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Abstract Wax deposition in pipelines is a crucial problem
in the oil industry. An approach that combines the gamma-
ray transmission method with scanning technology is pro-
posed to detect the thickness of wax deposition. The per-
formance of the method is validated through simulations
with MCNP code. An experiment is also carried out with a
300 mCi '*’Cs source and a LaBr; detector. A good cor-
respondence is observed between the simulation and
experimental results. The results indicate that the approach
is efficient for detecting the thickness of wax deposition in
oil pipelines.
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1 Introduction

Crude oil is a very important resource for industrial
production. Chinese crude oil usually contains high wax
content. One of the many problems faced while trans-
porting this type of crude oil is the wax deposition on the
inner surface of pipelines. Wax deposition can often lead to
negative consequences such as decrease in production
efficiency, emergency shutdown, and safety risk under
certain scenarios [1, 2]. Therefore, pipelines that have been
under operation for long durations require cleaning of the
wax deposits, and the determination of wax thickness is
important for the pipeline cleaning process. Many theo-
retical models for wax deposition under different condi-
tions have been studied [3-5]. However, these models are
often calculated with several assumptions, and they need to
be validated by considering the deviation from practical
results. Therefore, the approaches for measuring and
monitoring the thickness of wax deposition in pipelines are
very important.

Among the different types of detection approaches, the
nondestructive detection is the most efficient and powerful
approach. Nuclear analysis technique, which is a rapid and
nondestructive measurement method, is widely used in
industrial production [6, 7]. Some methods based on X-ray
and gamma-ray transmissions have been applied for the
detection of wax accumulation in pipelines. The common
methods involve tangential X-ray and gamma-ray radiog-
raphy, and useful information is saved in the form of
photographs or digital images [8, 9]. However, these
methods are usually based on the calculation of the trans-
mission rate of rays. A crucial problem often faced in these
techniques is the collection of information about the
deposition such as the intensity and elemental components,
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which are different for different oil fields [10]. Another
problem is that these methods are time-consuming. These
problems limit the application of these methods.

To validate the performance of the model for wax
deposition in oil pipelines, a large amount of experimental
data is required. In practice, only the average thickness of
the wax deposition is compared with the predicted values.
An approach based on the gamma-ray transmission method
and scanning technology is proposed to detect the thickness
of wax deposition. The performance of the approach is
evaluated with MCNP code. In addition, some experiments
are carried out to validate the approach.

2 Experimental section
2.1 Methodology

For a narrow gamma-ray beam, the intensity of a
transmitted gamma-ray beam follows Lambert—Beer’s law
[11]:

I = Ipexp(—ul), (1)

where [ is the initial intensity of the gamma ray and [ is
the transmitted intensity of the gamma ray through a
sample with length /; p is the linear attenuation coefficient
of the material. For a uniform wax deposition, when a
gamma-ray beam is incident upon the sample, the gamma
ray reacts with the sample and follows Eq. (1). When a
pipeline is scanned using a gamma ray, the transmitted
intensity of the gamma ray changes due to the different
passing thicknesses, and information about the wax depo-
sition can be obtained. A schematic illustration of wax
thickness acquisition is shown in Fig. 1.

The penetrated length in the pipeline and wax can be
calculated by using Eq. (2). D is the penetrated length in
the wax deposition, R; and R, are the outer and inner
radiuses of the pipeline, respectively, R; is the inside radius
of the wax deposition, and x is the distance from the
starting point, which is at the top of the pipeline. The
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Fig. 1 Schematic diagram of the approach based on the gamma-ray
transmission method
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minimum intensity of the transmitted gamma ray is at the
scanning node, where the value of x is equal to R|—R;,
which is the thickness of the pipeline and wax deposition.
If the thickness of the pipeline is known, the thickness of
the deposition can be calculated.

b {2,/1!?5(Rl —x)% R —R,<x<R/ —Rs

2\/R%—(R1 —x)2—2\/R§—(R1 —x)’, Ri—R;<x<R

(2)

2.2 Detection system and sample preparation

The sample was measured at the ionizing radiation
laboratory, located at the Jiangsu Institute of Metrology.
The gamma-ray source was a 300 mCi '*’Cs source, which
was placed in a lead container. As shown in Fig. 2, the
source was controlled by the pneumatic switch valve with a
diameter of 8 cm. The diameter and length of the cavity
were 16 cm and 10 cm, respectively. The lead was placed
in the cavity to collimate the gamma ray. The detector was
LaBrj: Ce detector (Saint-Gobain; the energy resolution is
3% at 0.662 MeV; crystal size: 3 inch diameter by 3 inch
height). The distance between the source and the detector
was 300 cm. Both the gamma-ray source and the detector
were collimated by using a lead with dimensions of
10 x 10 x 10 cm®. The collimators were squared with an
area of 2 x 2 cm®.

