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Introduction

The stages of oil production from reservoirs are
divided into three primary, secondary, and tertiary (or
enhanced oil recovery) phases. In the primary stage,
only the natural energy of the reservoir is utilized
for production, while in the secondary production
stage, water and gas are injected to stabilize the
reservoir pressure. Furthermore, water injection,
due to its ease, environmental compatibility, low
cost, and desirable efficiency, has been recognized
over the years as a common and practical method
for pressure maintenance. Moreover, following the
initial and secondary production stages from the
reservoir, considering that a significant amount of oil
still remains, various fluid injections are performed
to enhance oil recovery [1]. Among these, the water-
based enhanced oil recovery method involves injecting
various types of water (seawater, low salinity water,
carbonate water, etc.).

On the other hand, water injection can have negative
effects due to the possibility of emulsion formation
and deposition in the formation, leading to reduced
fluid mobility in the reservoir [2]. Therefore, before
planning any injection process, the quality of the
injection water must be examined to prevent excessive
suspended solids and emulsion formation, which could
result in a decrease in injection rates. Moreover, the
study of ions present in the injection water, as well as
reservoir water, and the possibility of various deposits
formation, along with finding methods to prevent
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their formation, holds significant importance in the
pressure maintenance and subsequent enhanced oil
recovery processes. In addition, improving the quality
of injection water is essential for achieving the optimal
injection rate with minimal pressure [3].

In many previous research studies, various factors
causing formation damage during the water injection
process into reservoirs and their effects on reducing
well injectivity have been investigated. Factors such
as temperature and pressure changes, pH variations in
conjunction with water composition, can contribute
to this issue. With water movement in the well and
reservoir column, its temperature increases, altering
the solubility of dissolved materials in water. If
solubility decreases, salts may precipitate in injection
pipes or within the reservoir rocks. In the water
injection process, in addition to the mentioned factors,
suspended solid particles can also lead to formation
damage. In this case, particle size becomes a crucial
parameter in plugging reservoir rock pores and
creating damage [4].

On the one hand, the world has limited water
resources stored in oceans, rivers, and polar regions.
These water resources are used for various purposes
such as drinking, cooking, washing, agriculture, and
industrial activities. The increasing global population,
along with climate changes, has disrupted the balance
between the supply and demand of water resources.
Moreover, despite water being a renewable resource,
water sources are rapidly decreasing, and finding a



suitable alternative water source for various industries
is crucial. In this context, agricultural runoff,
specifically runoff from sugarcane fields, is considered
as a significant and decentralized water source.

In fact, a considerable portion of irrigation water
that does not reach the actual plant consumption
and ultimately becomes agricultural runoff can be a
suitable candidate for injection into oil fields. This idea
has not been explored in previous research studies.
Considering the limitations of freshwater resources
and the necessity of finding new sources, as well as
mitigating the environmental impacts of agricultural
runoff, this research introduces sugarcane seepage
water as a novel source for water-based enhanced oil
recovery methods forthefirsttime. Giventheimportance
of understanding the factors and mechanisms affecting
formation damage and permeability reduction in the
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water injection process, this study investigates the
compatibility of sugarcane seepage water with crude
oil samples from the southwest oil fields of Iran.
Moreover, the study measures the extent of emulsion
formation and organic deposits quantitatively.

Materials and Methods

In this study, two different samples of water were
used, and the information regarding the anions and
cations present in them is shown in Table 1. These
samples were taken in December when there was no
fertilization of the fields, so the levels of phosphate
and nitrate are low. Fig. | shows the stiff diagrams
related to each sugarcane water sample. Furthermore,
information regarding the composition and SARA test
results of the used crude oils is shown in Table 2.

Table 1 Parameters related to the two samples of sugarcane irrigation water used in this study.

Parameters Irrigation Water 1 Irrigation Water 2
Na* 643.195 867.147
NH, 1.44 0.9

K* 8.901 18.605
Ca* 345.327 359.413
Mg** 88.909 137.354
F- 2.186 2.523
Cl 1509.56 1636.97
Br 0.915 1.805
NO,- 71.887 67.603
NoJke 1250.89 1339.29
HCO, 194 213

Table 2 Information and characteristics of crude oils used in this study.

Parameters Crude Oil A Crude Oil B Crude Oil C
API 21.13 27.86 30.06
Density at 25°C, gr/ml 0.927 0.887 0.875
Viscosity at 25°C, cP 67.80 56 17
Viscosity at 80°C, cP 9.66 2.3 1.5
Saturation (%) 4493 47 45.5
Asphaltene (%) 6.86 7.5 54

Resin (%) 6.13 7 8

Aromatic (%) 42.08 38 40.7
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Compatibility Test of Water and Crude Oil

This test was conducted to determine the compatibility
between water and oil and to investigate the possibility
of stable emulsion formation or solid deposition. First,
in a clean and dry beaker, sugarcane seepage water
and oil were poured in equal proportions, and then
the mixture was mechanically stirred for 5 minutes at
a speed of 1500 rpm. The mixture was then poured
into a graduated cylinder and placed in an oven at a
temperature of 90 °C. The resulting emulsion mixture
was examined at time intervals of 5 minutes, 10
minutes, 15 minutes, 30 minutes, 1 hour, 2 hours, and
3 hours, and the changes and extent of water separation
from the oil were recorded. Finally, to examine the
possibility of solid deposition, the mixture was poured
onto a filter paper and was carefully observed.

