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Abstract: Nowadays, the concentration of mineral cations and anions in the formation water of oil
and gas fields is a challenging issue for oil industry technicians managing the formation of mineral
deposits during water injection operations. For this reason, the analysis of formation water mineral
ions during exploitation operations can be a valuable solution for the efficient management of oil
production. Therefore, in this research, the thermodynamic and geochemical evaluation of formation
water in the Reg-e Sefid oil and gas field is considered. Based on the results of this study, the formation
of calcium sulfate and calcium carbonate can be expected due to the concentration of mineral ions
dissolved in the formation water in the Reg-e Sefid oil and gas field according to the StimCad2
software. Also, based on the evaluation of ion ratios, the studied oil and gas field formation has ideal
conditions for hydrocarbon production. Based on the results obtained from the comparison of the water
and rock formation of the Rag-e Sefid oil and gas field, the source of ions (except calcium and
magnesium ions) is related to ancient sea water.

Keywords: Rag-e Sefid oil and gas field; mineral ions; formation water; geochemistry; inorganic
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1. Introduction

Water is recognized as an important fluid in the oil fields, being in direct contact with the
reservoir materials. Therefore, by careful analysis, important geological and geochemical
information can be obtained. All the waters of the reservoir formation contain dissolved minerals,
including cations such as sodium, calcium, barium, strontium, potassium, and iron, as well as
common anions such as chloride, sulfate, sulfide, and carbonate ions [1-3]. According to available
reports, the concentration of dissolved minerals in the formation waters in oil fields is frequently
higher (up to 300,000 ppm) than in seawater (around 35,000 ppm) [3]. One of the reasons for this
abundance is the effect of ion exchange from formation rocks to water. The concentration of mineral
ions in the formation water is affected by factors such as dilution with groundwater, the presence of
anaerobic bacteria and petroleum components, ion exchange of cations with clay, dissolution of
mineral solutes (due to the movement of formation waters), exchange of magnesium and calcium
during dolomite formation, and the passage of mineral solutes through the cracks [3,4]. In the process
of oil recovery operations (especially when seawater is used for injection operations), mineral
precipitates may be formed in surface and subsurface equipment [3,5-8]. In other words, with the
mixing of the injection water and the formation water, the concentration of mineral ions in the
solution increases, and changes in the solubility of minerals may occur, which is also dependent on
temperature and pressure. These changes may lead to the formation of mineral precipitates in the
reservoir and oil wells, thus reducing production efficiency (Figure 1).

Considering the various challenges of mineral deposits in the oil industry, many studies have been
conducted by researchers in this field in the last few decades. Jonnes (1964) [9] showed that the
adsorption properties of clays with calcium and magnesium mineral ions are higher than that of sodium
minerals, leading to a blockage of the oilfield subsurface reservoir. Mongan (1965) [10] examined the
effect of pH and ion concentration on the blockage of the pores with mineral particles and the reduction
of permeability. Oddo et al. (1991) [11] pointed to the increase in temperature and pressure drop as
the main factors for calcium carbonate and calcium sulfate mineral deposits in floating pumps in
offshore wells. Chong and Sheikholeslami (2001) [12] investigated the effect of accumulation and
deposition of calcium sulfate and calcium carbonate sediments in a mineral solution under different
temperatures. Bagci et al. (2001) [13] investigated the effect of alkaline fluids and injection rates on
permeability in monolithic and non-monolithic calcareous cores, showing the influence of salt
concentration for permeability. Voloshin et al. (2003) [14] showed that the mineral composition of
injection water is an effective factor in the process of mineral deposition in the reservoir and wells
during oil recovery operations. Abu Khamsin and Ahmad (2005) [15] investigated the process of
calcium sulfate deposition in the presence of sandstone using a mixture of calcium-containing saline
water with sulfate-rich impure water, showing that the rate of accumulation and sedimentation of
inorganic calcium sulfate is markedly increased despite the high injection rate and high temperature.
Hashemi et al. (2019) [16] studied the accumulation of barium and strontium sulfates in Siri and Nosrat
oilfields, including a thermodynamic model (with different temperatures and pressures) for the
conditions and composition of both formation water and injection water operations. Hashemi and
Hashemi (2020) [17] studied the prediction of carbonate and sulfate mineral deposits in the Nosrat Oil
field under different operating conditions. According to the results of their study, the formation of
mineral deposits of calcium carbonate, magnesium carbonate, and barium sulfate could cause serious
problems during operations.
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Figure 1. Schematic of mineral sediment formation during oil well operation.

Based on the results obtained by previous researchers (especially the ones mentioned above), the
formation of mineral deposits in the subsurface reservoir and the surface facilities in the oil industry
can be expected, and due to the increasing use of water injection operations, investigation of the
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formation of mineral deposits is important. For this reason, in this study, the mineral deposition of
calcium carbonate, magnesium carbonate, calcium sulfate, and gypsum in operating conditions in Rag-
e Sefid Oil and Gas Field have been evaluated. Therefore, formation waters of 5 wells have been
analyzed with the StimCade2 software (Schlumberger).

