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1. Introduction
One of the common problems in the oil industry 

is precipitation and deposition of asphaltene on the 
reservoir rock surface, production wells, transmission 
pipelines, and reserve tanks [1]. Observation showed 
that the deposition of asphaltene and wax is one of 
the most important factors which increases the cost 
of production and fluid transfer [2, 3]. The existence 
of gradient of pressure and temperature in reservoir 
formation, especially near the production wells, 
in the tubing and surface equipment is effective in 
stability of colloidal particles and provide conditions 
for its precipitation. Sometimes precipitation of 
asphaltene is severe and causes obstruction of 
pipelines, pumps and other surface equipment [4]. 

Precipitation of asphaltene causes an increase 
in the cost of operations for oil production and 
decreases the flow rate [5]. Finally removing 
asphaltene from the reservoir surface, tubing and 
surface equipment by Toluene and Xylene needs 
to limit production [6]. Asphaltenes are arbitrarily 
defined as a solubility class of petroleum that is 
insoluble in light alkanes, but soluble in toluene or 
dichloromethane. They are composed of aromatic 
polycyclic clusters variably substituted with alkyl 

group and contain heteroatoms (N, S, O) and trace 
metals (e.g., Ni, V, Fe) [7]. 

It is often assumed that asphaltenes do not dissolve 
in petroleum, but are dispersed/suspended in the fluid 
as colloids and the amount of chemical constituency 
and physical structure of asphaltenes precipitated 
vary with precipitant type, pressure, and temperature 
[8]. Precipitation may be defined as the formation of 
a solid phase out of a liquid phase, deposition can 
be described as the formation and growth of a layer 
of the precipitated solid on a surface. Precipitation 
is mainly a function of thermodynamic variables 
such as composition, pressure, and temperature, the 
deposition is also depend on the flow hydrodynamics, 
heat and mass transfer, and solid–solid and surface–
solid interactions [9]. 

Thawer  et al. (1990) studied asphaltene deposition 
in production facilities using laboratory and field 
data to determine the unset point of asphaltene 
precipitation [10]. Nghiem et al. (2000) presented 
results of phase behaviour calculations and 
compositional simulation of asphaltene precipitation 
and deposition in reservoirs. For phase behaviour 
calculations, the precipitated asphaltene defined by 
a pure solid whilst the oil and gas phases modelled 
with an Equation of State (EOS) [11]. Ramirez 
et al. (2006) developed a asphaltene deposition 
model in production pipelines by considering a 
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multiphase (oil-gas-asphaltene-water) multi-
component hydrodynamic model [12]. Hematfar 
et al. (2010) proposed a asphaltene precipitation 
and deposition prediction model based on genetic 
algorithm technique [13]. Hassanvand et al. (2018) 
investigated chemical structure and thermodynamic 
behavior of the asphaltene molecule for asphaltene 
precipitation and deposition modeling in well 
column and its effective factors [14]. 

Anand (2018) reviewed the asphaltene 
precipitation prediction models and this work are 
expected to employ the basis of building a fully 
compositional simulator to predict asphaltene 
precipitation, flocculation and deposition [15]. 
Siddiqui et al. (2019) studied the asphaltene stability 
in crude oils and their relationship with asphaltene 
precipitation models in a gas condensate reservoir. 
They developed a workflow for modeling asphaltene 
precipitation during pressure reduction and its 
application to promote mitigation strategy [16].

This study investigates the effective parameters 
in asphaltene deposition using Beal, Cleaver-Yates 
and Escobedo-Mansoori models in one of the Iranian 
oilfields. Then the most effective parameter is 
determined and it is used to optimize the production 
conditions in the study reservoir. Optimized 
production conditions leads to more cumulative 
production and it decreases amount of the deposited 
asphaltene in the tubing.

2. Model description 
Case study in this paper is producing 39 API 

oil and has asphaltene deposition problem. Table 1 
shows the results of the SARA test for this crude oil. 
Mole fraction and C12+ properties are in table 2 and 
table 3.

