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Abstract: This work presents the proposal design for the completion of a polymer flooding injector
well with waterflood flow regulator valves (FRV) in a Colombian field, based on experimental
evaluations at the laboratory, intending to reduce the mechanical degradation suffered by the polymer
solution at the time of injection, which allows to maintain the design parameters of the improved
recovery project and reach the expected recovery factor. An analysis of the parameters and variables
that influence the mechanical degradation of the polymer solution during the injection process
(polymer solution concentration and the diameters of the FRV) was carried out using one laboratory
methodology based on the recommended practices for the evaluation of polymers used in enhanced
oil recovery operations API RP63. This work focuses on the following highlights: Evaluation of a
waterflood flow regulator valve through experimental tests for polymer flooding and the designing
of an initial well completion strategy to minimize mechanical degradation. The proposed valve and
diameter resulted in a reduction of only 15 percentage points in the mechanical degradation of the
polymeric solution when compared to a commercial water valve.

Keywords: polymer flooding; polymer experimental study; well completion; polymer mechanical
degradation; waterflood flow regulator valves

1. Introduction

The significant global demand for oil is driving the industry to revitalize matureoil
fields through the implementation of enhanced oil recovery (EOR) projects [1,2]. There
are three main methods of recovery: primary recovery, which involves extracting the oil
using the reservoir’s natural pressure; secondary recovery, where water or gas is injected to
increase reservoir pressure and force oil to the surface; and tertiary recovery, which involves
injecting fluids other than those naturally present in the reservoir, such as chemical agents
like surfactants, to improve the mobility of the oil and increase the recovery factor [3,4]
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During the secondary recovery process, the permeability of the reservoirs tends to
decline [5,6]. As a result, the injected fluid tends to flow preferentially through certain areas,
leading to oil losses in the porous medium and the formation of channels [6]. This results
in low oil recovery and unfavorable economic outcomes [7]. To address this problem, the
injection of polymers is one of the most used EOR methods, providing good recovery and
increasing areal and vertical sweep efficiency by promoting a more uniform displacement
front [8,9].

This method involves injecting polymers into the reservoir to increase the viscosity
of the water and improve the mobility of the oil [10,11]. Under pressure, the polymer is
injected into the oil well in an aqueous solution, which is then pumped into the reser-
voir [12]. The polymer dissolves in the water, forming a high molecular weight solution
that increases viscosity [13]. The principle behind this method is mobility control, which
improves the interaction between the displacing fluid and the oil. However, the criteria
for polymer injection and its efficiency depend entirely on reservoir conditions, such as
lithology, temperature, salinity, permeability, and others [14].

Furthermore, depending on the type of polymer used, the effective permeability for
oil remains relatively unchanged while the effective permeability of the reservoir rock for
the aqueous phase is reduced [15]. This reduction occurs due to the adsorption of polymer
molecules onto the mineral surface of the rock, and it is considered a non-reversible process.
Therefore, even with subsequent water injection, the reduction in effective permeability
persists [16].

Although not always active in recovering oil under certain reservoir conditions, xan-
than gum and partially hydrolyzed polyacrylamide (HPAM) are among the polymers most
frequently used by the industry due to their common commercial prospects in the oil in-
dustry. By increasing the viscosity of water, these polymers direct the injected fluid to areas
with lower permeability, filling the pores of the medium and mitigating the preferential
flow of fluids along paths with higher permeability. As a result, there is an increase in the
sweep efficiency of oil [17] (This method leads to the anticipation of oil production and
reduces costs associated with the treatment of produced water, making polymeric solution
injection more viable than water injection in many cases.

There are three classifications for types of polymer injection: (a) Polymer injection by
gravity: In this method, the polymer is added to the reservoir, and then gravity is allowed
to mix the polymer with the water [18]. (b) Polymer injection by pressure: For this method,
the polymer is added to the reservoir and then pumped into the reservoir using a pressure
pump. This ensures even mixing of the polymer with the water [19]. (c) Polymer injection
via a dispersion system: Here, the polymer is added to the reservoir and then dispersed
using a dispersion system. This allows the polymer to be evenly mixed with the water [20].

