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1. Nuclear Magnetic Resonance (NMR)
2. Interface
3. Micro-dispersion
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1. X-ray Powder Diffraction
2. X-ray Fluorescence
3. Total Dissolved Solids (TDS)
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1. Stiff Diagram
2. Limestone
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1. Core holder
2. Dino-lite
3. Drop Shape Analysis (DSA
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1. Sessile Drop Technique
2. Thin Section
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Introduction

Low salinity water flooding (LSWF) with potential
to enhance oil recovery can be economically feasible
and environmentally friendly [1,2]. Dominating
mechanisms of LSWF responsible for oil recovery
have not been well studied in carbonate reservoirs
compared to sandstone ones. Many laboratory studies
show the ability of LSWF to improve oil recovery in
the carbonate reservoir [3-5]. Yet, the main mechanism
behind the potential ability of LSWF is not clear. In
this work, to find out the potential of LSWF to produce
more oil, a core flooding test was performed with
sequence of sea water-diluted sea water, respectively.
Then, to analyze the mechanism behind the oil recovery
behavior, interfacial tension (IFT), contact angle (CA)
and zeta potential of the system of limestone/crude oil/
bine were measured.

Experimental

Material

Different brines including formation water (FW) of
the carbonate field, Persian Gulf sea water (SW, which
is close to the carbonate field in southern Iran), and
different concentration levels of the sea water were
used in this work. The limestone rock and the crude oil
were received from Shadegan oil field.

IFT Measurement

Pendant drop method was used for IFT measurement
in this study. Each experiment was repeated three times
to ensure the repeatability of the IFT measurement.

Accepted: November/07/2020

Contact Angle Measurement

Sessile drop technique was used in this study to
determine the contact angle of the lime stone/the crude
oil/brine system. To age the rock, a thin section was
immersed in water for 2 days, and immersed in oil for
21 days, at a temperature of 70 °C.

Zeta Potential

Zeta potential was measured for both calcite/brine and
the crude oil/brine for different brines. The procedure
presented by Mahani et al. (2017) was used in this
work to prepare water/oil emulsion and rock/water
suspension [6].

Core Flooding Experiment

Sea water was injected into the limestone core with initial
oil in place (IOIP) of 9.55 mL as a secondary mode.
Then 10-time diluted sea water was injected to reveal the
potential of low salinity water to produce additional oil.

Results and Discussion

Core flooding results

Fig. 1 shows LSWF recover about 15 % of initial oil
in place.

The Effect of Interfacial Tension

Increasing the salinity of bine leads to further reduction
in the crude oil/brine IFT. Therefore, IFT cannot be the
conductive factor to produce additional oil recovery.
The Effect of Wettability Alteration

The results of CA show a shift of rock wettability
toward more water-wetness which is the main reason
to produce the additional oil in the case of 10-time
diluted sea water tertiary flooding.
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Fig. 1 Recover factor of the sequence of sea water and 10-
time diluted sea water, respectively, with respect to injected
pore volume.

The effect of Electric Charge of Oil/brine and Rock/
Brine Interfaces

Based on the results of zeta potential experiments, a
decrease in salinity leads to decrease in both the oil/
brine and the rock/brine interface electric charges.
Therefore, as salinity decreases the interfaces repulse
each other more. Therefore, the rock wettability shifts
to more water-wetness.

Conclusion

To investigate the effect of low salinity water on
improving oil recovery in the Shadegan oil field, , a
core injection test was performed with a sequence of
high salinity-low salinity water using the limestone
and the crude oil of the oil field. Sea water was injected
in a secondary mode and produced 74.3% of initial oil
in place. To investigate the potential ability of low
salinity water to increase oil recovery, 10-time diluted
sea water was injected in a tertiary mode and produced
additional oil up to 15% of initial oil in place. Interfacial
tension and contact angle as representative of fluid-
fluid and rock-fluid interactions, respectively, were
measured over a wide range of salinity. A decrease in
salinity led to an increase in IFT. As a result, the IFT
variation is not a positive factor to recover additional
oil. On the contrary, the results of CA showed that the
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change in rock wettability from mixed-wet to the more
water-wet state was the main reason for the increase in
the oil recovery. Finally, to understand the mechanism
behind the wettability alteration, the zeta potential of
the crude oil/brine and limestone/brine system was
measured.

It was shown that reducing the salinity of the injected
water caused that the electric charge of the crude
oil/brine and rock/brine intermediates to be more
negative, which results in more repulsion between
the two interfaces. Consequently, the rock wettability
shifts to a more water-wet state.
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