The thermodynamic properties of aqueous electrolyte systems, such as the activity coefficient and
osmotic coefficients of mineral ions [18-20] and interfacial tension of water/oil system with the
presence surfactants and salt [2], are of interest to investigate the behavior of cations and anions in
solution. Saturation index is another thermodynamic property of electrolyte systems, which is required
in this study to investigate the formation of sulfate and carbonate mineral deposits based on ion
concentration and operating conditions (temperature and pressure). In other words, the saturation index
of mineral deposits in the oil industry is calculated based on thermodynamic equations, which is based
on the percentage of saturation in the StimCade2 software.

2. The geological area of investigation

Rag-e Sefid oil field is one of the southwestern Iranian oil fields, located on the border between
Khuzestan and Kohgiluyeh and Boyer-Ahmad provinces (Figure 2). Oil production in the Rag-e Sefid
oil and gas field is carried out in the hydrocarbon layer of the Asmari and Bangistan reservoirs. The
Asmari reservoir of the Rag-e Sefid oil field was discovered by surface geological operations in the
year 1951, and finally, the existence of oil and gas reserves in the Rag-e Sefid oil field was proven by
drilling a well in the year 1964. This oil field is geologically located at the bottom of the Zagros
Sedimentary Zone. The Rag-e Sefid oil field in the southeast is associated with the Bibi Hikmieh oil
field, in the northeast with Poznan, in the northwest with Ramshir, and in the southwest with Zagheh,
Hindijan-Behrganasar, and Tango [21]. The Rag-e Sefid field is located in Khuzestan province,
southwest Iran and is more than 6 km away from the Persian Gulf. This field has an arcuate
asymmetrical anticline structure. This structure is 45 km long and 5-9 km wide. This structure has
three horizon reservoirs, which in ascending stratigraphical order are the Khami Group (gas bearing),
Bangestan Group, and Asmari Formation (oil/gas bearing).

The first exploration well in the Rag-e Sefid structures was drilled in 1963 and reached the Asmari
Formation. This was followed with drilling programs for evaluation of the Bangestan and Khami groups
in 1964. The estimated hydrocarbon of this reservoir is 2.4 billion barrels of oil and 20 trillion cubic feet
of gas [22]. The Asmari oil reservoir is characterized by 30 APl and low sulfur, whereas the Bangestan
Oil reservoir is marked by 25°API and 3.5% sulfur. Based on data from oil production, it has been
indicated that the amount of sulfur in the crude oil of the Asmari Formation increases during production.
This phenomenon suggests that the oil of Asmari and Bangestan Reservoirs is connected by fractures
and faults. It should be mentioned that more than 118 wells have been drilled in this structure up until
now. 95 out of 118 wells have been drilled in the Asmari reservoir, 11 in the Bangestan reservoir, and
the remaining 12 in the Khami reservoir [21]. The Asmari Formation is of Oligocene-Miocene age,
which is the most important reservoir rock in the oil fields of southwestern Iran, including the Reg-e
Sefid oil field [23]. Also, a Meistrichtian age has been determined for the Gurpi Formation in the Sefid
Vein field. The thickness of the Gorpi Formation in Rag-e Sefid field has decreased from the north
towards the central areas [24].
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Figure 2. Location map of Rag-e Sefid field [25].
3. Materials and methods

In this study, 5 water samples of Asmari formation from Reg-e Sefid oil field have been
considered (depth of about 8000 ft).

In this study, measurement methods for bicarbonate based on Betz Handbook (1962) [26],
calcium and magnesium ions based on the ASTM-D511 standard, chloride ions based on ASTM-D512,
iron ions based on HACH 8008, sodium ions using flame photometer and sulfate ions based on HACH
8051 were used. Also, the ASTM D-4007 standard was used to determine the percentage of sediment
in the formation water.

The StimCad 2 software was used for the prediction of sulfate and carbonate mineral deposition.
This software is intended to simulate the acidification of wells and to predict mineral deposition in
oilfields. The StimCad 2 software has a temperature range of —50 to 600 degrees Fahrenheit and a
compression range of 15.99 to 24999.988 psia. The software reports saturation percentage,
sedimentation rate, and pH. This application software is shown in Figure 3. 5 samples from rock
reservoirs in the studied field were analyzed with XRF using a PW1410 Philips instrument for
comparison with water analysis.
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Figure 3. Stimcade2 Software.

In this study, based on Stimcade2 software, the concentration of mineral ions analyzed according
to the 5 studied well samples is entered into the software as input information, and then the target
temperature and pressure are applied. Therefore, based on the input data to the program, the percentage
of saturation is calculated to predict the formation of sulfate and carbonate mineral deposits, and if
there is a possibility of scale formation, its amount is estimated.

