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Abstract: Wax deposition in oil pipelines is a problem that affects flow assurance because 
it restricts production and, in more extreme cases, causes pipeline blockages. This 
problem occurs more frequently in offshore environments, where most of Brazil's 
reservoirs are located and where the ocean temperature at great depths is around 5°C. 
Detecting the wax layer on the inside walls of pipelines at an early stage avoids 
unscheduled stoppages and major economic losses. Among the various methods and 
techniques found in the literature for monitoring wax deposition, nuclear techniques are 
distinguished by the fact that their use does not interfere with the physical integrity of the 
pipeline, by the non-intrusive and indirect (non-contact) mode of operation and, 
therefore, does not affect the oil transportation process. This paper presents a 
computational model using the Monte Carlo N-Particle 6 (MCNP6) code and the gamma 
radiation transmission profiling technique to detect the presence of wax on the inner walls 
of pipelines used for deepwater oil transportation. The results of this study show that the 
model can detect the presence of up to 5% wax (in relation to the internal radius of the 
pipeline) with an accuracy of 7.4% in pipelines used in deep waters.  
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Análise computacional da deposição 
de parafina em oleodutos de águas 
profundas utilizando técnicas 
nucleares 

Resumo: A deposição de parafina em dutos de petróleo é um problema que afeta a 
garantia de escoamento porque restringe a produção e em caso mais extremos, causa 
obstrução dos oleodutos. Esse problema ocorre com maior frequência em ambientes 
offshore, onde se encontram a maior parte dos reservatórios brasileiros em que a 
temperatura do oceano, em elevadas profundidades, é cerca de 5°C. Detectar a camada 
de parafina nas paredes internas dos oleodutos em seu estágio inicial evita paradas não 
programadas e grandes perdas econômicas. Dentre os vários métodos e técnicas 
encontrados na literatura para o monitoramento da deposição de parafina, as técnicas 
nucleares se diferenciam pelo fato de seu uso não interferir na integridade física do duto, 
pelo modo de operação não intrusivo e indireto (sem contato) e, portanto, não afeta o 
processo de transporte do petróleo. Este trabalho apresenta um modelo computacional 
utilizando o código Monte Carlo N-Particle 6 (MCNP6) e a técnica da perfilagem por 
transmissão da radiação gama para detectar a presença de parafina nas paredes internas 
de oleodutos utilizados no transporte de petróleo em águas profundas. Os resultados 
deste estudo mostram que o modelo é capaz de detectar a presença de até 5% de parafina 
(em relação ao raio interno do oleoduto) com uma exatidão de 7,4% em oleodutos 
utilizados em águas profundas.  

Palavras-chave: deposição de parafina, técnica nuclear, radiação gama, método de Monte 
Carlo. 
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1. INTRODUCTION  

Flow assurance refers to the economic and safe transmission of hydrocarbon fluids 

during oil and gas production. Production in offshore fields, especially in the deep and ultra-

deep waters of pre-salt fields, poses distinctive challenges for flow assurance. These include 

the deposition of wax (CnH2n+2) along the extensive production pipelines, due to the deep-

water depths and the consequent temperature profile along the flow[1]. 

In oil reservoirs, waxes are typically initially solubilized in the liquid phase of the oil in 

an equilibrium state. This is because oil temperatures in reservoirs are in the range of 70 to 

150ºC. This condition changes when the oil is extracted from the reservoir[1]. When it enters 

the production line, at a temperature of approximately 70°C, the oil begins to cool along the 

pipeline due to the difference in temperature in relation to the external environment. This 

problem occurs more frequently in offshore environments, where the ocean temperature at 

great depths is around 5°C. As the oil cools and reaches the Wax Appearance Temperature 

(WAT), the process of wax precipitation and subsequent deposition begins (Figure 1)[2]. 

Figura 1: Melting point of wax depending on the number of carbons 

 

Source: Adapted from [3]. 
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Initially, the deposition rate is high but decreases as more wax is deposited on the 

surface of the pipeline. This is because the thickness of the wax layer acts as a thermal 

insulator, reducing the effective temperature differential[4]. 

There are several wax deposition mechanisms where, even amid contradictions 

regarding the relevance of each mechanism, there is unanimity in considering molecular 

diffusion as the dominant mechanism in the deposition process[2].  

