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Introduction

Water injection is recognized as one of the common
methods in the Enhanced Oil Recovery (EOR) process,
particularly in carbonate and sandstone oil reservoirs.
This method is employed due to various factors,
such as easy access to water, reduced costs, and high
efficiency in oil reservoirs. In this process, water
is injected into the reservoir to maintain or increase
reservoir pressure, aiding in the displacement of oil
and achieving greater recovery from the reservoir
[1-5]. However, water injection is accompanied by
technical challenges, one of the most important being
the mechanisms of dissolution and precipitation, which
occur due to chemical differences between the injected
water and the formation water. One of the innovative
methods for improving water injection is the use of
Low Salinity Water Injection (LSWI) and Smart Water
Injection (SWI) [6-9]. In these methods, by altering
the salinity of the injected water, the wettability
of the reservoir rocks can be improved, leading to
increased oil production. Wettability, as one of the key
characteristics of reservoir rocks, has a direct impact on
the behavior of fluids within the reservoir. Carbonate
rocks typically have oil-wet characteristics, making oil
extraction more difficult. Changing the wettability of
rocks to a more water-wet state can help enhance oil
recovery. One of the methods to alter rock wettability
is by reducing the salinity of the injected water, which
can lead to increased permeability and improved fluid
flow within the reservoir.

Dissolution and precipitation mechanisms are one
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of the primary concerns in water injection into oil
reservoirs. When water with a different chemical
composition, such as seawater or diluted water, is
injected into the reservoir, chemical changes occur
in the aqueous solutions and on the rock surfaces.
Moreover, these changes can lead to the dissolution
of some minerals in the reservoir rock, while new
precipitates, such as calcium sulfate or anhydrite, may
form simultaneously. Furthermore, these processes
can either increase or decrease the permeability of the
reservoir. For instance, the dissolution of calcite and
dolomite, which are the main components of carbonate
rocks, can increase permeability, but on the other
hand, the formation of mineral scales such as sulfate
deposits may reduce permeability, ultimately leading
to formation damage [10-13].

In low-salinity and smart water injection, by carefully
adjusting the concentration of ions in the injected
water, precipitation can be reduced, and the dissolution
of minerals can be controlled. Specifically, reducing
the concentration of divalent ions such as calcium
and magnesium, along with changes in sulfate and
bicarbonate ion concentrations, are key factors in
controlling these processes. Moreover, studies have
shown that in some cases, low-salinity water can
prevent the formation of precipitates and increase
the dissolution of minerals, thereby contributing to
enhanced oil recovery. Conversely, if the chemical
conditions are not carefully controlled, these processes
may lead to the formation of mineral deposits, reducing
reservoir permeability and causing formation damage
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[14-17].

Therefore, the main objective of this research is to
investigate the various mechanisms related to water
injection in carbonate and sandstone reservoirs and
analyze the impacts of these mechanisms on enhanced
oilrecovery. Moreover, in this regard, the study explores
the effects of low salinity and smart water on rock
wettability, permeability, and precipitate formation,
while examining the role of the chemical factors in
both injected and formation water in controlling the
dissolution and precipitation mechanisms.

Materials and Methods

In the water injection process for oil reservoirs,
accuracy and precision in preparing materials and
equipment are ofhigh importance. Moreover, to achieve
reliable and accurate results, the use of appropriate
equipment and correct preparation of materials is
essential. Furthermore, this section provides a detailed
overview of the equipment used and the material
preparation process. In addition, the injection system
is the core of the water injection operation and must
be carefully designed and installed. Twin pumps are
used to generate the necessary pressure for injecting
water into the reservoir. Moreover, these pumps are
particularly effective when continuous injection with
steady pressure is required. Due to their design, twin
pumps are capable of providing a stable and uniform
flow. Furthermore, the fluid cylinder plays an important
role in $toring and managing the volume of injected
fluids. In addition, these cylinders are typically used to
store the injected water and control its flow rate. Core
holders are used to maintain reservoir rock samples
and conduct experiments on them. Also, this tool
must be designed to allow experiments to be carried
out under controlled conditions. Moreover, control
and monitoring systems are used to supervise the
injection process and measure various parameters such
as pressure, temperature, and volume. These systems
allow operators to continuously monitor and adjust the
injection system.

