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Abstract. During the secondary recovery process, due to the incompatibility between formation and injected water,
precipitation of inorganic salts, as the calcium carbonate, can occur. The salt are usually cared with the flow and it
can reach the well equipment, as the sand control screens. The deposition of the inorganic salt can reduce the flow
area, increasing the pressure drop, or completely obstruct the fluid passage. Using correlations available in the
literature and elaborating a sub routine, this paper model the influence of the calcium carbonate incrustations on the
pressure drop in sand control screens. The control devices were treated as porous media, with an additional source
term to model the pressure drop due the particle deposition. The results show the locations where the material
depositions tend to occur and their influence on the increase of the pressure drop with the calcium carbonate
incrustation. The increase on the pressure drop due the particles adhesion becomes more evident on higher Reynolds
number. Future experiments will also permit to validate the numerical model and assist to improve the model as well.
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1. INTRODUCTION

Due to the increase of the energetic demand, new technologies has been developed in order to promote the safety of
oil extraction in petroleum reservoirs. The control of sand and particulates in oil wells is an indispensable completion
technique. It occurs due to the complexity inherent to the exploration of offshore production wells, usually horizontal,
where unconsolidated rock formations are found, such as friable sandstone reservoirs (Magalhaes; Calderon; Martins,
2006).

Among the sand control techniques, the stand-alone screen stands out for its simplicity of installation and due to its
effectiveness to retrain solids from the formation, with moderately selected grain size (Pessoa, 2011). In addition, the
stand-alone screen configuration constitutes a lower cost alternative when compared to other sand control techniques.
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The stand-alone screen technique configuration constitutes a perforated steel-based tube, wrapped by layers of
screens that have the function of restraining the solids of the formation (Santos, 2007). There are also external layers
that mechanically protect the filtration screens against abrasion and deformation.

During the secondary recovery process, the formation water, which contains lots of diluted minerals, in contact with
the injected water can precipitate inorganic salts (Reis et al., 2011). One of the most common salts is the calcium
carbonate, found in carbonated reservoirs. The calcium carbonate precipitation occurs according the chemical reaction:

Ca* g +2HCO] > CaCO;

+H,0,,+CO,,, - (1)

The salt crystals are normally carried with the flow, and can reach the sand control screens or the control valves.
The salt can deposit in various regions of the well, including valves, sand control screens and on the reservoir regions
near the well (Cosmo, 2013).

The deposition of the material, in a more critical context, can act to reduce the flow area, increasing the pressure
drop, or completely obstruct the fluid passage. There is also the possibility of hindering or blocking the mechanical
operation of certain completion elements (Maciel et al., 2019).

This study modelled the influence of the calcium carbonate deposition impact, assuming correlations present in the
literature, for instance, Ergun (1952) equation, in order to evaluate the impact of the salt depositions on the pressure
drop and fluid dynamics behaviour in sand control devices.

2. METHODOLOGY
2.1 Continuous phase flow

To model the fluid phase is necessary to determinate the flow regime. The Reynolds number is the relation between
the inertial and viscous forces, used to verify the flow regime (Reynolds, 1889), calculated by:

8 —32
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where p is the fluid density, # is the characteristic velocity and ty is the wall shear stress, which for a pipe flow,
can be calculated by:
8 it
T, =——" 3
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p is the dynamic viscosity and D is the inlet pipe diameter. In the present study, the Reynolds number range from
1676 to 10057. Therefore, the flow regime was turbulent, transitional and laminar flow.

The condition of the continuous phase flow through the computational domain was assumed as isothermal,
turbulent (except the lower Reynolds number evaluated, Re = 1676) and steady state flow to the fluid phase. The single-
phase steady state flow was considered as the initial condition to the transient simulation of the multiphase flow, where
the particles movement was tracked along the domain. The turbulence model k—¢ is the simplest model for turbulence
analyses and was used to model the turbulence on this study to reduce the computational cost, although the limitations.

2.2 Discrete phase modelling

The calcium carbonate (CaCOs3) particles were modelled as a dispersed solid represented by the Lagrange method,
using the discrete phase model (DPM). This model can represent diluted systems with solid volume fraction lower than
10% (Maciel et al., 2019).

The solution of the velocity and particles position field of the discrete phase are individually solved, with the
particle track equation, expressed by:

dii,
dt

_(p,—p)
7_1'_

=F,(v—ii,)- g F> 4)

where » is the particle velocity, V is the eulerian phase velocity, p, is the particle density, F represent the body

forces (if any) and £, is the drag force, calculate by:
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dp, is the particle diameter and Re, is the relative Reynolds number between the continuous and discrete phase,
calculate by:

_ pdp‘up —v‘ ‘

Re, =2 (6)
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In order to model the particles of CaCO3 with more accurately, it was considered a particle distribution, based on

the calcium carbonate distribution obtained by the reaction presented on Eq. 1. Figure 1 shows the particle distribution
used on the numerical simulation.
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Figure 1. Calcium carbonate particle distribution used to perform the numerical simulations.

2.3 Geometry and mesh

The computational domain consist of a pipe, with a mechanical coupling, where the sand control screen and the
support was connected. The pipe has 21 mm diameter. The pipe lengths, downstream and upstream for the mechanical
coupling, were 50 mm and 100mm respectively. More details of the numerical geometry are show on Fig. 2.
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Figure 2. Schematic view of the computational geometry.
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The computational discretization consist on a non-structured mesh, with 400,000 elements. The mesh was greeted
using the standard parameter of the Ansys Meshing©, with a maximum element size of 1 mm and a refinement on the
pipe section near the wall, with 4 elements, 1.2 growth rate and 0.25 mm of first layer height. Figure 3 show more
details about the mesh.
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Figure 3. Computational mesh details.

