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ABSTRACT

The significance of Monte Carlo simulation to engineer and scientist is now broadly stated and maximum
undergraduates have a few training within the use of computers and feature get right of entry to a laptop for the
solution of their issues. Monte Carlo method became used to sample the probability laws that describe the behavior of
the neutrons in the reactor Shielding. In this study the principles of Monte Carlo simulation were applied to describe
the behavior of the high energy neutrons in two different shielding materials; lead and water, the method used is
based on the postulate that the scattering is isotropic. Monte Carlo Simulation used to calculate neutron flux and
neutron scattering in the reactor. This study had shown that the shield material of water is the one regarding that is
best of energy and collision. The findings will be of interest to agree with theoretical results, showed that Monte Carlo
method is a method that is efficient reasonable accuracy. Also, the neutron flux was calculated according to the
mixture components, radial, energy spectrum in the reactor system for the selected fluids, library and structural
material. Three-dimensional nucleonic calculations were performed using the Monte Carlo method. The analysis of
Monte Carlo undertaken here, to the knowledge of the neutrons attenuation calculation, which is performed for two
different materials in terms of their atomic mass numbers, show that the best diluted are those having an atomic mass
comparable to the neutron’s mass. Also, other average neutron flux distribution was investigated according to the
neutron energy spectrum [0-20 MeV] in the system.
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1. INTRODUCTION

Monte Carlo simulation uses random sampling and statistical modeling to assessment mathematical functions and imitative the
process of complex systems [1]. This paper gives an overview of its principles and uses, followed by a general description of the
Monte Carlo method, discussion the behavior of the neutrons in two different shielding materials; lead and water, and a brief
survey of the methods used to sample from random distributions [2]. There is no single Monte Carlo method and any try to define
one will inevitably leave out valid examples [3]. A Monte Carlo program may use a great many random numbers, and the path of
the calculation through the program will depend on the numbers chosen in each run [4] with truly random numbers, every run of
Mont Carlo calculation would follow a different path and produce a different result [5]. Such a program would be very difficult to
debug [6]. A pseudo-random number generator usually called an RNG (with the pseudo-left out) [7], is a deterministic computer
algorithm that produces a series of humbers that shares many of the characteristics of truly random samples [8]. numbers generator
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can have written to be portable; that is, the sequence produced by the algorithm is independent of the computer hardware and
language [9] so that a given program will produce the same result when running on different computers [10]. Most RNGs
uniformly sample positive integer values between 0 and N [11]. To sample the uniform distribution on (0,1) [12], a sample, u,
from the RNG is divided by N[13]. Most RNGs allow N to be large enough that the double precision numbers between 0 and 1
are quite uniformly sampled using this method [14]. A very common simple method for generating pseudo-random numbers to use
a recurrence is the linear congruential generator (LCG). This recurrence has the form:

Xpp1=laX, +clmodm ... €))

where a, ¢, and m must be carefully chosen for best performance, a and ¢ are positive constant while m is usually chosen to be the
size of the maximum positive integer that the machine can resent [15]. The applicability and utility of Monte Carlo methods to
reactor problems rest in part upon both of random behavior and numerical solution of mathematical model descending the neutron
in the reactor. First, the interaction of neutrons passing through matter is random [16]. A calculation may be often set up simply by
simulating primary random variables and observing the behavior of imagined neutrons. Secondly, this process may be regarded as
a numerical solution of the linear Boltzmann transport equation [17]. This consideration is helpful in removing irrelevant random
process and essential establishing processes that are more efficient. Based on the above, it was noticed that Monte Carlo method is
eligible for addressing these problems and provide suitable results for shield design data [18]. In Monte Carlo calculation it is
possible to gain estimates of the error and set confidence limits for the result. One way to decrease uncertainty in the answer is to
collect and base it upon more observations [19]. In other words, standard errors could be reduced by taking the average of n
independent values of the quantity under the measurement, since the standard error is inversely proportional to the square root of
the sample size n. This is, of course, in addition to the techniques that often used to improve the Monte Carlo procedure in terms
of reduction of both the statistical errors and computation time [20]. Shielding against fast neutrons, as well as high energy v rays,
is an essential issue in the reactor shielding design. Really, it is found that among all kinds of radiation sources, the fast fission
neutrons are the most difficult to shield against. Unfortunately, it is not possible to absorb fast neutrons, because absorption cross
— sections are simply too small at high energies. Basically, attenuation of fast neutrons is accomplished by slowing down the
neutrons through elastic and inelastic scattering in the shield of moderately heavy and heavy materials until the neutrons reach the
thermal energies (1/40 eV), where they are readily absorbed in the material of the shield in the radioactive capture interaction [21].
The previous paper published was not discussing the flux distribution of the neutrons in a nuclear fission reactor, fusion reactor
with the same simulation method. This paper will be provided all the empirical piece of evidences in the context of shielding;
neutron flux and not just the correlation with the other variables. previous research also measuring and study the Shielding
Reactors using Monte Carlo simulation method and this paper is relying on Monte Carlo with advanced computers. the previous
study covered each topic on a case-by-case basis but this paper covered shielding reactors and neutron flux. The objective of
research was to evaluate the Monte Carlo simulation method in study of shielding reactors and measuring the neutron flux.

