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Introduction

Scale formation in the presence of water is a common
problem in most industries, including the oil and gas
industry. The formation water is located in underground
reservoirs near the oil due to the difference in density;
it is located under the oil layer. Water droplets are
saturated among the oil molecules in the oil layer. The
precipitation formed is generally called scales. Water
is rarely inactive. This makes it possible for deposits
to create and settle on the walls of pipes and wells [1].
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Since in this study, Oddo and Tomson method [2] has
been used to calculate the saturation index, first briefly
reviewing the history of researches, developed and
presented models for saturation index, and finally deal
with the formation of scale in porous media, wells,
and pipelines. In the modeling and working method
section, the model presented by Oddo and Tomson and
the algorithms used in this study will be discussed in
detail. Previous studies in the field of modeling the
prediction of scale deposits formation in different
conditions in wells and pipes are presented in Table 1.

Table 1 Review of the history of scale deposition modeling and precipitation in different conditions in pipes and wells

Authors Year | Strengths Weaknesses
Simultaneous laboratory forecasting and lenorine dvnamic conditions at the core
Bijani and Khamehchi [3] | 2019 | simulation at temperature, pressure and siale gy
reservoir environment
Use numerical methods in determining the | Failed to provide the calculation
Abouie et al.[4] 2017 | flow pattern, detailed examination of reac- | method of the particle concentration
tions with Phreeqc software profile along the well
SHiff and Davies [5] 1952 An iI.IdCX was p?o.vi.ded to inve.§tigate ar?d Ignoring pressure impact on K-value
predict the possibility of deposit formation | parameter




Calculation Algorithm

According to the above, to model the process of
scale formation in the well column, the equations of
saturation index and thermodynamic equilibrium and
the equations related to temperature distribution and
transfer and pressure drop must be solved. For this ba-
sis, the algorithm in Fig. 1 is used. This calculation
algorithm is related to a time step. In the next time
steps, the initial conditions and physical and chemical
properties of the fluid entering the well, such as ionic
changes, viscosity, and density, are fixed and do not
change. But thermodynamic conditions such as pres-
sure and temperature change in proportion to the depth

of the well.

Enter Pressure, Inlet Temperature, Concentrations
Values Related to Chemical Analysis of Produced
Water, Well Survey and Poduction String Data

Divide The Well Into Smaller Segments and
Specily Data About Lach Segment, Such As

Length, Diameter, And Angle

| Edlimate T'he Temperature and Pressure
Gradient Along The Sepment
i
Culeulation of Pressure And Temperature At The
End of The Segment By Using The Edlimated
Pressure And Temperature Gradient

I

Calculate The Average Pressure And Temperature In The|
Middle of The Desired Segment

l

Caleulation of Fluid Properties At Average Pressure
And Temperature

l

Calculation of Pressure And Temperature Gradiens By
Using The Properties Obtained For The Desired Section

s T'he Difference Between ‘I
Caleulied Pressure Gradient
And The Estimated Pressure
Ciradient 1 ess Than Fpsilon?,

Consider The calculated Pressure
Grudient As The Next Eslimalion

Caleulation of Saturation Index At Average Pressure
And Temperature of The Desired Segment Using
(Oddod: lTomson Method

Fig. 1 Calculation algorithm for calculation saturation index

in the well.

Results and Discussion

In Fig. 2 (a-f) the saturation index for different scales
at different depths from the beginning to the end of
the well is shown. As can be seen in Fig. 2 (a), the
total amount of saturation index changes for strontium
sulfate from the beginning to the end of the well is
negative. Therefore, the formation of this scale in the
studied well is far from expected.
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Fig. 2 Saturation index changes for different scales versus
depth. (a) Strontium sulfate, (b) Barium sulfate, (c¢) calcium
carbonate, (d) anhydrite, (¢) hemihydrate (f) gypsum.

In Fig. 2 (b) the saturation index for Barium sulfate
(BaSO,) scale with change true vertical depth (TVD)
from the beginning to the end of the well is shown.

