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Introduction

For decades, water injection operations have been
carried out to sweep oil and maintain reservoir
pressure. Compared to other enhanced oil recovery
(EOR) methods, low-salinity waterflooding is one
of the cheapest and most environmentally friendly
techniques. This approach significantly improves the
performance of the conventional waterflooding [1-3]
via increasing sweep efficiency. One of the important
issues in the oil industry is asphaltene deposition is the
reservoir, well and surface facilities. Asphaltene in the
oil phase may become destabilized upon contact with
the injection brine. When water gets in contact with oil,
an emulsion will form. The stability of the emulsion is
due to the presence of natural surfactants in oil, such as
asphaltenes and resins, which are located at the interface
of liquids and postpone the tendency of the two liquids
to separate [4]. The characteristics of an emulsion such
as droplet size distribution and average droplet size do
not remain constant over time, as a result the stability of
the emulsion depends on the dispersion ability and the
capability to maintain the properties in a certain period
[5]. The amount of water-in-oil emulsion formed in low-
salinity waterflooding and the amount of asphaltene
deposits created due to the formation of emulsions
can have a significant effect on trapping of the oil in
the pore space, formation damage and oil recovery
factor. Therefore, in the first part of this research, the
effect of water salinity on the stability of asphaltene and
emulsions was investigated using dynamic experiments
in a Hele-Shaw cell and by co-injection of oil and brine.
In the second part, the impact of oil type on asphaltene
stability was investigated.
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Materials and Methods

To investigate the effect of salinity on asphaltene and
emulsion stability, five types of brines (i.e., formation
water (FW), seawater (SW), 2-times diluted seawater
(2DSW), 10-times diluted seawater (10DSW) and
distilled water (DW)) were used. Furthermore, crude
oil samples from Kupal and Ab-Teimour fields, which
significantly differ in asphaltene content, were used.
In the first set of experiments, normal pentane (as an
stimulator) was used to study the effect of water type
and salinity on asphaltene instability. In the second set
of experiments, we examined qualitatively the effect of
aging and low-salinity water injection on the precipitation
of asphaltene at the oil-water interface, without using
a stimulator. A Hele-Shaw cell was designed and
employed for conducting these experiments. To gain
deeper insights, the microscopic images were analyzed
quantitatively using ImageJ software.

Results and Discussion

As shown in Fig. 1, the emulsion droplet size and the
number of the water-in-oil droplets are a function of water
type and salinity. By changing water from FW to SW,
the number of the emulsions decreases and the droplet
size distribution increases. The droplet sizes are between
20 and 410 pm. As the salinity decreases to 2DSW, the
number of the emulsions maintain its decreasing trend,
however much smaller emulsions were formed, which
were mostly less than 10 um in size. Nevertheless, large
droplets up to 270 um were also observed that indicates
the wide distribution of the droplet size. By further
reducing the salinity to 10DSW, the decreasing trend of
the number of emulsion droplets was reversed.
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Fig. 1 Water-in-oil droplet size distribution for different
types of water.

Fig. 2 shows that the minimum water droplet size
occurs in 2DSW-oil system. The trend of water droplet
size with salinity is in agreement with the trend of
asphaltene precipitation shown in Fig. 3, where
generally, a smaller droplet size results in a higher
amount of asphaltene precipitation and a more stable
emulsion.

The results of the second set of experiments show that
after one month of ageing oil and low-salinity water
in the Hele-Shaw cell, a rigid interface is formed
between water and oil, which represents the presence
of asphaltene precipitates and may cause oil trapping,
formation damage and flow diversion during low-
salinity waterflooding (see Fig. 4).
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Fig. 4 The gradual movement of oil-water interface upon increase of the low-salinity water injection rate in the Hele-Shaw cell
(with Ab-Timor oil). The red arrows indicate the moved and fixed water-oil interfaces at different locations.

Conclusions

This research was carried out with the aim of
microscopically investigating asphaltene instability
during injection of water with different salinities. Two
type of crude oils were used to investigate the effect
of crude oil composition on asphaltene instability.
Furthermore, the experiments were performed at
dynamic conditions in a Halle-Shaw cell. The most
important findings of this research are as follows:

* Brine type and salinity: The visual experiments
showed that brine type and salinity affects the stability
of asphaltene via affecting the stability of water-in-oil
emulsions.

* Oil Type: Different crude oils, exhibit varying

behaviors in terms of asphaltene stability when in
contact with low-salinity water. The oil forming more
emulsions with brine can lead to more asphaltene
precipitation.

* Emulsion Characteristics: At lower salinities finer
emulsions and more stable emulsions can be formed.
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