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Benchmark analyses for EFF-1, -3 and FENDL-1, -2 beryllium data
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Objective: Data testing and validation of new Beryllium evaluations through benchmark
analyses of integral 14 MeV neutron experiments.

Methodology: Three-dimensional Monte Carlo calculations are performed with the
MCNP4A-code to calculate and compare neutron leakage spectra as measured in suitable
integral Beryllium benchmark experiments. In addition to graphical comparisons of calculated
and measured neutron spectra, C/E (calculation/experiment) data are provided for integrated
neutron flux spectra.

Data: ACE data files derived from the European Fusion File EFF, versions 1 and 3, and the
Fusion Evaluated Nuclear Data File FENDL, versions 1 and 2 (FENDL/MC-1.0 and -2.0 as
distributed by the IAEA/NDS), are used in the benchmark calculations.

Experiments: The following transmission experiments on spherical shell and slab-type
Beryllium assemblies irradiated with 14 MeV neutrons and measurement of the neutron
leakage spectra are considered:

• The Karlsruhe Neutron Transmission Experiment (KANT) [1] with a shell thickness of
17 cm. Neutron spectra were measured by the time-of-flight (TOF) method (thermal
energy to 100 keV) and by the proton recoil spectroscopy (50 keV to 14 MeV). In
addition, an independent measurement of the neutron multiplication factor was conducted
with a Bonner sphere spectrometer [2].

• The OKATVIAN (University of Osaka) spherical shell experiment for a Beryllium shell
of 11.65 cm thickness and measurement of the neutron leakage spectrum in the energy
range 2.2 keV to 17 MeV with the TOF method [3].

• The FNS/JAERI transmission experiment [4] on a 15.24 cm thick Be cylindrical slab with
measurement of the angular neutron flux spectra between 50 keV and 15 MeV at the
angles of 0.0, 12.2, 24.9, 41.8 and 66.8 degree using the TOF-method with an NE-213
scintillation detector.

Results:

• The neutron (leakage) multiplication factor is reproduced within 3% with all considered
9Be data evaluations (Table 1). As the experimental uncertainty is in the range of about
7% one can deduce that the neutron multiplication power of Beryllium can be
satisfactorily predicted in design calculations with the 9Be data evaluations in question.

• With regard to the neutron spectrum, there is an inconsistency between the results for the
spherical shell and the slab experiments. In the spherical shell experiments, the old LANL
9Be (as used e. g. in EFF-1) agrees best with the measured neutron spectra whereas all
other evaluations give an underestimation. In particular, this is true for the 1-5 MeV
energy range, where there is a significant underestimation with all data evaluations except
EFF-1 (see e. g. Fig.l for the KANT-spectra). The new EFF-3 9Be evaluation gives the
largest underestimation and also underestimates the neutron population in the 5-10 MeV
range.
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• In the FNS slab experiment, on the other hand, both the FENDL-1, -2 and the EFF-3
evaluations agree in general better with the measured spectra, whereas the EFF-1 data
show an overestimation over the whole energy range 1-10 MeV (except for larger angles)
and an underestimation of the high energy (E>10 MeV) flux component (see Fig. 2 for
C/E data in the FNS-experiment). Due to the resulting compensation effects EFF-1 finally
gives good agreement (within 10%) for the total measured neutron flux. For FENDL-1, -2
and EFF-3, the deviation to the measured flux integrals in general is less than 10% except
for the low energy component (E<1 MeV) at forward direction and the high energy flux
(E>10 MeV) at 12.2 and 66.8 degree. This may be affected, however, by systematic
uncertainties in the experiment.

• The inconsistency between the results for the spherical shell and the slab experiments can
be explained by differences in the secondary energy distributions at backward angles.
While the angle-integrated leakage spectra of the spherical shells are very sensitive to the
backward component, this does not apply for the angular leakage spectra measured in the
slab experiment at forward angles only. Thus the secondary energy-angle distribution
should be carefully reconsidered to solve the observed discrepancy.

Table 1: Neutron leakage multiplication factors (M) for the KANT Beryllium spherical shell
experiment (shell thickness 17 cm)

Experiment [1,2]

Integrated spectrum

Bonner spheres

References:

M
1.661 ±

1.695 ±

7%

7%

Calculation

M
C/E

C/E

EFF-1

L696

1.021

LOOl

EFF-3

1.684

1.014

0.994

FENDL-1

1.684
1.014

0.994

FENDL-2

1.709

1.029

1.008
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Fig. 1: KANT Beryllium spherical shell experiment [r; = 5 cm, r0 = 22 cm]: comparison of neutron leakage spectra
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Fig. 2: FNS TOF Beryllium slab [t=15.2 cm] experiment: C/E comparison for neutron flux integrals
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