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Introduction

Neutron dosimeters used around reactor environments are often

. I 252 .
calibrated with (@ ,n) sources or Cf sources. Since these sources
emit neutrons which are more energetic than those outside power re-

(1)

actors , the readings of dosimeters calibrated in this manner may

be erroneous because of the variation in their energy response.
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To produce calibration sources whose neutrons approximate those

(2,3)

to be monitored, certain groups have embedded sources in spheres

‘of various materials. Recently, Enviromnmental Measurements Laboratory

(4)

(EML) has also decided to have such "moderated sources" for cali-
bration. The assemblies chosen are spheres of polyethylene, 20.3 cm
and 45.7 cm in diameter which can be enclosed by Fe shells 10.2 cm
thick. The center of these assemblies has a cavity 1.2 cm in diameter
containing a 252Cf source 0.8 cm in diameter. This paper discusses
the calculation of leakage spectra for these 4 assemblies.
Calculational Methods

The calculations were made with a modified version of the O5R
Monte Carlo code and the ANISN discrete ordinates code, using nuclear
data extracted from the ENDF/B IV library with appropriate ancillary

programs.

In the Monte Carlo calculations, the region from 0.4 eV to 20 MeV
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was divided into 800 groups while the region below 0.4 eV was

treated as one thermal group. Since the treatment of thermal neutrons
ig very time-consuming, the computation of thermal and "above-thermal”
neutrons were performed separately. The latter used 800,000 source
neutrons while the thermal fluence was obtained with 16,000 or 32,000
source neutrons. These were sampled from a Maxwel}ian distribution
having a nuclear temperature of 1,42 MeV. In treating neutron inter-—
actions in CH9 and Fe, anisotropic distributions were used for

elastic scattering from C and Fe and for inelastic scattering to
their lowest excited states. All other scattering, including that

to 19 discrete leyels in Fe, was assumed to be isotropic.

The ANISN calculations were made in the P3S16 approximation
uéing 100'energy groups and completely symmetric quadrature sets
which satisfy even moment conditions. For each assembly, results
were obtained for 20 and 100 mesh points using both "linear" and
"step" approximations in the solution of the finite-difference form
of the transport equation.

Results and Discussions

The neutron spectra at the surface of the assemblies, calculated
by Monte Carlo, are shown in Fig. 1. The thermal fluences are also
given in the figure.

Fig. 2 shows the ANISN results obtained with 100 mgsh points and
lineaf approximation. The thermal fluences are in good agreement
with the Monte Carlo results. Qualitatively, the spectra appear
also to be in good agreement. However, closer examination reveals
that, in the region‘above 3 MeV, the ANISN curves fall more steeply

than those in Fig. 1. This is most serious in the bottom curve



where the high-energy fluences are only about one-half of those
computed by Monte Carlo.

- To determine the cause of this discrepancy, further Monte Carlo
calculations were made with various anisotropic scattering successively
assumed.to be isotropic. With these simplifications, the computed
spectra approached those by ANISN and when all sca;teriﬁg was made
isotropic, the resulting fluences in the high energy region were lower
than those by ANISN.

Conclusions

Leakage spectra for 4 moderated source assemblies intended for
calibrating neutron dosimeters for reactor environments have been
computed using Monte Carlo and discrete ordinates methods. The re-
sults by the two different computational methods are in reasonable
but not perfect agreement. Since the spectra calculated by Monte
Carlo were made with more detailed treatment of neutron interactioms,
they are believed to be the more accurate and the discrepancies in

the ANISN results are attributed to inadequate treatment of aniso-

tropic scattering.
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Figure Captions

Fig. 1.

Fig. 2.

Leakage neutron spectra, calculated by Monte Carlo, for 252Cf

moderated source assemblies. The assemblies are:

(a), 20.3 cm diameter CHy; (b), 45.7 cm diameter CHy; (c), 20.3
cﬁ diameter CH2 + 10.2 cm Fe; (d),45.7 cm diameter CH, + 10.2
cm Fe. The spectra are plotted as fluence per logarithmic
energy interval and are displaced vertically by the indicated
factors. The values in parenthesis are the thermal fluence

< 0.4eV) per source neutron.

Results for the 4 moderated source assemblies calculated by

ANISN. The notations are the same as in the previous figure.
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