Wax deposition occurs according to the type of flow pattern and depends on the flow 

velocities of the two-phase fluids (crude oil and natural gas). In addition, deposition occurs 

only along the pipeline wall in contact with a waxy crude oil and an increase in the fluid 

mixing velocity results in harder deposits, but with a smaller deposit thickness[5].  

The problem of wax deposition occurs in the various stages of oil handling, during 

production, transportation and refining. Petrobras, which is internationally recognized as 

having the technology to explore and produce in deep and ultra-deep waters, frequently 

encounters problems related to the formation and deposition of wax in its subsea lines[6]. 

The problem can cause a loss of millions of dollars a year worldwide through the enormous 

cost of prevention and remediation, reduced or postponed production, shut-in of wells, 

replacement and/or abandonment of pipelines, equipment failures, extra power 

requirements and increased labor needs[7]. 

The use of pigging is one way in which wax removal is commonly carried out in oil 

fields. This equipment is introduced into the pipes and displaced by the flowing fluid itself 

or by another fluid injected for this purpose, with the aim of removing the wax deposits[8]. 

In addition to the use of pigging, other measures adopted by Petrobras consist of the use of 

a Nitrogen Generating System (SGN), which generates an exothermic chemical reaction 

based on nitrogen and the use of chemical additive injections to dissolve or inhibit the 

formation of deposits[9]. 
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Earlier identification of wax deposits will reduce the cost of maintenance, minimizing 

both unnecessary pipe replacements and plant shutdowns for inspection[10]. As oil and gas 

production moves into deeper and colder waters, it becomes increasingly imperative to 

properly identify wax precipitation conditions and predict wax deposition rates to optimize 

the design and operation of multiphase subsea production systems[7]. 

The literature presents various wax monitoring techniques, such as: heat pulse 

monitoring[11]; high-pressure ultrasonic detection[12]; electrical capacitance 

tomography[13]; a multi-point sensor based on a resistive temperature detector[14] and a 

Data Acquisition Module for pigging (MAD-pig)[15].  

Nuclear techniques are distinguished by the fact that their use does not interfere with 

the physical integrity of the pipeline, i.e. they operate in a non-intrusive and indirect way 

(without contact) and therefore do not affect the oil transportation process. According to 

the existing state of the art, among all the non-contact control methods, only the radioisotope 

method has shown efficiency when used with heterogeneous currents, which include oil 

flows, being the method capable of detecting the formation of the wax layer in the early 

stages and creating automated systems to control the formation of wax deposits[16]. 

The following nuclear techniques for monitoring wax deposition stand out: gamma 

radiation Compton scattering technique[17]; gamma radiation transmission technique[18]; 

neutron backscatter technique[19] and the neutron capture gamma ray technique[19]. 

In view of the above, the aim of this paper is to develop a computer model based on 

the gamma radiation transmission profiling technique to identify the presence of wax in 

deepwater oil pipelines. 
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2. MATERIALS AND METHODS 

2.1. Transmission of gamma radiation 

Gamma radiation is electromagnetic in nature and due to its wave-like nature, lack of 

charge and rest mass, it can penetrate a material, traveling through great thicknesses before 

undergoing the first interaction. This penetrating power depends on the probability of 

interaction for each type of event, which can absorb or scatter the incident radiation[20]. 

The attenuation of a narrow, parallel beam of monoenergetic photons penetrating a 

thin slab of homogeneous material follows the Lambert-Beer exponential decay law[21] 

according to Equation 1. 

𝐼 = 𝐼0𝑒−𝜇𝜆                                                                   (1) 

Where 𝐼 is the intensity of the transmitted beam, 𝐼0 is the intensity of the initial or 

incident beam, 𝜆 is the thickness of the absorber and 𝜇 is the linear attenuation coefficient, 

which expresses the probability of photon interaction per unit path length in the absorber. 

The linear attenuation coefficient is strongly dependent on the radiation energy, density and 

atomic number of the absorber. It is the sum of the contributions of several independent 

interaction mechanisms: photoelectric absorption, Compton scattering, pair production and 

Rayleigh scattering[21]. 