Barium sulfate formation decreases with a decrease
in temperature from the bottom of the well to the
beginning. Therefore, it can be concluded that the effect
of temperature on supersaturation and barium sulfate
solubility is higher than the pressure. The solubility
of barium sulfate decreases, and the tendency of scale
formation at the beginning of the well is higher than
the bottom of the well. The solubility of barium sulfate
increases with increasing temperature, increasing
chloride concentration, and decreasing pH. The most
effective factor in the formation of the scale of barium
sulfate is temperature. Therefore, since we have a drop
in temperature and an increase in pH at the beginning
of the well and shallow depths, we can expect that
the amount of barium sulfate deposition is higher
(Fig. 2 (b)). Also, the concentration of barium and
sulfate ions is sufficient for the formation of this scale.
Calcium carbonate scale formation depends on the
pressure, temperature, composition, and concentration
of calcium cations and bicarbonate anions in water.
Also, the concentration of carbon dioxide in water,
alkalinity, water pH, and ionic strength of the solution
is effective on scale formation. In oil wells, the
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formation of calcium carbonate scales is due to the
release of carbon dioxide from bicarbonate ions. As the
pressure drop decreases or the temperature increases,
carbon dioxide is released from the bicarbonate ions,
the pH of the solution increases, the solubility of the
carbonates decreases, and scale formation increases.
Therefore, as seen in Fig. 2 (c), with increase in depth
from the well to the bottom, the amount of saturation
index increases. The reason for this increase, as stated,
is that the changes in temperature increase are higher
than the pressure. As the temperature increases, carbon
dioxide from free bicarbonate ions, and the pH value
of the solution increases, and the solubility of calcium
carbonate decreases, and the formation of calcium

BaSO, Saturation Iadex
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| B

Depth (fy

(b)

Asbydrate (CaS0,) Saturation Index
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carbonate scale increases.

As shown in Fig. 2 (d, e and f), only anhydrous
calcium sulfate scale (anhydrite) can form with change
true vertical depth (TVD) from the beginning to the
end in the well under study. Because generally with
increasing temperature from the beginning of the
well to the bottomhole as true vertical depth (TVD)
sulfate sediment wells tend to transform with each
loss of water so that in Fig. 2 (d), scale of gypsum will
be formed at a minimal amount below the surface at
lower temperatures, but anhydrite due to low solubility
in comparison with gypsum tends to scale formation at
high temperatures.
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Fig. 2 Saturation index changes for different scales versus depth. (a) Strontium sulfate, (b) Barium sulfate, (c¢) calcium carbon-

ate, (d) anhydrite, (¢) hemihydrate (f) gypsum.



Conclusions

In this research, using the Oddo and Tomson method
as well as the marching algorithm, thermodynamic
changes of well temperature and pressure and the
pH of water produced from well in situ are related to
saturation index and efficiently anywhere in the well
with this method. Predicted the amount of saturation
index for each type of mineral scale. Unlike previous
methods and commercial software, with minimal
production data from wells and physicochemical
properties of reservoir water, it is possible to more
quickly and more accurately predict the deposition
status of production wells and minimize the damage
caused by the formation of these scales. This method's
results on one of the oil wells in the oil-rich areas
of the south showed the efficiency of this method.
This method, with increasing depth from the level
of saturation index for semi-aqueous calcium sulfate
(hemihydrate) and strontium sulfate scales along the
well, is negative at almost all depths. As a result, it
can be said that these scales will not form at different
depths in this well. Aqueous calcium sulfate (gypsum)
has almost the same conditions. Still, near the surface
of the well, the saturation index of this scale is positive
and slightly larger than the scale, which indicates the
possibility of low formation of this scale in this depth
range. For anhydrite, barium sulfate, and calcium
carbonate scales, as shown in the graphs, the saturation
index is always positive, indicating the formation of
these scales in the well. Therefore, according to the
studies performed for this well, there is a possibility
of the formation of calcium carbonate, anhydrite and
barium sulfate scales, which should be prevented as

Petroleum Research, 2021(December-January), Vol. 30, No. 114

much as possible by considering appropriate methods
such as scale inhibitors. To avoid economic problems
that may reduce well production and the need for
acidizing and well repair operations that impose high
economic costs on the well.
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