The preparation of injected fluid samples is key to
determining the results of experiments. In this research,
two main types of water are used for injection.
Formation water which is typically extracted from
underground sources, represents the natural conditions
of the reservoir. Formation water usually has a
specific chemical composition that must be carefully
prepared to accurately reflect real reservoir conditions.
Moreover, seawater which due to its chemical
composition, especially the presence of divalent ions
and sulfate, seawater can have specific effects on the
reservoir rock. For the experiments, seawater must be
precisely diluted and its salinity adjusted to the desired
level.

Reservoir rock samples are prepared for experiments
to investigate the effects of water injection on the

rock properties, such as permeability and wettability.
Moreover, rock samples must be precisely cut to the
desired size and shape for the experiments. In addition,
these samples are usually cut into cylindrical or cubic
shapes and must be thoroughly cleaned and dried.
Before starting the injection, the rock samples must
undergo baseline tests. These tests include determining
the physical and chemical properties of the rock, such
as permeability, porosity, and mineral composition.
The injection experiments include several scenarios
to examine the various effects of water injection on
the reservoir rock. Furthermore, water with varying
salinities (such as seawater diluted 20 times and
seawater diluted 40 times) is injected to study the
effects of salinity on dissolution and precipitation
mechanisms and changes in the permeability of the
reservoir rocks. In these experiments, a combination
of formation water and diluted water is used to
investigate the simultaneous effects of both types of
water on dissolution and precipitation mechanisms.
After conducting the experiments, the results regarding
changes in permeability, formation of precipitates, and
chemical changes are analyzed. This analysis includes
examining microscopic images (such as XRD and
SEM) to identify changes on and within the rock.

In general, proper preparation of materials and
equipment plays a key role in conducting precise and
reliable research in the field of water injection into
oil reservoirs and aids in a better understanding of
dissolution and precipitation mechanisms.

Results and Discussion

This section provides a thorough and detailed analysis
of the data and observations obtained from various
experiments. Moreover, it examines the effects of
injection water with different salinities on reservoir
rock properties, including changes in permeability
and the formation of deposits. In addition, these
experiments using injection water with varying
salinities, including water diluted 20 times and 40
times with seawater were conducted to assess their
effects on calcite rocks and reservoir properties.

Injection of LS1 Water (20 Times Diluted Seawater)
In this case, the results indicated that water diluted
20 times could activate dissolution mechanisms,
but the presence of sulfate and calcium ions in the
formation water influenced the formation of anhydrite
deposits. This effect led to a decrease in reservoir rock
permeability. In particular, the increased concentration
of calcium ions in the formation water, as well as the
presence of sulfate ions in the injected water, caused
the formation of deposits and reduced permeability.
The main deposits formed in this case were calcium
sulfate. These deposits could significantly reduce the
permeability of reservoir rocks. The simultaneous
presence of sulfate and calcium ions enhanced the



conditions for deposit formation, potentially leading
to the clogging of rock pores and a reduction in
permeability.

Injection of LS2 Water (40 times diluted seawater)
The results showed that injecting low-salinity water
(40 times diluted seawater) significantly increased
the permeability of the reservoir rock. Moreover,
lowering the salinity of the water activated dissolution
mechanisms in calcite rocks, which in turn improved
permeability and reduced resistance to fluid flow.
Furthermore, this change was due to the decreased
concentration of divalent ions such as calcium and
magnesium in the injected water and the absence of
bicarbonate ions in seawater.

However, the presence of sulfate and calcium ions
in the formation water could lead to the formation of
calcium sulfate deposits. Moreover, these deposits
accumulated in the porous environment of the
reservoir rocks and reduced the permeability of the
rock. Furthermore, the experiments showed that even
with low salinity, the formation of deposits could
significantly affect permeability and, in some cases,
lead to a sharp decrease in rock permeability.

Simultaneous Injection of Formation Water and
Diluted Injection Water

Simultaneous injection experiments of formation
water and diluted water were conducted to investigate
the interaction between the two types of water and their
effects on dissolution and deposition mechanisms.
The simultaneous injection of formation water and
diluted water caused significant changes in reservoir
rock permeability. Moreover, changes in calcium
ion concentration in the formation water directly
affected the dissolution and deposition mechanisms.
In addition, increased calcium ion concentration
in the formation water could lead to the formation
of calcium sulfate deposits and a reduction in
permeability. Additionally, dissolution mechanisms in
this scenario could effectively increase permeability,
but simultancous deposition might have a negative
impact on permeability.

