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Abstract

The concept of the neutron build-up factor is recently used in thc
analysis of various practical applications in the fields of radiation
protection, design of fusion devices, neutron therapy, neutron
diagnostics, study of heating in a shield and neutron-radiogauging. The
use of the build-up factors can simplify the calculations in most of
these applications. A systematic investigation of the effect of the
different parameters (the thicknesses, the type of material of each
laycr of the slab, the order of arranging the two media in the slab, the
type of scattering inside each layer, and the irradiation geometry)
generally characterizing the build-up factor has been carried out using
the S -method. It is found that the build-up factor in a double-layered
slab is strongly dependent on the c-values of the two media and on the
order of arranging the two layers in the slab.

1. Introduction

In many practical applications in the fields of radiation shielding, radiation protection,
design of fusion devices, neutron therapy, neutron diagnostics, the study of hcating in
a shield and radiogauging, multi-region systems are encountered quite oftcn. In the
calculations concerning these practical applications, treating the multi-layered problcm,
with the given interface and boundary conditions, is a tedious and a complicated
problem. The most accurate methods commonly used are the S, and the Monte Carlo
method. Both methods are numerical methods and need large memory computing
machines and also need much computing times.

An alternative method, which is much simpler and in the same time posscsscs high
accuracy for treating these calculations is carried out using the build-up concept [1-17].
The build-up factor for neutrons at a certain point is defined as the ratio of the total
flux to the uncollided flux at this point [18, 19, 20]. Knowing the build-up factor data,
the stationary flux at any point in the multi-layered slab can be determined and thus
the succeeding calculations which are mainly dependent on the flux in thc abovc
mentioned fields can be completed.

The objective of this study is to give numerical values for the build-up factors for a
large number of different double-layered media that are most important in the practical
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applications and present them in a suitable form. The S_-method is selected for solving
the neutron transport in the double-layered medium. This is because the S_-method has
two main advantages: first, it can treat different media in a simpler way than the other
alternative method (the Monte Carlo method); and second, it needs less computing
time relative to the other method.

2. Computational Method

2.1, Build-up Concept

The build-up factor at a certain point (r) is defined as the ratio between the total flux
to the uncollided flux at that point, mathematically,

B(r) = q(Ag,- expl-(Wy Xy + Wy X))}

where
9 = total flux at point (r=0).
q(r) = total flux at point (r).
Xy = thickness of the first layer compared to the meam free path.
w,y = total cross-section of the first layer
Xy = thickness of the second layer
W,y = total cross-section of the second layer
u, = the cosine of the angle of incidence of the neutron source

The above equation is valid in case of anisotropic planar source. If the sourcc of

neutron at x=0 is an isotropic planar source, the exponential function in thc above
equation is replaced by ’

Ey (Wy X3+ Wy Xp)
where E is the known E-function.
2.2. Build-up Factor Computations

Previous calculations or measurements of the buildup factors in a doublc-laycred
medium are scarce [1,2]. The Monte Carlo calculations and the expcrimental
techniques carried out give results that are only useful for the materials and gcomctrics
considered. The present results can be used for a variety of malerials.

The dependence of the build-up factor on the penetration depth, in multi-laycred
media is more complex than that in homogeneous media. In multi-tayered systcms the
build-up cffect of the incident neutrons depends not only on the previously penetrated
layers and the layer under consideration, but also on the subsequent laycrs. The order
in which the layers are arranged is of great importance.

The different parameters that affect the valucs of the build-up factor are the types of
the two media specified by the parameter “c"which is defined as the ratio betwcen the
microscopic scattering cross-section to the microscopic total cross-section, the
thicknesses of the two layers, and the order of arranging the two layers. The cffect of
each of these parameters is studied separately.
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Three cases of combinations of different media have been investigated. The first case
is that when the two layers are relatively good scattering media (high c-valuc), fig. (1)
and (2), the second case is that when the two layers are relatively good absorbing
media (low c-value), fig. (3) and (4), and the third case is that when one laycr is a
relatively good scattering medium and the other is a relatively good absorbing mcdium,
fig. (5) and (6).