2. MATERIALS AND METHODS

2.1 Model and sampling procedure: Criteria and Requirements

The model assumes that when the neutron scatters, it does so in a manner which can be regarded as isotropic in the center of mass
of the coordinate system. The model targeted the nucleus is at rest in the laboratory system and the angular dependence of the
scattering is isotropic in the center of the mass coordinate system. The neutron after a collision takes any direction in the space
with equal probability. Founded on these assumptions the probability density function (PDFs), p [E], can be expressed as:

Where E, is the initial energy of the neutron, E is energy of the neutron after scattering [22].

K =[0A DAL oo 3)
Where A is the mass number of the target nucleus.
A suitable sampling scheme for p[E] for the canonical distribution can be expressed as:

E=Epla+ (1 —1)n] oo 4)
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Where n is the random number in the range 0 -1. We use n from eq. (4) to find the energy of the neutron after an elastic scattering.
To find the scattering angle@, we use [23]:

0= cos|(42) £ = (5) B o )

2.2 Mean Free Path [MFP]
To compute how long on average, a neutron will move before being involved in a collision, we use:
MFP = (N0) 71 oo (6)

Where n is the number of molecules per unit volume, & is the effective cross — sectional area for collision and measured by m?,
which depend on the radii of the target and entering objects [24].

Where n,, is the number of mole per unit volume of the substance, p is the density(kg/m®) of a substance and Mt.,; (kg) molecular
weight. This multiplied by the Avogadro number (6.022x10%mol™) gives us the number of molecules per unit volume (N,) [24].

2.2.1 Water
Ny, = 2 — 55555.5 ~ 5.5 x 10* mol/m?.
0.018

N, = 5.5 X 10* x 6.02 x 1023 = 3.34 X 1028 molecules/m?3.
To calculate o, was using eq. (7).

Radius of neutron =10 m, Radius of water molecule = 10™° m
Owater = (10710 + 10712 = 3.14 x 1072m?2.

To calculate Mean Free Path, was using eq. (6).

MFPyater = (3.344 x 1028 x 3.14 x 10729)~1 = 9.5236 x 1071% m/molecules.

2.2.2 Lead
=20~ 54729.7 ~ 5.47 x 10* mol/m3.
0.2072

N, = 5.47297 x 10* x 6.02 X 10?3 ~ 3.295 X 1028 molecules/m3
To calculate o, was using eq. (7).

Radius of neutron =10™ m, Radius of a lead atom = 5x10™ m.

OLeaq = T(5 X 10714 + 10714)2 = 1.1304 X 10~26m? .

To calculate Mean Free Path, was using eq. (6).
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MFPLeaq = (3.295 x 1028 x 1.1304 x 10726)~1 = 2.684 x 10~% m/molecule.

2.3 Neutron flux

It is important for neutronic calculations to know the flux distribution of the neutrons in a nuclear fission reactor, fusion reactor,
and reactor that is hybrid. The neutron flux is defined as the path that is total of thermal neutrons in a unit volume around point r
in a second. The neutron flux expresses a scalar value of dimensionsm?s™. In the nuclear reactors, fast neutrons are nearly
exclusively produced in the fission reactions. The fast neutrons gradually slow due to collisions with the atoms of the moderator
and the various nuclear processes taking place in the nuclear reactors [25]. The neutron flux distribution should also be expressed
as a function of neutron energy as these formations are the functions of neutron energy. The flux of a neutron beam defined as
[26]:

number of neutrons impinging on a surface per second

surface area perpendicular to the neutron beam direction ’

having the unit n/(cm?s).
2.3.1 The differential scattering cross section

The angular dependence of the scattered neutrons is a most important aspect of all neutron scattering. To describe this, define the
differential scattering cross section:

do 1 number of neutrons scattered per second into solid angle d{)