Field experiences showed that maximum 
asphaltene precipitation occurs at bobble point 
pressure. At points below the bobble point pressure 
by decreasing the pressure, the solubility of oil 
increases and the liquid phase is filled gradually 
by heavy components and solubility increases 
and precipitation decreases. Also increasing 
temperature can increase weight percent of 
asphaltene because resin solubility increases and 
electric charge imbalance occur between particles 
which leads to more precipitation [17]. Glasso and 
Beal equations for viscosity, formation volume 
factor, and bobble point pressure and solution 
gas-oil ratio are used to predict fluid properties at 
different pressure and temperature [18]. Reservoir 
performance is predicted by Vogel equation (Eq.1) 
which relates the flow rate to the well flowing 
pressure.      
            (1) 

where q, qmax , Pwf , and P is the production flow 
rate, maximum production flow rate, flowing 
well pressure and average reservoir pressure, 
respectively. 

To determine tow phase parameters, Beggs 
and Brill equations are used. Also pressure and 
temperature profiles in the well is shown in figure 1 
and figure 2. 

The next step is modelling of choke to ensure that 
the upstream changes do not change downstream 
condition and this occurs when the flow is critical. 
When downstream pressure is equal to or less 
than 55% of upstream pressure, flow is critical. To 
determine flow rate at the critical condition, we used 
Ros equation [18].     
                        (2)

where Pwh , D, GLR and q are wellhead pressure, psi; 

Parameter Saturated Aromatic Resin Asphaltene
Weight percentage 75.5 20.35 3.4 3.75

Chemical formula Mole fraction, %

H2S 0.0016

N2 0.0045

CO2 0.0155

CH4 0.229

C2H6 0.076

C3H8 0.0535

i-C4H10 0.0116

n-C4H10 0.0274

i-C5H12 0.0093

n-C5H12 0.0112

F-C6 0.0427

F-C7 0.0429

F-C8 0.036

F-C9 0.0331

F-C10 0.0295

F-C11 0.0272

Compressibility factor, 
1/psi

Specific 
weight

Molecular weight, 
gr/mole

0.65378 0.96 370

Table  1
Results of SARA test for study crude oil

Table  2
Mole fraction of study crude oil

Table  3
C12+ properties of study crude oil
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choke diameter, inch; gas liquid ratio, SCF/STB; flow 
rate, STB/Day, respectively. 

3. Asphaltene deposition modeling
We used Beal, Cleaver-Yates and Escobedo-

Mansoori models for modelling of asphaltene 
deposition. Beal model is developed based on 
Brownian and eddy diffusion. The random motion 
of particles suspended in a fluid which results from 
the fast-moving molecules collision in the fluid is 
called  Brownian diffusion [19]. In fluid dynamics, 
eddy flow is a region in a fluid in which the flow 
revolves around an axis line (straight or curved) 
[20]. In addition, Beal assumed a linear relation 
for momentum and mass flux [21]. To obtain the 
transport coefficient, Cleaver and Yates applied 
a stochastic approach by considering flow fields 
in a sub-laminar layer and developed a diffusion 
relationship to obtain the flux and concentration 
of particles [22]. In order to determine asphaltene 
deposition during turbulent oil production Escobedo 
introduced a classical approach similar to Beal. 
In 1995, Escobedo and Mansoori improved their 
models and used a new assumptions to better match 
the experimental data [23]. 

In this study, we used WinProp (CMG software) 
in which the fluid phases are described with a cubic 

equation of state and by using the solid model, 
fugacities of components in the solid phase are 
predicted [24]. After entering data and running the 
models, asphaltene deposition coefficient profile is 
plotted and is shown in figure 3. 

As figure 3 shows, asphaltene deposition 
coefficient is zero from the surface to the depth 
of 2300 feet. As can be seen, at a given depth 
Escobedo-Mansoori and Beal models predict the 
highest and lowest values for deposition coefficient, 
respectively.

The asphaltene mass deposition flux is shown in 
figure 4. Mass flux is the mass of asphaltene which is 

deposited on tubing surface per time unit and surface 
unit of the tubing. To determine mass deposition 
flux, the deposition coefficient profile should be 
multiplied by asphaltene precipitation concentration 
profile. As long as depth increases, mass deposition 
flux of asphaltene increases. According to figure 
4, amount of asphaltene deposition inside tubing 
is negligible up to 5000 feet. Therefore, the major 
asphaltene deposition problem for study reservoir 
occurs under 5000 feet to the bottom-hole.

