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1. Low Salinity Water Flooding (LSWF)

2. Chemical Enhanced Oil Recovery (CEOR)
3. Residual Oil Saturation (Sor)

4. Improved Oil Recovery (IOR)
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1. Electrical Double Layer (EDL)
2. Interfacial Tension (IFT)
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Introduction

In recent years, the importance of finding effective
methods to enhance oil recovery from carbonate
reservoirs has significantly increased. Carbonate
reservoirs, due to their unique characteristics, including
low permeability and high heterogeneity, often face
numerous challenges in oil production [1-3]. One
effective method to improve oil recovery from these
reservoirs is the use of low salinity water injection. The
impact of altering the salinity of injected water on oil
recovery and wettability alteration of carbonate rocks
has been the subject of many studies [4-6]. Research
has shown that changing the salinity of the injected
water can lead to changes in the surface properties
of the rock and the fluids within the reservoir [7-9].
These changes can significantly affect the mechanisms
of fluid flow within the reservoir, thereby increasing
oil recovery [10-14].

In this research, the primary objective is to investigate
the effect of the presence of anhydrite and dolomite
minerals on the wettability alteration of carbonate
rocks, rock-fluid interactions, and oil recovery using
laboratory tests over a wide range of salinities. The
selection of anhydrite and dolomite minerals is due
to their abundance in carbonate reservoirs and their
significant impact on reservoir properties. To achieve
this goal, basic concepts related to wettability, fluid-rock
interactions, and various oil recovery mechanisms are
introduced. Subsequently, the materials and equipment
used in the experiments are thoroughly explained, and the
sample preparation process and experimental conditions
are described in detail. The experiments conducted
include the measurement of zeta potential, interfacial
tension between fluids, contact angle variations, and the
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process of water injection in cores. These experiments
are performed under reservoir temperature and pressure
conditions, and their results are precisely recorded
and analyzed. Finally, the results obtained from the
experiments indicate that reducing the salinity of the
injected water leads to a decrease in the oil-wetness of
the rock and an increase in oil recovery. Additionally,
the wettability alteration due to the dissolution of
anhydrite and dolomite minerals and the release of
calcium and magnesium ions has a significant impact
on oil recovery. This comprehensive study examines the
influence of injected water salinity and the presence of
anhydrite and dolomite minerals on oil recovery from
carbonate reservoirs. The results obtained can serve as
a guide for selecting the appropriate salinity of injected
water and improving enhanced oil recovery processes.

Materials and Methodology

To investigate the impact of injected water salinity
and the presence of anhydrite and dolomite minerals
on the wettability alteration of carbonate rocks and oil
recovery, a series of precise and controlled laboratory
experiments were conducted. This section details
the materials, equipment, laboratory methods, and
experimental procedures. Two carbonate cores, Al and
A2, were selected from the target reservoir. These cores
naturally contain anhydrite and dolomite minerals and
Three types of water with different salinities were
prepared for injection into the cores: Injection Water
(IW), 4 times diluted Injection Water (4/IW) and 20
times diluted Injection Water (20/IW). The equipment
included core holders, injection pumps, a zeta potential
measurement device, a surface tension measurement
device, and a digital data recording system.
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The cores were meticulously cleaned and prepared
under reservoir conditions. This preparation included
drying and saturating the cores with dead oil. After
placing the cores in the core holder, live oil was
injected to replace the dead oil. The injection of live
oil continued until the gas-oil ratio (GOR) reached a
stable value equal to that of the reservoir. Once the
cores were saturated with live oil, their permeability
was measured at three different injection rates.
Initially, the injection water (IW) was injected into the
cores as a secondary injection. The objective of this
stage was to assess the oil recovery using the initial
salinity water. This process continued until steady-
state conditions were achieved and the pressure drop
across the cores stabilized. After completing the first
stage, the four-fold diluted injection water (4/IW) was
injected into the cores as a tertiary injection fluid. In this
stage, pressure changes, oil recovery, and ion changes
in the effluent water from the cores were analyzed. In
the third stage, twenty-fold diluted injection water (20/
IW) was injected into the cores to evaluate the effect of
more intense dilution on oil recovery and the changes
in rock and fluid properties.

