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Abstract 

Injection water as one of the known methods has many applications in the oil industry either as 

pressure keeper or as enhanced oil recovery method. One of the main problems in water injection 

processes is incompatibility problem of injection water with formation water. It causes depositions 

that have great effects on the water injection process. So, predicting likely depositions is very 

important and has many economic benefits. In this study, compatibly between formation water of 

one of the Iranian oil fields and injection water which is a candidate for maintaining pressure in 

the reservoir were examined by commercial software OLI. So, problems due to scale formation 

were predicted before performing the water injection operations. In this software, various physical 

conditions that waters are facing with them and different ratios of injection to formation water 

were examined. Results showed that there was the possibility of precipitation of strontium sulfate 

and calcium carbonate in reservoir conditions and strontium sulfate, calcium carbonate, and 

barium sulfate in atmospheric conditions. Also, there was some iron sulfide deposit that it was 

negligible. So, corrosion is not important in the candidate water injection process. Since the 

amount and variety of composed sediments were little, the candidate water is good for water 

injection operation into the examined oil reservoir. 
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Introduction 
Deposition of scale is one of the most important and most serious problems that can affect the process of 

water injection into oil reservoirs. When water is injected into the reservoir, usually due to two reasons 

scale is formed. First, Scale deposits in the reservoir because of super saturation. Second is when 

incompatible water such as injection water (containing the sulfate ion) and formation water (containing 

calcium, barium, and strontium) are mixing. If the amount and type of likely scales in the oil field can be 

predicted before water injection process, it is possible to greatly increase oil recovery efficiency by using 

appropriate additives to water. Ability of predicting scale formation is a challenging skill in oil industry.  

Nasr-El-Din, et al. (2004) used high sulfate and calcium chloride solutions in their laboratory works to 

study permeability changes of water producing zones. Bedrikovetsky, et al. (2005) presented laboratory 

results and analysis of core flood studies of field N (Brazil) to determine chemical reaction rate constant 

versus flow velocity in porous media for scaling conditions.  Ligthelm, et al. (2009) studied about 

injecting brine into an oil field. Their results showed that formation water with higher salinity level 

correlates to a higher content of multivalent cations and common sediments in oil fields are calcium 

carbonate, calcium sulfate, strontium sulfate and barium sulfate. Amer Badr, et al. (2009) examined the 

rate of barium sulfate deposition in porous of the rock. Results showed increasing rate of BaSO4 

precipitation at higher temperatures and greater brine concentration. Also, they build a general reaction 

rate equation to predict BaSO4 deposition in sandstone cores for a certain temperature, brine 

concentration, and various pressures. Shaddel, et al. (2012) tried to understand how the water and oil 

chemistry and temperature affects the final recovery in order to optimize low salinity water flooding 

process. Their results showed improving effect between 4-22% in tertiary oil recovery. Abbasi, et al. 

(2012) investigated formation damage due to the effects of injection pressure, flow rate, and induced 

fracture on the rock sample.  Their results showed permeability reduction in un-fractured samples. 

Golghanddashti, et al. (2013) predicted types and amounts of likely scales resulted from different mixing 

ratios of brines by commercial software. Then, they performed laboratory injection of seawater into 

carbonate samples and analyzed the induced damages. They concluded that the extent of scales is much 

more important than the types of scales which should be investigated in each projects. Haghtalab, et al. 

(2014) proposed a thermodynamic model of mixing of injection and formation water. They tried to predict 

the mineral deposits in the reservoir, injection, and production wells by this model.  Azaza, et al. (2014) 

performed an experimental works to examine the effect of inhibitors such as Sodium Tripolyphosphate 

(STPP) on barium sulfate sediment. They measured the amount of barium sulfate and barite precipitation 

by a Fourier transform infrared spectroscopy (FTIR) measurement. Their results showed about of 1.5 mg 

of STPP inhibits the growth of barite surfaces up to 85%. Heidari, et al. (2016) examined the 

incompatibility between injection and formation water from one of the Iranian oil reservoirs. They used 

Oddo and Tomson model to predicting the probability of formation of deposits of sulfate and carbonate 

salt as two important salts in the oil field. Results showed that there were not significant depositions at 

surface conditions, but there were ability of the formation of barium and calcium sulfate sediments at high 

temperature and pressure. 

Commercial software OLI is one of the methods that can be used to predict amount and type of likely 

deposits in oil fields. This software can predict the amount and type of likely deposits versus different 

temperature, pressure, and ratios of injection to formation water. The input data includes a complete 

analysis of formation and injected water, desired temperatures and pressures, and various mixing ratios of 

injection to formation water.  