Polymer flooding is a widely used EOR method in the world. In Colombia, different
pilot projects of this EOR method have been carried out in some oil fields [21]. This is largely
due to the low cost process, the availability of the motive fluid, and the oil displacement
efficiency [22].

However, the success of polymer flooding process depends mainly on the mobility
ratio control that this exerts in the reservoir [23,24], and in turn, this of the adequate
viscosity of the injected polymeric solution, as its stability is affected by different factors
such as chemical, thermal, biological, or mechanical degradation [25,26], throughout the
entire cycle of the injection process, from its preparation on the surface facilities to the
displacement in the reservoir [27].

Mechanical degradation is one of the kinds of polymer degradation to which the
solution is exposed during the injection process [28,29]. This occurs because the poly-
mer presents a plastic deformation generated by internal friction in an area of high flow
associated with abrupt pressure drops [30,31]. In the fluid path in the tubing from the
surface to bottom, mechanical degradation occurs by the different accessories like valves
and completion components [32,33] since at these points there is an increasing shear rate,
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which generates a decrease in the viscosity of the solution by polymer chains fractures
(Table 1) [34,35].

Table 1. Parameters influencing mechanical degradation.

Elements of Polymer
Injection

Parameters Influencing
Mechanical Degradation Relationship with Degradation Modifiable/

Not Modifiable

Polymer solution
(Sheng, 2011) [36],

(K. S. Sorbie, 1991) [26]

Polymer type (synthesis) The degree of resistance to shear
rate depends on this. Not modifiable

Critical shear rate It is associated with the type of
polymer and its own design. Not modifiable

Polymer concentration It presents a behavior directly
proportional to the degradation. Modifiable

Flow lines and mechanical
condition (Jouenne et al., 2018) [32]

Pipe diameters
It is directly proportional to the
critical velocity and inversely

proportional to the degradation.
Not modifiable

Pressure drops
(accessories)

They generate a sudden increase
in the flow velocity of the
polymer, so they will be

considered as critical points.

Modifiable, main
parameter of

evaluation in the FRV

Injection process
(Jouenne et al., 2015) [37]

Flow rates Directly proportional to pressure
drops and polymer degradation. Not modifiable

Injection temperature It does not represent a significant
mechanical degradation factor. Not modifiable

Source: The author.

It is necessary to evaluate the pressure drop points to which the polymeric solution will
be subjected throughout the injection string to determine the most suitable configuration of
the well completion state, considering the conditions of the injection process according to
the operational parameters in the oil field (a type of polymer, concentration, flow rates, and
injected volumes).

2. Materials and Methods
2.1. Parameters That Influence the Mechanical Degradation of Polymer Solution

It is observed that the polymer solution tends to vary its viscosity in the presence
of shear stresses, which elongate the polymer in an elastic behavior until reaching the
maximum deformation rate allowed, that is, the maximum shear stressed the point that
the polymer bears according to its design, from which it deforms and exhibits plastic
behavior [38].

The polymer’s shear rate is affected by a series of variables that have been studied
over time by various authors and these in turn influence the polymer’s mechanical degrada-
tion [39,40]. For the case study, it is determined that an experimental design will consist of
the evaluation of the polymeric solution viscosity at different concentrations and diameters
of injection flow control valves (which is the critical point deformation of the polymeric
solution).

The methodology used is based on the API RP63. The procedures were considered
for the preparation of the stock solution, the dilutions, the viscosity measurement of each
sample, and the mechanical degradation test, varying the concentration of the solution and
the diameters of the valves.

2.2. Laboratory Study

The experimental study was carried out which allowed simulation of the FRV con-
ditions for polymer flooding in a Colombian oil field. The polymer employed was a
commercial sulfonated polyacrylamide with a molecular weight of 4–6 million g/mol.

