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Introduction

Hundreds of oil and gas fields around the world are
affected by the problem of sand production, and
millions of dollars are also spent every year to predict
and control sand production maintenance wells and
facilities. Researches have shown that approximately
70% of the world's oil production comes from
unconsolidated reservoirs [1]. In unconsolidated
reservoirs, when the fluid flows through the porous
medium, the sand particles are separated from the
reservoir rock, and they move along with the fluid.
As a result, this phenomenon leads to the production
of sand along with the production fluid [2]. The sand
production can cause erosion of the tubing, surface,
subsurface facilities, as well as block the production
of fluid flow [3].

Sand control methods include chemical consolidation
method, mechanical sand control methods, and
combination of mechanical and chemical methods
[4]. Due to the challenges which are caused by the
mechanical method (costly and time-consuming),
nowadays, the method that is being developed and
used is chemical consolidation methods [5]. In such
method, by injecting chemicals into the formation,
this approach consolidates the formation around the
wellbore. These chemicals act like glue and prevent
the movement of sand grains [6], but filling a part
of pore throat decreases permeability of formation
[7]. Generally, chemical methods can be divided
into two groups: 1) sand consolidation (injection
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of consolidating fluid) [8], 2) sand agglomeration
(reducing electrostatic charge) [9].

In this study, the sand sample was mixed with different
percentages of resin and hardener, the cross-link agent,
which is suitable for improving resin, and, after the
process of curing—the stage where all cross-links
between polymer chains are established and polymer
networks are formed and the polymer system turns
into solid state—suitable cores were cut to measure
different properties. Each of the cores was tested for
two important characteristics: absolute permeability
and compressive strength.

Materials

The samples of sand, formation water, and oil used
in this study were prepared from Ahvaz oil field in
Khuzestan province located in the southwest of Iran.
After checking the properties of oil and formation
water, the API grade of oil was reported as 29.5, and
the pH and salinity of formation water were reported
as 5.2 and 180000 ppm, respectively. X-ray diffraction
(XRD) and X-ray fluorescence spectroscopy (XRF)
tests were also used to better identify the type of sand
formation. According to the XRD test, the phases in
the sand sample include quartz, halite, anhydrite, and
albite minerals, which quartz makes up more than 90%
of the sand formation.

The resin used in this research to consolidate the sand
is water-based resin, and it is produced by a solution
polymerization method during an endothermic process



in the laboratory environment, and its specifications
are given in Table 1.

Sand Consolidation Procedure

At first, the sand sample was soaked with formation
water and oil for 60 minutes, and, then, it was taken
out to dry the such samples. After the impregnation
stage, the sand sample impregnated with formation
fluid was mixed with specific amounts of resin and
hardener. The amount of resin was determined based
on the weight of sand, 15, 25, and 35% of the weight

Table 1 Specifications of the resin used for sand consolidation.
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of sand was added to the sand, and it was tested with
three different amounts of hardener: 0.5, 0.1, and 0.2%.
A cylindrical steel mold was used to cure the sand
sample in reservoir simulated temperature conditions
(90 °C). Subsequently, the mold was placed with the
consolidated sand sample for 15 hours to fully cure
the resin in the mentioned temperature conditions,
and, finally, the formed cores was tested in terms of
compressive strength and absolute permeability. The
size and characteristics of the cores obtained after the
cutting process can be seen in Table 2.

Properties Solid content(%)

Viscosity(cP) Color

Proportion 50

23 Clear

Table 2 Characteristics and size of the cores formed

Core number | The amount of resin(%) The amount of hardener(%) Core length(mm) | Core diameter(mm)
#1 35 2 74.59 38.33
#2 25 2 86.49 38.12
#3 15 2 82.01 38.70
#4 35 1 83.77 37.87
#5 35 0.5 72.53 38.70

Result and Discussion

In the topic of chemical consolidation with the use of
polymeric materials such as resins, two parameters of
compressive strength, and the amount of permeability
is of great importance. The experiments carried out in
this research were aimed at investigating the values
of these two parameters, and—by changing the
percentage of hardener as well as altering the amount
of resin compared to the amount of sand sample—the
values of compressive strength and permeability of
the obtained cores were measured, which is discussed
below.