In the case of a material composed of n layers of different elements and thicknesses, 

the intensity 𝐼 of the transmitted beam is given by Equation 2[20]. 

𝐼 = 𝐼0𝑒− ∑ 𝜇𝑖𝜆𝑖
𝑛
𝑖=1                                                               (2) 

From the Lambert-Beer Law (Equation 1) and according to Knoll[22], the relative 

intensity is the ratio between the number of transmitted photons 𝐼 and the number of 

incident photons 𝐼0 according to Equation 3 
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𝐼

𝐼0
= 𝑒−𝜇𝜆                                                                    (3) 

Figure 2 shows a narrow beam of  monoenergetic photons from a collimated 

gamma radiation source reaching a detector after passing through an absorber material 

of  varying thickness 

Figure 2 : Representation of  the exponential transmission curve of  gamma radiation for a 
monoenergetic beam 

 

Source: Adapted from [22]. 

 

As shown in Figure 2, the result of Equation 3 is an exponential curve of the thickness 

𝜆 versus the relative intensity 
𝐼

𝐼0
. However, the narrow beam configuration of monoenergetic 

photons or “good geometry” is rarely achieved in a realistic measurement system, because a 

portion of the photons that interact outside the beam defined by the source/detector 

geometry is scattered towards the detector aperture and contributes to the measured 

intensity. As the detector can respond to gamma rays directly from the source to gamma rays 

arriving at it after scattering at the absorber or to other types of secondary photon radiation, 

the conditions leading to simple exponential attenuation (Figure 2) are therefore violated in 

wide beam or “poor geometry” measurements because of the additional contribution from 
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secondary gamma rays[22]. To resolve this, the factor 𝐵(𝜆, 𝐸𝛾), called buildup, is 

introduced[22]. Equation 3 becomes: 

𝐼

𝐼0
= 𝐵(𝜆, 𝐸𝛾)𝑒−𝜇𝜆                                                           (4) 

Where 𝜆 is the thickness of the absorbing material and 𝐸𝛾 is the energy of the gamma 

radiation photon. 

2.2. Gamma radiation transmission profiling technique 

It consists of moving a source-detector assembly so that the gamma radiation beam 

scans the section of the duct by means of a pre-established step (Figure 3a)[23]. 

Figure 3 : Gamma radiation transmission profiling technique 

 

Source: Adapted from[24] 

The relative intensity 
𝐼

𝐼0
 count is recorded at each beam position, as shown in Figure 

3b. The beam is attenuated according to the Lambert-Beer Law - since different types of 

absorbers are involved, Equation 2 applies - at each position along the pipeline cross-section. 

The most used radioisotope sources are 241Am, 133Ba, 137Cs, 60Co and 192Ir[21]. 

Advantages of this technique:  

• It operates in non-intrusive mode and without contact with the pipeline structure. 
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• Its application does not interrupt oil transportation. 

• It uses a radioisotope that intrinsically has a long duration (longer half-life), which 

makes its operation more reliable than other techniques whose operation depends 

on other energy sources. 

• It uses a lower energy radioisotope source when compared to neutron backscatter 

and neutron capture gamma ray techniques[21]. 

Its limitation, however, concerns the conditions of  the oil during profiling as it is a 

heterogeneous and time-varying mixture[25]. However, it can operate in conjunction with 

a device capable of  continuously monitoring oil products, including density and flow 

velocity measurements[18]. 

2.3. Monte Carlo method 

The Monte Carlo method is a mathematical tool commonly used in various areas of 

science and engineering to simulate problems that can be represented by stochastic 

processes. Due to its random nature, the transport of radiation through materials is a 

complex process that is often impossible to solve analytically. Monte Carlo methods simulate 

the random trajectories of individual particles (e.g. photons) using computer-generated 

pseudo-random numbers[26]. 