2.2.1. Equipment

• Lab digital scale. To weigh the raw materials required in the preparation of polymer
solutions;
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• Beakers. Transparent glass containers were used for the storage of the samples during
the process;

• Mixer. Main equipment for agitation during sample preparation;
• Brookfield Viscometer. Used for recording the viscosity of samples before and after

shearing through the FRV;
• Mechanical degradation equipment.

2.2.2. Preparation of the Stock Polymeric Solution from Dried Polyacrylamide Products

Stock solution from dry polyacrylamide products. Under literals 2.2.2, 2.3.3, and 2.3.4
of API RP63 [41], dry polyacrylamide solutions are generally prepared as a stock solution
(approximately 5000 ppm) and diluted to test concentrations as required. Vigorous agitation
is necessary for the initial dispersion of the dry powder. Concentrated polyacrylamide
solutions can be stored at room laboratory temperature in brown glass bottles for 2 to
3 weeks without loss of effectiveness.

2.2.3. Preparation of Dilute Polymeric Solutions from the Polyacrylamide Stock Solution

Polymer solutions from the polyacrylamide stock solution. According to numeral 2.2.1
of the API RP 63 standard, polyacrylamide stock solutions are highly viscous fluids that
vary according to the dissolved polymer content, so they must be handled properly when
preparing dilute solutions in the laboratory. Likewise, during the procedure, the same type
of water is used which works in the field, and the correct amount of stock solution is added
according to the concentration needed.

2.2.4. Viscosity Measurement Procedures Using a Low-Viscosity-Adapted Digital Viscometer

These measurements are carried out using a digital viscometer adapted for low vis-
cosities. To measure this process variable, it is necessary to take a sample of the polymer
solution sheared or without shearing and provide a minimum volume of the polymer
solution of 40 mL to achieve repeatability of the viscosity measurement. Viscosity should
be measured in Brookfield equipment at a speed of 6 rpm, a shear rate of 7.3 s−1, and a
temperature of 30 ◦C.

2.2.5. Evaluation of the Mechanical Degradation of Polymer Solutions with VRF

The mechanical degradation test simulates the shear stress suffered by the polymer
solution due to its flow through a spring-type FRV; for this, the polymer solution is pressur-
ized to pass through a capillary tube at a specific flow rate, which will cause a shear stress
estimated due to the passage of fluid through the equipment used in the injection well.

Shear rates can be calculated by recording the fluid flow rates through the assembly as
well as this allows different scenarios to be evaluated by changing the concentration of the
polymer solution and by varying the diameter of the FRV.

For the mechanical degradation test, there is an assembly proposed by the API RP63,
and adapted by [42]. In this case, the objective is to evaluate the mechanical degradation
of polymer solutions through the FRV with different diameters (instead of the capillary).
Figure 1 shows the scheme.

The piston-type cylinder works as a storage tank for the polymeric solution. It has an
internal plunger that is pneumatically actuated by the nitrogen released from the bullet,
causing the solution to flow through different diameters of FRV (with a pressure drop in
the system of 100 psi).

The FRV is responsible for regulating the flow that is being injected by varying the
diameter of an internal regulator. The pressure drop generated in the mechanism uniformly
maintains the flow rate of the fluid that passes through it; however, in a polymer injection
process, these accessories are those that are most associated with the degradation of the
solution (because they are designed for water injection processes). For this reason, they
are the central point of evaluation of this work. There are different FRV configurations for
waterflooding and the polymer flooding process, however, the spring type was used.
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Figure 1. Experimental setup for the evaluation of mechanical degradation on a laboratory scale [42].

2.3. Determination of Mechanical Degradation

A percentage is determined by considering the viscosities of the polymer solution mea-
sured before and after shearing, as well as the viscosity of the preparation water (0.74 cP and
30 ◦C) and applying the following formula of mechanical degradation (Equation (1)) [37],

Deg (%) =
µ

Sheared
− µ

initial
µ

initial
− µ

H2O

∗ 100 (1)

2.4. Recommendation of the Configuration of the Mechanical State for Optimal Well Completion

The laboratory results are used to determine the optimum diameter of the FRV config-
uration to be installed in the polymer injector well for a guaranteed mechanical degradation
of less than 15%.

