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MCNP™ ENDF/B-VI IRON BENCHMARK CALCULATIONS

J. David Court and John S. Hendricks

Los Alamos National Laboratory

Four iron shielding benchmarks have been calculated for, we believe the first time,
with MCNP4A! and its new ENDF/B-VI library.? These calculations are part of the
Hiroshima/Nagasaki dose re-evaluation for the National Academy of Sciences and
the Defense Nuclear Agency. We believe these calculations are significant because
they validate MCNP and the new ENDF/B-VI libraries. These calculations are
compared to ENDF/B-V, experiment, and in some cases the recommended MCNP
data library (a T-2 evaluation) and ENDF/IV.

The first iron shielding benchmarks are the Livermore pulsed sphere experiments®*
from the 1960’s. These consist of a 14-MeV pulsed D-T neutron source in spheres of
different materials and thicknesses and measured with time-of-flight detectors. The
iron experiments were for iron spheres of 0.9 and 4.8 mean free paths. In addition
to comparing the detailed energy spectrum from 2-MeV to 16 MeV, the integrals of
emerging neutrons are tabulated in two bins: 2 - 16 MeV and 12 - 16 MeV. These
data are presented in Table 1.

The second benchmark experiment is the Oak Ridge fusion shielding benchmark
devised by Santoro in the early 80’s.%® The experiment consists of a monodi-
rectional 14-MeV D-T neutron source impinging upon three configurations of

steel shielding. Concrete and borated polyethylene are also important shielding

MCNPT™ js a trademark of the Regents of the University of California, Los Alamos
National Laboratory.




materials in the problem. Detectors are located both on and off-axis from the
incident beam. The different data libraries used in the calculation and the different
shielding configurations and detector locations provide a large number of spectra to
compare. The spectra for ENDF/B-VI, configuration 1, and the on-axis detector
is shown in Fig. 1, coplotted against experimental upper and lower energy. The
agreement between all data versions and the experiment are within 50% which is
excellent for deep penetration problems. Note that agreement is always bad in the
7.5 to 9.5 MeV energy range where the computational unfolding routines that were
used to process the experimental data produce a nonphysical dip in the neutron
spectra.

The third shielding benchmark experiment is a 76-cm diameter iron sphere with
a Cf-252 fission source in the 15.3 cm diameter cavity in the center.® These results
are consistent with the Livermore Pulsed Spheres.

The fourth and final shielding benchmark experiment is the Oak Ridge iron
benchmark with a fission source.” A reactor beam port emits neutrons in the range
thermal - 10 MeV which impinge on iron thicknesses up to 92 cm (13 mean free
paths) thick. Detectors are placed about a meter behind the iron slabs at various
angles relative to the incident neutron beam. For the most part the calculations

are within the quoted 15% experimental uncertainty.
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TABLE 1
LIVERMORE IRON PULSED SPHERE CALCULATIONS
(DEVIATION FROM EXPERIMENT)

sphere radius (mfp) 9 9 4.8 4.8
energy range (MeV) 12-16 2-16 12-16 2-16
Data Set
ENDF/B-V -1.1% -1.6% -13.4% -16.6%
T-2 1% 1% - 6.6% - 5.4%

ENDF/B-VI -1% 6%  -9.7% - 4.8%



NEUTRON FLUX (1/CMs#2)

10-6

10-7

L1 1 1311t

CONF IGURATION 1 — ON AXIS

3 —— ENDF/B-6
.......... EXP. LOW

i

10
ENERGY (MEV)

Fig. 1. Oak Ridge Fusion Shielding Benchmark for Iron re-
sults. The dashed lines show the upper and lower

bounds of the experimental data and the solid line is

the ENDF/B-VI results.
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