By simulating a large number of trajectories, information can be obtained about 

average values of macroscopic quantities, such as energy deposition in predefined volumes, 

for example in a radiation detector[21]. Any Monte Carlo calculation begins by creating a 

model that represents the real system of interest. The interactions between the radiation and 

this model are then simulated by randomly sampling the Probability Density Functions 

(PDF) that characterize this physical process. As the number of simulated particle histories 

increases, the quality of the system's average behavior improves, characterized by a reduction 

in the statistical uncertainties of the quantities of interest[26]. 
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There are a variety of  Monte Carlo simulation codes available, but they all have four 

main components in common: The geometry definition interface, the cross-section data 

(or shock section) for all the processes considered in the simulation, the algorithms used 

for radiation transport and, finally, the interface for analyzing the information obtained 

during the simulation[21]. 

2.3.1. Code MCNP6 

One of the Monte Carlo codes is Monte Carlo N-Particle (MCNP), described as a 

general-purpose three-dimensional simulation tool that carries 37 different types of particles 

for criticality, shielding, dosimetry, detector response and many other applications[27]. In 

this work, the MCNP6 code version 1.0 will be used. 

To carry out a simulation in the MCNP6 code, an input file must be prepared according 

to the code model, containing all the information needed to describe the problem[28]: 

• Cell card, where the geometry of the problem is described, using combinations of 

predefined geometric shapes, such as planes, spheres, cylinders, etc. This card 

should also contain materials whose compositions are on the data cards and their 

respective densities. Another piece of information that can and should be included 

with the data cards is the importance of each cell defined on the importance card. 

• Surface card: where the geometric shapes to be used in the problem geometry are 

selected. For this, mnemonic characters are used indicating the type of surface and 

then the coefficients of the equation of the selected surface. 

• Data card: where the physical data of the problem is described. It is made up of 

the following cards: Mode card, which defines the type of radiation used in the 

problem, using the letters P (Photons), E (Electrons) and N (Neutrons); Material 

card, which defines the types of materials and their respective atomic weight 

fractions, as well as the cross-section library of the elements; Source card, which 
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defines the type, energy, position, direction and particle of the radiation source; 

Tally card, which defines the type of count, i.e. what you want to write in the 

output data at the end of a run. 

• Cutoffs, where the limits imposed by the user for completing the execution of the 

problem are presented, such as number of stories or Number of Particles Started 

(NPS), time, energy, etc. 

2.3.2. Error estimation 

The result of the chosen tally is printed in the output file accompanied by the relative 

error 𝑅 defined according to Equation 5[28]. 

𝑅 =
𝑆�̅�

�̅�
                                                                          (5) 

Where 𝑆�̅� is the estimated standard deviation of the mean �̅�. 𝑅 is a convenient number 

because it represents statistical precision as a fractional result in relation to the estimated 

mean. For a well-behaved tally, 𝑅 will be proportional to 
1

√N
, where N is the number of stories 

or NPS[28]. 

Guidelines for interpreting the quality of the confidence interval for various values of 

𝑅 are listed in Table 1. 

Table 1: Guidelines for interpreting the relative error 𝑅 

Range of R Quality of the Tally 

0.5 to 1.0 Garbage 

0.2 to 0.5 Factor of a few 

0.1 to 0.2 Questionable 

0.05 to 0.1 Generally reliable except for point detector 

<0.05 Generally reliable for point detector 

Source: [28] 
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In this study, R<0.01 was considered so that wax detection was within a confidence 

interval equal to or greater than one standard deviation. 

2.4. Computational model of a deep-water subsea pipeline 

To achieve the objective of this work, a computational model was developed that 

represents a small section of a submarine oil pipeline located in deep waters. This model was 

implemented in the MCNP6 code version 1.0. This code also implemented the gamma 

radiation transmission profiling technique. Figure 4 shows the model schematic. 

Figure 4 :  Geometry of deepwater subsea pipeline model 

 

The characteristics of the materials to justify their chemical composition and density 

that will be used in the input files are as follows: 

Seawater: Salinity of 4% of mass fraction of sodium chloride (NaCl)[29]. Its density 

is 1.047 g/cm3[30]. 
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Pipeline: Deep-water oil pipelines must be designed to withstand higher pressure 

applied by the external environment, implying the use of pipelines with a smaller 

diameter/thickness ratio and higher-strength materials[31]. In general, API X-60 or X-65 

grade steels are adopted for projects of rigid pipelines, installed at depths above 1000 m[32]. 

This study will consider the oil pipelines described in Table 2, where the greatest wall 

thickness was considered. 