3. Results and Discussion
3.1. Laboratory Study
3.1.1. Preparation of Polymer Solutions

Polymer solutions were prepared to be used for the water injection of the study field.
For the experimental setup in the laboratory, dilutions were made at 300, 500, and 1000 ppm
from the stock solution that was previously prepared (5000 ppm).

Figure 2 shows the photographic record of the preparation of the polymer solution.
At the beginning of the stirring, the speed is adjusted so that the vortex extends 75%

in the solution (approx. 200 rpm). Polymer is sprinkled on the shoulder of the vortex using
a continuous blow for of 30 s, and no large lumps or “fisheyes” are observed. The change
from Newtonian fluid to pseudoplastic with the inversion of the vortex is observed in this
procedure.

The solution is left under continuous stirring to allow it to hydrate overnight (approx.
12 h). The next day it is checked to ensure that there is no presence of undissolved particles.
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3.1.2. Viscosity Measurements of the Polymer Solutions

Polymer viscosity sheared or without shear should be measured (in duplicate) in
Brookfield equipment at a speed of 6 rpm, a shear rate of 7.3 s−1, and a temperature of
30 ◦C.

3.1.3. Mechanical Degradation Test

Laboratory experimental tests were carried out for the evaluation of the polymeric
solutions through the flow regulator valve based on 2, 3, 6, 9, and 10 mm diameters.

3.1.4. Determination of Mechanical Degradation

Table 2 presents the tabulation of experimental results. The results obtained are first
classified by concentration and then according to diameters evaluated (with a pressure
drop in the system of 100 psi).

Table 2. Tabulation of laboratory-scale experimental results of the evaluation of the spring-type valve.

Concentration (ppm) Diameters (mm) Initial Viscosity
(Cp)

Final Viscosity
(Cp)

Deg
(%)

300

2 15.6 13.4 14.8
3 15.55 14.45 7.43
4 15.25 14.7 3.79
6 15.9 15.5 2.64
9 13.35 13.05 2.38

10 (full open) 13.15 12.95 1.61

500

2 28.8 23.4 19.24
3 30.8 26.8 13.31
4 27 25.1 7.24
6 30.6 27.45 10.55
9 27.8 26 6.65

10 (full open) 26.7 25.1 6.16

1000

2 83.5 65.7 21.51
3 85.9 73.8 14.21
4 84.9 73.05 14.08
6 85.45 75.65 11.57
9 81.7 76 7.04

10 (full open) 78.5 76.2 2.96

Upon data collection from each conducted test, mechanical degradation of the polymer
solution was quantified through calculations. The laboratory-scale experiments employed
a spring-type valve. The resulting experimental data were organized into a tabular format,
classifying the samples into three primary categories corresponding to the examined
concentrations (300, 500, and 1,000 ppm). For each concentration level, data were collected
for five different valve diameters (2, 3, 4, 9, and 10 mm) (see Table 3).
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Table 3. Average Inlet Viscosity vs Average Mechanical Degradation.

Average Inlet
Viscosity (cP)

Average Shear
Viscosity (cP)

Average Overall
Viscosity Loss (%)

