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Abstract: Low salinity water is the most common method of increasing oil production, which has 

become very common in recent decades.  Low-salinity water changes the electric charge of the rock 

surface in sandstone and carbonate reservoirs, causing the rock to become water wet. By a salt shock, 

smart water disturbs the static balance of sandstone reservoirs and increases sand production. Stabilizing 

nanoparticles in smart water can create a nano texture on the rock surface and change its wettability. 

On the other hand, by sitting on the rock surface in the sandstone reservoirs, they increase the strength 

of the rock and greatly reduce sand production. One way to improve the properties of low-salt water is 

to remove magnesium and calcium ions, which can be produced by using smart soft water, which has 

the ability to increase water viscosity, easier absorption of surfactants, and in any case, smart soft water 

has higher efficiency and more economical. The purpose of this study is to investigate sand production, 

with used SiO2 nanoparticles at different pH. By potential zeta test, 1000 ppm SiO2 concentration was 

selected for testing. The pH value of five containers containing smart soft water And five other 

containers containing Nanofluid was adjusted to 4.5, 5.5, 6.5, 7.5, and 8.5. In each of the ten containers, 

a thin section with a specific weight was immersed. After measuring the daily weight of the thin sections 

for five days, we concluded that the use of SiO2 nanoparticles, 80%, and a change of four pH units, 

75%, would prevent sand production.  
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1. Introduction 

In sandstone reservoirs that are not placed between the grains of sand, cement, with the 

production of oil, the grains of sand begin to be produced, which is called sand production. 

Sand production is one of the main problems of sandstone reservoirs [1]. Sand production 

causes many problems in oil reservoirs, greatly increases the cost of maintaining and cleaning 

wells, and causes problems in all areas where oil moves. Inside the reservoirs, it reduces the 

permeability and blocking of the porous medium and may destroy the equipment that prevents 

sand production. Also, inside the well, they cause corrosion and damage to valves and chokes. 

And in very severe cases, they may cause the well to become inaccessible. Therefore, methods 

should be used to prevent sand production from increasing the strength of the moraine rock [2-

4]. 

There are several ways to prevent sand production, which are divided into active and 

inactive. In active methods, various equipment is used to prevent sand production [5-8]. 

Moreover, in inactive methods, try to increase the rock strength. One of the inactive methods 
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is to use resin, which greatly reduces permeability. Another inactive method is the use of 

nanoparticles, which can increase the rock strength and prevent sand production by stabilizing 

it in smart water [9-11]. Smart water is an Increasing oil production method introduced in 1967 

[12] and made significant advances in the 1990s, making it the most common method of 

increasing oil production. Smart water increases the oil recovery factor by several mechanisms, 

the most important of which is wettability alteration [13-16]. 

Using smart water increases sand production. The reason for this increase in sand 

production could be surface changes in rock [17-20]. Different nanoparticles can control sand 

production. Moreover, because they do not reduce permeability, they have received much 

attention in recent years. Stabilizing nanoparticles in smart water creates major changes in 

water characteristics that can be severely influences in oil reservoirs [21-24]. On the other hand, 

various studies have shown that the use of nanoparticles can greatly reduce the migration of 

fine particles [25][26]. 

Smart water is very economical, but it can be improved and produced more efficiently. 

Soft water production has been considered in recent studies. Soft water production has been 

considered in recent studies. By removing calcium and magnesium ions, soft water can be 

produced that can cause major changes in the rock surface. A comparison in 2014 have been 

made, the effect of soft water on increasing the recovery factor of the oil factor was much 

higher than hard water. Mohammadi Jerauld also found that by combining low salinity water 

and polymer, water viscosity is increased, and by increasing viscosity of injected water, the oil 

recovery consequently increased [27]. Soft water is a water that does not contain calcium and 

magnesium ions and has been used for such reasons as better polymer stability, surfactant 

absorption, and increased viscosity [28].  