4. Results and discussion
4.1. Geochemistry

Table 1 presents the analysis of inorganic ions in 5 samples of Rag-e Sefid oil and gas field wells.
Based on the results in Table 1, calcium, magnesium and sodium cations, as well as sulfate, chloride
and bicarbonate anions are significant in the oil field water. The pH levels in the 5 samples studied are
between 5.98 and 6.42.

Based on the analysis, iron ions in the 5 samples studied are non-detectable. Sulfate ions (SO4%)
are more concentrated than bicarbonate, possibly due to the intense dissolution of gypsum. CI" ions are
significantly present in the Rag-e Sefid Formation.

Based on the results of Table 1, the solubility of the aqueous solution mineral water changes as a
result of the change in the concentration of sodium, calcium, magnesium, chloride, sulfate, and
bicarbonate ions. In other words, the electrolyte solutions due to the electrostatic forces between the
ions and the short-range forces between the ions and the water can form a saturated solution in the
formation water. By changing the solubility of the mineral ions, in the case of appropriate temperature
and pressure conditions of the reservoir, it is possible to form mineral deposits.
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In carbonate gas reservoirs, several chemical reactions occur during geological periods [27]. High
concentrations of Ca?* in the water of the Rag-e Sefied Formation can indicate a carbonate sedimentary
environment. The concentration of Mg?* also indicates a strong reaction between the reservoir rock of
Rag-e Sefid oil and gas field and the formation water, associated with the precipitation of dolomite
and dissolution of anhydrite [28-30].

The high concentration of chloride ions in the formation water, when compared to sulfate and
bicarbonate mineral ions, can be related to the concentration of sodium chloride in ancient seawater
and the low solubility of CaSO4 and CaCO3 [28,31].

Table 2 presents the analysis of the percentage of water-soluble materials in the Rag-e Sefid oil
field. According to the results of Table 2, the volume percentage of sediments (organic and inorganic)
in the water of the Rag-e Sefid formation for samples 1 to 5 were 90%, 46%, 95%, 24%, and 95%
respectively. Such high ionic concentrations can cause problems in the operating system.

Table 3 presents the prediction of mineral deposition of calcium carbonate, magnesium carbonate,
calcium sulfate, and gypsum for 5 wells in the Rag-e Sefid oil and gas field. Calcium carbonate
sediment formation is significant for samples 1 to 5, and calcium sulfate mineral precipitates for
samples 1, 2, 3, and 4 are significant. However, it is not possible to form gypsum and magnesium
carbonate mineral deposits based on the concentration of water-soluble ions and the temperature and
pressure conditions of the well. According to the results of Table 3, with increasing temperature and
pressure, the saturation rate of gypsum and magnesium carbonate mineral deposits decreases and
increases, respectively. This can be related to the solubility of magnesium carbonate and gypsum as
well as the activity coefficient of calcium, magnesium, bicarbonate, and sulfate ions.

Table 1. Formation water analysis for 5 samples of Rag-e Sefid oil and gas field.

Components (mg/lit) Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Na* 80224 59087 77458 66409 58056
Ca? 8000 7600 8000 7600 7200
Mg?* 2187 972 1701 1458 1701

CI 142000 106500 136675 118925 106500
SO4% 2400 1200 2100 1600 925
HCO* 1098 244 854 244 293
Total Dissolved Solid 235909 175603 226788 196236 174675
Ph 5.98 6.42 6.05 6.42 6.38

Table 2. Volume percentage of water-soluble sediments in formation water of Rag-e Sefid
oil and gas field.

Formation Water volume percentage of sediments (organic and inorganic)
Sample 1 90%
Sample 2 46%
Sample 3 95%
Sample 4 24%
Sample 5 95%

AIMS Geosciences Volume 9, Issue 3, 578-594.
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Table 3. Prediction of sulfate and carbonate mineral scale formation index at different
pressures and temperatures.

Well Deposition Survey Data
(% Saturation®*) 3093 psia & 3156 psia & 3220 psia & 3358 psia &
177.96 F 181.6 F 184.79 F 186.63 F
Sample 1 CaSOq 100 100 100 100
CaS0O4 2H0 23.38 21.88 20.81 20.13
CaCOs3 100 100 100 100
MgCOs 17.93 19.38 20.53 21.33
Sample 2 CaSO, 100 100 100 100
CaS04 2H.0 25.16 23.55 22.4 21.33
CaCOs3 100 100 100 100
MgCOs 7.5 8.11 8.59 8.92
Sample 3 CaS04 100 100 100 100
CaS04 2H.0 23.64 22.12 21.04 20.35
CaCOs3 100 100 100 100
MgCOs; 13.56 14.66 15.53 16.13
Sample 4 CaSO, 100 100 100 100
CaS04 2H.0 24.56 22.99 21.86 21.14
CaCOs3 100 100 100 100
MgCOs 11.57 12,5 13.24 13.76
Sample 5 CaS04 91.4 94.81 97.43 99.2
CaS04 2H.0 23.05 22.37 21.86 21.53
CaCOs3 100 100 100 100
MgCOs; 13.72 14.8 15.65 16.24

Note: * % Saturation (% SR) = 100: Scale Formation. Saturation ratio is usually expressed as the ratio obtained by
multiplying the activity of the ions by the chemical equilibrium constant.