Average Mechanical
Degradation Number of Tests

300 ppm 12

2 mm 2

15.6 13.4 14.10% 15.07% 2

3 mm 2

15.55 14.45 7.06% 7.54% 2

4 mm 2

15.25 14.7 3.59% 3.84% 2

6 mm 2

15.9 15.5 2.52% 2.68% 2

9 mm 2

13.35 13.05 2.22% 2.40% 2

10 mm full open 2

13.15 12.95 1.52% 1.65% 2

500 ppm 11

2 mm 1

28.8 23.4 18.75% 19.42% 1

3 mm 2

30.8 26.8 13.00% 13.44% 2

4 mm 2

29.8 28.7 3.69% 3.81% 2

6 mm 2

30.6 27.45 10.21% 10.55% 2

9 mm 2

27.75 26.9 3.06% 3.17% 2

10 mm full open 2

26.35 25.9 1.65% 1.71% 2

1000 ppm 12

2 mm 2

83.5 65.7 21.32% 21.58% 2

3 mm 2

85.9 73.8 14.09% 14.25% 2

4 mm 2

84.9 73.05 13.95% 14.12% 2

6 mm 2

85.45 75.65 11.46% 11.59% 2

9 mm 2

79.7 78.85 0.91% 0.92–4.13% 2

10 mm full open 2

78.25 77.35 1.14% 1.16% 2
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On the other hand, laboratory tests offer a higher degree of data control due to the
precise preparation of the polymer solution and viscosity measurements within a con-
trolled environment. However, certain limitations arise during these tests due to assembly
conditions, including pressure and low constraints. The pressures, flow rates, polymer
cylinder volume, and pumping conditions impose limitations on the flow rate of the solu-
tion through the flow regulating valve. Increasing the flow rate would necessitate enlarging
the polymer cylinder and the nitrogen bullet to boost the test’s pressure. Nevertheless, a
larger measurement volume could introduce errors in flow rate calculations, even with
an increased deformation rate. The test evaluates the pressure at 600 psi with a pressure
differential of 100 psi.

The subsequent graphs depict mechanical degradation and viscosity alterations of
polymer solutions across various concentrations evaluated using a spring-type flow control
valve, each tested at different diameters. Figures 3 and 4 show the behavior of percentage
and the viscosity for a 300 ppm solution.
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The results are consistent with theoretical expectations, indicating an inverse rela-
tionship between mechanical degradation and pipe diameter. In other words, smaller
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diameters exhibit higher degradation percentages. Similarly, it is evident that viscosity loss
after shearing decreases as the diameter of the flow regulating valve (FRV) increases.

Figures 5 and 6 show the behavior of percentage and the viscosity for a 300 ppm of
solution.
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Figure 6. Variation in viscosity vs. diameter of spring-type VRF for a 500 ppm solution under
laboratory conditions.

It can also be seen that the results in Figure 5 show a trend that agrees with the theory,
which is an adequate behavior.

Figures 7 and 8 show the behavior of percentage and the viscosity for a 300 ppm
solution.
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Figure 7. Percentage of mechanical degradation vs. diameter of the spring-type VRF for a 1000 ppm
solution under laboratory conditions.
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The results align with both theoretical expectations and the tests conducted for the
300 ppm solution, as Figures 3 and 5 illustrate.

In summary, the evaluation of mechanical degradation as a function of the flow
regulating valve (FRV) diameter at the laboratory scale predominantly reveals degradations
below 15%. The maximum degradation varies with the concentration of the polymeric
solution, ranging from 15.07% for the 300 ppm concentration to 21.58% for the 1000 ppm
concentration.

However, to analyze and select the optimal VRF diameter, data indicating a degra-
dation not exceeding 15% will be considered. This threshold is regarded as an acceptable
intermediate level of degradation in polymer injection processes, as outlined by Solorzano,
Pedro, et al [43].

Figure 9a–c depicts the shear rate profiles and their corresponding mechanical degrada-
tion under various conditions of concentration and diameters for the spring-type VRF. It can
be observed that the results agree with the theory, where the shear rate and the degradation
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of the polymeric solution are directly proportional; in addition, it presents an exponential
behavior according to a non-Newtonian fluid, where the maximum degradation point
(28.66%, 22%, 19.01%) is reached at an approximate value of 702,878.2 S−1.
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Figure 10 presents the mechanical degradation vs. diameter of FRV for polymer
solutions of 300, 500, and 1000 ppm. The optimum diameters were determined to obtain a
mechanical degradation of less than 15% at a low shear rate and a target injection rate of
300 BPD. For analysis of the results, the data corresponds to the 500 ppm concentration
(Table 4).
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Table 4. Optimal injection diameters of a polymer solution of 500 ppm for a spring-type FRV.

