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Introduction

The effect of low salinity water (LSW) injection
on sandstone has been investigated and researched
since about 50 years ago, and its mechanisms have
been investigated in different literatures. It has been
observed that when water with the salinity of much
lower than the salinity of formation water is injected
into a reservoir, the amount of oil recovery increases
[1].

Various mechanisms have been proposed to increase
oil recovery: wettability alteration, particle migration,
mineral dissolution [2], wettability change towards
hydrophilicity [2], emulsification, pH increase and
IFT reduction, saponification [3], ion exchange,
Multi-components [4], double layer effect [5], salt
withdrawal effects [6], and visco-elastic increase in
water-oil contact surface [7] are amongst the most
important of these mechanisms. Of course, there is
no general agreement about which mechanism plays
the main role. Although, in recent years, the change of
wettability has been drawn more attention by authors
[8-9].

Injection of LSW along with other materials has also
been investigated and researched, and methods such as
LSW injection along with surface active materials or
polymer have shown their effectiveness in increasing
the oil recovery rate.

The use of combined polymer and low salinity water,
due to increasing the sweeping efficiency and reducing
the amount of oil remaining in porous media, brings
many advantages. The polymer is used to produce
the amount of oil that remains behind the water front.

Accepted: May/03/2023

Polymer injection reduces the dynamic ratio of water
and oil and the phenomenon of fingering is delayed
[10]. Hydrolyzed polyacrylamide (HPAM) polymers
are also widely used due to their low cost and higher
viscosity than other polymers [11]. Heat resistance,
high viscosity, lack of oxygen in its chemical structure,
minimal adsorption on the rock surface due to the
presence of ionic hydrophilic groups and high chemical
stability are among the important characteristics of
HPAM polymers which makes it suitable for reducing
residual oil [10].

In this study, according to the characteristics of the
polymer, by injecting (LSW) along with HPAM
polymer into five sandpack models, the synergistic
effects of injecting polymer and LSW on heavy oil
production have been investigated.

Materials and Methods

In this study, five tests were designed to study the effect
of LSW and polymer on oil recovery. All the tests were
performed at Sahand oil and gas research institute.
In the first three experiments, polymer solution was
injected in a tertiary mode after LSW injection, and
in the next two experiments, polymer solution was
injected in a secondary mode (before LSW injection).
In both series of the experiments, the effect of polymer
concentration on the oil recovery was investigated. In
all the experiments, the LSW and polymer solution
were injected into the sandpacks at the constant rates
of 0.1 cc/min and 0.05 cc/min, respectively. Because of
their low values, the injection rates were insured to be
lower than the critical flow rate. The experiments were



conducted at the temperature and pressure of 75 °C
and 2000 psi, respectively.

Results and Discussion

Tertiary Polymer Injection

In the tertiary injection of polymer, firstly, LSW was
injected into the sandpack model in a secondary mode
in the amount of two times the volume of the pores (2
PV). This injection amount was chosen to ensure that
the salts of the formation water, especially divalent
ions, were almost completely removed from the sands.
This makes the least negative effect on the polymer
viscosity and decreases the surface adsorption of
the polymer as well. In first three experiments, oil
production increases due to the decrease in the mobility
ratio and hence, increase in the sweep efficiency.
Figures 1-3 show the oil recovery versus pore volume
injected during the first three tests.
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Fig. 1 oil recovery factor versus pore volume injected (LSW
of 1500 ppm followed by HPAM 3630S of 500 ppm concen-
tration) in Test #1.
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Fig. 2 oil recovery factor versus pore volume injected (LSW
of 1500 ppm followed by HPAM 3630S of 1000 ppm con-
centration) in Test #2.

Secondary Polymer Injection

In the next two injection tests, polymer solutions with
the concentrations of 500 and 2000 ppm, respectively,
were injected into the sandpack models after they were
saturated with the oil (Figures 4 and 5).
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During the secondary polymer injection, the surface
adsorption rate of the polymer increases because it is
in contact with the highly saline formation water.
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Fig. 3 oil recovery factor versus pore volume injected
(LSW of 1500 ppm followed by HPAM 3630S of 2000 ppm
concentration) in Test #3.
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Fig. 4 oil recovery factor versus pore volume injected
(HPAM 36308 of 500 ppm concentration followed by LSW
of 1500 ppm).
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Fig. 5 oil recovery factor versus pore volume injected
(HPAM 3630S of 2000 ppm concentration followed by LSW
of 1500 ppm).

The increase in adsorption amount decreases the avail-
able volume of polymer and increases the speed of
polymer movement and shear rate in pores. Therefore,
the breakthrough time is expected to be earlier.
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Conclusions

The injection of water with low salinity can
increase the production rate of heavy oil by different
mechanisms. Low-salinity water injection is one of the
low-cost methods that can increase the oil recovery
rate by controlling the conditions and creating a
situation for the operation of mechanisms related
to low-salinity water injection. Polymer injection is
effective in reducing the residual oil in porous media
by increasing the microscopic displacement efficiency
and reducing the mobility ratio of the displacing fluid.
In general, the following results can be obtained from
the experiments:

1- As it can be seen in the production diagrams
of tertiary polymer injection, with the increase in
polymer concentration from 500 to 2000 ppm, the oil
recovery increased from 2% to 15%. As the polymer
concentration increases, the viscosity of polymer
solution increases and its mobility ratio decreases.
As a result, with the increase in microscopic sweep
efficiency, more oil is produced and a smaller amount
of oil remains in the porous medium.

2- According to the results obtained from tertiary
polymer injection, in order to increase oil recovery
from the model, it is not necessary that the viscosity of
polymer solution be close to the oil viscosity. In fact,
with the increase in the concentration and hence, the
viscosity of the polymer solution, the amount of oil
recovery increases.

3- In secondary polymer injection, due to the direct
contact of the polymer with the saline water of the
formation, the surface adsorption of the polymer
increases and its viscosity decreases. Therefore, the
efficiency of polymer injection is greatly reduced.
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