In this present, by wisely choosing soft water ions, we produced smart soft water (SSW) 

and investigated their impact on the sand production from sandstone samples that had certain 

properties. For this review, first, we mixed three types of smart water with formation water, 

and by Minitab software, we choose the composition of soft water that has the least amount of 

incompatibility with formation water. Then we used silica nanoparticles at different 

concentrations and selected the most stable concentration in soft water as nanofluid. And 

adjusted the pH of the obtained nanofluid and optimized soft water. Finally, thin Sections that 

we got from the sandstone plug immersed in the smart soft water (SSW) with and without nano 

and measure the amount of sand production. We got some interesting results that, in the 

following, we examine these results and experiments. 

2. Materials and Methods 

2.1. Materials. 

2.1.1. Minerals.  

For this experiment, we used 3 mm thick, thin sections were made of plugs that had 

certain petrophysical properties. We can see the mineralogy of the rock components (thin 

sections) used in Table 1. 

Table 1. Mineralogy of sands from XRF measurements. 

Elements  SiO2 Al2O3 CaO Fe2O3 K2O MgO Na2O SO3 LOI 

Sand (%) 78.81 8.95 2.42 0.55 3.16 0.21 1.74 1.47 2.58 

Cement (%) 20.73 4.12 61.91 3.25 0.078 3.26 0.35 2.39 2.49 
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2.1.2. Brines.  

Formation water (One of the southern Iran reservoirs), and Seawater (Persian Gulf) 

were prepared in the laboratory using chemicals purchased from Merck laboratories. Deionized 

water was used for the brine preparation, having total organic content <5 ppb and resistivity of 

18.2MΩ cm, and it was one-time evaporation. An incompatibility test was used to produce soft 

water. 

The Persian Gulf water was diluted 5, 10, and 15 times and was mixed with each of 

them with an equal volume of formation water. And were placed on a magnetic stirrer for 30 

min, then 24h in reservoir simulator temperature. Moreover, by measuring the mass of the 

sediments, it was found that water was ten times diluted had the least sediment. Then, using 

the Minitab software and Taguchi's algorithm, we obtained a soft water composition. All 

properties of formation water, seawater, and soft water are given in Table 2. 

Table 2. Composition of formation water, seawater, and soft water. 

Components 

 

Formation water 

weight(g/l) 

Sea water 

weight(g/l) 

Soft water 

weight(g/l) 

Manufacturer 

 

NaCl 150 28 2.1 Merck 

CaCl2.6H2O 49.5 1.38 ---------- Merck 

NaHCo3 0.66 0.1 0.015 Merck 

KCl 0 0.8 1.44 Merck 

MgCl2.6H2O 14.5 5.5 ---------- Merck 

Na2SO4 0.403 4.4 0.44 Merck 

 

2.1.3. Other materials. 

The SiO2 nanoparticles were used for testing had an average particle size of about 25 

nm. We used stearic acid (with molar mass 248.48 g/mol and density 941 kg/m3) and normal 

heptane (with molar mass 100.21 g/mol and density 684 kg/m3) for oil wetting thin sections. 

Furthermore, for setting the value of pH, we used HCl and NaOH. 

2.2. Methods. 

2.2.1. Thin section. 

The plug that was selected for this experiment was transformed into a 3 mm thick, thin 

section by a cutting machine. For this test, ten thin sections were required, and among the 

available thin sections, the best thin sections were selected. 

2.2.2. Oil wetting procedure. 

The amount of thin sections wettability is unknown and may affect the sand production, 

so we decided to oil wetted all thin sections. Normal heptane and stearic acid were used to oil 

wetted ten thin sections. 

For oil wetted the samples, 500 ccs of 0.01M stearic acid solution were first made in 

normal heptane. We put ten samples of the required thin sections in this solution (as shown in 

Figure 1), and finally, It was placed in a reservoir temperature simulator (Oven) at 65°C for 72 

hours. 
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Figure 1. Submerging thin sections in normal heptane with 0.01 molar stearic acid. 

