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#£1 °Be#XPLEMFIAE (KUEIE ENDF/B-VILL j% [6])
Table 1. Threshold energies for reactions of Be (taken from ENDF/B-VIL1 library [0]).

FaNALS
(n, a) (n, na), (n, 2n) (n, t) (n, p) (n, d) (n, nd) (n, np) (n, nt)
%] & /MeV 0.67 2.74 11.6 14.26 16.29 18.55 18.76 19.65
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Fig. 1. (color online) Neutron nuclear reaction cross sec-
tions for 9Be (taken from ENDF/B-VIL1 library [0]).
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Table 2. HMF058 benchmark experiments.

WeERERE BAME FERAME

HEU 4Mz&

Btz BUREEE

(%) Jem Jem Jem Jem Jem Jem Kegr SR AH
HMF058.1 0.498 0.521 0.556 5.181 25.450 20.3 140.0026
HMF058.2 0.498 0.521 0.556 5.940 15.211 9.3 1+0.0035
HMF058.3 0.498 0.521 0.556 6.545 11.980 5.4 140.0027
HMF058.4 0.498 0.521 0.556 7.111 10.374 3.3 140.0021
HMF058.5 0.498 0.521 0.556 7.479 9.702 2.2 14+0.0033
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#3 HMF066 371l 5 e se 5
Table 3. HMF066 benchmark experiments.

BEREE MR ERSME BSME

HEU 4%

BAME BRAREE

s /cm /cm /cm /cm /cm /cm /cm herr SR
HMF066.1 0.4983  0.5207  0.5555 3.146 6.5445 15.2845 8.74 1.0030£0.0033
HMF066.2 0.4983 0.5207 0.5555 3.146 7.1105 12.3905 5.28 1.0023£0.0029
HMF066.3 0.4983  0.5207 0.5555 3.146 7.479 11.339 3.86 1.0023£0.0026
HMF066.4 0.4983 0.5207 0.5555  4.0895 6.5445 19.7445 13.2 1.0043+0.0043
HMF066.5 0.4983 0.5207 0.5555  4.0895 7.1105 14.9605 7.85 1.0030£0.0033
HMF066.6  0.4983  0.5207 0.5555  4.0895 7.479 13.119 5.64 1.0028=+0.0030
HMF066.7 0.4983 0.5207 0.5555  4.6975 7.479 15.149 7.67 1.0048+0.0039
HMF066.8 0.4983 0.5207 0.5555  4.6975 7.1105 17.7505 10.64 1.0039+0.0040
HMF066.9 0.4983 0.5207 0.5555  6.5445 9.139 14.629 5.49 1.0027+0.0036
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Table 4. The sensitivity coefficients of kegr to each
nuclide for HMF058.1 benchmark experiment.

%E
235U 234U 238U 9Be
REGE 0.49 3.0x107%  6.6x107%  0.42
1.015 .
HMF058 (b)
1.010[ ]
—=— ENDF/B-VL8
~ 1.005} - m ]
<
1.000
2 il
S
0.995[ ]
y=0.99593 + 0.0079457log(x)
0.990 1 R = 0.98048 ]
0.985 !
1 10
PRI /cm

K2 ENDF/B-VI EHIETHE HMF058 R AIIEAESLIEN ko 11 C/E 8

Fig. 2. C/E values for kegr of HMF058 benchmark experiments calculated with ENDF/B-VI data.
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#5 HMF058.1 SEESEE kogr V130T O Be % W8 AR TH ¥ R BBU% R 4L

Table 5. The sensitivity coefficients of kegr to each reaction of beryllium for HMF058.1 benchmark experiment.
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Fig. 3. (color online) The sensitivity coefficients of kg

to each reaction of beryllium for HMF058.1 benchmark

experiment.
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Fig. 4. (color online) The elastic scattering cross sec-

tions of 9Be.
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Fig. 5. C/FE values for keg of HMF058 benchmark
experiments calculated with ENDF/B-VII.0 data.
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Fig. 7. C/E values for kesr of HMF058 and HMF066
benchmark experiments calculated with ENDF/B-
VII.1 data.
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Fig. 8. (color online) The calculated C/E values for ket

of highly similar experiments.

#6 HMF058 fil HMFO066 llfi 7 2= #ESL 38 i E A B fa b
Table 6. The E similarity indexes between HMF058 and HMFO066 criticality benchmark experiments.