Software analysis  
The injected and formation water analysis were first given to the software. The analysis included all 

concentrations of cations and anions in the injection and formation water, carbon dioxide, and total 

dissolved solids. Table (1) & (2) show the injection and formation water analysis, respectively. 
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 Table 1. The injection water analysis 
Concentration 

(gm/l)  

Anion Concentration  (gm/l)  Cation 

620201 Cl-1 62161 Na+1 

012 SO4
-2 6101 K+1 

01 SO3
-2 0022 Ca+2 

660 HCO3
-1 6660 Mg+2 

61 S-2 60/2  Fe+2 

2 HS-1 8/4  Ba+2 

 Neutralize 848 Sr+2 

660 CO2,aq 2 H+1 

 Properties   

611000 Total dissolved solids 

(g//l)  

  

6610/6  Measured density ///l) )   

 
 

Table  2. The formation water analysis 
Concentration 

(gm/l)  

Anion Concentration  (gm/l)  Cation 

620201 Cl-1 62161 Na+1 

012 SO4
-2 6101 K+1 

01 SO3
-2 0022 Ca+2 

660 HCO3
-1 6660 Mg+2 

61 S-2 60/2  Fe+2 

2 HS-1 8/4  Ba+2 

 Neutral 848 Sr+2 

660 CO2,aq 2 H+1 

 Properties   

611000 Total dissolved solids 

(g//l)  

  

6610/6  Measured density ///l) )   

 

Since the real salt water must be electrically neutral, samples were first neutralized with sodium and 

chloride ions in the software. This electrically balance causes changing alkalinity, pH, and density of 

water samples than real amount. So, software uses a small amount of HCl and CO2 for adjusting analysis. 

In this study, 4062.099 mg/L of Cl-1 and 448.4313 mg/L of Na+1 were added to the samples for electrically 

neutralizing of injection and formation water, respectively. Table (3) shows the amount of HCl and CO2 

used in the adjustment step.  
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Table  3. The amount of HCl and CO2 which added or reduced in the adjustment step 

 Injection water Formation water 

HCl (mg/l) 4477m74  0606/06  

CO2 (mg/l) 407m977-  104/611-  

 

Table (4) shows the software error in calculating alkalinity, pH, and density of water samples after the 

adjustment step. As can be seen from table (4), the software error was negligible compared with real data. 
 

Table  4. The software error in calculating alkalinity, pH, and density of water samples 

  Formation water Injection water 

pH Measured 1 0/1  

pH Calculated 1 0/1  

Alkalinity Measured 604 01 

Alkalinity Calculated (versus calcium 

carbonate concentration mg/L) 

08/600  0466/06  

Density Measured (g/cc) 6481/6  6610/6  

Density Calculated (g/cc) 6606/6  6668/6  

 

Temperature, pressure, and different ratios of injection to formation water effects were now examined by 

using the revised analysis that electrically neutralized and matched with the experimental data.  

Results and discussions 
Injection and formation water are encountering different physical conditions during oil recovery process. 

Different temperature and pressure conditions cause different amount and type of depositions. The 

potential of the scale formation must be examined in different regions with considering different 

temperature and pressure conditions that may be placed in the way of production and injection water. 

Table (5) shows the range of considered operation conditions to examine the scale formation.  
 

Table 5. The range of temperature and pressure used to examine the scale formation 

Selected section Pressure (Psi) Temperature (C°)  

Surface 0/64  06 

Wellhead 622 06 

well middle 6222 42 

Well down 0222 62 

Output of tubing 0222 82 

reservoir 4122 06 

 

Due to presentation limitations, surface and reservoir conditions were only examined in this study. 

Atmospheric conditions 
Different volumetric ratios of injection to formation water were mixed together under atmospheric 

conditions. Figure (1) shows the amount and type of deposited scales. 
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Figure 1. The amount and type of deposited scales under atmospheric conditions 

 

As can be seen from figure 1, there were the possibility of precipitation of strontium sulfate, iron sulfide, 

and barium sulfate in atmospheric conditions. 

Reservoir conditions 
Another considerable condition was reservoir conditions. Figure (2) shows the amount and type of 

deposited scales under reservoir conditions. 
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Figure 2. The amount and type of deposited scales under reservoir conditions 

 

Based on figure 2, there were the possibility of precipitation of strontium sulfate, iron sulfide, barium 

sulfate, and calcium carbonate in reservoir conditions. 

By comparing the amount and type of sediments in figure (1&2), it can be concluded that the solubility of 

strontium sulfate salt was increased with increasing temperature and pressure from surface conditions to 

reservoir conditions. There was no sediment of strontium sulfate salt in volumetric ratios of 10%, 75%, 

and 90% of formation water. Also, the amount of barium sulfate sediment was low in reservoir conditions 

than surface conditions. There was no sediment of barium sulfate salt in volumetric ratios of 0%, 10%, 

and 25% of formation water and there was much lower sediment of barium sulfate in reservoir conditions 

than surface conditions under other volumetric ratios. The amount of iron sulfide sediment in reservoir 

conditions was not greatly changed compared to atmospheric conditions. There was calcium carbonate 

sediment in reservoir conditions and the amount of that was considerable. 
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So, barium sulfate, strontium sulfate, iron sulfide, and calcium carbonate sediments were only seen by 

interring the analysis of water samples, temperature range, and pressure range to the software. In the 

following, these sediments were examined in detail. 

