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Abstract: The paper presents a preliminary uncertainty analysis related to potential uncertainties
on the fission spectrum data. Consistent results are shown for a reference fast reactor design
configuration and for experimental thermal configurations. However the results obtained indicate
the need for further analysis, in particular in terms of fission spectrum uncertainty data
assessment.

Introduction

Sensitivity coefficients for the multiplication factor associated to the fission spectrum are
calculated according to the formula:

IX i0a®@ga X[Vi,g',dzfi,g-,d DQgq ]dr

Sken(igd = oos <] " : 1)
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! g,g':energy group
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where ng,d = Xi'g’dﬁ’ [ ] denotes the integration over the energy (summation over the
Vi, Py

groups g’), while < ) denotes the integration over energy and space. After computing the
sensitivity coefficients, the fission spectrum related uncertainties are successively determined
using the classical formula ARZ = Sko()PSkes () » Where D is the dispersion matrix containing the

covariance data.

Sensitivity coefficient results

The following sensitivity coefficients have been calculated for the ABTR [1] multiplication factor
with the ERANOS code system [2]. Table 1 gives the breakdown by energy group for Pu-239 and
the total values by isotope. The sensitivity coefficients shown in the tables are the total over the
reactor. It can be observed that, as expected, the total isotope sensitivity for the fission spectrum
has the same value of v; the distribution by energy group is however different for each isotope
(see case of Pu-239). Additionally, the overall k¢ sensitivity to the fission spectrum (and to v) is
practically 100% (Table 1 gives Ak/k® sensitivities and for the ABTR under study ke = 1.034472).



Table 1. Ak/K’: Sensitivity Coefficients for ABTR

Pu-239: Breakdown by Energy Group Total Sensitivity - Breakdown by Isotope

Gr.|Energy @) Oeapt | Ol \ Ginel | Oiiss % | Total Isotope | Geapt | Oa v Ginel | Ofiss | On2n x| Total
1 [19.6 MeV| 0.00 | 0.00 | 0.45 [-0.01 | 0.30 | 3.24 | 3.98 U235 [-0.04]0.00 | 0.56 [-0.01] 0.37 | 0.00 | 0.56 | 1.44
2 16.07 MeV| -0.01 | 0.01 | 4.51 |-0.13 ] 3.03 [29.49|36.90 U238 [-13.84] 2.72 [12.22|-4.20 | 7.42 | 0.08 | 12.08 | 16.50
3 [2.23 MeV| -0.03| 0.02 | 4.62 |-0.08 | 3.08 | 18.80|26.41 Pu238 [ -0.01]| 0.00 | 0.16 | 0.00 [ 0.11 [ 0.00 | 0.16 | 0.42
4 [1.35MeV|-0.21 | 0.09 [15.02]|-0.05]10.42|20.08|45.36 Pu239 |-3.80| 0.47 |79.20|-0.29 [56.24| 0.00 [79.35[211.17
5 [498 keV || -0.58 ] 0.17 |20.32|-0.01 [14.31 6.01 [40.22 Pu240 | -0.62| 0.07 | 2.65 |-0.05| 1.80 | 0.00 | 2.65 | 6.51
6 | 183 keV [-0.74| 0.13 |16.15[-0.02 [11.68| 1.37 | 28.57 Pu241 |-0.07] 0.01 | 1.51 | 0.00 | 1.09 | 0.00 | 1.51 | 4.04
7 [67.4keV|-0.55] 0.03 | 8.00 |-0.01] 5.99 | 0.28 [ 13.75 Pu242 |-0.03| 0.00 | 0.10 | 0.00 | 0.07 | 0.00 [ 0.10 [ 0.24
8 [24.8keV|[-0.59] 0.02 | 5.32 | 0.01 | 4.04 | 0.06 | 8.87 Np237 [-0.08] 0.00 | 0.10 | 0.00 | 0.07 | 0.00 | 0.10 | 0.18
9 [9.12 keV | -0.34| 0.00 | 1.67 | 0.00 | 1.24 | 0.02 | 2.58 Am241 | -0.12] 0.00 | 0.11 | 0.00 | 0.08 | 0.00 | 0.10 | 0.17
10 [{2.03 keV | -0.51| 0.00 | 2.19 | 0.00 | 1.56 | 0.00 | 3.24 Am242m| 0.00 | 0.00 | 0.02 | 0.00 | 0.02 | 0.00 | 0.02 | 0.07
11| 454 eV |-0.21] 0.00 | 0.79 | 0.00 | 0.49 | 0.00 | 1.06 Am243 | -0.02| 0.00 | 0.02 | 0.00 | 0.01 | 0.00 | 0.01 | 0.02
12| 22.6 eV || -0.03| 0.00 | 0.11 | 0.00 | 0.06 | 0.00 | 0.14 Cm242 || 0.00 | 0.00 | 0.01 | 0.00 | 0.01 [ 0.00 | 0.01 | 0.02
13| 4eV 0.00 | 0.00 | 0.04 | 0.00 | 0.03 | 0.00 | 0.07 Cm244 || 0.00 | 0.00 | 0.01 | 0.00 | 0.01 [ 0.00 | 0.01 | 0.02
14| 0.54 ¢V | 0.00 [ 0.00 | 0.01 | 0.00 | 0.00 | 0.00 | 0.01 Cm245 || 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.01
15| 0.1eV | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 Fe56 | -1.38]5.18 [ 0.00 [-1.59 0.00 | 0.00 | 0.00 | 2.22
Total -3.80| 0.47 [79.20| -0.29 | 56.24|79.35|211.17 Cr52 [-0.17] 1.25 | 0.00 |-0.17] 0.00 | 0.07 [ 0.00 | 0.98

