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ANALYSIS OF A 14-MeV NEUTRON SCATTERING EXPERIMENT WITH L120

K. SHIN*, Y. OYAMA** k6 M. ARDOU
School of Engineering and Applied Science, University of
California at Los Angeles, Los Angeles,. CA 90024

Abstract Analysis was performed for neutron leakage spectrum
measurements with Li,0 assemblies to test the adequacy of
ENDF/R-V data. Significant differences between calculated
and measured results are observed.

INTRODUCTION

Lizo is an important candidate for a trit%um breeding material in
fusion reactors. A series of experiments'‘™>) has been performed
in the FNS facility at JAERI. In this work, the leakage spectrum
measurements with L1,0 slabs are analyzed to examine the adequacy
of fast neutron cross sections in the ENDF/B-V file.

ANALYSIS OF EXPERIMENT

Monte Carlo code MCNP(a) was S?ployed for the analysis with data
from the ENDF/B-V (RMCCSIaa)( . Figure 1 shows the experimental
setup. The Li,0 assembly was constructed as a small cylinder of
31.4 cm radius. The thickness was varled as 5.06, 20.24, or 40.48
cm. The Li,0 blocks were sealed in a 0.2 mm thick stainless steel
can. The atomic density of the center region of the cylinder was
slightly different from that of the remainder. 1In modeling the
geometry, the L1,0 cylinder was divided into two regions: the
inside of a coaxial cylinder of 18-cm radius (Region I) and the
outside (Region II) of it, and differeat atomic compositions were
assigned to these regions.

A polnt 1sotropic neutron source was assumed in the calcula-
tion at 20 cm distance from the assembly. The measured spectrum
of source neutrons at 0° was assumed at every emitting angle.

Point detectors were placed at a distance of 7 m from the rear
surface of the assembly at 09, 12.2°, 24.9°, 41.8°, and 66.89.
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Calculated spectra for the 5~cm thick case are compared with

experimental results in Fig. 2. The calculated results agree well

in general with the experiment. A peak corresponding to the
second level of 7Li (n, n' T) reactions is well predicted. This
peak wgs not apparent when the ENDF/B-IVcross—section data were
used (1), A better agreement is obtained between the calculation
and the experiment with the ENDF/B-V data as compared to re-
sults 1) obtained by BERMUDA with the ENDF/B-IV data.

Neutron spectra of both the calculation and the experiment
were integrated over energy t¢ obtain fluxes over energy ranges
0.48-5 MeV, 5-10 MeV, 10-~20 MeV and whole energy range 0.45-20
MeV. These fluxes will be referred to as low—, intermediate-,
high-energy and total flux, respectively. The estimgted system-
atic errors in the experimental values are -2% to 5% « The
statistical errors in the partial fluxes are highest at 66.8° in
the 40.48 cm case for both the calculation and the experiment.
However, the values are less than several Z even in the worst
case. The obtained partial fluxes are compared in Table I as
ratios of calculated values to experimental ones. The following
are pointed out frem this comparisen: 1) The high-energy flux at
66.8° is greatly underestimated in the thin (5 cm) assembly case;
2) The high-energy flux is generally over—predicted by ENDF/B-V
except at 66.8°, and the degree of overestimation increases as the
Lis0 thickness is increased; 3) The intermediate-energy flux tends
to be underpredicted by ENDF/B-V for the thinner slab; 4) The low—
energy flux is well-predicted except at large angles of the thick-
slab case.

Regarding observations (1) and (2) above for the 5.04 cm
case, differential elastic scattering cross sections of ILi or O at
~15.2 MeV (source neutron peak energy) seem to be underestimated
at 66.8° and overestimated at 24.9°. The neutron emission cross
section for secondary neutrons in the 5-10 MeV range for Li, O or
Fe may be underestimated from observation (3) above. The reason
for the overestimation of the high-emergy flux at 0° is as
follows: Blocks were made of Li,0 bricks packed in stainless
steel cans. A slight gap between the can and the Li,0 bricks was
homogenized in the process of atomic density estimation, so the
heterogeniety in the detailed geometry was not counsidered in the
calculation. ‘

Consider the extreme case, where the whole void is gathered
at the end of the Lizo block. Neutrons at 0° pass the L120 blocks
at the center part, and do not pass the void region. As the total
volume of the vold was estimated to be 5~6% of the block, this
case gives S5~6%Z higher density than the homogenized density along
the 0° neutron path.

The 11,0 density in Region I (center region) of the assembly
was increased by 5% and the calculations were repeated for the 40
em thick cases. Table 1T shows results of the ratio (C/E values)
for thege cases. The calculated value for the high-energy flux at
0° agrees this time well with the experimental value. However,
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TABLE IT Ratios of Calculated To Fxperimental Flux
Calculated with 5% Increase In Lizo Nensity in Region T
with 40,48 cm Thickness

Angle Low Energy Intermediate High Energy Total
(0.48<En<5Mev) (5<En<l0MeV) {(10MeV<En) (N.4RMeV<EDR)
n° 0.979 0.950 1.N68 1.n46
12.2° 0.950 Nn.949 1.102 1.029
24.,9° 1.0R6 0.965 1.229 1.123
41,.R° 1.227 1.006 1.342 1.216
66.8° 1.21R8 1.226 1.426 1.244
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FIGURE 1 Experimental
setup.
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FIGURE 2 Comparison of
angular flux for 5.06 cm
assembly between the
calculation and the
experiment.
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é the overestimation by the calculation is seen as the angle is
increased. So cross sections of total and elastic scattering of
Li, 0, and Fe around 15.2 MeV which is source neutron energy
should be reevaluated in more detail.

Low energy fluxes are underestimated by the calculation with
increased density. These fluxes were well predicted in the ori-
ginal calculations. The low-energy neutrons made multiple colli-
sions in the assembly and the homogeneous model simulated the
physical process well. At large angles, the lower—energy fluxes
7 were overestimated in both models, although statistical errors
% were large in both the experimental and calculational results.

CONCLUSIONS

1) Differentifal elastic cross sections of Li or O ih the energy
range of 10 to 15.2 MeV appear to be overestimated at 24.9° and
underestimated at 66.8%; 2) The total and elastic scattering cross
sections of L1, 0, and Fe lead to discrepancles between experi-
mental and calculational results in the range of 10 to 15.2 MeV;
3) Neutron emission cross section at ~15 MeV for Li, 0, or Fe seem
to be underestimated for 5-10 MeV secondary neutrons; 4) Neutron
emission cross section at ~15 MeV was considered to be adequate
for secondary neutrong in the 0.48-5 MeV range.
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