Fig.1. Pressure profile for study reservoir

Fig.2. Temperature profile for study reservoir

Fig.3. Asphaltene deposition coefficient profile

Fig.4. Asphaltene mass deposition flux profile
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4. Sensitivity analyses on effective 
parameters on asphaltene deposition 

In order to perform sensitivity analysis, the 
parameters are divided in two categories, 
hydrodynamic and fluid properties parameters. 
Hydrodynamic parameters includes flow rate, tubing 
size, wellhead pressure and tubing roughness, while 
the fluid properties are fluid density and viscosity. 
Effect of each parameter on asphaltene deposition is 
discussed below. 

Production flow rate is the average velocity of 
fluid in the tubing. Figure 5 illustrates the effect of 

flow rate on deposition coefficient. By increasing 
flow rate and actually increasing fluid velocity, 
deposition coefficient reduces due to decreasing 
relaxation time. Then, turbulent vortices which there 
are in boundary layers and transfers asphaltene to 
the tubing wall, disappears. Totally, by increasing 
the flow rate, the amount of asphaltene particles 
transferred from the turbulent nucleus to the wall 
decreases. Also, the adhering probability of particles 
transferred to the wall surface is reduced. Hence, 
by increasing the flow rate asphaltene deposition 
coefficient decreases. It should be noted that 
increasing the flow rate can change pressure and 
temperature profiles, which are assumed to be 
constant in this study. 

Figure 6 shows the effect of tubing size on the 
deposition coefficient. Tubing size has no significant 
effect on the deposition coefficient. By increasing 
tubing size from 3 to 7 inches deposition coefficient 
reduced slightly. Analysis of a given parameter 
means constant considerations of other parameters, 
while in operational conditions by changing tubing 
diameter, flow rate, pressure and temperature 
changes which leads to significant variation in 
asphaltene deposition coefficient. 

As we know, effect of pressure on asphaltene 
deposition is much lower than temperature. The 
effect of wellhead pressure on deposition coefficient 
is shown in the figure 7. Like tubing size, wellhead 
pressure has no significant effect on the deposition 
coefficient. By increasing wellhead pressure, 
deposition coefficient reduced slightly. This analysis 

shows wellhead pressure independently has no 
significant effect on deposition coefficient. Although 
by changing wellhead pressure the pressure profile 
in the well changes and then fluid properties variates 
while it was assumed to be constant. In studying the 

effect of wellhead pressure, Cleaver-Yates model 
predicted the deposition coefficient greater than 
other models. 

To study the effect of tubing roughness on 
deposition coefficient we used a wide range of 
absolute tubing roughness for different types of 
grade. As is clear, tubing roughness has a great 
impact on deposition coefficient. By increasing 
tubing roughness, the deposition coefficient 
increases significantly. The calculations showed 
that the presence of a small amount of surface 
roughness even in a laminar region, increases 
deposition coefficient considerably. In fact, when 
diffusion is the dominant mechanism of deposition, 
the effect of roughness is important. Especially for 
small particles, high value of roughness increases 
frictional pressure drop.  

In order to study the effect of parameters related 

Fig.5. Effect of flow rate on deposition coefficient

Fig.7. Effect of wellhead pressure 
on deposition coefficient

Fig.6. Effect of tubing size on deposition coefficient
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to fluid properties, density and viscosity parameters 
are investigated. Figure 9 shows the effect of fluid 

density on deposition coefficient. The higher fluid 
density, results the higher deposition coefficient due 
to increasing eddy diffusion coefficient.

Particles in microns and smaller size are 
transmitted through the eddy diffusion and 
Brownian motion. Brownian’s motion decreases 
as a result of higher viscosity because Brownian 
diffusion coefficient is proportional to the viscosity. 
In systems consisting of large particles, the decrease 
of deposition due to increasing viscosity, is faster. 
Because by increasing the viscosity, the drag force 
on free particle increases. Figure 10 shows effect 
of fluid viscosity on deposition coefficient. By 
increasing fluid viscosity, deposition coefficient 
decreases. 