@ Upper energy boundary Ni58 [ -0.05] 0.12 | 0.00 |-0.01| 0.00 | 0.00 | 0.00 | 0.06
Zr90 [-0.14| 0.49 | 0.00 |-0.21 | 0.00 [ 0.00 | 0.00 | 0.14

Na23 [-0.12| 2.03 | 0.00 |-0.42 | 0.00 [ 0.00 | 0.00 | 1.49

B10 [ -0.52] 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | -0.52

Total [-21.01/12.37]96.66|-6.96 [67.29| 0.16 |96.66 [245.18

Fission spectra covariance matrices

The information on the fission spectra covariance matrices is available
[3] and in the JENDL-3.2 and -3.3 [4,5] evaluations. In the DOSCOV package, dating back to
~1980, the covariance data for the U-235 fission spectrum were obtained assuming the standard
deviations of 1.2% and 5.9% for the Watt spectrum parameters a and b, respectively, and the
correlation of -0.21 between them. For the purpose of these studies the covariance matrices were
converted from the DOSCOV 24-group structure to those needed using the ANGELO code [6].

More recently, the covariance matrices for several isotopes, including U-235, U-238, Pu-239,
were prepared in the JENDL-3.2 and -3.3 [2,3] evaluations. The data were processed using the
ERROR-J 2.3 code [7].
The JENDLS3.3 fission spectrum covariance matrix for Pu-239 is presented in Table 2 in a 15
energy group structure.

Table 2. Pu-239 JENDL3.3 Variance/Covariance Data (ABTR)

in the DOSCQV package

Covariances

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Variances Gr.| Energy @] 19.6 | 6.07 | 2.23 | 1.35 | 498 | 183 | 67.4 | 24.8 | 9.12 | 2.03 | 454 | 22.6 4 0.54 | 0.1
(%) ) MeV | MeV | MeV | MeV | keV | keV | keV | keV | keV | keV | eV eV eV eV eV
9.58 1 [19.6 MeV |1.000]0.787 |-0.323]-0.905[-0.665|-0.608|-0.592|-0.589|-0.589[-0.590|-0.594|-0.595|-0.595|-0.596|-0.596
7.12 2 |6.07 MeV ||0.787[1.000]0.329 [-0.975|-0.984|-0.968|-0.963|-0.962|-0.962(-0.963|-0.964|-0.964|-0.964|-0.964|-0.964
1.03 3 |2.23 MeV |-0.323{0.329]1.000 |-0.110-0.491]-0.554|-0.571-0.574|-0.574|-0.574|-0.569|-0.568|-0.568|-0.568|-0.568
5.03 4 |1.35 MeV [-0.905(-0.975]-0.110{ 1.000 | 0.919]0.888 [ 0.879 | 0.877 | 0.877 | 0.8770.880 | 0.880 | 0.881 | 0.881 [ 0.881
6.62 5 | 498 keV [-0.665(-0.984|-0.491{0.919|1.000]0.997[0.996 [0.995|0.995(0.995]|0.996|0.996 | 0.996 | 0.996 | 0.996
8.92 6 | 183 keV [-0.608|-0.968]-0.554/0.8880.997]1.000 | 1.000 [ 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
8.21 7 | 67.4 keV [-0.592|-0.963[-0.571|0.879]0.996 | 1.000 | 1.000 | 1.000 [ 1.000] 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
7.30 8 | 24.8 keV [-0.589(-0.962|-0.574/0.877(0.995|1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
12.59 9 | 9.12 keV [-0.589|-0.962]-0.574/0.8770.995]1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
12.16 10 | 2.03 keV [-0.590[-0.963|-0.574{0.877[0.995[1.000|1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
25.09 11 | 454 eV [-0.594]-0.964/|-0.569]0.880[0.996 [ 1.000 | 1.000 [ 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
0.61 12 | 22.6 eV [-0.595|-0.964/-0.568|0.880[0.996 [1.000 | 1.000 [ 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
0.05 13 4eV  [-0.595[-0.964|-0.568|0.8810.996|1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
0.00 14 | 0.54 eV [-0.596|-0.964|-0.568| 0.881[0.996 [ 1.000|1.000 [ 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
0.00 15| 0.1eV [-0.596]-0.964(-0.568|0.881|0.996 (1.000|1.000 | 1.000|1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000| 1.000