Barium sulfate sediment 
Barium sulfate sediment is the One of the most serious deposits that deposited in the oil field. As can be 

seen from figure (3), barium sulfate deposits with decreasing temperature and pressure. Also, barium 

sulfate sedimentation increased with increasing the ratio of the formation water to injection water 

(increasing barium ion concentration). Due to low amount of barium ion in injection and formation water, 

the range of changes of barium sulfate concentration is small. 
 

 
Figure 3. The changes of barium sulfate sediment 

 

Strontium sulfate sediment 
Since strontium sulfate solubility increases with increasing temperature, it was expected that most of 

strontium sulfate precipitations created in the surface conditions. But as can be seen from figure (4), 

strontium sulfate precipitations increased from 80 ˚C and 3000 Psi due to increasing pressure and its more 

important role than temperature. The highest amount of strontium sulfate sediment was occurred in the 

reservoir conditions at the ratio of 40% of formation water. It is scientifically justified because pressure 

has the opposite effect on the solubility of strontium sulfate. 
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Figure 4. The changes of strontium sulfate sediment 

 

The other thing is that why the curve of deposition is upward in all operating conditions except in 

reservoir conditions? Because the amount of strontium ions in the formation water is higher than injection 

water, it is expected that more strontium ions precipitate with increasing the ratio of the formation to 

injection water. But on the other hand, the reservoir was saturated with formation water since the 

beginning. So, the amount of deposited strontium ions decreases when the initial physical conditions 

obtain with increasing the ratio of the formation to injection water.  

Calcium carbonate sediment 
Calcium carbonate is the most common carbonate deposits in the oil fields. Unlike other minerals, 

solubility of the calcium carbonate salt decreases with increasing temperature. This is clear from figure 

(5). As can be seen from figure 5, very small amount of calcium carbonate precipitation was created up to 

50 ˚C. The greatest amount of calcium carbonate precipitation was in reservoir conditions and the ratio of 

100% of formation to injection water. 
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Figure 5. The changes of calcium carbonate sediment 

 

Iron sulfide sediment 
Iron deposits such as iron oxide and iron sulfide are usually formed due to corrosion. Iron sulfide deposits 

may be Kansite (Fe9S8), Pyrrhotite (Fe0.875S), and Pyrite (FeS2). Figure (6) shows that the iron sulfide 

deposits were slight in both completely different conditions of surface and reservoir. So, corrosion is not a 

serious problem during the water injection process. 
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Figure 6. The changes of iron sulfide sediment 

 

The total amount of deposits formed in all of the operating conditions was compared in figure (7). As it is 

clear, the total amount of deposits decreased with increasing temperature and pressure except reservoir 

conditions. There is sudden increase in deposits under reservoir conditions. This is due to existence of 

oversaturation conditions in the reservoir. Another significant difference in this figure is downward slope 

of the sediment curve in reservoir conditions than other conditions with increasing the ratio of the 

formation to injection water. This is due to the initial reservoir saturation from formation water. 
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Figure 7. The total amount of deposits formed in all of the operating conditions 

 
Figure (8) shows pH changes in water compositions. It is clear from this figure that formation water is 

more acidic than injection water. So, its acidic power reduces when it mixed with injection water. 

Therefore, surface conditions had the highest pH and the reservoir had the lowest pH.  

 

Archive of SID

www.SID.ir

http://www.sid.ir


 

12 
 

 
Figure 8. pH changes in water compositions 

 

Now, there is an overview of the amount and type of likely sediments in the operating conditions of the 

studied reservoir. So, It can be decided what additives should be added to the injection water to improve 

its quality. In this way, it is possible to greatly increase oil recovery efficiency. 
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Conclusionss 
From the above discussions it can be concluded that: 

1. The main factors that affect the scale formation are: supersaturated, mixing two incompatible 

water, temperature changes, pressure changes, evaporation (affects concentration), and pH. 

2. There were strontium sulfate, barium sulfate, calcium carbonate, and iron sulfide in the surface 

conditions. 

3. There were strontium sulfate, calcium carbonate, and iron sulfide in the reservoir conditions. 

4. The behavior of barium sulfate and strontium sulfate scale was the opposite under mentioned 

operating conditions. 

5. Pressure had more effect on barium sulfate and strontium sulfate scale than temperature. 

6. Temperature had more effect on calcium carbonate than pressure. 

7. Although one of the hardest sediments deposited on the reservoir is barium sulfate, it was 

observed that very little barium sulfate precipitated in the reservoir under studied operating 

conditions. 

8. Because the amount of iron sedimentation in the operating conditions was not significant, so the 

corrosion phenomenon was not very important. 
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