Diameter of the FRV
(mm)

Deg (%)
Laboratory

Shear Rate
Evaluated

(s−1)

Regulated Flow
Spring Low Flow
(+/−10%) (BPD)

Regulated Flow
Spring High Flow
(+/−10%) (BPD)

2 19.24% 702,878 57 138
3 13.31% 208,260 151 258
4 7.24% 87,859 245 421
6 10.55% 26,033 616 1170
9 6.65% 7713 1063 1918
10 6.16% 5623 No Reg. No Reg.

It is determined that the minimum diameter of the flow regulating valve that is
installed in the polymer injector, which guarantees the condition of the injection rate and a
mechanical degradation of less than 15%, is 4 mm.

3.2. Configuration Proposal

The polymer injection process carried out in the field of study has 2000 psi of injection
pressure and 300 BPD of an average injection rate.

Next, the general recommendations of the mechanical state are made for a type well,
which is a vertical injector well whose main function is to contribute to the polymer injection
pilot.

3.2.1. Determination of Mechanical Degradation

To improve the efficiency of vertical injection and the distribution of the injected fluid,
it is necessary to propose the implementation of a selective injection process with flow
regulators to improve the vertical efficiency in the reservoir by restricting the rate of water
injected into each layer independently. For this, it is necessary to implement the following
equipment in the mechanical state.

Mandrel

The mandrel selected to complete the well is with an internal pocket, to protect the
flow regulating valve that is installed inside it. For the selection of this, it is necessary to
consider that the dimensions must coincide with the diameter of the injection pipe; also, the
technical specifications must support the pressure and flow rate conditions of the injection
well. Additionally, a commercial high-pressure injection system design is used to improve
the injection profile in a uniform way, in which the regulating valve is installed oppositely,
filling it in the opposite direction to the flow. Therefore, it is recommended to use this type
of technology which also reduces the degradation of the solution.

Flow Regulator Valve

It is recommended to complete the polymer injector with a minimum diameter for
the FRV of a 4 mm spring-type valve, which was shown to be capable of reducing the
degradation of the polymeric solution below 15%; in addition, this diameter regulating
flow rates was proposed according to the technical specifications of the valve with a low
flow spring.

3.3. Well Completion Proposal

Figure 11 and Table 5 show the recommended scheme of the polymer injector well,
with the items explained above. The proposed completion corresponds only to selected
sand for the polymer flooding process; however, it can be a duplicated mandrel and FRV
in depth according to the number of reservoirs of interest. This well completion proposal
applied only for the same pressure drop of the experimental study.



Energies 2023, 16, 7565 14 of 19Energies 2023, 16, x FOR PEER REVIEW 15 of 19 
 

 

 
Figure 11. Well completion proposal. 

Table 5. Proposed wellbore mechanical condition. 

I  
T  

EM 

O.D 
(IN) 

I.D 
(IN) 

Length (Ft) Depth from (ft) Depth to (ft) Quantity Description 

10 2.875 2.441 3110.32 - 3093.90 136 Tubing Joint 2-7/8” Pin × Box 22 Ft 
9 2.875 2.441 6.1 3093.90 3100.00  Pup Joint 2-7/8” Pin × Box × 6 ft. 
   2    Rubber Top 
8 6.063 2.438 0 3100.00 3100.00 1 Hydraulic Packer 7” × 2-7/8” 
   2    Rubbers Down 
7 2.875 2.441 30.53 3100.00 3130.53 1 Tubing Joint 2-7/8” Pin × Box 30 Ft 
6 5.187 2.441 8.82 3130.53 3139.35 1 Water Mandril Injection 2-7/8” 
5 2.875 2.441 91.48 3139.35 3230.83 4 Tubing Joint 2-7/8” Pin × Box 22 Ft 
   2    Rubber Top 
4 6.063 2.438 0 3230.83 3230.83 1 Hydraulic Packer 7” × 2-7/8” 
   2    Rubbers Down 
3 2.875 2.441 22.87 3230.83 3253.70 1 Tubing Joint 2-7/8” Pin × Box 22 Ft 
2 2.875 2.441 22.87 3253.70 3276.57 1 2 7/8” Wireline Entry Guide Shoe 
1 2.875 2.441 22.87 3276.57 3299.44 1 2 7/8” Blind Nipple 