Table 2 :  Pipelines considered for deepwater use 

Outer diameter 
[in] 

Outer radius 
[cm] 

Wall thickness 
[cm] 

8 10.95 2.30 

12 16.19 3.33 

16 20.32 4.05 

20 25.40 5.00 

24 30.48 5.95 

Source :[33] 

Due to the high percentage of iron in steel compared to other elements[34], for 

simulation purposes in MCNP6 it was feasible to adopt only iron as the composition of 

steel[24]. The density of this element is 7.874 g/cm3[35]. 

Crude oil: In Brazil, the National Agency of Petroleum, Natural Gas and Biofuels 

(ANP) shows that oil classified as medium represents the highest percentage, around 

90%[36]. The increase in the API grade from 24.5º in 2010 to 28º in 2020 shows that the 

quality of crude oil produced in Brazil is close to the light oil classification range[37]. Since 

the chemical composition of oil classified as medium was not found in this research, light oil 

will be used, whose chemical composition and density (0.875 g/cm3) will be used[35]. 

Wax: For the wax that adheres to the internal walls of the pipeline to be detected by 

gamma radiation, its density must be above that of crude oil[38]. Waxesns that fit this 

condition are those that have 25 to 50 or more carbons in their molecular structure in their 

chain[39]. Therefore, for this study, wax C25H52 will be used. Its density is 0.93 g/cm3[35]. 
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Detector: In this study, the Sodium Iodide scintillation detector doped with Thallium 

(NaI(Tl)) was used. For its use in deep waters, it must be placed in an airtight container, 

because it is hygroscopic[22]. This device has been used in aquatic environments[40]. Its 

density is 3.67 g/cm3[41]. 

The cross sections of the chemical elements were selected from the MCPLIB04 

photoatomic data library, which is a library based on ENDF/B-VI data[28]. 

2.4.1. Source Specification 

Most experiments with the gamma radiation transmission profiling technique used the 

radioisotopes 60Co or 137Cs as a source[18], [24], [41], [42], [43], [44]. However, the 

radioisotope 137Cs has greater advantages over 60Co, as it has a longer half-life, greater stability 

in the radiation level supplied to the detector and, despite having a lower energy level, it 

reaches dimensions in materials that meet most measurement purposes[18]. Another 

advantage is the smaller shielding volume. A precision scan is more readily performed with 

low-energy sources because they require less shielding and, therefore, have less mass to be 

moved[21]. Another characteristic of the radioisotope 137Cs is the fact that it is considered a 

source with a monoenergetic radiation beam, since the probability of emitting photons with 

an energy of 0.662 MeV is 85%[22]. 

In MCNP6, the source specifications are made in the mnemonic SDEF, which 

requires, among others, the following information: energy, position and type of particle 

emitted. The energy (“ERG”) is always defined in MeV. The position (“POS”) uses canonical 

coordinates x, y, z and must be complemented with the direction (“VEC”) and sense (“DIR”) 

of the particle flux[41]. The particle (“PAR”) is defined as: “1” for neutrons, “2” for photons 

and “3” for electrons. Therefore, the source used in this paper has the following 

specifications: ERG= 0.662; DIR= 1; VEC= 1 0 0; PAR=2; POS= x y z. The latter is the 

only one that varies due to the scanning of the radiation beam along the pipeline. 
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2.4.2. Tally and NPS Specification 

The calculation results are printed on the output file using tally, along with the relative 

error representing statistical accuracy. A normalization for the number of Monte Carlo 

histories is done on the results, so that the expected averages are independent of the number 

of source particles initiated in the MCNP calculation[28]. 

In this paper, the F1: p 8 tally will be used, which will record the relative intensity 
𝐼

𝐼0
 

of the photons that will cross surface 8, normalized by the NPS (or number of stories). 

Surface 8 is in the input file the base of a cylinder defined as the face of the detector that 

faces the source (see example in Figure 9). The NPS defined for each pipeline considered a 

tally error of less than 1%. 