In this study, the zeta potential of injection waters
with different salinities was measured to determine the
effect of salinity on the surface electrical properties
of the rock. These measurements indicated that
reducing the salinity of the injection water leads to a
decrease in the oil-wetness of the rock. Additionally,
the interfacial tension between the fluids (oil and
water) was determined for each of the injection
waters. Results showed that lowering the salinity
of the injection water reduces interfacial tension
and improves fluid flow within the reservoir. The
contact angle changes between oil droplets and the
rock surface in the presence of injection waters with
different salinities were also measured. A decrease in
contact angle indicated a shift in wettability towards
water-wet conditions.

In the flooding experiments, oil recovery, pressure drop
along the core, and ion changes in the effluent water
from the cores were determined and compared for each
of the injection waters. Based on the results obtained
from various tests, mechanisms such as wettability
alteration, ion exchange, and mineral dissolution were
identified and analyzed as contributing factors to
enhanced oil recovery. These methods comprehensively
and accurately examined the impact of injection water
salinity and the presence of anhydrite and dolomite
minerals on wettability alteration and oil recovery from
carbonate reservoirs. The findings can serve as a guide
for selecting the appropriate injection water salinity and
improving enhanced oil recovery processes.

Results and Discussion
The findings of this research focus on the impact of
injection water salinity and the presence of anhydrite

and dolomite minerals on wettability alteration,
fluid-rock interactions, and oil recovery. This section
details the results of various experiments and provides
analysis for each stage of the experiments.

Waterflooding in Core Al

After placing the Al core inside the core holder, live
oil was injected to displace the dead oil within the
core. Subsequently, upon ensuring complete saturation
of the core with live oil, the core permeability was
measured. Initially, candidate injection water (WI)
was injected into the core. The pressure drop across
the core length versus injected pore volume (PV)
graph indicated that with complete water injection, the
pressure differential across the core increased and then
stabilized. The oil recovery efficiency for this injection
water was estimated to be approximately 55.93% based
on injected PV. Next, to compare the effect of reducing
injection water salinity, water diluted four times (4/IW)
was used as the tertiary injection fluid. The pressure
drop and oil recovery graph showed that this injection
water increased oil recovery by approximately 5%.
The reduction in injection water salinity weakened the
electrical double layer and reduced the zeta potential,
shifting the rock wettability towards water-wettability.
In the final stage, water diluted twenty times (20/IW)
was injected into the core. The pressure drop and oil
recovery graph indicated that further reduction in water
salinity had little effect on oil recovery. This could be
due to core saturation with water and the absence of
active mechanisms for wettability alteration under
these conditions.

Waterflooding in Core A2

Similar to waterflooding in the A1 core, determination
of Gas-Oil Ratio (GOR) in the A2 core was conducted
to achieve SCF/STB 968, which was similar to the
reported reservoir value. Core permeability in A2 was
measured using live oil, similar to A1, at three different
injection rates. The permeability of A2 core was
lower than A1, possibly due to the presence of denser
minerals in this core. Initially, injection water (IW) was
injected into the A2 core. The pressure drop across the
core length versus injected pore volume (PV) graph
indicated an oil recovery efficiency of approximately
38.23% for this injection water, which was lower than
Al core. Next, water diluted four times (4/IW) was
used as the next injection fluid. The pressure drop and
oil recovery graph showed that this injection water
increased oil recovery by approximately 8.8%. The
reduction in injection water salinity shifted the rock
wettability towards water-wettability and increased oil
recovery. In the final stage, water diluted twenty times
(20/IW) was injected into the A2 core. The pressure
drop and oil recovery graph showed that similar to A1
core, further reduction in water salinity had little effect
on oil recovery efficiency.



