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ig;wrd“ In order to perform this study, we propose a methodology in two steps. Firstly, we compute the uncer-
Cross-section uncertainties tainties on the system ;_nramerers by using a Monte C.n_'lo s_umulanon. a_s itis f:ons:dered the n'fo_st_ reliable
Uncertainty propagation approach to address this problem. Secondly, the analysis of the results is performed by a sensitivity tech-
Sensitivity technique nique, in order to identify the relevant reaction channels and prioritize the data improvement needs.
Monte Carlo simulation Cross-section uncertainties are taken from the EAF-2007 (UN library since it includes data for all the actin-
Target accuracies ides potentially present in the irradiated fuel

Relevant uncertainties in some of the fuel cycle parameters have been obtained, and we conclude with
recommendations for future nuclear data measurement programs, beyond the specific results obtained
with the present nuclear data files and the limited available covariance information. A comparison with
the uncertainty and accuracy analysis recently published by the WPEC-5ubgroup26 of the OECD using
BOLNA covariance matrices is performed. Despite the differences in the ransmuter reactor used for
the analysis, some conclusions obtained by Subgroup26 are qualitatively corroborated, and improve-
ments for additional cross sections are suggested.
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INTRODUCTION. The context of this work ...
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ADS Uncertainty Requirements

Table. Critical cross-section uncertainties
collapsed in one-group and processed

@\

500GWd/tHM burn-up

from EAF2007/UN (Agap) and their target Reaction T Arcancer
accuracies (Ayrget) s o 389 7.1
Uﬂzw Fi;;ion 129 42
N (m, 7) 143 2.8
Pl.lljug F?s s?on 12.3 6.4
) ] (n, 7) 14.5 52
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T . ¥
1) Uncertainty in the concentration of all the e Fision R
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2) Uncertainty in the response functions in the Am?2n Foon | 240 24
. . . . . { '"l] 32.8 6.2
coo_lln_g times (decay heat, radiotoxicity, neutron e . 328 62
emission, ...) <10% Cm2® (n,7) 30.0 34
Cm**® Fission 16.0 3.2
. . - (n v 320 74
* List of priorities S (n 7 245 46
m 155100 . .
. . . Y 32.7 5.5
> Fission cross sections of 242mMAm, 243Cm, 250.251Cf Cm?% EE, -}% 282 43
> (n, v) of 234, 237TNp, 241.242mAm Cm*¥ :issiJon 132? gg
1 ) 1 ) n . J
242,244,245,246 247,248y 249Bk . 249.250,251Cf Cm? () 192 25
’ ’ BK*¥ (m, ¥ 31.7 3.2
> (n Y-M) of 234U, 241Am cpe (n 7) 32.4 43
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ADS Uncertainty collapsed in one energy group

Table. One-group uncertainties in the critical cross-sections processed from
EAF2007/UN (3-4 groups), EAF2010/UN(3-4 groups) and SCALEG6.0-COVA (44
groups). Calculations correspond to a burn-up of 500GWd/tHM.

(n,fission) (ny) (n,y-M)

Isotope |EAF2007 |EAF2010 |SCALEG.0 TARGET |EAF2007 |EAF2010 |SCALE®G6.0 TARGET |EAF2007 [EAF2010 |SCALE6.0 |[TARGET
234U 16.5 16.5 30.0 , 38.9 26.0 6.9 7.1\/ 38.9 26.0 - 7.1
235U 12.9 5.5 0.4 4.2\ 11.3 3.2 21.8 ) - - -
236U 15.9 15.3 27.2 8.9 3.2 3.1 - -
238U 16.6 16.6 0.5 6.7 3.2 1.4 I - -