2.5. Analysis of the presence of wax in the computational model 

In this model, a percentage of 5% of the internal radius of the pipelines was established 

for the minimum thickness of wax to be detected. This percentage represents 4.3 mm for 

the smallest pipeline analyzed (8 inches) and 12.3 mm for the largest (24 inches). It is 

considered that the values are close to what has been reported in the literature, in which it 

was possible to measure wax thickness with an absolute precision of ± 5 mm, sufficient to 

ensure the reliable operation of the pipeline system[18]. Considering the importance of 

detecting the presence of wax before there is partial obstruction of the pipeline, a maximum 

thickness of 50% of its internal radius was also considered. For all pipelines, a length of 30 

cm was adopted in the model. 

For profiling the pipelines, a step of 4% of the external radius was established, such 

that there is the same number of points drawn in each profile, regardless of the diameter of 

the pipeline, as well as the same numerical identification of each position. In this way, 26 

input files will be created for simulation, one for each beam position along the cross-section 

of the pipeline, starting from the outer edge and going halfway through, since the other half 
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is symmetrical because a concentric distribution of the wax layer is considered[5]. Due to the 

influence of seawater on the relative intensity records, a fixed distance of 0.5 cm was adopted 

between the source (or detector) and the edge of the pipeline in all beam positions. 

With the records of the relative intensities calculated by MCNP6, several profiles were 

plotted, the first with the pipeline without wax (reference) and the others with thicknesses 

of 5, 10, 20, 30, 40, and 50% in relation to the inner radius. For each pipeline, a characteristic 

curve of the presence of wax was drawn using the relative intensities recorded at the positions 

of the gamma radiation beam that passes through the diameter of the pipeline. This decision 

was made sense during the analysis of the profiles it was noticed that the greatest differences 

in relative intensities between each profile with wax and the reference profile are in the 

positions that pass through the diameter. 

2.6. Validation of the computational model 

Considering that this research did not find experimental data in the literature on the 

detection of wax incrustation using a model consistent with that proposed in this paper, the 

validation was carried out using the experimental data where the gamma radiation 

transmission profiling technique was used with the radioisotope 137Cs to identify the presence 

of BaSO4 incrustation on the internal walls of a 450 mm diameter and 40 mm thick pipeline 

used in the oil and gas industry[45]. 

The experiment reported that the profiling of the pipeline was performed in 5 mm 

steps, without overlap between inspection points, and that a NaI(Tl) detector recorded the 

intensity of gamma radiation point by point, according to the thickness penetrated in the 

pipeline chord, thus obtaining a relative intensity 
𝐼

𝐼0
 profile as a function of the position of 

the gamma radiation beam[45]. The results showed that the pipeline was empty (filled with 

air) and contained a thickness of up to 21 mm of BaSO4 incrustation. However, the accuracy 

of the counts at each step of the profile was not mentioned. 
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With this information, the input files were prepared with the application of the gamma 

radiation transmission profiling technique and the simulation was carried out in the 

computational model. The profile resulting from the MCNP6 calculations was then 

compared with the experimental profile. 

3. RESULTS AND DISCUSSIONS 

3.1. Results of the validation of the computational model 

Figure 5 shows the experimental and simulated profile graphs in the computational model. 

Figure 5 :  Experimental and simulated profile plots 

 

Source: Adapted from [45] 

Figure 5 shows that there is similarity between simulated and experimental profiles, 

but there are differences at several points. These differences are due to the tendency of the 

incrustation to eccentric deposition, combined with the absence of material[24], indicating 

that the duct sample used in this experiment contains irregularities in the incrustation 

thickness, with some spaces filled with air, as shown in Figure 6[45]. Although it is not 

apparent in the graph, the greatest differences are in the beam position ranges from 15 to 
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120 mm and 350 to 440 mm, which make up the region where the gamma radiation beam 

travels through the interior of the duct wall and the thickness of the BaSO4 incrustation, both 

on the upper and lower sides. Therefore, disregarding the experimental data from these 

ranges where the greatest differences with the simulated data occur, the rest of the 

experimental data were fitted to a Gaussian curve (Equation 6). 

𝑦 = 𝑦𝑜 +
𝐴

𝑤×√
𝜋

4×ln 2

× 𝑒
(−4×ln 2×

(𝑥−𝑥𝑐)2

𝑤2 )
,    𝑅2 = 0.97786                        (6) 

Where: 𝑦0 = −7.93866 × 10−4; 𝑥𝑐 = 225.69387; 𝐴 =  1.09764; 𝑤 = 193.05101 

Figure 6 shows the experimental profile plot, the Gaussian fitting curve and the profile 

simulated in the computational model. 