@ Upper energy boundary




The DOSCOV fission spectrum covariance matrix is presented in Table 3 for U-235 in a 15
energy group structure. In the present study, as demonstrative example, the same matrix has
been used for Pu-239.

Table 3. U-235 DOSCOV Variance/Covariance Data (ABTR)

Covariances

Group | 1 | 2 [ 3 ] 4] 5] 6 | 7 8 [ 9 [10]11][12]13]14]15
19.6 | 6.07 | 2.23 | 1.35 | 498 | 183 | 67.4 | 24.8 | 9.12 | 2.03 | 454 [22.6 | 4 | 0.54 | 0.1

Variances

o Gr.|Energy ®

(%) MeV [ MeV | MeV | MeV | keV | keV | keV | keV | keV | keV | eV eV eV eV eV
11.33 1 [19.6 MeV |1.000|1.002 |-0.674|-1.011[-1.002{-0.991|-0.991|-0.991|-0.991{-0.991{-0.991|-0.991|-0.991{-0.991]-0.991
2.85 2 |6.07 MeV [0.969[1.000]-0.590{-1.012|-1.003]-0.991{-0.991|-0.991|-0.991|-0.991|-0.991]-0.991{-0.991|-0.991}-0.991
0.31 3 |2.23 MeV |-0.770{-0.620] 1.000 [ 0.649 | 0.616 | 0.618 [0.614 [ 0.613[0.612|0.6120.612]0.612|0.612|0.612|0.612
1.93 4 |1.35 MeV [-0.992{-1.000] 0.596 [ 1.000 | 1.0021.010{1.010|1.010{1.010|1.010|1.010|1.010{1.010|1.010|1.010
2.98 5 | 498 keV [-0.974/-0.999]0.564[0.998 | 1.000]1.009 [ 1.009 [ 1.009|1.009 | 1.009|1.009|1.009 [ 1.009 | 1.009 | 1.009
3.46 6 | 183 keV [-0.952{-0.990]0.559{0.990(0.991]1.000 | 1.000 [ 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
3.64 7 | 67.4 keV [-0.950[-0.990/0.559{0.9900.991|1.000 | 1.000|1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
3.71 8 | 24.8 keV [-0.950{-0.990]0.559{0.990[0.991]1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
3.73 9 |9.12 keV [-0.949(-0.990]0.559{0.990(0.991]1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

3.74 10 | 2.03 keV [-0.949]-0.990{0.559[0.990]0.991]1.000|1.000|1.000]1.000]1.000|1.000 |1.000|1.000|1.000 |1.000

3.74 11 | 454 eV_[-0.949]-0.990(0.559[0.990]0.991]1.000|1.000|1.000]1.000]1.000|1.000 |1.000|1.000 |1.000 |1.000

3.74 12 | 22.6 eV [-0.949|-0.990/0.559|0.990{0.991[1.000|1.000|1.000|1.000{1.000|1.000|1.000]1.0001.000|1.000

3.74 13 4 eV ]-0.949]-0.990{0.559]0.990]0.991 | 1.000 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

3.74 14 | 0.54 eV [-0.949]-0.990(0.559[0.990]0.991]1.000|1.000|1.000]1.000]1.000|1.000|1.000|1.000|1.000 |1.000

