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Introduction

The extraction of oil and gas from underground
reservoirs frequently results in the production of
significant volumes of water. This byproduct, known
as produced water (PW), must be disposed of with
minimal processing, environmental impact, and cost.
PW contains a diverse array of dispersed and dissolved
components, originating from both the extraction
process and the reservoir itself, which can pose serious
environmental risks [1].

The PW management strategies can be classified
into three categories based on ecological priority:
minimization, recycling/reuse, and disposal. For
recycling and reuse management, the applications of
produced water (PW) can vary depending on its quality.
Potential uses include reinjection for enhanced oil
recovery (EOR), agricultural applications, industrial
purposes and even drinking water [2].

Produced water (PW) obtained from separators is not
pure and requires treatment prior to re-injection. This
is essential because it may contain various unexpected
and undesirable substances. These agents could affect
well injectivity, mainly causing the blockage of the
inflow area with a drastic injectivity reduction [3].
Produced water in the oilfield contains oil droplets
in the form of oil-in-water (O/W) emulsions .These
oil droplets plug the pore space in the near-wellbore
or near-fracture region, resulting in rapid declines in
the performance of water injection wells where the
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remediation processes can be expensive [4].

The negative effect of OIW on water injectivity is
related to the decrease of effective water permeability
due to the increasing presence of oil saturation in the
pore space [3].

As mentioned, produced water contains pollutants
and dispersed petroleum compounds. In case of
re-injection of this water, it is possible to activate
formation damages such as relative permeability
effects and interactions of injected water and in-situ
fluid. The amount of droplets and the accompanying
oil content and their size are also among the factors
that cause changes in the retention rate of oil droplets.
In this research, a heterogeneous micromodel was used
to investigate the blockage of pores by oil droplets in
oil-in-water emulsion. Therefore, quantitative and
qualitative image-based analyses were performed
to follow the droplet retention on the injected pore
volume. In the first stage, the effect of concentration on
the size of oil droplets was investigated by microscopic
observation, then by changing the concentration of the
dispersed phase (oil) in the oil-in-water emulsion, the
effect of oil concentration on the amount of damage
and injection reduction was investigated.

Materials and Methods

To make an oil-in-water emulsion, which represents
the artificial sample of produced water, a laboratory
mixer with a speed of 10000 rpm was used. The unit
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of oil concentration is based on the number of drops
added to water by a specified syringe. The number of
drops in grams is also calculated. In this research, the
oil of one of the reservoirs in the southwest of Iran,
whose characteristics are given in Table 1, was used.

Microscopic Investigation

To investigate the effect of oil concentration on the
size of oil droplets present in an oil-in-water emulsion,
samples were taken from the emulsion with the help

of a syringe and imaged by a microscope. Next, the
images taken were analyzed using ImageJ software.

Micromodel Tests

A heterogeneous micromodel was used to investigate
the amount of formation damage caused by the injection
of a production water sample and the retention of oil
droplets. Fig. 1 show the heterogeneous pattern of the
micro model.

Table 1 Information and characteristics of crude oil used in this study.

API | Density(g/cm?) | Viscosity(25 °C) | Viscosity(60 °C)

Asphaltene(%) | Resin(%) | Aromatic(%) | Saturation(%)

20.3 | 0.9321 140 23

8 6 38.5 47.5
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Fig. 1 The heterogeneous pattern used for micromodel

construction.

Also, to investigate the effect of the oil concentration
on reducing the injectability of the porous medium, the
emulsion was made in different oil concentrations and
injected by a syringe pump at a fixed injection volume
of 0.21 mL and at a flow rate of 10 mL/h (based on
common calculations of injectability to wells in the field
comment) was injected into the micro model. In two
stages, 7 PV and 35 PV injection volumes, representing
the middle and end time of the injection process, were
photographed by a camera from the micro model,
and then the occupied porosity due to the retention of
droplets was calculated by Image]J software.

Results and Discussion
Microscopic Investigation

Fig. 2 shows the comparison chart of the average
size of oil droplets in three oil concentration . As it
is known, with the increase of oil concentration in
emulsion, the size of oil droplets increases.
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Fig. 2 Average oil droplets in the emulsion for different oil
concentrations.