Figure 6 :  Fitting curve of the experimental profile versus the computational model profile 

 

It can be observed that the curves have the same behavior as Gaussian curves whose 

peaks are coincidence. The peak of the curve obtained in MCNP6 has a greater amplitude 

due to the simplifications inherent to the computational model. The greatest difference 

between the curves occurs in the central region that corresponds to the diameter of the duct. 

This difference provides a maximum relative error of 7.4%.  
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3.2. Analysis of the presence of wax in oil pipelines 

An analysis of the presence of wax was carried out on the 8-inch pipeline in Table 6. 

This pipeline was profiled at a 4.4 mm step, which represents 4% of the external radius, as 

established. With the relative intensity values and the positions of the gamma radiation beam, 

the transmission profiles were drawn, as shown in Figure 7. 

Figure 7 :  Profiling the 8-inch pipeline with pre-set layers of wax 

 

Figure 7 shows that the region of the pipeline wall causes the greatest attenuation of 

the gamma radiation beam, given that the density of the pipeline (composed of approximately 

95% iron) is 8.5 times greater than the density of wax. The relative intensity begins to increase 

after the gamma radiation beam passes the transition point between the inner wall of the 

duct and the wax (highlighted in the red circle of the graph in Figure 7), where differences 

between the profiles begin to appear. These differences are due to the influence of the wax 

on the inner wall of the pipeline. During the 5, 10, 20, 30, 40 and 50% wax profiles, you can 
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see the transition points between the thickness of the wax and the oil, characterized by a 

small jump[38]. On the other hand, at positions close to the diameter of the pipeline, the 

difference between each profile and the reference profile is greater. In the position that passes 

through the diameter, therefore, is where the greatest influence of wax occurs, with a greater 

chance of wax being detected. Based on this analysis, the characteristic curves for the 

presence of wax for all the pipelines were plotted with the relative intensity records at the 

position passing through the diameter.  

3.3. Characteristic curves for the presence of wax 

The characteristic curves were drawn according to the analysis in the previous section. 

In addition, as stated in section 2.4.2, the NPS was estimated in such a way that it is possible 

to detect the minimum wax thickness, i.e. 5% of the internal radius of the pipeline within a 

confidence interval equal to or greater than one standard deviation. 

Figure 8 shows the relative intensities calculated for the 8-inch pipeline and the 

corresponding characteristic curve. 

Figure 8 : Characteristic curve of the presence of wax in the 8-inch pipeline with application of 10 
millions stories 

 

Figure 9 shows the input file used to calculate the relative intensity of 5% wax in the 

8-inch pipeline (see Table in Figure 8). 
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Figure 9 : Input file for calculating the relative intensity of 5% wax in the 8-inch pipeline with application 
of 10 millions stories 

 

This was also done for the other pipelines in Table 6 (Figure 10). 

Figure 10 :  Characteristic curves for the presence of wax in 12-, 16-, 20- and 24-inch pipelines 
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4. CONCLUSIONS 

A computational model of a deepwater subsea oil pipeline was developed in the 

MCNP6 code, where the gamma radiation transmission profiling technique was applied. The 

model was shown to be consistent with experimental data in the literature, with a maximum 

relative error of 7.4% in the position passing through the diameter of the pipeline. Using the 

model, profiling was carried out on a pipeline used in the oil industry to detect the presence 

of wax on its internal walls. Analyses carried out in different regions of the pipeline showed 

that wax was more likely to be detected in the position of the beam that passes through the 

diameter of the pipeline. 

With the simulated relative intensity readings at the position of the diameter, 

characteristic curves for the presence of wax were drawn for each pipeline and the numerical 

accuracy of the results was analyzed, where it was necessary to estimate the number of histories 

to achieve an accuracy such that the readings for the absence and presence of wax were distinct. 

The results of this study showed that the model developed can detect up to 5% wax 

(in relation to the internal radius of the pipeline) in all the pipelines analyzed, within a 

confidence interval equal to or greater than one standard deviation. 
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