3.74 15| 0.1eV [-0.949]-0.990[0.559{0.990]0.991]1.000|1.000|1.000]1.000|1.000|1.000 |1.000|1.000 |1.000 | 1.000
@ Upper energy boundary

Uncertainty results

Table 4 shows the breakdown of the calculated uncertainty coefficients by energy group for Pu-
239 and the total uncertainties by isotope. Results for the fission spectrum are obtained with the
JENDL3.3 covariance data (only U-235 and Pu-239 matrices were available), while for other
cross-sections the BOLNA dispersion matrix [8] is used. It is observed that the total uncertainty
associated with the fission spectrum is dramatically important, an order of magnitude higher than
the v total contribution. Consequently, the overall uncertainty on the multiplication factor
significantly increases (from 0.92% to 4.01%) becoming desperately out of the required
accuracies (0.3%).

Table 4. AK/K: Uncertainty Coefficients (ABTR)

Pu-239: Breakdown by Energy Group Total Uncertainty - Breakdown by Isotope
Gr.|Energy @) Geapt | Oel v Ginel | Ofiss % | Total Isotope | Geapt | G v Ginel | Ofiss | On2n v | Total
1 [19.6 MeV| 0.00 | 0.00 | 0.00 | 0.01 | 0.01 | 1.01 | 1.01 U235 | 0.010.00]0.000.00]0.00|0.00]0.02|0.02
2 16.07 MeV| 0.02]0.01 {0.01 | 0.04]0.05|2.87 | 2.87 U238 [ 0.26]0.20|0.14]0.69 | 0.04 | 0.00 | 0.00 | 0.77
3 [2.23 MeV| 0.03]0.01|0.01 {0.03 |0.05|0.34|0.35 Pu238 | 0.00 | 0.00 | 0.01 | 0.00 | 0.01 | 0.00 | 0.00 | 0.02
4 [1.35MeV| 0.06]0.020.02]0.03/0.10]1.96 | 1.97 Pu239 | 0.23]0.03[0.13]0.06 | 0.24 [ 0.00 | 3.90 | 3.92
5 (498 keV [ 0.11]0.02]0.05]0.01]0.13|1.21]1.22 Pu240 | 0.06 | 0.00 [ 0.08 | 0.01 [ 0.09 | 0.00 | 0.00 | 0.13
6 [183keV [0.11]0.01]0.09]0.01]0.13]0.66|0.69 Pu241 | 0.01]0.00{0.00 [0.00{0.12]0.00]|0.00]0.12
7 [67.4keV | 0.09]0.00]0.06|0.01]0.08|0.29|0.32 Pu242 | 0.01 {0.00 | 0.00 | 0.00 | 0.01 [ 0.00 | 0.00 | 0.01
8 (24.8 keV | 0.09|0.00|0.04 |0.01i]| 0.06 | 0.13 | 0.17 Np237 | 0.00]0.00]0.00]0.00]0.00]0.00]0.00]0.01
9 19.12keV| 0.07 ] 0.00 | 0.02 | 0.00 | 0.02 [ 0.09 | 0.12 Am241 | 0.01 {0.00 [ 0.00 | 0.00 [ 0.01 {0.00 | 0.00 | 0.01
10 (2.03 keV | 0.01 [ 0.00 | 0.00 { 0.00 | 0.02 | 0.03 | 0.04 Fe56 [0.07/0.08]0.000.240.00|0.00]0.00 | 0.27
11| 454 eV [ 0.00]0.00]0.00{0.00]0.01]0.01]0.02 Cr52 [0.01]0.06|0.00[0.00|0.00[0.01]0.00|0.06
12| 22.6 eV | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 Zr90 | 0.01[0.010.000.03]0.00|0.00]|0.00|0.04
13| 4ev [0.00]0.00]0.00|0.00|0.00]|0.00|0.00 Na23 | 0.02]0.05|0.00]0.07 |0.00 |0.00|0.00 | 0.08
14| 0.54 eV | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 B10 [ 0.04]0.00|0.00]0.00{0.00]0.00{0.00]|0.04
15| 0.1¢V | 0.00|0.00 |0.00|0.00]0.00|0.00 | 0.00 Total | 0.36]0.230.20(0.73]0.29 [0.01|3.90|4.01

Total 0.23]0.03]0.13[0.06 |0.243.90 | 3.92

3 Upper energy boundary

Table 5 shows the results with the DOSCOV covariance matrix for the fission spectrum (only U-
235 and Pu-239 matrices were available). The fission spectrum related uncertainties are lower
than in the previous case but still very high.