5. Calculation of asphaltene thickness in 
the wellbore

In the figure 4, mass flux for asphaltene 
deposition is shown in one of the reservoir wells. 
To determine asphaltene thickness in the wellbore, 
having asphaltene mass flux, following equation can 
be used:

                                                                                                           (3)

where Md, ρa , Ai , Di  and dD are asphaltene 
mass flux, asphaltene density, initial tubing inside 
area, initial tubing inside diameter and diameter 
change for tubing due to asphalten deposition 
respectively. 

Asphaltene deposited thickness for 1000 days of 
production in the depth of 12000 ft at flow rate of 
5634 barrel per day with 44/64 inch choke size and 
initial 1958 psi wellhead pressure is plotted in the 
figure 11. It is observed that in the first 100 days 

Fig.8. Effect of tubing roughness
 on deposition coefficient

Fig.9. Effect of fluid density 
on deposition coefficient

Fig.10. Effect of fluid viscosity 
on deposition coefficient
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Fig.11. Asphaltene deposited thickness 
in the 1000 days of production 
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of production, deposition is faster and then the 
ascending trend decreases.

Figure 12 shows profile for deposited asphaltene 

in the well column for 1000 days of production. 
It can be seen that the main deposition problem 
starts from 6000 feet and continues to the bottom 
of the well. The maximum deposition occurs at the 
bottom of the tubing (12000 feet) and after 1000 
days of production, about 0.6 inch of pipe inside 
diameter is covered by asphaltene (blue line). 
An important point to be considered is that by 
decreasing inside diameter of tubing (because of 
asphaltene deposition), production flow followed 
by temperature and pressure also changes which 
results in changing deposition condition. 

6. Production optimization
As seen in the sensitivity analysis section, 

changing flow rate has a direct effect on 
asphaltene precipitation. The fluid flow path 
in the tubing is changed owing to variation of 
deposited asphaltene thickness. Subsequently, 
flow rate, pressure, and temperature changes. 
Before optimization, we firs analyze cumulative 
production in current operating conditions. As 
it can be seen in the figure 13, cumulative 

production in the 1000 days of production is up 
to 3.7×107 bbl. 

For comparison, the thickness of deposited 
asphaltene and cumulative production for 
different choke sizes are shown in the figure 
14 and figure 15, respectively. It can be seen, 

54/64 inch choke size has asphaltene deposited 
thickness fewer than two other chokes. In the 
64/64 inch choke size, because of high flow 
rate, tubing surface temperature increases and 
subsequently deposition increases. In the 64/64 
inch choke size, because of sever asphaltene 
deposition producing operational diameter will 
decrease and leads to decreasing the flow rate 
but in the 54/64 inch choke size initial flow rate is 
lower than one but because of absence asphaltene 
deposition, producing operational diameter has 
not a significant change and production reduction 
is not as severe as 64/64 inch choke size. In the 
32/64 inch choke size, in addition to low flow, 

Fig.12. Asphaltene deposition profile

Fig.13. Cumulative production for 
current operating conditions
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Fig.14. Cumulative production for 
current operating conditions
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sever decrease of production is due to deposition 
of asphaltene and cumulative production is lower 
than 2×107 bbl. 

Our objective function in this study is to find 
optimal values of the choke size and the tubing 
diameter. These optimal values, maximizes the 
cumulative production. The general form of the 
optimization problem is as follows:

                                                                                                          (4)

S is denoted the choke beam size. Wellhead 
pressure due to the surface equipment and the 
upstream facilities limitations can’t be lower 
than 500psi. According to previous choke size 
analyzes, optimal choke size is between 32/64 and 
64/64 inches and the choke beam size limitation 
is described below. To calculate the cumulative 
production in 1000 days, production intervals 
are divided in 10 periods of 100 days. In each 
period, with respect to the choke size, tubing 
diameter and wellhead pressure, oil production 
will be calculated and then well temperature 
and pressure profile’s are obtained. With 
temperature and pressure profiles in the well 
column, fluid properties and precipitation profile 
are determined. In the last step, asphaltene 
deposited thickness profile on the tubing surface 
is determined. Then, the initial tubing diameter 
reduced due to asphaltene thickness. This value, is 
the production operational diameter at the start of 
the next 100-day interval. New wellhead pressure 