The mesh have a maximum and minimum orthogonal quality of 1.0 and 0.22, respectively, and a maximum aspect
ratio of 23.63.

2.4 Boudanry conditions

The flow rate range from 100 to 600 L/h, with a step of 100 L/h, using water as injected fluid, with density p =
998.2 kg/m* and dynamic viscosity p = 0.001003 Pa.s. The velocity profile at the inlet was considered as the fully
developed turbulent profile. The outlet section was considered with atmospheric pressure (relative pressure of 0 Pa) and
the walls with no slip condition.

The sand control devices was modelled using the Porous Media model. This model uses the Darcy-Forchheimer
equation as a source term to increase the pressure drop on the domain, as expressed by:

Mo « 1 —
S, =- va+C2 5p|vf|vf , @)

where 1/k* and C>* are the viscous resistance and inertial coefficient, respectively. To describe the incrustation
effects on pressure drop, a user define function (UDF) was implemented, in order capture the particles of calcium
carbonate and transform them on a physical coefficient, based on the Ergun (1952) equation. The correlation was
adapted to model the changes of the coefficients as a function of the particles mass trapped on the cells domain, where
the viscous resistance as a function of the particle mass concentration is:

-2
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A is the initial viscous resistance of the screen, c is the particle mass concentration (kg/m?) and ¢ is the “porosity”
of the screen. The inertial coefficient formulation is:

. # ¢ :
2 = 9
¢ g ¢0_£ |:1+p(1_¢0):| ®
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B is the initial inertial coefficient of the screen. The constants A and B on Eq. 8 and 9 are 4.0 x10® 1/m? and 28,250
1/m, respectively. The calcium carbonate particles, with density p, = 2710 kg/m’, was injected with a mass flow rate
mp = 1.374 .10 kg/s. When the particles collide with the screen, the macro DEFINE_DPM _BC activate, reading the
particles properties and, if satisfied the adhesion criteria, calculate the mass concentration in the cell that the particle
adhesion occurs.

Subsequently, the macro DEFINE PROPERTY calculate the new constants of Eq. 7, and then the new fluid flow
field is calculate. Figure 4 shows the flowchart of the simulation solver process.
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Figure 4. Simulation solver process with the UDF flowchart.

For each time step, the flowchart shown on Fig. 4 is executed. The simulations were performed up to 20s, with a
time step of 0.001s and the adhesion criteria used it was, for instance, particle size larger than 10 pm.

3. RESULTS AND DISCUSSIONS

After the end of the solver process, the post processing of the simulation results was performed. The objective was
verify the behaviour of the UDF to subsequent applications.

The adaptive properties of the screen with the particle adhesion permit to evaluate the incrustation pattern with the
different flow rates evaluated and also permit to verify the influence of the CaCOs incrustation impact on the flow
pattern (as the velocity profile across the containment screen and the changes on pressure drop).

The comparison of the CaCOj particle mass concentration on the containment screen to different Reynolds numbers
after 20s of simulation are show on Fig 5.
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Figure 5. Influence of Reynolds number on the CaCO3 mass concentration on the containment screen.

As shown in Figure 5, due the diameter of the inlet section being smaller than the screen diameter, the incrustation
tends to occur preferentially on the center of the screen. It was also noted that there it is not a big difference between the
adhesion pattern on the transitional and turbulent flow, but on the laminar regime is possible to see a little difference,
due the low inertial forces, the gravitational forces make the particles deposit preferentially on the center and bottom
section of the screen.

The small particles that are resulting of the CaCOs precipitation have low mass, and due to that, tends to be carry
with the flow, and the gravitational effects can be noted only in laminar flow, as show Fig 5. One possible way to check
the gravitational effects on the particles can be to increase the inlet section pipe, increasing the particle residence time
and being able to verify the gravitational effects. Figure 6 shows the pressure drop as a function of time to different
Reynolds number.
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Figure 6. Influence of the particle adhesion on pressure drop.

Figure 6 shows that, using the approximation of the Ergun (1952) model, the influence of the incrustation on
pressure drop becomes more evident at higher Reynolds number. On the beginning of the incrustation, the pressure drop
increase slowly. This behaviour occurs because when the resistance at the center location of the screen increase, the
flow tends to redistribute on the screen section. However, when the particle mass increase, there are no more changes
on the flow pattern, but the resistance continue to increase while the particle deposited, making the pressure drop
increase more drastically.

This behaviour becomes more evident when the velocity profile of the fluid phase is evaluated, as show Fig. 7.
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Figure 7. Velocity profile on the sand screen (a) on the beginning of the simulation and (b) after 20s simulation.

As show Fig. 7 [a], without the CaCOs particles adhered on the sand screen, the higher velocity occurs on the center
of the screen, especially due the pipe inlet section. With the incrustation of the particles (Fig. 7 [b]) and the increase of
the resistance on center region of the sand screen, the flow tends to redistribute on the section of the screen.

It is possible to see on Fig 7 that to Reynolds number higher than 5000 without particles adhered the higher velocity
increase, but with the particle adhesion, the fluid velocity on the center region it is almost the same, redirecting the flow
to the sections neared to the wall.

4. CONCLUSION

This study shows an alternative method to simulate the calcium carbonate incrustation impact using correlations
available on the literature to evaluate the influence of the particles deposition on the pressure drop in sand control
screens. It was verified that the model was able to model the changes on the flow resistance due the presence of the
CaCOs particles, as shown by the changes on the pressure drop and on the velocity profile on the sand screen.
Performing an experimental investigation of the calcium carbonate particle incrustation is a way to verify the accuracy
of the implemented model and implement the improvements necessary to the model. Finally, with the future realization
of experiments, it will be also possible to validate the numerical model and assist the improvement of the model.
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