Mineral ions such as calcium, sodium, magnesium, iron, sulfate, chloride, and bicarbonate affect
each other's behavior in the solid-liquid equilibrium system due to their electrical charges. This effect
can cause supersaturation conditions in the formation water and in sediments, both in surface and
subsurface facilities of oil and gas fields. Also, the presence of intermolecular forces of mineral anions
and cations in water and the formation of ion pairs can be other factors affecting the behavior of mineral
ions forming mineral precipitates in oil and gas field facilities.

In this study, in order to predict the formation of mineral deposits, different temperatures and
pressures including 3093 psia/177.96 F, 3156 psia/181.6 F, 3220 psia/184.79 F and 3358
psia/186.63 F were considered. In the water analysis, SO4> and CI- are major components (Figures 4
and 5). Based on geochemical analysis, Ca?* and Mg?* ions are major components in the reservoir rock
samples. (Figure 6). Therefore, this comparison shows that the source of ions (except for calcium and
magnesium ions) in the reservoir water is not the rock but waters of marine origin.

AIMS Geosciences Volume 9, Issue 3, 578-594.



586

Stiff Diagram
Sample 1
Cations meqg/kg Anions
4000 3000 2000 1000 0 1000 2000 3000 4000

Sample 2
Cations meq/kg Anions
3000 2000 1000 0 1000 2000 3000

M
ca —m — — — —
Na+K—— — —
Sample 3
Cations meg/kg Anions
4000 3000 2000 1000 0 1000 2000 3000 4000
| | | | | ] | | |
Mg S0,
[ S P G P R PP, HCO, + CO,
Na+K — — -Cl

AIMS Geosciences Volume 9, Issue 3, 578-594.



587

Sample 4
Cations meqg/kg Anions
3000 2000 1000 0 1000 2000 3000

M- S04
A — HCO;3 +C0;
Na+K — — —

-al

Sample 5
Cations meg/kg Anions
3000 2000 1000 0 1000 2000 3000

HCO, + GO,

—=cl

Figure 4. Stiff diagram for water ion distribution in the water reservoir of the studied fieldF.
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Figure 5. Piper diagram for distribution of ion in reservoir water in the 5 samples.
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Figure 6. Distribution of elements in the rock reservoir in the studied field. LOI (Loss on
ignition) is formed by components in the sample that evaporate due to heat and leave the
system to reduce the total percentage of samples to less than 100. These include
components such as water and carbon dioxide.

Table 4 shows the amount of mineral sediment in 5 samples collected at the Rag-e Sefid oil and
gas field, according to StimCad 2 software based on the percentage of saturation index.

According to the results of Table 4, the formation of calcium sulfate and calcium carbonate
deposits in the Rag-e Sefid Oil and Gas field is significant, with a higher rate for calcium sulfate.
The amount of mineral precipitation in sample 1 was the highest, and sample 5 was the lowest.
According to the results of Table 4, CaSO4 2H>0 and magnesium carbonate mineral deposits
cannot be formed due to the concentration of ions in the formation water. For sample 1, at a
pressure of 3093 psia and a temperature of 178 F, the amount of mineral sediment formation for
calcium sulfate and calcium carbonate is 1772.138 and 715.4 mg/lit, respectively. However, based
on the concentration of mineral ions in the formation water (Sample 1), at a pressure of 3358 psia
and a temperature of 187 F, the amount of mineral precipitates for calcium sulfate and calcium
carbonate is 1894.7 and 725.25 mg/lit, respectively.

In this study, based on StimCad software, calcium carbonate deposit is the most important
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deposit that can be formed in the Rag-e Sefid oil and gas field, which is confirmed by the field results
of Bijani and Khamechi’s research. In the research of Bijani and Khamechi (2019) [32] the formation
of mineral deposits in the desalination unit and the core pipes of the disposal well of the oil field and
Reg-e Sefid gas has been investigated. The results of their work emphasize the formation of calcium
carbonate deposits.

Table 4. The amount of mineral precipitates in Rag-e Sefid oil field according to StimCad
2 software based on the percentage of saturation index.