Analysis of Produced Water and lon Changes:
Chemical analysis of the produced water from the cores
indicated that dissolution of anhydrite and dolomite
minerals led to an increase in the concentration of
calcium and magnesium ions. These ion changes
suggest ion exchange between the injection water
and the rock surface. Additionally, permeability
measurement results showed that mineral dissolution
and the subsequent increase in calcium and magnesium
ion concentrations improved core permeability. This
improvement in permeability contributed to increased
oil recovery.

Analysis of Recovery Mechanisms

The reduction in injection water salinity weakened the
double layer electrical properties and reduced the zeta
potential. These changes shifted the rock wettability
towards water-wettability and increased oil recovery.
Furthermore, the dissolution of anhydrite and dolomite
minerals and ion exchange between the injection water
and the rock released calcium and magnesium ions.
These chemical alterations improved permeability
and enhanced oil recovery. The decrease in injection
water salinity also reduced interfacial tension between
fluids and improved fluid flow within the reservoir.
These changes also contributed to increased oil
recovery. Overall, the results of this study indicate that
reducing injection water salinity and the presence of
anhydrite and dolomite minerals can lead to improved
oil recovery from carbonate reservoirs. Changes in
rock wettability towards water-wettability, improved
permeability, and reduced interfacial tension are
mechanisms that play roles in enhancing oil recovery.

Conclusion

In this study, the influence of anhydrite and dolomite
minerals on carbonate rock wettability alteration,
fluid-rock interaction, and oil recovery was
investigated through several laboratory experiments.
Reduced salinity waters were dynamically injected
into cores Al and A2 as secondary and tertiary fluids,
respectively. The decrease in injection water salinity
resulted in significant changes in the surface properties
of carbonate rocks. With reduced salinity and dilution
of the injection water, the ionic strength and double
layer electrical properties around the rock particles
weakened. This weakening led to a reduction in zeta
potential and consequently, a shift in rock wettability
towards water-wettability. The change in rock
wettability towards water-wettability improved fluid
flow and increased oil recovery. Flood tests showed
that reduced salinity water resulted in oil recovery
increases of approximately 5% and 8.8% in A1 and A2
cores, respectively. The dissolution of anhydrite and
dolomite minerals in the presence of reduced salinity
waters released calcium and magnesium ions. These
ions played a crucial role in altering rock wettability
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towards water-wettability. Additionally, the dissolution
of these minerals created new pore spaces within the
rock and increased permeability. Chemical analysis of
the produced waters confirmed increased concentrations
of calcium and magnesium ions, validating the mineral
dissolution and ion exchange processes. The change
in rock wettability towards water-wettability due to
reduced injection water salinity and the release of
calcium and magnesium ions played a key role in
enhancing oil recovery. The dissolution of anhydrite
and dolomite minerals improved rock permeability
and fluid flow, further enhancing oil recovery.
Reduced injection water salinity also decreased
interfacial tension between fluids and improved fluid
flow within the reservoir. These changes collectively
contributed to increased oil recovery. Cores A1 and A2
exhibited different performance during the injection
process due to differences in mineral composition
and physical properties. Al, with higher absolute
permeability and greater wettability alteration towards
water-wettability, demonstrated higher oil recovery
compared to A2. This highlights the importance
of mineralogy and physical properties of rocks in
enhanced oil recovery processes. Overall, this research
demonstrates that reducing injection water salinity
and the presence of anhydrite and dolomite minerals
can improve oil recovery from carbonate reservoirs.
Changes in rock wettability towards water-wettability,
improved permeability, and reduced interfacial tension
are critical mechanisms contributing to enhanced oil
recovery. The findings of this study can contribute to
the improvement of enhanced oil recovery methods
and increased efficiency of oil reservoir exploitation.
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