The Effectiveness of Resin’s Amount

According to the results made—by increasing the
amount of resin in the system from 15% (core sample
#3) to 35% (core sample #1)—the final strength of the
obtained core, after curing the resin, increases. Such
increase in compressive strength with an increase
in the amount of resin can be justified by the fact
that, with the increase in the amount of resin in the
system, the volume of resin placed between the sand
particles and filled the space between the particles has
increased, and, after enough time at 90 °C, its curing
is complete and creates strength between the particles.
In fact, the resin between the sand particles becomes
of great solidness after curing, and, by doing so, its
strength increases. Therefore, the greater the volume
of the resin in the space between the sand particles, the
greater the final strength of the formed core sample.
Another topic investigated in this research was
the measurement of the permeability values of the

obtained core samples in different percentages of
resin compared to the amount of the sand samples.
Based on the permeability analysis performed on the
core sample, with the increase of resin percentage
from 15% (core sample #3) to 35% (core sample
#1), the permeability of the core sample significantly
decreases. The decrease in permeability by increasing
the amount of resin in the system is due to the fact that
the space between the sand particles is small, and, after
the resin is placed in these spaces and cured, it causes
to decrease the size of the spaces between the sand
grains reducing permeability. In Figure 1, the values
of compressive strength and permeability of the core
sample in different percentages of resin compared to
sand formation are shown.
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Fig. 1 Comparison of compressive strength and permeability
values of core samples based on different percentage of resin.

The Effectiveness of Hardener’s Amount
By reducing the amount of hardener from 2% (core
sample #1) to 0.5% (core sample #5), the permeability
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value has significantly increased. In fact, by increasing
the amount of hardener, the amount of final cured
resin increases and causes a decrease in permeability.
In general, by adding hardener to the resin, polymer
chains are formed and the curing process begins. Then,
by increasing the amount of cross-link agent, more
and bigger polymer chains are formed, increasing
the strength of the resin after curing and rising the
amount of cured resin. Increasing the amount of cured
resin causes the spaces between the sand particles
to be blocked or reduced, as a result of which, the
permeability of the sample decreases.

On the other hand, by increasing the amount of
hardener from 0.5% (core sample #5) to 2% (core
sample #1), the measured compressive strength of
the core sample increases. As already mentioned,
increasing the amount of hardener increases the curing
mechanism of the resin, and the amount of the final
cured resin increases after a certain period of time.
As this value increases, the value of the compressive
strength of the obtained cores increases.

In Figure 2, the values of compressive strength and
permeability of core sample in varying amounts of
hardener are shown. In the case where the amount
of hardener is 2%, the compressive strength is the
maximum and the permeability value is at its lowest
value, and, by reducing the amount of hardener from
2% to 1%, the compressive strength is reduced, and,
at the same time, the permeability of the core sample
increased significantly. By reducing the amount of
hardener from 1% to 0.5%, the compressive strength of
the core sample decreased slightly, but the permeability
value was accompanied by a relatively good increase.
Since the difference between the compressive strength
of samples #4 and #5 is very small and is around
0.22 MPa, and, on the other hand, the difference in
permeability between these two samples is almost
high, and it is around 116 mD, it can be concluded that
the right choice in terms of the amount of hardener, the
core sample is number #5.
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Fig. 2 Comparison of the permeability value and compressive
strength of the sample with the change of the percentage of
hardener.

Conclusions

1. Based on the laboratory data, the resin system used
has a good ability to create the compressive strength of
the formation sand sample.

2. The results showed that an increase in the amount
of resin, the final compressive strength of the formed
core increases, and its final absolute permeability also
decreases.

3. The use of the hardener increases the curing mecha-
nism of resin, and it has a positive effect on its perfor-
mance, and increasing its amount leads to an increase
in compressive strength and a decrease in permeability.
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