is equal to its value at end of the previous interval. 
Cumulative production for different choke sizes 
and tubing diameters are calculated and values of 
the highest cumulative production are the optimal 
sizes. In the optimization production procedure, 
we used Ros, Beggs and Brill, and Vogel models 
for modeling the choke, inflow and reservoir 
performance, respectively. Furthermore, the Solid, 
and Escobedo-Mansoori models implemented to 
simulate the thermodynamic behavior of the 
precipitation and deposition of the asphaltene. 

In order to solve complex, highly nonlinear 
optimization problems, Particle Swarm 
Optimization (PSO) developed by Kennedy 
and Eberhart (1955). PSO is a population-based 
stochastic search method which is based on 
social and associative behavior of birds to find 
out food while eluding predators by sharing 
information among them [25]. PSO algorithm 
was originated from the motion of swarm birds 
and their interactions together in the group. To 
describe the PSO algorithm, consider a swarm 
of particles moving through the parameter space 
and searching to find an optimum path. In the 
swarm, the velocity (vi) and position (xi) of each 
particle are accidental in the n-dimensional search 
space. In the search space, xi, j shows the location 
of moving particle index i in the jth dimension. 
Therefore, particle positions in the search space 
which resulted in the best outcomes, can indicate 
candidate solutions as particles moving through 
the virtual search space, and as a result, candidate 
solutions are optimized. The equations of PSO 
algorithm which performed at each generation are 
as follows [26].

            (5)

            (6)

where K is the inertia weight adjusting the 
exploration of the space, Rand() is a random 
number between 0 and 1, x* i,j is the particle 
position in a neighborhood, i  denotes the particle, 
that gave the best overall position, λ1 and λ2 are 
the weight which assigned to the attraction to 
the preceding best location of the current particle 
psition and the particle adjacency, respectively.

By using Particle Swarm Optimization (PSO) 
algorithm, optimum results was obtained 
and are shown in the table 4. By applying 
optimal values, asphaltene thickness profile 
and cumulative production are shown in the 
figure 16 and figure 17. As is inferred from 
these figures, maximum deposited asphaltene 
thickness and cumulative production are about 
0.32 inch and 5.6×107 bbl.  

Fig.15. Cumulative production for 
current operating conditions

( )( )
( )( )

, , 1

*
, , 2

*
, ,

( 1) ( ) .

Rand ( ) ( ) .

Rand ( ) ( )

i j i j

i j i j

i j i j

v t v t

x t x t

x t x t

+ = +

− +

−

κ λ

λ

, , ,( 1) ( ) v ( 1)i j i j i jx t x t t+ = + +

E.Khamehchi et al. / SOCAR Proceedings  No.1 (2020) 012-021

10

1
;

:
500 ;

3 7 ;

32 64 1,2,3...,10.

i

i

i
i

Wh

Tubing

i

Max Q q

Subject to
P psi

D inch

S inch i

=

=

≥

≤ ≤

≤ ≤ =

∑



19

Parameter Tubing diameter, 
inch

Choke size,
inch

Flow rate,
bbl/day

Wellhead pressure, 
psi

Wellhead 
temperature, F

Value 4.25 48/64 5972 1336 160

7. Conclusions
The purpose of the current study was to determine the asphaltene deposition in one 

Iranian oilfields based sensitivity analysis on effective parameters. Therefore, three models 
of Beal, Cleaver-Yates, and Escobedo-Mansoori were used for this purpose. Flow rate and 
fluid viscosity had an opposite effect on the asphaltene deposition coefficient.  Although, 
its relation to tubing roughness and fluid density was direct. Also, wellhead pressure and 
tubing inside diameter had not significant effect. The second aim of this study was to find 
the optimum production conditions with using POS algorithm. Analyses showed that 
by 1000 days of oil production, tubing inside diameter was decreased up to 0.6 inch. By 
applying PSO optimization algorithm, optimal conditions for the maximum cumulative 
production was obtained with the minimum asphaltene deposited thickness. Optimal 
values for the tubing diameter and the choke size is 4.25 inch and 48/64 inch. In the optimal 
condition, maximum deposited asphaltene and cumulative production are about 0.32 inch 
and 5.6×107 bbl. respectively.

