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Abstract

The efflect of several input cross-section sets on the results
of neutron transport in an infinite medium of oxygen is determined.
The detail with which the minimum in the cross section is represented
significantly affects the neutron intensity at deep penetration.
The importance of using angular distributions and total cross sections
determined with approximately the same energy resolution is demon-
strated by results obtained by combining parts of two different
cross-section sets. In addition, the effect of various amounts of
smoothing of the input cross sections over energy is also shown.
In general, the slope of the UnR= dose curves at deep penetration
is determined by the minimum in the total cross section as used in
theceder
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SENSITIVITY OF NEUTRON TRANSPORT IN OXYGEN TO
VARIOUS CROSS-SECTION SETS

E. A. Straker

Better techniques and instrumentation have become available in the last
few years for measurements of cross sections. Thus, new structure in cross
sections is being resolved as systems with better resolution are being devel-
oped. It is important to know the effect on shielding calculations of includ-
ing the resolved structure in the cross sections and the importance of up~dating
cross sections used in transport codes. To determine the sensitivity of transport
caleulations to various cross-section detail, Monte Carlo calculations have

heen made for the transport of fission neutrons in oxygen.

Oxygen was chosen because of the existence of a recent evaluation of its
cross sections and because of the deep valleys in the total cross sectlon.
Uncollided flux measurements® showed that an adequate representation of the
minima in the total cross sections was available in the evaluation by Slaggie
and Reynolds.® In that evaluation, the total cross section in the deep valley
at 2.37 MeV was not meagured but was calculated from phase shift analysis of
the angular distributions. Thus the total and differential scattering cross

sections are consistent in this energy region.

A Monte Carlo code was chosen because it was absolutely necessary to use
a code which utilizes the complete detail available in the cross sections, an
advantage which outweighed the disadvantage of statistical variations in the
result. 'The use of Monte Carlo, however, prevents the determination of dif-

ferences of a few percent in the results at deep penetration and does not
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allow detailed comparisons of differential quantities without considerable

machine time.

The Monte Carlo system selected was OS5R-ACTIFK,®’? and the transport
calculations were performed for an isotropic point fission source in an
infinite medium of liguid oxygen. Various cross-section sets were used; a set
includes the total and all the partial cross sections in a given evaluation.
The three basic sets of cross sections are denoted by "KAPL," "OSR," and "UNC"

and are taken from references 2, 5, and 6, respectively.

The variance reduction techniques employed were the exponential transform
and modified source energy selection. A boundary crossing estimator was used
with spherical boundaries between 0 and 450 em. Flux-to-dose conversion fae-

tors of Henderson’ were used to determine the single~collision tissue dose.

Wide variations in the results of 4nR® dose are noted in Fig. 1. For at-
tenuations of less than a factor of 25 there is little difference between
results obtained with the KAPL and OSR cross sections; however, the results
obtained with the UNC cross sections are low even for small attenuations. The
shape of the 4nR® dose curve is exponential for small attenuations and then
goes through a transition region before becoming exponential again at large

attenuations.

The uncollided componentsof the dose curves for these three sets of cross
sections are shown in Fig. 2 and have the same general shape as those in Fig. 1,
although the maximum contribution of the uncollided dose at deep penetration is
only 10% of the total dose. Plots of the total cross sections as used in the
code are shown in Fig. 3. The differences in the detailed shapes of the cross

section are readily noted.
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To determine the importance of the partial cross sections one can arbi-
trarily change one portion of the cross section and determine its effect on the
neutron transport. Another possibility is to substitute a partial cross sec-
tion from one evaluated set into another set to determine its effect. In
Fig. 1 the results obtained by substituting the O5R angular distribution data
into the KAPL cross-section set are shown by the curve labeled OSR-XKAPL. It
is noted that the OSR-KAPL curve approaches the same slope at deep penetration
as the KAPL curve but the dose is higher by a factor of approximately 1.5. Thus
the total cross section still controls the shape of the curve at deep penetra-
tion but the magnitude is strongly influenced by the angular distribution of

elagtic scattering.

Figure U compares the average cosine of the scattering angle for the O0OSR,
UNC, and KAPL cross-section information as used in the code. It is noted that
in the region of the minima {2.37 MeV) the average cosine of scattering in the
OSR set is approximately 0.25, whereas the average cosine in the KAPL set is
nearly zero. Thus the use of the OSR angular distribution allows the neutrons
to lose on the average less energy per scattering and they remain in the
valley region for more scatterings; i.e., the minimum escape probability is
less. Thus the angular distribution affected the magnitude of the dose but
not its spatial dependence at deep penétration. It should be pointed out that
the ¥APL curve represents the most meaningful absolute value of the dose versus
range since the total cross section was calculated ffom the ﬁhase shift data
obtained from angular distribution measurements and was checked experimentally.