Fig. 3 showsthe average size of oil droplets in three salinities.
As can be seen, with the increase in salinity, the oil droplet
size in the emulsion first increases and then decreases. So
that the average oil droplet size from 1.77 micrometers for
emulsion with 4 ppm salinity to 1.81 micrometers with 8
ppm salinity and finally to 1.57 micrometers with 32 ppm
salinity, which is a 13% decrease.

Micromodel tests

Fig. 4 is the graph of the final occupied porosity by oil
droplets in two concentrations of oil droplets. It is known
that with the increase of oil concentration and injection
volume, due to the injection and retention of more oil
droplets in the micromodel, the final occupied porosity by
oil droplets decreases, so that the final occupied porosity
for the emulsion at the concentration of 70 and 150 oil
drops, in the stage 35 PV injection is 0.244 and 0.171,
respectively, which shows a decrease of 8%.
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Fig. 3 The average of oil droplets in emulsion at different
salinities.
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Fig. 4 The final porosity occupied by oil droplets in two dif-
ferent concentrations of oil.



Fig. 5 shows the ratio of the final porosity occupied by
oil droplets to the initial porosity in two concentrations
of oil droplets and injection stages. As it is known, with
the increase of oil concentration, this ratio decreased,
so that it reached 0.914 and 0.642, respectively, in two
concentrations of 70 and 150 drops of oil and at the
stage of 35 PV injection .In general, the decrease in
the porosity of the porous medium is accompanied by
a decrease in permeability, which is considered as an
increase in the amount of damage to the formation.
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Fig. 5 The ratio of the final porosity occupied by oil droplets
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to the initial porosity in two different oil concentrations.

Conclusions

In this research, the issue of damage to the formation
due to the injection of production water into the porous
medium due to the retention of oil droplets present
in it has been discussed. In this regard, microscopic
examination and micromodel testing were done and
the results were obtained as follows:

» Based on microscopic observations, an increase in
oil concentration causes an increase in the size of oil
droplets in the emulsion. For example, by increasing
the oil concentration from 30 drops to 100 drops, the
droplet size increases by 27% and the droplet size
reaches 1.98 pm.

¢ Increasing the salinity of the produced water first
increases the size of the oil droplets in the emulsion and
then decreases it. The oil droplet size in the emulsion
is from 1.77 pm for the emulsion with 4 ppm salinity
to 1.81 um with 8 ppm salinity and finally to 1.57 pm
with 32 ppm salinity, which results in a 13% reduction.
Based on the results of microscopic tests, the higher the
concentration of oil (dispersed phase), the larger the size
of the oil droplets, and according to the observations
made during the emulsion making, a larger volume
of oil is separated from the emulsion (more unstable
emulsion).

e The micromodel tests showed that increasing the
concentration of oil in the emulsion causes more
oil droplets to be trapped in the micromodel, which
reduces the porosity and subsequently increases the
formation damage. For example, with the increase of
oil concentration from 70 to 150 drops, in the 35 PV, the
amount of final occupied porosity decreased by 8% and
reached 0.171, and the ratio of final occupied porosity
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by oil droplets to initial porosity decreased by 30% and
It reaches 0.642.

* With the increase of the injection volume, the amount
of the final porosity occupied by oil droplets and the
ratio of the final porosity occupied by oil droplets to
the initial porosity decreases, so that for the emulsion
with a concentration of 150 oil drops, in the injection
volume of 7 PV and 35 PV, the occupied porosity The
final ratio reaches from 0.234 to 0.171 and the ratio of
the final porosity occupied by oil droplets to the initial
porosity in 7 PV injection volume reaches from 0.875
to 0.642 in 35 PV injection volume.

* The reduction of the final occupied porosity and the
ratio of the final occupied porosity by oil droplets to the
initial porosity indicates a decrease in the permeability
ratio and an increase in formation damage.

* At a higher concentration, due to the closing of the
pores in the middle and end of the micro model at the
end of the 35 PV injection, the oil droplets inside the
emulsion are placed more in the initial part of the micro
model and their accumulation causes the pores to close.
Finally, increasing the concentration of oil in the oil-
in-water emulsion causes an increase in the size of
the oil droplets, which results in an increase in the
amount of damage to the porous medium at the same
time as the injection volume increases. The findings
of this research quantitatively show the importance of
removing the pollutant of oil droplets along with the
produced water (before injecting them into the wells)
to prevent a decrease in injectability.
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