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Introduction

Any process that leads to a decrease in the permeability
of the reservoir rock and, as a result, a decrease in
production from hydrocarbon reservoirs is called
formation damage. The decrease in the permeability
of the porous rock of the reservoir caused by the
formation of mineral scales as a result of the change
in water salinity, the change in the ionic composition
of the injected water, and the change in the flow
rate of the injected water [1-2]. Water injection into
different layers of the earth is usually done with the
two goals of increasing production and disposing of
waste water. The water injected into the reservoir
must be free of any suspended particles, oil droplets
and compatible with the reservoir water to prevent
the formation of mineral deposits and decrease the
permeability of the reservoir rock. The most important
factor in Formation of scale in the pores and throats
of reservior rock is incompatibility of injection and
formation waters. The incompatibility of the ionic
composition of the injection water and the formation
water causes the formation of mineral salts and the
deposition of these substances in the rock cavities
reduces the permeability of the reservoir rock [3-4].
Studying the disturbing ions present in injected water,
how to determine the possibility of scale and also how

Accepted: October/21/2023

to reduce the amount of scale guarantees the reduction
of formation damage. Formation damage caused by
scales due to the incompatibility of rock and fluid
is considered. Various phenomena occur due to the
incompatibility of rock and fluid, which cause adverse
effects on the physical properties of the rock and affect
the performance of the injection process. Among these
phenomena, we can mention the dissolution of the
formation a layer scales deposition on the surface of
the rock and the change of wettability [5-6].

Materials and Methods

Table | demonstrates the composition of injected water
with an ionic composition similar to Persian Gulf water
and formation water with an ionic composition similar
to Iranian oil fields (strontium chloride, magnesium
chloride, calcium chloride, sodium chloride, sodium
sulfate, potassium chloride, and iron chloride) have
been used for synthesis. In each static test, 100 mL of
water sample is required. Static tests were conducted
in different ratios of injection and formation waters to
investigate the formation of mineral deposits due to the
incompatibility of injection water and formation water.
The results obtained from these experiments, which
identify the type, size, and morphology of scales, were
analyzed by SEM/EDX test.
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Table 1 Formation and injection water composition.

Tons | Sr** Mg Ca? Na Crl SO K* Fe?* Si* Ba?* TDS
IW | mg/L |25 1640 500 14735 24108 3579 520 |0 0 45122
FW | mg/L | 560 1000 7000 61000 110000 325 650 |52 46 4 180641

Test Design in Static Conditions Based on Tempera-
ture

Fig 1 depicts The effect of temperature on scales with
the presence of rock, as well as calcium and carbonate
ions in the rock, an increase in 100 to 400 mg/L in the
amount of scales was observed, is likely. It is known
as calcium carbonate deposits and even the dolomite

phenomenon. Another point that can be mentioned
based on the comparison of laboratory results is that
in the concentration of 20% injection water and 80%
formation water, calcium sulfate deposits do not form
at high temperature; furthermore, strontium sulfate
deposits and other deposits will be formed.

; 30 o e S
4 200 B
- 4 - .
100
0
0 0 LY € L 10
Temperature{c)

=800 -0-6040 -9-4060 -+-2080

Fig. 1 Investigating the effect of sulfate ion on the formation of a) calcium sulfate and b) strontium sulfate versus temperature.

OLI Scale chem software has been used to predict the
thermodynamic conditions of the formation of mineral
deposits to determine the contribution of dissolution
and precipitation mechanisms. The amount of scales
on the filter was logical with the modeling data, but
amount of scales on the presence of rock deviate from
software results. But according to the knowledge of
the characteristics of the rock, this result can be attrib-
uted to the calcium carbonate deposits and even the
dolomite phenomenon.
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Test Design in Static Conditions Based on Time

Fig 2 demonstrates the appropriate time is between 24
hours and 72 hours. The innovation of this research is
to consider different static conditions in the presence
of reservoir rock and investigate the scales in high
temperature conditions and time on the rock surface.

|72 Time(hr)

Fig. 2 Investigating the effect of sulfate on scales formation based on different times.



E Petroleum Research, 2024(December-January), Vol. 33, No. 132

Discussion and results in two parts, investigated the deposits on the filter and
Tables 2 and 3 demonstrate imaging with a SEM test, on the rock.

Table 2 The test results of the crystal size and the type of scales formed in the incompatibility tests on the filter.

Calcium sulfate Strontium sulfate

Morphology Cubic and rhombohedral Needle-shaped and clustered

Formation con- | injected water in different ratios injected water in different ratios formed above 60%

ditions formed above 40%

1 0,
The amount of | It constitutes more than 70% of Less than 25% precipitates at temp and constitutes a high ratio
formation scales

Thermodynam- | It is formed at temperatures above

ic condifions 50 °C. It is formed at all temperatures

SEM test For mixing ratio of 40% injection water-
60% formation water

SEM test For mixing ratio of 60% injection water-
40% formation water

SEM test For mixing ratio of 80% injection water-
20% formation water
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Table 3 The test results of the crystalls size and the type of scales formed in the incompatibility tests in the presence of rock.

Calcium sulfate

Strontium sulfate

Morphology Amorphous and connected

Needle-shaped and separately

. . injected water in different ra-
Formation conditions .
tios formed above 40%

injected water in different ratios formed above 60%

It constitutes more than 70% of

The amount of formation
scales

Less than 25% precipitates at temp and constitutes a high ratio

Thermodynamic condi- | It is formed at temperatures
tions above 50 °C.

It is formed at all temperatures

a) EDX test For mixing ratio

of 40% injection water-

60% formation water

b) SEM test For mixing ratio of 40% injection water-

60% formation water

a)

a) EDX test For mixing ratio of 60% injection water-
40% formation water
b) SEM test For mixing ratio of 60% injection water-
40% formation water

a)

a) EDX test For mixing ratio of 80% injection water-
20% formation water
b) SEM test For mixing ratio of 80% injection water-
20% formation water

a)

Conclusions

1-In this article, the effect of the smart water injection
process on the change of wettability in carbonate
reservoirs has been investigated and studied. For this
purpose, formation water and sea water with different
ratios of sulfate ions were investigated. The results of
the experiments showed that sulfate ion with a ratio of
80% injection water and 20% formation water has the
greatest effect on the change of rock wettability from
oil-wet to water-wet. By increasing the proportions

of injection water samples to 80% injection water
and 20% sulfate ion formation water, wetting can be
achieved by changing the contact angle of 61 degrees
from oil-wet 155 degrees to neutral wet, which reached
96 degrees in this test.

2- In this research, the formation of the sulfate scale,
which is one of the dominant scales in the hydrocarbon
fields of southwestern Iran that was studied during
the water injection process. With an increase of 421
ppm in the compatibility test in the presence of rock,




changes in the weight of scales were observed from
800 to 1800 mg/l, which is 100 to 400 mg/l per liter
more than the absence of rock (filter) because the rock
itself has ions. It is calcium, and it reacts with sulfate
and the amount of scale increases.
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