However, no experimental data for dose are available for a direct comparison.

The energy spectra at a depth of 150 cm is shown in Fig. 5. The statistics

are generally better than 20%. At this depth the UNC dose curve in Fig. 1 is
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significantly lower than the 05R and KAPL curves. It is noted in Fig. 5

that there are even greater differences in the energy spectra. But even when
the doses are approximately the same (OSR and KAPL) there can be large dif-
ferences in the spectra. The lower KAPL cross sections in the 5- to T7-MeV
range results in a higher flux in this range; the same holds for the 2.2- to

2.5=-MeV range.

The determination of a detailed set of cross sections is, of course, only
part of the solution of a transport problem; these cross sections must also be
adequately represented in the code. To determine how much of the detail is
important, calculations were performed with the KAPL cross sections after
various amounts of averaging. The cross sections as used in the code are
constant over an energy range which is determined by the number of points per
supergroup (a supergroup is a factor of 2 in energy). Table I lists the neutron
energy range énd the energy interval over which the cross section ig constant
when various numbers of points are used. Note that for 128 points a cross sec-
tion is given for every 9.41 keV in the region of the minima at 2.37 MeV.
Graphs of the corresponding total cross sections as used in the code are shown

in Fig. 6 and illustrate the removing of detail due to smoothing.

The results of the calculations with the various amounts of averaging are
shown in Fig. 7. A%t 400 cm a variation in the LsR® dose of over a factor of 50
results from the use of 128 or 8 points per supergroup. This variation is large

enough to encompass the O5R results shown in Fig. 1.

It 1g noted that as the cross-section detail is lost due to averaging of
data points, the slope of the LxR® dose curve at deep penetration increases.
It is believed, however, that 128 points per supergroup adequately represents
the detail needed to represent the cross sections that are currently availablé.

Thus the shape of LxR® dose versus distance at deep penetration is determined
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Table I. Energy Interval Over Which KAPL Cross Sections
Were Xept Constant

Width of Constant Cross Section Interval (keV)

Neutron Energy (MeV) 128 Points 32 Points 8 Points
> 9.6k 75.3 301 1.208

4.82-9. 64 37.5 150 600
2, b1-4.82 18.8 75.3 301

1.205-2. 41 9. kL 37.5 150
.602-1.205 h.70 18.8 75.3
. 301-. 602 2. 35 9. 41 37.5
.150-. 301 1.17 h.70 18.8

.075-.150 .585 2.35 Q.41 .
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Fig. 6. OSR Representation of the KAPL Total Cross Section after
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by the total cross section alone for the fission source. This is in contrast
to the results of other investigations® which have shown that for higheenergy
sources the irnelastic cross section controls the shape and magnitude of the

dose distribution.

To illustrate that the shape of the curve is not a function of the dis-
tributed fission source alone, calculations were made for both 3- and 14-MeV
monoenergetic sources (see Fig. 8). The same shape yssults as for a fission
gsource. Note that the dose due to a 3I-MeV source at L0OO ém ig approximately a
factor of 3 higher than that due to a 1L-MeV source. This is due to neutron
removal by the charged-particle reactions in oxygen for the higher energy

sSources.

The slbpe of LxR® dose versus distance at deep penetrations appears to ap-
proach an exponential. This slope has been determined in terms of e macroscopic
cross section and has been represented as an arrow in Figs. 3 and 6. The fact
that the slope agrees quite well with the minima in the macroscopic cross-
section set for each representation of the cross section clearly indicates that
the minima control the transport. Only for the detailed (128-point) cross-
section data of KAPL is the arrow gignificantly higher than the minima.

The sensitivity of the determination of neutron dose in an infinite medium
of oxygen to the input cross-section set clearly illustrates the need of ade-
quately representing the cross sections in codes for performing shielding
caleulations at deep penetration. The magnitude of the dose is very sensitive
to the partial cross sections; the shape of the curve versus distance is
determined by the detail of representation of the minima in the total cross
section. The importance of having a consistent representation of the total
and elastic scattering angular diétribution of the cross section has been il-

lustrated by combining parts of various cross-section sets.
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