Is important to know that the proper completion of a well for polymer injection in 
the oil industry provides several significant advantages. In the first instance, there is im-
proved oil recovery efficiency. This is due to the fact that polymers reduce water mobility 
in the reservoir, leading to a better oil sweep and an increased volume of oil recovered. 
On the other hand, there is increased reservoir life. By enhancing oil recovery efficiency, 
proper well completion extends the productive life of the reservoir, allowing for more oil 
extraction in a sustainable and cost-effective manner. In addition, there is viscosity reduc-
tion of the injection water. Polymers lower the viscosity of the injection water, facilitating 
its movement through the reservoir. This improves injection uniformity, water distribu-
tion, and sweep efficiency [44]. 

Another advantage of this completion is the reduced water consumption because 
polymer injection decreases water mobility, reducing the total amount of water required 

Figure 11. Well completion proposal.

Is important to know that the proper completion of a well for polymer injection in the
oil industry provides several significant advantages. In the first instance, there is improved
oil recovery efficiency. This is due to the fact that polymers reduce water mobility in the
reservoir, leading to a better oil sweep and an increased volume of oil recovered. On the
other hand, there is increased reservoir life. By enhancing oil recovery efficiency, proper
well completion extends the productive life of the reservoir, allowing for more oil extraction
in a sustainable and cost-effective manner. In addition, there is viscosity reduction of
the injection water. Polymers lower the viscosity of the injection water, facilitating its
movement through the reservoir. This improves injection uniformity, water distribution,
and sweep efficiency [44].

Another advantage of this completion is the reduced water consumption because
polymer injection decreases water mobility, reducing the total amount of water required
for oil recovery. This is particularly advantageous in water-scarce or expensive regions. As
well, water mobility control by polymers helps to control the movement of water in the
reservoir, preventing the bypassing of productive zones and improving sweep efficiency.
Injection water is directed more effectively to areas with oil, maximizing recovery. Finally,
there is a reduction of unwanted water production, because proper well completion with
polymers helps minimize unwanted water production in producing wells. This reduces
costs associated with handling and treating produced water.
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Table 5. Proposed wellbore mechanical condition.

I
T

EM
O.D (IN) I.D (IN) Length (Ft) Depth from

(ft) Depth to (ft) Quantity Description

10 2.875 2.441 3110.32 - 3093.90 136 Tubing Joint 2-7/8′′ Pin
× Box 22 Ft

9 2.875 2.441 6.1 3093.90 3100.00 Pup Joint 2-7/8′′ Pin ×
Box × 6 ft.

2 Rubber Top

8 6.063 2.438 0 3100.00 3100.00 1 Hydraulic Packer 7′′ ×
2-7/8”

2 Rubbers Down

7 2.875 2.441 30.53 3100.00 3130.53 1 Tubing Joint 2-7/8′′ Pin
× Box 30 Ft

6 5.187 2.441 8.82 3130.53 3139.35 1 Water Mandril Injection
2-7/8”

5 2.875 2.441 91.48 3139.35 3230.83 4 Tubing Joint 2-7/8′′ Pin
× Box 22 Ft

2 Rubber Top

4 6.063 2.438 0 3230.83 3230.83 1 Hydraulic Packer 7′′ ×
2-7/8”

2 Rubbers Down

3 2.875 2.441 22.87 3230.83 3253.70 1 Tubing Joint 2-7/8′′ Pin
× Box 22 Ft

2 2.875 2.441 22.87 3253.70 3276.57 1 2 7/8′′ Wireline Entry
Guide Shoe

1 2.875 2.441 22.87 3276.57 3299.44 1 2 7/8” Blind Nipple

3.4. Proposed Injection Parameters

Based on the results obtained and following the findings of Gheneim et al. (2017) [45],
the following injection parameters are recommended:

Considering the interpretation of the experimental test results, it is advisable to use
the lower values of flow velocity and critical deformation rate, which are 5.07 ft/s and
7713.34 s−1, respectively. These values correspond to the 300 ppm concentration, similar to
what is injected in the pilot to ensure that degradation does not exceed 15%.