237Np 16.7 16.4 6.6 14.3 9.1 3.3 2.8\, - -
238Pu 12.4 10.1 10.6 6.4\ 14.5 3.7 6.6 5.2\ - -
239Pu 9.6 7.9 0.4 3.4\ 12.5 42 4.8 ) - -
240Pu 15.8 14.7 0.6 , < 9.3 3.6 1.2 48NV b - -
241Pu 15.6 5.6 1.2 4.2\ 15.4 5.2 2.0 , - -
242Pu 16.5 16.5 3.4 12.6 3.5 5.0 5.3\ - -
244Pu 16.5 16.5 19.0 30.4 7.4 24.9 , - - -
241Am 16.6 16.6 2.2 15.8 16.7 4.7 2.8’\/ 15.8 16.7 - 2.9
242MAmM 16.5 5.6 9.8 2.4 32.8 13.2 14.5 6.2 - - ,
243Am 16.6 16.0 5.8 15.3 5.0 4.5 15.3 3.8 - 4.1J
242Cm 16.5 16.5 31.9 ) 30.0 12.9 10.8 3.4 , - -
243Cm 16.0 5.9 19.7 3.2\ 32.0 5.2 14.2 7.4 - -
244Cm 16.4 14.8 37.0 24.6 37 7.7 4.6\, - -
245Cm 9.8 11.3 20.2 41 < 32.8 4.1 9.8 5. P - -
246Cm 16.6 15.2 8.0 28.2 3.7 20.3 4.3\[ - -
247Cm 16.5 16.5 11.3] 4.0 32.1 7.7 20.6 5.01/, - -
248Cm 16.2 15.3 16.2 19.2 3.8 16.9 2.5\ - -
249Bk 16.6 16.6 22.5 31.7 8.8 23.7 3.2, - -
249Cf 16.3 5.8 19.3 ) 324 4.8 24.5 4.3\ - -
250Cf 33.0 33.0 13.3 6.9,/ 29.3 9.0 16.0 2.6 - -
251Cf 31.6 12.9 21.9 3.7 30.0 3.9 16.6 2.4\ - -
252Cf 15.0 10.7 6.1 31.2 4.0 18.1 - -
M\ ()
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ADS Uncertainty collapsed in one energy group

Co 58-59
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ADS Uncertainty collapsed in one energy group

(n,fission) EAF-07/EAF-10
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ADS Uncertainty collapsed in one energy group

(n,p) EAF-07/EAF-10

10
¢ 0 * A 00 0 0 se o o0t oo
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PWR Uncertainty Requirements

Table. Critical cross-section uncertainties Table 8. PWR target accuracy results
processed from BOLNA covariance Uncertainty (%)
matrices and their target accuracies frotope | Cross-section | EREIZYIANES | gy (—SeAot

. 67.4248keV | 329 | 199 | 18.5

Svstem studied: 25y Geapt 24.8-9.12 keV 340 | 17.8 | 162

9.122.03keV | 33.9 | 11.5 | 10.3

Extended BU PWR 24.89.12 keV 94 | 46 | 4.0

- U_235 enrichment' 8 5% Ceapt 9.12-2.03 keV 3.1 31 2.9

B 1 00 GW d/k ’ sy 454-22.6 eV 1.7 1.4 1.3

- Burnup g. 19.6-6.07MeV | 133 | 131 | 1L6

Ocart 6.07-223MeV_ | 146 | 51 | 4.6

Table 22. PWR target accuracies (1o) 2.23-1.35 MeV 188 | 8.0 | 7.1

295, Geat 0.54-0.10 eV 14 | 1.0 | 09

: Oies 0.54-0.10 eV 09 | 09 | os

Kot e ﬁ\g:pg;z;ﬁcien ¢ Buzn up Transmutation 205 B 0.54-0.10 eV 3.2 3.1 3.2

0 y > £ > " Geape 0.10 eV-thermal 4.8 3.1 4.0

0.5% 10% 500 pcm 5% 22.6-4.00 eV 84 | 73 | 84

Teapt 0.54-0.10 eV 68 | 3.0 | 38

203-0454keV | 127 | 112 [ 127

. o ) 454-22.6 eV 194 | 47 | 59

 List of priorities “Pu 22.6-4.00 eV 42 | 33 | 42

o _ Otis 4.00-0.54 eV 268 | 77 | 98

> Fission cross sections (n,f):  2%Pu, 24'Pu 0540106V | 29 [ 17 [ 22

0.10 eV-thermal 3.3 1.9 2.4

“*Pu eapt 4.00-0.54 eV 38 | 34 | 38

> Capture cross sections (n, v): 235U, 238U, 239py, G T
V7-2Z0 e . . .