The components of the wax deposition of crude oil
include wax and some minerals with the major elements
being carbon and hydrogen. In this work, the accumulation
was replaced by uniform polyethylene, set as a regular
shape. A hollow cylindrical polyethylene with a thickness
of 20 cm was taken as the grease stain and placed snugly
inside a stainless steel pipeline with a diameter of 84.2 cm

Pneumatic-

1 switch valve
=)

Fig. 2 (Color online) Picture of the gamma-ray source container
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and thickness of 0.6 cm. The schematic and dimensions of
the detection system are shown in Fig. 3.

2.3 MCNP simulation and measurement

To validate the proposed approach, a simulation was
performed using the Monte Carlo code MCNP4C by sim-
plifying the practical system. The 3D MCNP model of the
detection system and sample are shown in Fig. 4. In this
study, only the relative intensity of the gamma ray need to
be known and F1 tally can provide this information. The
tally type 1 was used to count the gamma ray at the
detector surface. The gamma-ray beam was moved with
2 cm increments. The particle number was set to 108, and
the statistical uncertainty of the results was less than 3%.

For convenience of measurement, the scanning was
performed in steps of 2 cm by moving the pipeline, with no
overlapping between the scanning nodes. The detector was
connected with a Lanbase model multi-channel analyzer
with 4096 channels. Each scanning node was measured
twice, and both the acquisition times were 100 s with live
time. The spectrum was acquired by using the software
eMorpho. Then, detection was performed without the
gamma-ray source, and the results were considered as the
background.

3 Results and discussion

In the process of scanning, only half of the pipeline was
measured due to the symmetry. During the movement (with
step size of 2 cm) from the top to the horizontal central line
of the pipeline, different gamma-ray spectra were col-
lected. Figure 5 shows the spectra collected from the LaBr3

Fig. 3 Schematic diagram of
the detection system
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detector at the scanning nodes 7, 21, and 31 cm. The full
energy peak of 0.662 MeV can be observed clearly along
with the intensity changes for different scanning nodes.

Because the intensity of the initial gamma ray I, was too
large, to compare the simulated and experimental results
clearly, the intensities of the transmitted gamma rays were
used. Each transmitted gamma-ray intensity was normal-
ized to the maximum value, for which the scanning node
was 41 cm, to get the relative intensity. For different
scanning nodes, the relative intensities of the full energy
peak were different and were plotted against the distance
x. Figure 6 shows the simulated and experimental results of
the relative intensity as a function of x. The theoretical
results were also calculated with Eqs. (1) and (2). The
attenuation of both iron and wax was taken into consider-
ation. The linear attenuation coefficient for iron and wax
was calculated by using XCOM [12]. The solid line rep-
resents the theoretical calculation. The sphere and square
symbols indicate the experimental and simulated results,
respectively.

It can be observed that these results agree quite well. As
shown in Fig. 6, the intensity of the full energy peak
decreases with increase in the scanning distance x until it
reaches 19 cm, which is the thickness of the pipeline and
wax deposition, and then increases with increase in x till
the horizontal central line. As mentioned above, the
thickness of the pipe is 0.6 cm. Then, the thickness of the
wax deposition is 18.4 cm. One point that should be noted
is that the precision of this method is affected by the width
of the beam and the scanning step size. For a narrow beam
with a small scanning node, the measured results will be
more accurate. In the present study, the width of the beam
and step size is 2 cm, and the difference between the
measured result and the actual thickness is about 8%.
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Fig. 4 (Color online) 3D
MCNP model of the detection
system and sample
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Fig. 5 (Color online) Gamma-ray spectra with different scanning
nodes
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Fig. 6 (Color online) Theoretical calculation, simulation, and exper-
imental results of the scanning node

However, the precision is sufficient to detect the wax
deposition inside the pipeline in this application.
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4 Conclusion

An approach that combines the gamma-ray transmission
method with scanning technology was used to detect the
thickness of wax deposition. By measuring the transmitted
intensity of the gamma ray at each scanning node, the
thickness of wax deposition can be obtained. MCNP cal-
culations were used to validate this method. The experi-
ment was carried out with a 300 mCi "*’Cs source and a
LaBr; detector. Both the results indicate that this method is
efficient for detecting the thickness of wax deposition in oil
pipelines. Unlike the traditional nuclear analysis methods,
the method proposed in this study can be applied for in situ
measurement with an unknown sample.
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