—_—= - we eee eee eae e ten eee ene e e enn eneeee 2 (10
do v dQ 10
The total number of scattered neutrons is of course the sum of neutrons in all of the 4z solid angle, whence:
do
o= fd—ﬂ Q) e e (11)

If one defines the following quantities a correlation to a general formulation of the reactor equations can be developed. Exact
definitions of the various coupling parameters mentioned earlier can be obtained and these can then be explicitly evaluated. The
parameters defined will be the steady state value [26].

v (r, V) The neutron flux as a function of position and velocity.
w* (1, V) The adjoint flux as a function of position and velocity.
v Y (1, v) The product of the average number of neutrons emitted per fission and the macroscopic fission

cross section (the product may be a function of position and of incoming neutron velocity).
x(v) The normalized fission spectrum where [ x(v)dv = 1.

The data of the libraries that are ENDF/B-VII imperative for theoretical calculations. This study was performed with neutron wall
loadings of 10 MW/m? and fusion power of 4000 MW. The transport equation is currently handled by the Monte Carlo method.
An instrument is provided by the Monte Carlo method to solve the equations by simulating the neutron activities. In this study,
neutron transport calculations of the neutron flux distributions were investigated equation that is using (10), (11) with Monte
Carlo.
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3. RESULTS AND DISCUSSION

Table 1 showed the Lead (pb) and water (H,O) were considered here and subjected to neutrons®™ threshold energies as a lower
limit for the model and is equal to 1.0 eV, also includes the average number of elastic scattering that brings the neutrons to energy
that is minimum by the program and the corresponding average angle of scattering. Only 18 collisions are required for water
shield to slow down a neutron of 13.99 MeV to 1eV whereas 1398 collisions are needed in the case of Lead to slow down a
neutron of 0.57 MeV tol eV. This is referring to the fact that the neutron in its elastic scattering collision forfeit energy that is
most when the mass of the target nucleus is comparable to that of the neutron. Hydrogen as a mediator of little atomic mass, is
then the best diluted for neutron between the two studied materials.

Table 1: Information regarding of different materials.

Materials Alpha {a} 6[Degree] E; Mev E Mev Collision
Water 0.000 44.83 13.99 0.2x10” 18.009
Lead 0.977 89.73 0.57 0.001x10° 1398.2

Where 0is scattering angle, E, is the initial energy of the neutron, E is energy of the neutron after scattering.

Fig.1 showed the calculated number of collisions is directly proportional to the atomic mass of moderator’s material.

Collision Vs Avornbc mass

=

AL e

Figure.l1: Collision Vs Atomic Mass

Fig. 2 showed the values of @ was found to be increasing with A values . This behavior was expected since the scattering was an
elastic , and the higher values of @ reflect the scattering from heavy atoms.

Scattering angles Ve Atomic mass

Atomibc mass

Figure.2: Scattering angle Vs Atomic

The values obtained are in good agreement with the average values reported by (A.S. Ham med et al [27], Dai Kunlun[28], S.
Anim-Sampong et al [29].
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For the average neutron flux distribution according to neutron energy spectrum (0-20 MeV) in the reactor system, it was seen that
the average neutron flux distribution decreases between 0-14 MeV, a peak around 15 MeV and decrease, was shown in Fig. 3.
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Figure. 3: Neutron flux Vs Energy

The values obtained are in good agreement with the average values reported by [Mehtap Giinay et al [30], Boehmer, B. et al [31].

4. CONCLUSION

These studies set out with the aim of assessing the importance of Monte Carlo in generate random numbers related to the process
that is scattering. To show how this method that is numerical efficient and capable of addressing complicated problems of random
processes, two different materials are used to slow down neutrons to thermal energies. The analysis of Monte Carlo undertaken
here, to the knowledge of the neutrons attenuation calculation, which is performed for two different materials in terms of their
atomic masses number, show that the best diluted are those having an atomic mass comparable to the mass that is neutron’s. Also
the neutron that is normal transition dissemination was explored by the neutron vitality range [0-20 MeV] in the framework. In the
figuring was seen that the normal motion that is neutron a pinnacle roughly [14-16 MeV], diminishing from that point. The
qualities between the [0-20 MeV] vitality hole were roughly similar estimations of the motion that is neutron indicated by the
vitality in the framework.
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