240py, 241Py, 242py,1%0 o) 19.6-6.07MeV | 84.6 | 156 | 13.9

Oscart 6.07-223MeV | 549 | 12.6 | 113

223-135MeV | 122 | 83 | 75

o i ia 10/23 C:
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PWR Uncertainty Requirements: EAF2007-EAF2010

Using BOLNA covariance matrices

Uncertainty
. - EAF - 2007 EAF - 2010
Isotpe Cross-section Energy range Initial Required
nitia
A=1 Az1 Energy Range |Uncertainty| Energy Range |Uncertainty
67.4 - 24.8 keV 32.9 19.9 18.5
235 (n,y) 24.8 -9.12 keV 43 17.8 16.2 2.25 keV - 20 MeV 16.67 0.10 eV - 0.10 MeV 3.33
T 9.12 - 2.03 keV 339 11.5 10.3
24.8 -9.12 keV 9.4 4.6 4
238 (n,y) 9.12 - 2.03 keV 3.1 3.1 2.9
454 -2.6 eV 1.7 1.4 1.3
D (n,y) 0.54-0.10 eV 1.4 1 0.9
(n,fission) 0.54-0.10 eV 0.9 0.9 0.8
240 (nv) 0.54-0.10 eV 3.2 3.1 3.2 0.10 eV - 0.10 MeV
& 0.10 eV - thermal 4.8 3.1 4 Thermal - 0.10 eV 3.43 Thermal - 0.10 eV 3.33
22.6-4.00 eV 8.4 7.3 8.4
(n,y) 0.10 eV - 0.30 keV 6.27 0.10 eV - 0.10 MeV 3.33
0.54-0.10 eV 6.8 3 3.8
Pu 2.03 - 0.454 keV 12.7 11.2 12.7
- 454 -22.6 eV 19.4 4.7 5.9
22.6 -4.00 eV 4.2 3.3 4.2 -
(n,fission) Thermal - 30 keV 3.33 UL SERY 3.33
4.00-0.54 eV 26.8 7.7 9.8 MeV
0.54-0.10 eV 2.9 1.7 2.2
0.10 eV - thermal 3.3 1.9 2.4
242 (n,y) 4.00 - 0.54 eV 3.8 3.4 3.8 0.50 eV - 0.10 MeV
19.6 - 6.07 MeV 100 12.1 10.9
o (n,y)
6.07 - 2.23 MeV 100 9.9 8.9
(303 | . . Ao/
- Workshop NCSC2 14-16 September, 2011 Vienna, Austria 11/ 23
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PWR Uncertainty collapsed in one energy group

To compare values Best Regular Worst
(nfission) ___ (n,y) (n,y-M)
ISOTOPE EAF-2007 EAF-2010 SCALE 6.0 EAF-2007 EAF-2010 |f scALE6.0\| EAF-2007 EAF-2010 SCALE 6.0
234 15.86 15.84 24.82 38.87 26.03 5.73 38.87 26.03
U 235 2.39 2.39 0.33 2.64 2.35 1.35
236 11.67 12.16 19.5 3.85 3.1 2.99
238 16.65 16.65 0.52 3.15 3.17 1.38
Np 237 16.5 16.41 7 5.72 7.58 2.68
238 7.23 4.86 6.01 3.73 3.07 1.79
239 3.32 3.2 0.78 8.21 3.55 1.17
Pu 240 14.94 14.27 2.7 3.3 3.09 1.23
241 3.3 3.32 0.87 3.9 2.39 . 094
242 15.81 15.77 4.53 8.51 3.31 9.76
244 16.56 16.56 21.32 23.48 4.87 35.39
241 21.34 12.44 1.66 6.38 3.89 2.5 8.08 9.21
Am 241M 3.31 3.33 3.05 22.36 10.19 23.2
243 15 14.62 5.12 3.72 4.44 2.41 8 3.04
242 16.6 10.79 32.83 19.29 9.42 12.05
243 3.94 2.56 2.71 5.94 2.35 5.58
244 13.36 12.22 25.8 6.93 3.01 9.99
Cm 245 3.65 5.03 2.45 14.68 2.67 4.28
246 14.6 13.67 8.37 7.99 3.15 5.63
247 4.96 5.25 13.04 16.51 7.63 6.33
248 12.91 13.36 16.33 10.48 3.57 5.5
Bk 249 28.84 14.56 6.47 9.52 7.74 4.96
249 7.3 2.6 1.76 3.94 2.51 4.39
f 250 13.81 41.36 0.6 4.85 5.93 5.91
251 8.74 5.7 4.37 5.95 2.88 4.73
252 11.69 4.84 11.5 12.14 2.65 5.13
B )
INDUS Workshop NCSC2 14-16 September, 2011 Vienna, Austria 12/ 23 iz
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PWR Uncertainty collapsed in one energy group