Fig.16. Maximum thickness of deposited 
asphaltene in the optimal conditions

Fig.17. Cumulative production in 
the optimal conditions

Table  4
Optimum production conditions obtained from the optimization algorithm
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Э.Хамехчи, М.Гасеми, М.Х.Шахсавари, М.Ш.Ардакани 

Департамент разработки месторождений, Амиркабирский 
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Реферат

В статье авторы на основе моделей Била (Beal), Кливер-Йейтса (Cleaver-Yates) и Эскобедо-
Мансури (Escobedo-Mansoori) моделируют процесс отложения асфальтенов. После запуска 
модели был проведен анализ чувствительности модели к таким параметрам, как гидродина-
мические свойства и свойства флюида. Показано, что скорость потока и вязкость жидкости 
оказывают обратное, а шероховатость труб и плотность жидкости - прямое влияние на ско-
рость осаждения асфальтенов. При этом давление на устье скважины и внутренний диаметр 
труб не оказывают существенного влияния на скорость осаждения асфальтенов. Результаты 
расчетов демонстрируют, что после 1000 дней добычи нефти внутренний диаметр труб 
уменьшается на 0.6 дюйма. Используя алгоритм оптимизации методом роя частиц опре-
делены оптимальные условия для максимальной суммарной добычи при минимальной 
толщине осажденного асфальтена. Результаты оптимизации показали, что оптимальные 
значения диаметра НКТ и размера штуцера составляют 4.25 дюйма и 48/64 дюйма, а про-
гнозные значения максимальных отложений асфальтена и суммарной добычи составляют 
около 0.32 дюйма и 5.6х107 баррелей соответственно.. 

Ключевые слова: асфальтеновые осадки; асфальтеновые отложения; моделирование 
процесса отложений; анализ чувствительности; оптимизация.

İran yataqlarından birinin timsalında asfalten çökmələrinin
yaranmasına təsir edən parametrlərin tədqiqi və 

hasilat prosesinin optimallaşdırılması
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Xülasə

Məqalədə müəlliflər Bil (Beal), Kliver-Yeyts (Cleaver-Yates) və Eskobedo-Mansuri (Escobedo-
Mansoori) modelləri əsasında asfaltenlərin çökmə prosesini modelləşdirirlər. Modein işə 
salınmasından sonra hidrodinamik xassələr və flüid xassələri kimi parametrlərə modelin 
həssaslığının təhlili aparılmışdır. Məlum olmuşdur ki, asfaltenlərin çökmə sürətinə axının sürəti 
və mayenin özlülüyü əks təsir, boruların nahamarlığı və mayenin sıxlığı isə düz təsir göstərir. Bu 
halda quyu ağzındakı təzyiq və boruların daxili diametri asfaltenlərin çökmə sürətinə əhəmiyyətli 
təsir göstərmir. Hesablama nəticələri göstərir ki, neft hasilatının 1000 günündən sonra boruların 
daxili diametri 0,6 düym azalır. Hissəciklər dəstəsi üsulu ilə optimallaşdırma alqoritmindən 
istifadə edərək, çökdürülmüş asfaltenin minimal qalınlığı zamanı maksimal ümumi hasilat üçün 
optimal şərait müəyyən edilmişdir. Optimallaşdırma nəticələri göstərdi ki, NKB diametrinin və 
ştuserin ölçüsünün optimal qiymətləri 4.25 düym və 48/64 düym təşkil edir, maksimal asfalten 
çökmələrinin və ümumi hasilatın proqnoz qiymətləri isə müvafiq olaraq təxminən 0.32 düym və 
5.6 × 107 barel təşkil edir.

Açar sözlər: asfalten çöküntüləri; asfalten çökmələri; çökmə prosesinin modelləşdirilməsi; 
həssaslığın təhlili; optimallaşdırma.
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