 1.49472 2. 7TRZ2ZE-2|16.172E-2|6.8982E-5
REOSFOND 2. FTr2 1.4912 2 . B22G6E-2|6.03Z23E-2|7 . B5E8E-49
ENDFABE-VI . 2 2. FTr2 1. 405 2. 82G6E-2|4.022E-2|2 . 850E-49
CENDL =, 1 2. FTr2 1.491= 2. 822G6E-2|5.826E-2|1.131E- =
KADON1S 2 .8990E -2
Atlas 2 . BEG A . SE6E
Kadonis A 7. DE20E - 3
2 . 39%%
Atlas A G.oEaaE -2 2. 0E88E -1
2 . % 1. 42E+1%
AFCIZ. O A 1. FE2GE-1 1.12=E-1 1. 8211E-=2|2.902E-4|6 . 5091E-5
T ] 3 =2 . 37 5. %% T.21% 2. I0E+1%
FRecommended A|ll.4Z0E-1 Z.B17E-1 T.0962BE-49
. 15% 1. 42E+1% 2 . 81%
. BROOKHFPEAUEN
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Example of Sigma-QA plot

Cross Section (b)

| Update Plot | | Reset |

26=-Fe- 56({n,gamma)

Ero 1E-2 < En (eV) < [2E7 ||Log %]
1E-6 <o)< |1924e2  |[Log 3|
E+1 4
E+0 ENDF/B-VII.0 pointwise
] AFCI 1.2 uncertainty
=t I AFCl 1.3 uncertainty
E-2 =1 [ AFCI 2.0 uncertainty
I AFCI 2.0 uncertainty
E=3 4 Group cross sections with 1/E flux
E_4 ] ENDFB-VII.O group
: : : : : : : : : JENDL-4.0 group
E-s Lo .................. .................. .................. .................. .................. .................. O JEFF-3.1 group
i i i é i i i i i m CENDL-3.1 group
E—Il E-|I-0 E-|I-1 E-|I-2 E+|3 E4|-4 E-lI-S E4|-6 E4I-? [] —— ROSFOND group
Neutron Energy (eV) [ ENDF/B-V1.8 group

There are 7 EXFOR datasets

Cursor at: x = (eV)y= (h) [ Check/Uncheck Al

Cross Section Uncertainty (%)

&

Huang Zheng-De 1980

6.29E+1 EE_I_:E_ EE{n’gamma} _ _ _ _ Shcherbakov 1977
: : : : § § § : ' Shcherbakov 1977
E FSE+11 . .................. .................. .................. .................. .................. ..................... 71 Allen 1082
S11E+14 e e e e Y T ITPTY b . 1 Allen 1976
4.47E+ 1L S e SR T AU A AU e - Macklin 1964

Pomerance 1952
[ Rermove EXFOR ]

T T T T T S S T —

319Ee1) i T S T S S SR S
' ' : Download plot for your article

2 SSE+1d .................. .................. .................. .................. ..... .............. ........

LotE+1d S TR S e T S S . A Ne i

L27Es1) T T o o S N N S R B

N é e I . x W = | N .
0.0 | | | | | | | | |

E-1 E+0 E+1 E+2 E+Z2 E+4 E+= E+& E+7

Neutron Energy (eV)
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