(n,y) EAF-07/EAF-10
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PWR Uncertainty collapsed in one energy group

(n,fission) EAF-07/EAF-10

100
0 Np 238 \Q . EAF-07/EAF-10] Statistics (%)
* & —
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. i . . 1 ¢ ‘ ; ° f<1 21.57
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®
* IS . SCALE/EAF-10 | Statistics (%)
1 ¢ $ ¢ $ * & * i ¢ ¢ f=1 0.00
. * * $ :
. . L ‘ . . f=0 42.16
o1 s $ . i 0<f<1 36.27
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PWR Uncertainty collapsed in one energy group

(n,p) EAF-07/EAF-10
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FUSION application: DEMO

Cross-section uncertainties collapsed in one-group using DEMO neutron spectrum
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1000
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4 ® o [ |
!' %e o m a L - ry at -
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FUSION application: DEMO

Cross-section uncertainties collapsed in one-group using DEMO neutron spectrum
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FUSION application: DEMO

Cross-section uncertainties collapsed in one-group using DEMO neutron spectrum

(n,p) EAF-07/EAF-10
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Neutron spectrum effect
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Neutron spectrum effect: (n,gamma)

To compare values Best Regular Worst
(n,v) LAE-2007 LAE2010. SCALEG.0
ISOTOPE PWR ADS DEMO PWR ADS DEMO PWR ADS DEMO
234 38.87 38.87 38.87 26.03 26.03 26.03 5.73 6.93 4.95
235 2.64 11.28 4.75 2.35 3.23 3.2 1.35 21.8 7.32
v 236 3.85 8.9 4.11 3.1 3.2 3.24 2.99 3.11 2.07
238 3.15 6.67 3.27 3.17 3.17 3.27 1.38 1.44 1.49
Np 237 5.72 14.33 7.63 7.58 9.13 9.79 2.68 3.3 2.21
238 3.73 14.46 9.99 3.07 3.69 3.27 1.79 6.63 3.84
239 8.21 12.48 8.64 3.55 421 4.18 1.17 4.86 1.59
240 3.3 9.26 3.52 3.09 3.62 3.28 1.23 1.2 0.96
Pu 241 3.9 15.37 7.99 2.39 5.22 3.27 0.94 4 1.9
242 8.51 12.62 8.01 3.31 3.51 3.27 9.76 5 6.36
244 23.48 30.44 23.86 4.87 7.36 5.64 35.39 24.88 35.87
241 6.38 15.81 9.72 3.89 16.65 16.55 2.5 4.67 4.08
Am 241M 22.36 32.77 27.78 10.19 13.18 10.48 23.2 14.66 12.4
243 3.72 15.34 7.28 4.44 4.98 4.71 2.41 4.48 2.71
242 19.29 30.01 24.25 9.42 12.86 13.65 12.05 10.8 6.25
243 5.94 31.97 20.18 2.35 5.21 3.56 5.58 14.24 10.39
244 6.93 24.56 8.47 3.01 3.72 3.27 9.99 7.72 7.18
Cm 245 14.68 32.75 25.83 2.67 4.13 3.35 4.28 9.83 8.35
246 7.99 28.21 13.82 3.15 3.7 3.29 5.63 20.32 8.11
247 16.51 32.12 23.03 7.63 7.67 8.17 6.33 20.59 7.13
248 10.48 19.19 10.57 3.57 3.79 3.68 5.5 16.85 5.79
Bk 249 9.52 31.73 20.56 7.74 8.82 8.86 4.96 23.99 9.49
249 3.94 32.39 23.13 2.51 4.8 3.73 4.39 24.59 13.35
250 4.85 29.33 8.72 5.93 8.97 9.72 5.91 16.06 4.65
< 251 5.95 29.95 12.72 2.88 3.85 3.22 4.73 16.89 3.99
252 12.14 31.22 23.64 2.65 4.03 3.8 5.13 18.11
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Neutron spectrum effect: (n,fission)

