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1. Rayleigh’s Separation Principle
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Introduction

Ensuring free passage of flow through the pipelines is
known as one of the important mechanical processes
in the oil and gas industry. This process is carried out
in two general categories with the aim of cleaning
residual sediments and interior pipe monitoring.
Moreover, sometimes it happens that the tube not only
fails to perform its main task, but also causes damage
by getting stuck in the middle of the road and prevents
the transfer of oil, gas, or derivatives.

One of the key points where it is possible for the pig
to get stuck is at the branching point on the main flow
pipeline. In this situation, it is necessary to prevent the
pig from getting trapped by installing mesh plates at the
entrance of the sub-branch. According to the opinion
of technical inspectors, there is no comprehensive
information about the presence/absence of these pages
in a large number of branches. Therefore, it is necessary
to use non-destructive measurement mechanisms in
order to detect the branches without mesh plate.

The purpose of this research work was to design the
nuclear system concept to check the pigability at the
location of the pipeline branches in the Monte Carlo
simulator environment. The results obtained from the
examination of the different layouts of the placement
of the Gama-ray emitting source and the detector
around the pipe branch show the fact that in the optimal
geometric structure, this will be possible far from any
radiation hazards such as industrial radiography and
with a high resolution.

Materials and Methods
Theory
In the conceptual design of the nuclear system
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checking the pigability at the location of the pipeline
branch, the location of the radioactive source and the
radiation detector relative to each other, as well as the
angular position of both around the branch, along with
the installation of the optimal opening of the collimator
as the parameters affecting the accuracy of detecting
the metal mesh screen from the content inside the pipe
were investigated.

Modelling

Modeling and simulation are vital tools in engineering,
as they play a crucial role in various industrial fields
[1]. In order to take advantage of modeling and
simulation in the nuclear industry, Monte Carlo codes
are widely used for various applications. Furthermore,
MCNP, which stands for N-Particle Monte Carlo,
is a widely used Monte Carlo code in the nuclear
industry. It is a powerful and versatile simulation tool
that allows accurate modeling of complex radiative
transport processes [2].

Initially, the desired arrangement was sketched in
two-dimensional form outlining the placement of the
source, detectors, and the angle of the gamma beam.
Next, the desired map was modeled in the Monte
Carlo space. The purpose here is to check the presence
or absence of the metal mesh that is located at the
beginning of the sub-branch of the branch.

In this research study, three different arrangements of
source and detectors around the branch were applied,
and the numerical results were used to compare their
performance and finally to choose the optimal structure
with the maximum ability to detect the presence or
absence of the metal network. The schematic related
to the intended arrangements is shown in Fig. 1.
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Fig. 1 The schematic related to three intended arrangements of source and detector around pipe branch (A, B, C).

Results and Discussion

The results related to the changes in the number of
detectors around the sub-branch in three arrangements
is shown in Fig. 2, 3, and 4.
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Conclusions

What is clear from the diagrams related to different
arrangement is that the third one is the optimum choice.
In the first and second cases, by summing up all
detector counts, it is possible to distinguish mesh grid
with the higher accuracy.

Regarding the graphs related to the third arrangement,
what is clear from the count change is a significant
increase in the ability to distinguish between the two
states with and without the presence of the metal grid
in both the conditions of the pipe being filled with air
and oil compared to the first and second arrangements.
In fact, reducing the amount of metal absorbent
material in the horizontal pipeline of the main flow, has
not only increased the counting sensitivity of the front
detector but has also created a significant difference in
the counting data between states with and without the
presence of the metal grid.
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