Surface Tension Test Perocedure

The pendant drop method was employed to measure
surface tension. In this method, images of the
pendant drops were captured using a Dino-lite digital
microscope, and then the droplet shapes were analyzed
using ImagelJ software to obtain the results. It’s worth
mentioning that the temperature during this experiment
was ambient temperature (25 degrees Celsius).

Results and Discussion

Compatibility experiments between sugarcane seepage
water and crude oil were conducted to examine the
potential formation of stable emulsions and solid
deposits. The results of these experiments are outlined
below.

Compatibility of Sugarcane Seepage Water and
Crude Oil

Oil A: The compatibility and emulsion formation of
this oil with samples of sugarcane seepage water 1
and 2 at different times are shown in Fig. 1. It can be
seen that no phase separation occurred between oil A
and sugarcane waters 1 and 2 after 5 minutes (Figure
la). After 15 minutes, a slight phase separation can be
observed in sugarcane water 1, but the separated water
phase has a dark color (Fig. 1b). Finally, as shown
in Fig. lc, after 30 minutes, the phase separation

Fig. 2 Emulsion stability between oil B and sugarcane water 1,2.

reached its maximum (63%) for sugarcane water 1,
and the color of the separated water phase became
clearer, while no phase separation was observed for
sugarcane water 2. The experiments were monitored
for a period of 24 hours. Emulsion formation increases
the pressure and reduces the injection rate, which
is undesirable. However, from the perspective of
enhanced oil recovery, the movement of the piston-
like emulsion in the reservoir leads to better sweeping
and, consequently, increased oil recovery. It should be
noted that these differences in results between the two
sugarcane water samples are very interesting, but the
interpretation of the cause of this phenomenon requires
further experiments.

Furthermore, considering the heterogeneities of
the porous medium and the possibility of water-oil
encounters at different mixing ratios, compatibility
experiments were also conducted at a mixing ratio
of 20-80. A new experiment was designed with the
mixture of sugarcane water 2 and oil A with a lower oil
content of less than 20%. In this case, the separation of
oil from water was complete, but some oil was stuck to
the cylinder wall in the form of coagulation. Another
experiment was conducted with sugarcane water 1 and
an oil content of 80%, and it was found that unlike the
50-50 ratio, no phase separation occurred in this case.

the measurement of interfacial tension (IFT) between
this oil and sugarcane irrigation waters 1 and 2 was
conducted. The results with sugarcane irrigation water
1 were in the range of 10.9 to 12.4, with an average
of 11.49. The results with sugarcane irrigation water
2 ranged from 14.5 to 15.9, with an average of 15.35.

Oil B: The phase separation of this oil with sugarcane
waters 1 and 2 at different times is shown in Fig.
2. As seen in Fig. 2a, after 5 minutes, the mixture
started to phase separate, but some lumps were stuck
to the glass. After 15 minutes, the separation reached
approximately 30 milliliters (75%) and became more
transparent (Fig. 2b). Finally, after 30 minutes (Fig.
2¢), the phase separation in the mixture of sugarcane
water 2 and oil B was 33 milliliters (83%), and in
the mixture of sugarcane water 1 and oil B, it was
approximately 31 milliliters (78%). No evidence of
solid organic deposits was observed in this experiment.




Compatibility experiments were also conducted with a
composition ratio of 20-80 (16 milliliters of sugarcane
water and 64 milliliters of oil) for oil B. No phase
separation occurred in the mixture. This means that
with an increase in the oil content, this oil also forms a
stable emulsion with both sugarcane water samples. The
interfacial tension (IFT) of this oil with both sugarcane
irrigation water samples was also measured. The IFT
range in contact with sugarcane irrigation water 1 was
between 15.3 and 16.7, with an average of 16. For
sugarcane irrigation water 2, the values ranged from
16.2 to 17.5, with an average of 16.6. It is evident that
the values are close, and therefore, similar behaviors
were observed.

Oil C: Similar experiments were conducted with
sample of crude oil C. Figure-3a corresponds to a
S5-minute retention time emulsion at temperature,
where no phase separation is observed in either of
the sugarcane waters. After 15 minutes, a very small
amount of phase separation is observed, but the oil is
stuck to the cylinder wall in a streaky pattern (Fig. 3b).
After 30 minutes (Fig. 3c), the degree of separation
increases (approximately 75%), but streaks are still
visible in both samples and their transparency is not
like that of oil samples A and B. Finally, after 3 hours,
no change in the observed results was observed and no
solid deposits were formed.