Well Deposition Survey Data
(mg/lit) 3093 psia/178 F 3156 psia/182 F 3220 psia/185 F 3358 psia/187 F
Samplel  CaSO4 1772.138 1822.854 1868.5 1894.7
CaCO3 715.4 719.43 723.11 725.25
Sample2  CaSO4 326.57 373.64 407.67 429.75
CaCO3 129.51 131.01 132.12 132.85
Sample3  CaSO4 1396.87 1451.48 1490.99 1516.66
CaCO3 544.73 548.44 551.17 552.97
Sample 4  CaSO4 788.78 839.61 876.37 900.24
CaCO3 127.42 128.95 130.1 130.85
Sample5  CaCO3 160.52 162.314 163.63 164.5

4.2. Hydrocarbon preservation

Table 5 presents the hydrochemical properties of the mineral ions in the water of the Rag-e Sefid
oil field. Based on the analysis of the concentration of mineral ions in the formation water of this field,
a relation between these and hydrocarbon preservation can be obtained (Table 5), which can be
expressed as follows:

Na*/Cl- ratio. According to the table, the ratio of sodium to chloride in the water samples is in
the range of 0.565 to 0.567. The numerical ratio of sodium to chlorine in the 5 samples studied (because
it is less than one) can emphasize that the water in the Rag-e Sefid oil and gas field formation is ancient
residual seawater that is sealed in the reservoir (without being associated with shallow water or active
aquifers). Based on the ionic ratio obtained from sodium and chloride concentration, this formation is
useful for storing hydrocarbons [33-35].

Table 5. lon ratio for estimation of preservation of hydrocarbons in the studied field.

Formation Na*/Cl- (mg/l)  CI*-Na*/Mg?* (mg/l) HCOs/Cl (mg/l) HCO/Ca? (mg/l) Mg?*/Ca?* (mg/l)
water

Sample 1 0.565 28.24 0.0077 0.137 0.273

Sample 2 0.555 48.77 0.00229 0.032 0.127

Sample 3 0.567 34.81 0.00624 0.106 0.213

Sample 4 0.558 36.02 0.00205 0.032 0.192

Sample 5 0.545 28.48 0.00275 0.041 0.236

AIMS Geosciences Volume 9, Issue 3, 578-594.
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(CI'-Na*)/Mg?* ratio. This ratio is named as “metamorphic coefficient” and considered to
evaluate the degree of water-rock interaction and ion replacement [36,37]. The ratio (CI-Na*)/Mg?*
in 5 water samples of the formation in the Rag-e Sefid oil and gas field ranges from 28.24 to 48.77.
This high metamorphic coefficient, in the studied samples, indicates strong interactions between
water and rock [38], so Na* and Mg?* are mainly displaced by Ca?" and therefore have high
metamorphic coefficients.

Mg?*/Ca?* ratio. The ratio of magnesium to calcium in the water of the study formation is less
than one. Dolomite formation leads to a high concentration of Ca?* versus a low concentration of Mg?*
in the formation water. Therefore, dolomitization has an essential role in controlling Ca?* and Mg?*
concentrations. Dolomite formation occurs in sealed reservoirs [39], so Mg?*/Ca?* ratios have low
ratios and can indicate sealing conditions [27,33,40-44]. Higher magnesium to calcium ratios can
reduce hydrocarbon storage [38].

(HCO3-CO3*)/Ca?* ratio. This ratio is considered to test the decarbonization property [45]. The
ratios of (HCO3-CO3?)/Ca?" in the formation water are mostly less than 0.5. Bicarbonate is the product
of the dissolution of carbonate by oxygenated water. Previous studies have shown that low ratios of
(HCO3-CO3%)/Ca?* are typically associated with a high acid content, which is closely related to
petroleum water organic matter [46-48]. It is therefore suitable for storing hydrocarbons [49-51].

(HCOz3)/CI ratio. In the studied samples, this ratio is in the range of 0.00205 to 0.0077.
Considering the ratio of 0.006 > (HCOs-)/CI-and also the ratio of (ClI'-Na*)/Mg?* > 17.855 [38], the
formation of the Rag-e Sefid oil and gas field has suitable conditions for gas production.

5. Conclusions

The analysis of mineral ions in agueous solutions is of great interest due to the saturation of
mineral ions and the formation of mineral deposits in chemical systems such as oil fields. Lack of
adequate analysis and sampling can lead to many technical problems. One of the most important
problems is the presence of ions in the oil fields and the formation of mineral deposits in surface
installations as well as reservoirs and wells. For this reason, in this study, for 5 wells of the Rag-e Sefid
oil and gas field, mineral ions in formation water were studied. The main conclusions of the study of
the 5 samples of formation water of the Rag-e Sefid oil and gas field are as follows:

i) the total amount of minerals dissolved in the formation water ranges from 174675 to 235909
mg/l; (ii) the concentration of inorganic ions such as calcium, sodium, magnesium, sulfate, chloride,
and bicarbonate in the formation water can affect the conditions of oil exploration processes; (iii) the
formation of calcium carbonate and calcium sulfate deposits, modeled for the the Rag-e Sefid oil and
gas field, is significant and can affect operations; (iv) the geochemical properties of formation water
point to suitable conditions for gas production; (v) based on a comparison of formation waters and
formation rocks, the source of ions (except for calcium and magnesium ions) in the water is mostly
related to original marine water (and not to the sedimentary rocks); (vi) the relation between
geochemical properties and water distribution of the Rag-e Sefid Formation, points to favorable
conditions for hydrocarbon production.