Taking these values as a reference and considering the daily injection volumes for each
well, it is recommended to ensure that the deformation rate is not exceeded in each section
of the solution flow line. This can be achieved by selecting the appropriate pipe diameter
for each specific condition (Table 6).

Table 6. Recommended injection parameters.

Injection Parameter Value Unit

Maximum pressure 2000 Psi
Solution concentration 320 Ppm

Maximum injection capacity 3000 STBPD
Maximum average injection

flow rate per well 300 STBPD

3.5. The Application of the Regulating Valve in Unconventional Reservoir Polymer Injection
Processes

Polymer injection is an advanced enhanced oil and gas recovery technique used to
increase production in unconventional reservoirs [46]. These reservoirs, such as shale oil,
shale gas formations, and tight oil, present significant challenges due to the low perme-
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ability of the rock, making it difficult to extract hydrocarbons [47]. Polymer injection is a
strategy designed to address these challenges and improve recovery efficiency [48].

The completion control valve plays a crucial role in polymer injection in tight oil
reservoirs, as it controls the flow and pressure of fluids injected into the reservoir. In this
context, completion control valves are used to ensure efficient and safe polymer injection in
this type of reservoir.

Similarly, completion control valves control the flow of fluids, including polymer
solutions, being injected into the reservoir. This is essential to ensure that injection is at the
right rate and pressure to maximize the efficiency of tight oil recovery.

Polymer injection in tight oil reservoirs aims to reduce water viscosity in the reservoir
to improve the mobility of oil trapped in the rock [44]. This type of reservoir is characterized
by: low permeability, high reservoir pressure, complex geology, viscous oil, and fractured
reservoirs [49]. Regulating valves allow fine-tuning the flow of the polymer solution to
achieve a homogeneous distribution in the reservoir, thus optimizing sweep efficiency and
oil recovery [50,51].

In the same way, it is important to mention that in injection operations, it is essential to
avoid problems such as well blockage or excessive water entry into the formation (coning).
Regulating valves can help prevent these problems by controlling the flow of injection
fluids and maintaining proper reservoir pressure. At the same time, safety in injection
operations is paramount. Regulating valves must be reliable and capable of operating
under adverse conditions, such as high pressures and temperatures, to ensure safe and
efficient operation.

4. Conclusions

• The flow rate of the polymer solution is directly proportional to its mechanical degrada-
tion. The stability of the polymer solution depends on the shear rate, type of polymer,
water source, surface, and subsurface facilities through which the polymer circulates
and the operative conditions of the injection process.

• It is proposed to implement a selective injection polymer flooding process with flow
regulators, which helps by restricting the rate of polymer injected into each layer
independently and improving the vertical efficiency in the reservoir by using a con-
figuration of inverted mandrels, which decreases the fluid velocity, improving the
injection profile.

• The flow regulator valve recommended is 4 mm to the injection flow required in the
field of study. Pressure drop inter FRV and reservoir must be 100 psi or less; for higher
drop pressure, the mechanical degradation will be higher.

• It is recommended to evaluate in the laboratory and in the field other types of flow
regulator valves and devices that have been designed in recent years, especially for
polymer injection.

• Completion control valves play an essential role in polymer injection in tight oil reser-
voirs. They enable precise control of the flow and pressure of injected fluids, which
helps maximize sweep efficiency and oil recovery in low-permeability formations.
They also ensure safe and reliable operation of injection operations, which is essential
in the oil industry.
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