The investigation of other composition ratios of
sugarcane water and oil C was performed at 80-20 (16
milliliters of oil and 64 milliliters of sugarcane water).
With a decrease in the presence of oil, the streaks
disappear and the water and oil are almost completely
separated from each other. The separated water also
had a higher transparency compared to before. After
that, a 20-80 mixing ratio (16 milliliters of sugarcane
water and 64 milliliters of oil) was examined. Unlike
oil A and B, where no phase separation was observed
with an increase in the oil content, oil C still separates
from the sugarcane water even in this case. However,
this separation occurs in a streaky pattern and sticks to
the cylinder wall.

Similar to before, the IFT measurements were conducted
with both sugarcane irrigation water samples, and
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the results were as follows. The range of results for
sugarcane irrigation water 1 was wider (from 16 to
18 with an average of 17). The results for sugarcane
irrigation water 2 were in the range of 14.2 to 15.2, with
an average of 14.6. Due to the absence of differences in
emulsion behavior, this difference in results may have
other reasons.

Simulation Using OLI scale chem Software

In this research, the OLI scale chem software was
utilized to predict scale formation under different
thermodynamic conditions. This software, supported
by a database, allows users to predict the chemical
and phase behavior of mineral or organic chemical
mixtures present in water. To investigate the feasibility
of injecting sugarcane seepage water into the reservoir
and determine potential formation damage, two
simulation scenarios were considered:

Scenario 1: Simulation of injecting samples of sugarcane
water 1 and 2 separately into the reservoir.

After applying temperature and pressure information
at the surface (77°F and 250 psia) and in the reservoir
(300°F and 2000 psia), along with information on cations
and anions present in each sugarcane water sample,
TDS, pH, etc., the scale formation was determined.
The possibility of CaCO, and CaSO, scale formation
exists. In the process of injecting both sugarcane water
samples, CaSO, scale did not form at low pressures.
With increasing pressure and changes in solubility, a
significant volume of this scale formed at 1500 psia,
and it increased until reaching 2000 psia, reaching a
volume of 700 mg/L. In contrast to this scale, CaCO,
formed at low pressures, and with increasing pressure, a
larger volume of this scale will be formed. At 2000 psia,
approximately 100 mg/L of this scale has formed.
Scenario 2: Mixing sugarcane seepage water samples
with different ratios with formation water at reservoir

pressure and temperature.

With a decrease in the blending ratio of sugarcane
runoff, the amount of CaSO, scale formation decreases.
Conversely, with an increase in the blending ratio of
formation water (containing iron), the formation of
Fe,CO, scale increases.

Fig. 3 Emulsion stability between oil C and sugarcane water 1,2.
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Conclusions

The main objective of this research was to investigate
the compatibility of sugarcane seepage water with three
different crude oils in terms of emulsion formation
and organic deposits. The compatibility of sugarcane
seepage water samples alone, with formation water,
and with produced wastewater was also evaluated in
terms of mineral deposits. The following results were
obtained:

1) The oils exhibited significantly different
compatibility behaviors with two different sugarcane
water samples. Oil A formed an emulsion with
sugarcane water-1, with 63% phase separation
observed after three hours, while it formed a stable
emulsion with sugarcane water-2.

2) The percentage of oil and sugarcane seepage
water mixture had a noticeable effect on emulsion
formation. When the percentage of sugarcane water 1
and oil was changed to 20%-80%, no phase separation
was observed. On the other hand, although no
phase separation was observed in the 50-50 ratio of
sugarcane juice-2 and oil A, complete phase separation
was observed with an increase in the sugarcane water
ratio to 80%.

3) Different compatibility conditions were observed
for oil samples B and C in contact with both sugarcane
seepage water samples, indicating a strong dependence
on the type of oil.

4) Simulation results showed that the injection of
sugarcane seepage water into the reservoir under its
temperature and pressure conditions could lead to the
formation of CaCO, and CaSO, deposits. Additionally,
if these sugarcane juices are mixed with different
percentages of formation water, the formation of
compound deposits such as Fe,CO, and CaSO, is
possible. Therefore, although sugarcane seepage water
is considered to have low salinity, it has the potential
for deposition under reservoir conditions.

5) Additional analytical tests showed that the density
and viscosity of the oil change after separation from the
emulsion, as well as the composition of the separated
water ions.

6) Mixing the produced wastewater with sugarcane
seepage water does not result in significant deposit
formation.

7) The speed of the device has a tangible effect on the

emulsion formation process. The higher the speed of

the mixer, the more stable the formed emulsion will
be.

In conclusion, it can be said that different oil samples

exhibit different behaviors with sugarcane seepage

water, and their compatibility should be checked
to avoid incorrect injection that could damage the
reservoir. This also applies to the mixing of produced

wastewater with sugarcane seepage water, as there is a

possibility of deposit formation.
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