Table 5. Ak/k’: Uncertainty Coefficients (ABTR)

Pu-239: Breakdown by Energy Group Total Uncertainty - Breakdown by Isotope
Gr.|Energy @) Oeapt | Ol \ Ginel | Oiiss % | Total Isotope | Geapt | Oa v Ginel | Ofiss | On2n x| Total
1 [19.6 MeV| 0.00 | 0.00 | 0.00 [ 0.01 | 0.01 | 0.83 | 0.83 U235 | 0.01/0.00|0.00]0.000.00]0.00]0.010.02
2 6.07 MeV| 0.02 | 0.01 {0.01]0.04]0.05|1.26| 1.26 U238 [0.26/0.20]0.14|0.69]0.04 | 0.00 ] 0.00 | 0.77
3 [2.23MeV| 0.03]0.01 |0.01]0.03/0.05]0.26|0.27 Pu238 | 0.00 {0.00 [ 0.01 | 0.00 | 0.01 | 0.00|0.00 | 0.02
4 [1.35MeV| 0.060.020.02]0.03/0.10] 0.86 | 0.86 Pu239 | 0.23]0.03/0.130.06|0.24{0.00 | 1.87 | 1.91
5 (498 keV [ 0.11]0.02]0.05]0.01]0.13]0.58]0.60 Pu240 | 0.06 | 0.00 | 0.08 {0.01 | 0.09 [ 0.00{0.00 | 0.13
6 [183kevV [ 0.11]0.01]0.09]0.01]0.13]0.30]0.36 Pu241 | 0.01]0.00 [ 0.00{0.00]0.120.00{0.00 | 0.12
7 [67.4keV|[0.09]0.00]0.06|0.01]0.08]0.14]0.19 Pu242 | 0.010.00 | 0.00|0.00]0.01{0.000.00|0.01
8 |24.8keV | 0.09]0.00 | 0.04 {0.01i| 0.06 | 0.07 | 0.13 Np237 | 0.00]0.00]0.00]0.00]0.00]0.00]0.00]0.01
9 [9.12keV | 0.07]0.00|0.02]0.00|0.02]0.03|0.08 Am241 | 0.01 {0.00 [ 0.00 | 0.00 [ 0.01 {0.00 | 0.00 | 0.01
10 (2.03 keV | 0.01 | 0.00 | 0.00 | 0.00 | 0.02 | 0.01 | 0.02 Fe56 [ 0.07]0.080.000.240.00|0.00]0.00|0.27
11| 454 eV [ 0.00{0.00]0.00{0.00]0.01]0.00]0.01 Cr52 | 0.01/0.06|0.00]0.000.00]0.01]0.00|0.06
12| 22.6 eV [ 0.00]0.00]0.00{0.00]0.00{0.00|0.00 Zr90 |0.01/0.01[0.00]0.03|0.00]0.00]0.00|0.04
13| 4ev [0.00]0.00]0.00|0.00|0.00|0.00]|0.00 Na23 |0.02]0.05]0.00[0.07|0.00|0.00|0.00]0.08
14| 0.54 eV | 0.00|0.00]0.00{0.00]0.00{0.00]|0.00 B10 [ 0.04]0.00|0.00]0.00{0.00]0.00{0.00]|0.04
15| 0.1eV [0.00]0.00]0.00{0.00]0.00]{0.00]|0.00 Total | 0.36]0.23/0.20[0.73(0.29 |0.01 | 1.87 | 2.09

Total 0.23]0.03]0.13]0.06 {0.24|1.87|1.91

3 Upper energy boundary

KRITZ critical light water benchmark analysis

Cross-section sensitivity and uncertainty analyses of several KRITZ UO, and MOX critical
configurations [9] were performed in the scope of the OECD international benchmark exercise.
These studies, based on the SUSD3D [10] cross-section sensitivity and uncertainty package,
addressed among other sources of uncertainty also those linked to the fission spectra [11]. The
calculated uncertainties in kst due to the uncertainties in the fission spectra of U-235, U-238 and
Pu-239 are presented in Table 6.