Use of Al tools declaration

The authors declare they have not used Artificial Intelligence (Al) tools in the creation of this article.

AIMS Geosciences Volume 9, Issue 3, 578-594.



591

Acknowledgments

We are extremely grateful for the cooperation of Mr. Seyed Abdulrasoul Hashemi and managers

of different departments of Gachsaran Oil and Gas Exploitation Company, as well as the constructive
comments of both reviewers.

Conflict of interest

The authors declare no conflict of interest.

References

10.

11.

12.

Hashemi SH (2022) Thermodynamic study of interfacial tension between oil and aqueous phases
composed of ionic liquids and brine. J Indian Chem Soc 99: 100508.
https://doi.org/10.1016/j.jics.2022.100508

Nikseresht S, Farshchi Tabrizi F, Riazi M, et al. (2021)Thermodynamic prediction of interfacial
tension of water/oil system with the presence surfactants and salt. Model Earth Syst Environ 8:
2193-2199. https://doi.org/10.1007/s40808-021-01217-1

McCain M (1999) Properties of Petroleum Fluids, 2nd edition. PennWell Corp.

Bagheri R, Miri M, Khabiri F, et al. (2019) Enhancing volume and salinity of production water in
oil and gas wells, Case study: Mozduran gas reservoir. Iran J Petrol Geol 15: 1-18.

Hashemi SH, Mirzayi B, Mousavi Dehghani SA, et al. (2014) Investigation of the process of
formation of mineral deposits in surface and sub-surface installations of oil fields. First
International Conference on Oil, Gas and Petrochemicals with Sustainable Development
Approach (University Relations with Industry), Tehran.

Hashemi SH, Mousavi Dehghani SA, Khodadadi H, et al. (2017) Optimization of Extended
UNIQUAC Parameter for Activity Coefficients of lons of an Electrolyte System Using Genetic
Algorithms. Korean Chem Eng Res 55: 652-659. https://doi.org/10.9713/kcer.2017.55.5.652
Hashemi SH (2017) Thermodynamic Study of water activity of Single Strong Electrolytes. J Appl
Comput Mech 3: 150-157. https://doi.org/10.22055/JACM.2017.12425

Mirzayi B, Mousavi Dehghani SA, Hashemi SH, et al. (2016) Study and review of formation and
removal of scale in oil recovery process. Farayandno 10: 100-112.

Jones F (1964) Influence of Chemical Composition of Water on Clay Blocking of Permeability.
J Pet Technol 16: 441-446. https://doi.org/10.2118/631-PA

Mungan N (1965) Permeability Reduction Through Changes in Ph and Salinity. J Pet Techno 17:
1449-1453. https://doi.org/10.2118/1283-PA

Oddo J, Smith J, Tomson M (1991) Analysis of and Solutions to the CaCO3z and CaSO4 Scaling
Problems Encountered in Wells Offshore Indonesia. SPE Annual Technical Conference and
Exhibition. Dallas, Texas. https://doi.org/10.2118/22782-MS

Chong TH, Sheikholeslami R (2001) Thermodynamics and Kinetics for Mixed Calcium
Carbonate and Calcium Sulfate Precipitation. Chem Eng Sci 56: 5391-5400.
https://doi.org/10.1016/S0009-2509(01)00237-8

AIMS Geosciences Volume 9, Issue 3, 578-594.



592

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Bagci S, Kok M, Turksoy U (2001) Effect of brine and Alkaline Fluid on the permeability Damage
of Limestone Reservoirs. Spe International Symposium on Oilfield Chemistry. Houston, Texas.
https://doi.org/10.2118/65394-MS

Voloshin I, Ragulin A, Tyabayeva E, et al. (2003) Scaling Problems in Western Siberia. The
International Symposium on Qilfield Scale. Aberdeen, UK. https://doi.org/10.2118/80407-MS
Abu-Khamsin S, Ahmad S (2005) Laboratory Study on Precipitation of Calcium Sulphate in
Berea Sandstone Cores. SPE Technical Symposium of Saudi Arabia Section. Dhahran, Saudi
Arabia. https://doi.org/10.2118/106336-MS

Hashemi SH, Din Mohammad M, Mousavi Dehghani SA (2019) Thermodynamic Prediction of
Ba and Sr Sulfates Scale Formation in Waterflooding Projects in Oil Reservoirs. J Miner Resour
Eng 22: 23-37.