2.2.3. Drying procedure. 

After oil wetting the thin sections, for drying, we first set them at room temperature for 

24 hours. Then they were placed in the reservoir temperature simulator (oven) at 65°C for 2 

hours until completely dried, and their residual water saturation reaches zero (In Figure 2, 

preparation of the thin sections for drying can be seen). After completing these steps, the thin 

sections were prepared for weighing.  

 
Figure 2. Prepare thin sections for drying. 

 

2.2.4. Nanofluid preparation. 

For this experiment, SiO2 nanoparticles were used. These nanoparticles were selected 

for three reasons: 1. most previous studies on enhanced oil recovery and prevention of fines 

migration have obtained acceptable results from this nanoparticle. 2. SiO2 easily becomes 

stable in water and does not require polymer, surfactant, or other additives. 3. Because the silica 

nanoparticles are similar to sandstone, it sits easily on the rock and preventing further sand 

production. In this sense, it was easy to see the boundary between using nano and not using 

nano in experiments.  

To prepare the nanofluids, first 1000 cc of SSW was made and poured in two containers 

(each one contain 500 cc SSW), after this, 0.5g And 0.25g of SiO2 nanoparticles were poured 

into containers each containing 500 ccs of SSW and then placed on a magnetic stirrer (with 

speed range about 1800rpm) for 30min and sonicated (a sonicated device with 24 kHz 

frequency and 400 w power) for 1 hour. Both Nano-fluids were visually stable, and we could 

not select which one was more suitable for testing. To distinguish between the two 

concentrations of 1000 and 500 ppm, we had to use the potential zeta test. Zeta potential test 
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was performed to determine the zeta potential and the average diameter of the particles in the 

nanofluid. 

2.2.5. pH measurement. 

According to Table 1, 500cc SSW was made and poured in five beakers, and 500 ccs 

of soft water with nano was poured in the other five beakers (each beaker contains 50cc of 

fluid). We adjusted the pH value of each of five SSW samples and every five Nanofluid 

samples to values of 4.5, 5.5, 6.5, 7.5, and 8.5. To adjust the pH value, we used HCl and NaOH. 

2.2.6. Weighing of sand production. 

Thin sections that fully oil wetted and was kept in the reservoir temperature simulator 

(Oven) for two hours, they were weighed by a digital scale with an accuracy of 0.01 mg. Then 

we put each of the thin sections in the beakers with the specifications on the glasses. Thus, in 

each of the ten beakers containing SSW with and without Nano, a specific thin section was 

inserted. We put aluminum foil on the beakers to isolate the solution in those. We placed all 

beakers in a reservoir temperature simulator (Oven), and set the oven temperature at 65°C. 

After 24 hours, we tacked out the samples from the reservoir temperature simulator and, 

with very high sensitivity, tacked out the thin sections from SSW beakers and SSW with Nano 

beakers (Nanofluid beakers), and to dry we placed all thin sections in a reservoir temperature 

simulator (oven) at 65°C for two hours, we dried completely and measured the weight of the 

dried thin sections. And again, the thin sections were put in their beakers and put in the oven 

at 65°C for the second 24 hours. Repeat the above steps for another four days and measure the 

weight of the dried thin sections daily. Generally, the thin sections were in the SSW with Nano 

and without Nano solution at reservoir temperature for five days (120 hours). 

3. Results and Discussion 

By reducing the pH of the injection water, the dissolution of the minerals increases, and 

thus the strength of the rock decreases, which greatly increases the production of sand in the 

sandstone reservoirs. This dissolution of minerals causes extensive changes in the amount of 

pH, which affects the properties of smart water. On the other hand, pH is inversely related to 

permeability, by increasing the pH, the permeability decreases with the changes that occur in 

the reservoir and the reason for the decrease in the permeability of fine migration that occurs 

due to the changes in pH [29,30]. 