To compare values Best Regular Worst
(n,fission) _EAE2007 ALAE2010 CALEGQ
ISOTOPE PWR ADS DEMO PWR ADS DEMO PWR ADS DEMO
234 15.86 16.47 16.43 15.84 16.47 16.43 24.82 29.99 15.37
235 239 12.86 6.99 2.39 5.5 4.7 0.33 0.41 03
v 236 11.67 15.88 15.68 12.16 15.31 15.63 19.5 27.16 11.42
238 16.65 16.61 16.66 16.65 16.61 16.66 0.52 0.54 0.55
Np 237 16.5 16.66 16.64 16.41 16.39 16.55 7 6.55 3.81
238 7.23 12.35 12.5 4.86 10.09 11.21 6.01 10.55 10.75
239 3.32 9.59 6.02 3.2 7.87 6.48 0.78 0.4 0.58
240 14.94 15.84 16.16 14.27 14.68 15.87 2.7 0.57 0.59
Pu 241 3.3 15.58 8.79 3.32 5.64 4.3 0.87 1.23 0.75
242 15.81 16.46 16.52 15.77 16.46 16.52 4.53 3.43 3.61
244 16.56 16.48 16.6 16.56 16.47 16.59 21.32 18.96 17.29
241 21.34 16.62 16.4 12.44 16.62 16.4 1.66 2.19 271
Am 241M 331 16.48 15.1 3.33 5.59 4.28 3.05 9.88 7.28
243 15 16.61 16.48 14.62 15.95 16.29 5.12 5.76 9.67
242 16.6 16.52 16.17 10.79 16.51 15.66 32.83 31.85 24.37
243 3.94 16 10.64 2.56 5.91 4.68 2.71 19.72 9.03
244 13.36 16.42 15.93 12.22 14.82 15.39 25.8 37.01 21.33
Cm 245 3.65 9.75 7.3 5.03 11.33 12.56 2.45 20.18 9.45
246 14.6 16.59 16.41 13.67 15.24 15.99 8.37 8.01 8.58
247 4.96 16.46 14.43 5.25 16.46 14.44 13.04 11.3 11.42
248 12.91 16.19 15.41 13.36 15.28 15.33 16.33 16.17 16.11
Bk 249 28.84 16.61 16.44 14.56 16.61 16.44 6.47 22.5 20.02
249 7.3 16.28 12.85 2.6 5.83 4.79 1.76 19.35 7.31
o 250 13.81 32.97 29.36 41.36 32.98 30.73 0.6 13.32 12.85
251 8.74 31.57 17.82 5.7 12.92 9.5 4.37 22.02 9.23
252 11.69 14.95 14.72 4.84 10.68 9.74 11.5 6.11
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SUMMARY & CONCLUSIONS

- ADS
- EAF2010 shows a real improvement
—To be used as a “reference” activation uncertainty library
- SCALEG.0 should be used as a “reference” uncertainty library
— Fulfil most accuracy requirements
- PWR
- EAF2010 shows an improvement, but does not fulfil all target accuracies
- SCALEG.0 lacks in giving uncertainties for all isotopes
— Obtains the lowest uncertainties for U, Np, Pu, Am, Cm, Bk, Cf on (n,f)
— Obtains the lowest uncertainties for U, Np, Pu on (n,Q)
- DEMO
- The bulk of cross-section uncertainties is between 3% and 40% for most isotopes
- EAF2010 reduces most of uncertainties, but not for (n,p)
- SCALE®G.0 uncertainties do not reach lower errors than EAF-2010, but have some
lowest values for some isotopes

- Neutron spectrum effect:
- ADS spectrum has the worst effect on one-group uncertainties
- PWR spectrum reaches the lowest uncertainties
- DEMO spectrum produces cross-section uncertainties between ADS and PWR
because it is a mix of fast and thermal energies
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