Hashemi SH, Hashemi SA (2020) Prediction of Scale formation according to water injection
operations in  Nosrat Oil Field. Model Earth Syst Environ 6: 585-589.
https://doi.org/10.1007/s40808-019-00664-1

Hashemi SH, Bagheri M, Hashemi SA (2020) Thermodynamic study of the effect of concentration
and ionic strength on osmotic coefficient of aqueous sulfate and chloride solutions at 298.15 K.
Model Earth Syst Environ 6: 2189-2196. https://doi.org/10.1007/s40808-020-00834-6

Hashemi SH, Mousavi Dehghani SA, Samimi SE, et al (2020) Performance comparison of GRG
algorithm with evolutionary algorithms in an aqueous electrolyte system. Model Earth Syst
Environ 6: 2103-2110. https://doi.org/10.1007/s40808-020-00818-6

Hashemi SH, Dinmohammad M, Bagheri M (2020) Optimization of Extended UNIQUAC model
parameter for mean activity coefficient of aqueous chloride solutions using Genetic+PSO. J Chem
Pet Eng 54: 1-12. https://doi.org/10.22059/jchpe.2020.254905.1225

Rezaie AH, Nogole-Sadat MA (2004) Fracture Modeling in Asmari Reservoir of Rag-e Sefid Qil-
Field by using Multiwell Image Log (FMS/FMI). Iranian Int J Sci 5: 107-121.

Motiei H (1995) Petroleum Geology of Zagros, Treatise on the Geology of Iran, Geological
Survey of Iran Publication, 589.

Bidarvand N, Kohansal ghadimvand N, Jahani D (2011) Microfacies and sedimentary
environment of the Asmari Formation in Rag-e-safid oil field, south west Khouzestan. J Environ
Geol 5: 45-60.

Chaldavi AA, Sadeghi A, Amiri Bakhtiar H, et al. (2006) Introduction of the Gorpi formation in
the north of Reg Sefid oil field in the southeast of Ahvaz, Dezful subsidence area. 10th Conference
of the Geological Society of Iran. Tehran.

Sepehr M, Cosgrove JW (2004) Structural framework of the Zagros Fold-Thrust Belt, Iran. Mar
Pet Geol 21: 829-843. https://doi.org/10.1016/j.marpetge0.2003.07.006

Betz L (1962) Betz Handbook of Industrial Water Conditioning, Sixth Edition. Publisher of Betz,
Trevose, Pennsylvania.

Shariatpanahi SF, Strand S, Austad T (2011) Initial wetting properties of carbonate oil reservoirs:
effect of the temperature and presence of sulfate in formation water. Energy Fuels 25: 3021-3028.
https://doi.org/10.1021/ef200033h

Ellis A, Mahon W (1967) Natural hydrothermal systems and experimental hot water/rock
interactions (Part 11). Geochim Cosmochim Acta 31: 519-538. https://doi.org/10.1016/0016-
7037(67)90032-4

AIMS Geosciences Volume 9, Issue 3, 578-594.



593

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Giggenbach WF (1986) Graphical techniques for the evaluation of water/rock equilibration
conditions by use of Na, K, Mg and Ca contents of discharge waters. Proc 8th New Zealand
Geothermal Workshop, 37-44.

Gunter W, Perkins E, Hutcheon I (2000) Aquifer disposal of acid gases: modelling of water—rock
reactions for trapping of acid wastes. Appl Geochem 15: 1085-1095.
https://doi.org/10.1016/S0883-2927(99)00111-0

Ellis A, Mahon W (1964) Natural hydrothermal systems and experimental hot-water/rock
interactions. Geochim Cosmochim Acta 28: 1323-1357. https://doi.org/10.1016/0016-
7037(64)90132-2

Bijani M, Khamechi E (2019) Investigation and Prediction of Corrosion and Scaling Tendency in
Wastewater Pipelines and Tubings of Disposal Wells of Rag-e-safid Crude-Oil Desalting Unit.
Pet Res 29: 26-28. https://doi.org/10.22078/PR.2019.3662.2672

De Choudens-Sanchez V, Gonzalez LA (2009) Calcite and aragonite precipitation under
controlled instantaneous supersaturation: elucidating the role of CaCO3 saturation state and
Mg/Ca ratio on calcium carbonate polymorphism. J Sediment Res 79: 363-376.
https://doi.org/10.2110/jsr.2009.043

Osborn SG, Vengosh A, Warner NR, et al. (2011) Methane contamination of drinking water
accompanying gas-well drilling and hydraulic fracturing. Proc Natl Acad Sci 108: 8172-8176.
https://doi.org/10.1073/pnas.1100682108

