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Introduction

Accurate measurement of formation water salinity
is very important in various industries such as oil
and gas exploration, environmental monitoring
and groundwater management. The most of the
measurement systems that can be installed on process
pipelines in onshore/offshore locations are affected by
the properties of salinity and electrical conductivity of
the passing fluid. The water salinity leads to a change
in the density and elemental content of the substance,
and in the meantime, the existing salts are found as a
solvent in the aqueous phase, so it is necessary to use
the simultaneous measurement module of salinity in
most of the mentioned systems [1-3]. In this research
study, it was decided to investigate the possibility of
measuring formation water salinity using the gamma
technique with the conceptual design of a pass
sampling system. This article presents the conceptual
design of a formation water salinity measuring system
based on the gamma technique passing through the
pipe containing fluid flow, which focuses on the
geometry configuration of the source collimator with
the aim of improving the measurement accuracy and
reducing the absorption dose of the personnel.

Materials and Methods
Theory

In the conceptual design of formation water salinity
measurement using the gamma technique, the geometry
and dimensions of the collimator opening, the depth
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and location of the source inside the collimator, and
the spatial angle related to the exploitation of the
source emission radiation as parameters affecting the
accuracy of different values of the salinity fraction was
investigated [4].

Modelling

Modeling and simulation are vital tool in engineering,
which is very important in various industrial fields [5].
In order to take advantage of modeling and simulation
in the nuclear industry, Monte Carlo codes are widely
used for various applications. 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 [6]. A
schematic of the headspace design in the Monte Carlo
is shown in Fig. 1.

Fig. 1 A schematic of the headspace design in the Monte
Carlo environment, 1) Source, 2) Depth, 3) Shield, 4) Body,
5)Fluid, 6) Pipe, 7) Geiger-Muller, 8) Frame, 9) Frame’s
coating.



The fluid used in the simulation is a mixture of water
and NaCl salt. The density of this solution is in the
range of 1 to 1.6 g/cm®. Different values of 5, 10,
15, and 20 cm were considered for the depth of the
source inside the collimator. The source was set in two
positions, vertical and horizontal inside the collimator
and for each of these conditions, in the two collimator
opening of conical and cylindrical. the counting rate
changes by two Geiger-Mueller cylindrical detector
was recorded in three possible states of the active
surface involved in the source, including its front,
middle and end parts.

Results and Discussion

The equivalent dose vs the density of the passing fluid
in different positions of the source and also the types of
collimator openings was drawn in Fig.s 2, 3, 4, and 5.
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Fig. 4 The equivalent dose vs fluid density in vertical-

rectangular position.
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Fig. 2 The equivalent dose vs fluid density in horizontal-
rectangular position.

B Half-Scm
6x107 @ Half-10cm
A Thlf-15cm
v Half-20cm
= ; ¥ Non-5cm | ]|
Q 5x1077 < Non-10cm|
g > Non-15em
g N —@— Non-20cm|
(z 7 < * —%— Tot-Sem |
T #1077 : @ Tot-10cm
@ ' 9 Tot-15em
8 \\\ - Tot-20cm
g 3x107 4 '\\\ 4 i
N
_<>“I \\\:\\ 3
.5 I~ S
E 2x107
1x107 4
T T T T T T T

0o 11 12 13 14 15 16 17
p(glon)
Fig. 3 The equivalent dose vs fluid density in horizontal-
conical position.
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Fig. 5 The equivalent dose vs fluid density in vertical-conical
position.

Conclusions

In determining the maximum differentiation between
different densities of slurry passing through the pipe,
what is important is the gradient of dose changes vs
density . On the other hand, the counting sensitivity of
the detectors is important to provide data with mini-
mum error caused by the counting statistics.

The two positions of horizontal-conical and vertical-
rectangular have higher sensitivity and differentiation,
which after comparing the results of these two states,
the geometry of the horizontal-conical is chosen as the
optimal geometry.

Although a smaller depth is more suitable in terms of
differentiation accuracy and sensitivity, but taking into
account radiation safety considerations, a depth of 7
cm and an activity of 26 mCi were calculated as opti-
mal options for the location of the 60Co source.
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