Fluctuations in calcium ion concentration indicated
a continuous interplay between dissolution and
deposition mechanisms. Moreover, the increased
calcium concentration in the formation water
intensified the formation of calcium sulfate deposits
and reduced reservoir rock permeability. In addition,
this situation was particularly noticeable when
equilibrium conditions were not established, and
pressure fluctuations occurred during the experiments.
To accurately analyze the results, various techniques,
especially microscopic and chemical analyses, were
used.

XRDand SEM images were used to identify and analyze
changes on the surface and within the rocks. XRD
images showed that the deposits mainly consisted of
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calcium sulfate. Additionally, SEM images effectively
illustrated surface changes in the rocks in response to
different water injections, including the formation of
deposits and changes in rock texture.

Chemical analysis of the injected waters and their
effects on reservoir rock properties was also examined.
Furthermore, the results showed that changes in the
chemical composition of the injected waters, including
the concentration of divalent ions and sulfate, played
a key role in dissolution and deposition mechanisms.
Moreover, changes in the concentration of these ions
could significantly affect the chemical and physical
processes in reservoir rocks.

Pressure fluctuations during the experiments
indicated the effects of changing pressure conditions
on dissolution and deposition mechanisms. These
fluctuations included changes in the injection rate and
their effects on permeability and deposit formation.
Moreover, pressure fluctuations could lead to changes
in the experimental conditions and their effects on
the final results. At the beginning of the experiments,
when equilibrium conditions had not been established,
pressure fluctuations could have a significant impact
on the results.

The ion substitution analyses showed that, unlike other
studies, magnesium ions did not lead to ion substitution
in this study. Instead, they were associated more with
deposition, decreasing with deposits and increasing
with dissolution. In other words, magnesium ions in
these samples were more related to the formation of
calcium sulfate deposits and had no significant impact
on dissolution mechanisms. This situation indicates
that ion substitution for calcium and magnesium was
not observed in this study, and deposition was mainly
related to calcium sulfate.

Overall, the results obtained from the injection
experiments contribute to a better understanding of
the complex interactions between injected waters,
reservoir rock properties, and dissolution and
deposition mechanisms. Moreover, the information
provides optimal strategies for managing water
injection processes in oil reservoirs. These insights can
help improve recovery strategies and better manage oil
resources

Conclusions

In this study, which focuses on the mechanisms
of dissolution and precipitation resulting from
incompatibility, the experiments showed that in calcite
rocks, the dissolution mechanism is active even for
scawater. As indicated by the results, the reduction
of divalent ions such as calcium and magnesium, as
well as the absence of bicarbonate ions in seawater,
is one of the factors contributing to the activation of
this mechanism. At the same time, the mechanism of
sulfate precipitation can dominate, leading to reduced
permeability and formation damage. Precipitation can
progress to the point where it significantly reduces
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permeability. The injection of seawater diluted 20
times showed that while the dissolution mechanism can
be active, the presence of sulfate ions in the injected
water, along with the high concentration of calcium
ions in the formation water, can lead to the formation
of anhydrite deposits. In this case, the dissolution
process may contribute to an increase in calcium ions
in the water. Moreover, this increase can facilitate
the conditions for calcium sulfate precipitation and
the deposition of these precipitates in the porous
environment, ultimately reducing the permeability of
the reservoir rock. Moreover, it is important to note
that the effect of dissolution in enhancing permeability
is more pronounced in rocks with lower permeability.
Further dilution of seawater can result in increased
dissolution. This increase can cause the dissolution
mechanism to dominate over the precipitation
mechanism, leading to either increased permeability
or no significant changes in permeability. In this study,
the injection of 40 times diluted seawater, compared
to 20 times diluted seawater, confirmed these results.
The experiments showed that less reduction in seawater
salinity can decrease the effects of the dissolution
mechanism.  Pressure fluctuations during the
experiments indicated the ongoing interaction between
these two mechanisms on the rock surface, especially
at the beginning of the experiments when equilibrium
conditions had not yet been established, influencing
the results. In the simultaneous injection of formation
water and injected water, fluctuations in calcium ion
concentrations demonstrated the continuous interplay
between these two mechanisms. In other words,
calcium ion concentration acts as the controlling factor
for the reaction. Furthermore, changes in magnesium
ion concentration showed that, unlike the results of
other studies, magnesium ions did not lead to ion
substitution in these samples. Instead, magnesium
concentrations decreased with precipitation and
increased with dissolution. Therefore, in this study,
no ion substitution between calcium and magnesium
was observed. Regarding precipitation, under specific
temperature and pressure conditions, as the results
also indicated, the precipitation was predominantly
associated with calcium sulfate.
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