Rice CA, Flores RM, Stricker GD, et al. (2008) Chemical and stable isotopic evidence for
water/rock interaction and biogenic origin of coalbed methane, Fort Union Formation, Powder
River Basin, Wyoming and Montana USA. Int J Coal Geol 76: 76-85.
https://doi.org/10.1016/j.coal.2008.05.002

Ranasinghe PN, Dissanayake CB, Rupasinghe MS (2005) Application of geochemical ratios for
delineating gem-bearing areas in high grade metamorphic terrains. Appl Geochem 20: 1489-1495.
https://doi.org/10.1016/j.apgeochem.2005.02.009

Zheng YF (2012) Metamorphic chemical geodynamics in continental subduction zones. Chem
Geol 328: 5-48. https://doi.org/10.1016/j.chemge0.2012.02.005

YuHY, Wang ZL, Rezaee R, et al. (2020) Formation water geochemistry for carbonate reservoirs
in Ordos basin, China: Implications for hydrocarbon preservation by machine learning. J Pet Sci
Eng 185: 106673. https://doi.org/10.1016/j.petrol.2019.106673

Nader FH, Swennen R (2004) The hydrocarbon potential of Lebanon: new insights from regional
correlations and studies of Jurassic dolomitization. J Pet Geol 27: 253-275.
https://doi.org/10.1111/j.1747-5457.2004.tb00058.x

Folk RL, Land LS (1975) Mg/Ca ratio and salinity: two controls over crystallization of dolomite.
AAPG Bull 59: 60-68. https://doi.org/10.1306/83D91COE-16C7-11D7-8645000102C1865D
Koleini MM, Mehraban MF, Ayatollahi S (2018) Effects of low salinity water on calcite/brine
interface: A molecular dynamics simulation study. Colloids Surf A 537: 61-68.
https://doi.org/10.1016/j.colsurfa.2017.10.024

Lear CH, Rosenthal Y, Slowey N (2002) Benthic foraminiferal Mg/Ca-paleothermometry: A
revised  core-top  calibration.  Geochim  Cosmochim  Acta 66:  3375-3387.
https://doi.org/10.1016/S0016-7037(02)00941-9

AIMS Geosciences Volume 9, Issue 3, 578-594.



594

43.

44,

45.

46.

47.

48.

49.

50.

51.

Nielsen MR, Sand KK, Rodriguez-Blanco JD, et al (2016) Inhibition of calcite growth: combined
effects  of Mg?  and SO~ Cryst  Growth Des 16: 6199-6207.
https://doi.org/10.1021/acs.cgd.6b00536

Wilkinson BH, Algeo TJ (1989) Sedimentary carbonate record of calcium-magnesium cycling.
Am J Sci 289: 1158-1194. https://doi.org/10.2475/ajs.289.10.1158

Van Voast WA (2003) Geochemical signature of formation waters associated with coalbed
methane. AAPG Bull 87: 667-676. https://doi.org/10.1306/10300201079

Yuan BC, Xu XG, Li ZZ, et al (2007) Microbial biomass and activity in alkalized magnesic soils
under arid conditions. Soil Biol Biochem 39: 3004-3013.
https://doi.org/10.1016/j.s0ilbi0.2007.05.034

Zeebe RE (1999) An explanation of the effect of seawater carbonate concentration on
foraminiferal ~ oxygen isotopes. = Geochim  Cosmochim Acta 63: 2001-2007.
https://doi.org/10.1016/S0016-7037(99)00091-5

Deines P, Langmuir D, Harmon RS (1974) Stable carbon isotope ratios and the existence of a gas
phase in the evolution of carbonate ground waters. Geochim Cosmochim Acta 38: 1147-1164.
https://doi.org/10.1016/0016-7037(74)90010-6

Chen T, Neville A, Yuan M (2005) Calcium carbonate scale formation—assessing the initial
stages of precipitation and deposition. J Pet Sci Eng 46: 185-194.
https://doi.org/10.1016/j.petrol.2004.12.004

Kurita Y, Nakada T, Kato A, et al (2008) Identification of intestinal bicarbonate transporters
involved in formation of carbonate precipitates to stimulate water absorption in marine teleost
fish. Am J Physiol 294: R1402-R1412. https://doi.org/10.1152/ajpregu.00759.2007

Palandri JL, Reed MH (2001) Reconstruction of in situ composition of sedimentary formation
waters. Geochim Cosmochim Acta 65: 1741-1767. https://doi.org/10.1016/S0016-
7037(01)00555-5

© 2023 the Author(s), licensee AIMS Press. This is an open access

MS ATMS Press article distributed under the terms of the Creative Commons

Attribution License (http://creativecommons.org/licenses/by/4.0)

AIMS Geosciences Volume 9, Issue 3, 578-594.


https://journals.physiology.org/doi/full/10.1152/ajpregu.00759.2007