It can be observed that the uncertainties vary only slightly between different KRITZ
configurations. Subsequently it seems that the discrepancy between the calculated and
measured K, largely varying with the configuration and the temperature, cannot be explained by
the fission spectra uncertainties. Furthermore, compared to the observed discrepancies between
the calculations and experiments, of the order of ~0.5 %, these uncertainties seem largely
overestimated, indicating either some error compensation effects, or too-conservative covariance
matrix estimations.

Table 6. Fission Spectra Related Uncertainties for the KRITZ benchmarks.

Impact of fission spectra uncertainty [%]
KRITZ-2.1c | KRITZ-2.1h | KRITZ-2.13¢c | KRITZ-2.13h | KRITZ-2.19¢
U235 (DOSCOYV) 1.59 1.58 1.62 1.61 0.09
U235 (JENDL3.3) 4.06 4.03 4.14 4.11 0.24
U238 (JENDL3.3) 0.61 0.71 0.48 0.53 0.19
Pu239 (JENDL3.3) - - - - 3.68
Total (JENDL3.3) 4.10 4.09 4.16 4.14 3.70

Conclusions

The impact of the uncertainties in the fission spectra was evaluated for an actinide burner Na-
cooled fast reactor (ABTR) as well as for several KRITZ critical benchmark configurations. The
information on the fission spectra covariance matrices was taken from the JENDL-3.3 [4,5]
evaluation and the DOSCOQV package [3]. Large differences were observed between the two with
the uncertainties in ke as high as 1.5 — 4 %. The results show rather small differences between
different reactor systems (fast, light water) and different configurations (UO,, MOX). Furthermore,
compared to the observed discrepancies between the calculations and experiments for KRITZ, of
the order of ~0.5 %, these uncertainties seem largely overestimated, indicating either some error
compensation effects (due to cross-section adjustments involving nu-bar, absorption etc.), or too-
conservative covariance matrix estimations.



Possible inconsistencies in correlation matrix were observed.

References

(1]
(2]
(3]

[4]
(3]
(6]
[7]
(8]

9]

[10]

[11]

Y. I. Chang, P. J. Finck, C. Grandy, “Advanced Burner Reactor Preconceptual Design
Report”, ANL-ABR-1 (Argonne National Laboratory, September 2006).

G. Rimpault, et al., “The ERANOS Code and Data System for Fast Reactor Neutronic
Analyses,” in Proc. of PHYSOR 2002 Conference, Seoul, South Korea, (October 2002).

R.E. Maerker, J.J. Wagschal and B.L. Broadhead, “Development and Demonstration of an
Advanced Methodology for LWR Dosimetry Applications. (Section 7)’, EPRlI NP-2188
(December 1981), report available in “ZZ DOSCOV, 24-Group Covariance Data Library from
ENDF/B-V for Dosimetry Calculation”, DLC-0090 package of NEA Data Bank collection
(http://www.nea.fr/abs/html/dlc-0090.html).

K. Shibata et al., JENDL-3.2 Covariance File, Proc. Nuclear Data Covariance Workshop,
BNL, April 22-23, 1999, ORNL/TM-2000/19.

T. Kawano, K. Shibata, “Evaluation of Covariances for Resolved Resonance Parameters of
2%y, 2°*y and **Pu in JENDL-3.2”, JAERI-Research 2003-001, Feb. 2003.

I. Kodeli, Manual for ANGELO2 and LAMBDA codes, NEA-1264/05 package (2003).

G. Chiba: ERRORJ Manual, JNC TN9520 2003-008, Sept. 2003.

M. Salvatores et al., “Nuclear Data Needs for Advanced Reactor Systems. A NEA Nuclear
Science Committee Initiative,” Proc. Int. Conf. ND-2007, Nice, France (April 2007).

I. Remec, J.C. Gehin, R.J. Ellis, "KRITZ-2 and KRITZ-1 Experiments on Regular H20/Fuel
Pin Lattices with Low Enriched Uranium Fuel at Temperatures up to 245 C", ORNL, Sept.
2000.

I. Kodeli, “Multidimensional Deterministic Nuclear Data Sensitivity and Uncertainty Code
System, Method and Application,” Nucl. Sci. Eng., 138, 45-66 (2001).

I. Kodeli, Sensitivity and Uncertainty Analysis of The Kritz-2 Benchmarks, in “Benchmark on
the KRITZ-2 LEU and MOX Critical Experiments, Final Report’, NEA/NSC/DOC(2005)24,
OCDE 2006.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