In each arrangement of the two layers the thickness of the first layer and that of the
sccond layer are varied interchangeably and the effect has been observed.

The elfect of the thickness of the second layer:

The case of a double-layered slab whose first layer is of lower c-value than that of the
second layer is first studied. The calculations are carried out for the two typcs of
ncutron sources: anisotropic planar source of normal incidence and isotropic planar
source.

As a first step in this study, the thickness of the second layer is varied as can be sccn
in fig. (7) and fig. (8), while the thickness of the first layer is kept constant at 3 m.[.p.

It can be concluded that the build-up factor inside the first layer assumes the valuc
of the build-up factor of a single layer made of the first layer medium only, then starts
to take higher values as it approaches the interface between the two media. This is
expected due to the back-scattered neutrons from the second layer which is a rclatively
good scattering medium.

In the second layer, the build-up factor takes higher values than if the wholc medium
is made of the first layer only. This increase is enhanced as the thickness of the sccond
layer is increased due to the lower absorbing power of the second layer.

The efTect of the thicknesses of the first layer:

The thickness of the first layer is decreascd to be 2 m.f.p., fig. (9) and (10), and then
to be 1 m.f.p,, fig. (11) and (12). It can be concluded that at constant thickness of the
second layer, the bchavior of the build-up factor in the first Jayer has almost the same
depth dependence as if the whole medium is made of the first layer only but it takcs
higher values near the interface between the two media. As the thickness ol the first
layer decreases, the build-up factor assumes values of the build-up factor of a singlc
layer made of the second layer medium only.

The behavior of the build-up factor in the second layer is noticcably affected by the
thickness of the first layer. At very small thicknesses of the first layer, e.g. 1 m.Lp., the
build-up factor has almost the same depth dependence as if the whole medium is made
of the second layer only. As the thickness of the first layer is increased to be 2 or 3
m.L.p., the build-up factor takes lower values.

Order of arrangement:

The above calculations are repeated when the order of arranging the two laycrs are
reversed. The results are given in fig. (13) and fig. (14).

In the first layer, at constant thickness of the second laycr and varying the first laycr’s
thicknesses. the build-up factor of the double-layered slab takes lower values than that
if the whole medium is made of the first layer medium only. This is due to the higher
absorbing power of the second layer which has lower c-value. As the thickncss of the
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first layer increases, the lowerness of the build-up factor values decreases.

In the second layer, at constant second layer thickness and varying the first laycr
thicknesses, the build-up factor takes lower values than that if the whole mcdium is
made of the first layer only. This is due to the increased absorption inside the sccond
layer of lower c-value. At constant first layer thickncss and differcnt sccond laycr
thicknesses, the reduction of the build-up factor of the doublc-layered slab is incrcascd
as the thickness of the second layer is increased. This is also expected duc to the
increased number of neutrons absorbed with increased second layer thickncss.

The effect of the c-value:

The preceding calculations are repeated for another level of the c-valucs. The first
combination is a double-layered slab whose first layer has a c-value of 0.85 and whosc
second layer has a c-value of 0.9, fig. (7) and (8). In the second combination, the first
layer has a c-value of 0.6 and the second layer has a c-value of 0.7, fig. (3) and (4). The
behavior of the build-up factor is the same and the above conclusions are also
applicable.

Effect of the source configuration:

The calculations were carried out for two source configurat:ons: the anisotropic planar
source of normal incidence and the isotropic planar source. It can be concluded that
the depth-dependence of the build-up factor is almost the same in both cascs of the
two source configurations. The build-up factors in the case of the isotropic planar
source takes much higher values than in the case of the anisotropic planar sourcc.

3. Analytical Representation of the Build-Up Factors
The build-up factor can be expressed as a sum of polynomials for easy use in diffcrent

fields. This has been carried out by using a fitting code. It takes the form

B(x) = a, x"

where B(x)
X

the build-up factor
the distance compared to the mean free path (m.f.p.).
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