HMF HMF HMF HMF

HMF HMF HMF HMF HMF HMF HMF HMF HMF HMF

058.1 0582 0583 0584 0585 066.1 066.2 066.3 066.4 066.5 066.6 066.7 066.8 066.9
HMF058.1 1.0000
HMF058.2 0.9916 1.0000
HMF058.3 0.9765 0.9951 1.0000
HMF058.4 0.9570 0.9832 0.9962 1.0000
HMF058.5 0.9420 0.9724 0.9900 0.9985 1.0000
HMF066.1 0.9940 0.9976 0.9873 0.9699 0.9558 1.0000
HMF066.2 0.9829 0.9977 0.9983 0.9900 0.9810 0.9939 1.0000
HMF066.3 0.9722 0.9928 0.9995 0.9968 0.9911 0.9849 0.9979 1.0000
HMF066.4 0.9916 0.9779 0.9534 0.9244 0.9040 0.9887 0.9665 0.9487 1.0000
HMF066.5 0.9929 0.9947 0.9821 0.9623 0.9468 0.9994 0.9906 0.9799 0.9916 1.0000
HMF066.6 0.9880 0.9980 0.9933 0.9801 0.9682 0.9981 0.9983 0.9925 0.9785 0.9967 1.0000
HMF066.7 0.9918 0.9912 0.9758 0.9536 0.9367 0.9979 0.9859 0.9733 0.9944 0.9995 0.9939 1.0000
HMF066.8 0.9894 0.9785 0.9546 0.9258 0.9054 0.9897 0.9680 0.9503 0.9995 0.9930 0.9803 0.9959 1.0000
HMF066.9 0.9889 0.9880 0.9717 0.9484 0.9310 0.9961 0.9829 0.9695 0.9941 0.9985 0.9919 0.9996 0.9962 1.0000
#7 HMF066 %15 HMF058 fit Jy AL HEE S 56
Table 7. The most similar experiments in HMFO066 to each experiment of HMF058.
AHAAAE 1 AR 2 AHALZE 3 AHALLA 4 AHALZE 5
HMFO058 %41 HMF058.1 HMF058.2 HMF058.3 HMF058.4 HMF058.5
HMF066 &% HMF066.1 HMF066.6 HMF066.3 HMF066.3 HMF066.3
E f&hr 0.9940 0.9980 0.9995 0.9968 0.9911
HMF066 7% HMF066.5 HMF066.2 HMF066.2 HMF066.2 —
E ks 0.9929 0.9977 0.9983 0.9900 —
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Fig. 9. (color online) The sensitivity coeflicients of
kogr to nuclear data of beryllium for HMF058.1 and
HMF066.1 benchmark experiments.
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Abstract

Beryllium is an important nuclear material, and the reliability of the data for neutron-induced nuclear reactions
of beryllium is of significant importance for nuclear engineering. The evaluated nuclear data for beryllium have been
“improving” from ENDF/B-VI to ENDF/B-VIIL.0 and then to ENDF/B-VIIL.1. The comparisons between the calculated
and experimental results of the criticality benchmark experiments are the essential means to test the reliability of nuclear
data and indicate the direction of the improvement of nuclear data. There are several series of criticality benchmark
experiments with beryllium reflector available for testing beryllium nuclear data. However, the calculated results are not
consistent across these benchmarks. Two series of these benchmarks that are similar to each other, namely HMF058 and
HMF066, are selected for discussion. HMF058 and HMFO066 are both highly enriched metal fast benchmarks, with five
cases of experiments in HMF058 benchmark and nine in HMF066. With ENDF /B-VII.1 cross sections, a clearly increasing
C/E kegs bias is observed with increasing beryllium reflector thickness for the five cases in HMF058 benchmark, while
using ENDF /B-VIIL.0 cross sections, all the C/E values for ke remain within the experimental uncertainty. However,
HMFO066 are calculated very well with ENDF/B-VIIL.1 cross sections, but a bias of about 500 pcm is observed with
ENDF/B-VILO data. These results are particularly puzzling since there is little difference between the configurations of
HMF058 and HMF066, so the quality of beryllium nuclear data cannot be evaluated and the direction for improvement
cannot be figured out either. The similarity method, based on the use of sensitivity coefficients calculated by sensitivity
and uncertainty code SURE, is used to analyze the similarity between two series of benchmark experiments. First, the
neutronics similarity index between each pair of the total of fourteen cases of experiments from the two benchmarks is
calculated. Then, the most similar experiments from HMF066 to each case of the five experiments from HMFO058 are
selected by similarity index, and the experiments are grouped into five “similarity suites”, each with one from HMF058 and
the others from HMFO066. The experiments in the same similarity suite are highly similar to each other on neutronics.
In a similarity suite, the deviations of calculated results and experimental values are disagreed for experiments from
different series, but the deviations agree with each other for experiments from the same series. This shows that the
agreement between the calculated results and experimental values cannot be improved by revising the nuclear data. It
is necessary to carry out the detailed reevaluation of the benchmark experiments, or to develop reliable new integral

experiments to exclude unreliable experiments, in order to avoid the misleading of the nuclear data testing.

Keywords: criticality benchmark experiment, neutron multiplication factor, similarity analysis, neutron

nuclear reaction data
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