In this study, the effect of different pH on sand production in the presence of nano and the 

absence of nano was investigated. To do this, the pH of the soft water was changed, and the 

sand production was measured. Then we changed the pH of the nanofluid, and the sand 

production was measured. Also, a comparison between the two modes (with nano and without 

nano) was performed to investigate the Nano effect and pH effect in soft water on sand 

production. 

 

3.1. Effect of pH on sand production in the absence of nano. 

The most common way to increase the oil recovery factor in oil reservoirs is to use low 

salinity water, or in other words, intelligently change the composition of the water, which 

causes wettability alteration of the reservoirs, which increases the relative permeability of the 
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oil and moves easily [31-34]. Increasing the pH to above 8 reduces the surface tension of the 

oil and could be a reason for the increase in the oil recovery factor. However, an increase in 

pH in sandstone reservoirs is a problem that increases the fine migration [17][35-38]. 

But the effect of pH on sand production has not been investigated so far, and in this part 

of the study, the aim is to investigate sand production in different pH of soft water . 

As mentioned, 500 ccs SSW was poured into five beakers (with the compounds listed 

in Table 1), and the pH of each beaker was adjusted to 4.5, 5.5, 6.5, 7.5, and 8.5 with HCl and 

NaOH. The base weight of the thin sections measured before the test and shown in Table 3. 

Table 3. The Base weight of thin sections in SSW. 

8.5 7.5 6.5 5.5 4.5 pH 

8.62 8.67 8.91 8.7 8.87 Weight(g) 

After weighing, each thin section was inserted in a specified beaker and placed in a 

reservoir temperature simulator for 24 hours. Next, we review the sand production every 24 

hours in the pHs that we set. 

As shown in previous studies, the effect of pH on fine migration is such that as the 

environment becomes more acidic, the amount of fine migration decreases [39]. However, the 

case of sand production is different. In the presence of SSW, due to the absence of a barrier to 

sand production, the amount of production should be high as expected. 

At pH= 4.5, as shown in Figure 3, the highest amount of sand produced was observed 

on the first day, and the total amount of sand produced was 0.16g in the five days. From day 

2nd to day 5th, the amount of sand production is gradually decreased, indicating that sand that 

has less cement is first produced. On the other hand, since there are no additives in soft water 

that inhibit the sand production, the presence of water decreases the consolidation of the grains, 

and a small amount of sand is produced every day. Generally, in pH 4.5, 1.804% of sand 

production was observed, which is very high, but the reason for this sand production in an 

acidic environment may be that the acid can dissolve some of the rock components, and result 

in more sand produced. 

At pH= 5.5, as shown in Figure 3, the amount of sand production is as high as pH= 4.5  

and is 0.14g, which is 1.609% of the total thin section, which still was very high sand 

production. 

At PH 6.5 and 7.5 (as shown in Figure 3), the sand production much lower than the 

previous values and is 0.12g and 0.11g, respectively, which is 1.347% and 1.269% of the total 

thin sections produced. 

At pH= 8.5 (as shown in Figure 3) due to the alkalinity of soft water and greater 

compatibility with thin section, it was observed that the amount of sand production was 

drastically reduced and 0.09g of sand produced that was 1.045% of the total thin section. 

As can be seen in SSW without any additives only by increasing pH, the sand 

production reduced sharply And rose from 1.804 percent of the total rock to 1.045 percent of 

the rock. By increasing pH from 4.5 to 8.5, the amount of sand production decreases about 

75%, and the effect of pH can be seen clearly. 

3.2. Effect of pH on sand production in the presence of nano. 

In the previous section, the effect of smart soft water pH on sand production was 

observed. In this section, the production of sand with pH changes in the presence of nano is 
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examined. Different nanoparticles are used in the oil industry in various fields, such as 

wettability alteration [40][41]. 

 

 

 

 
Figure 3. Effect of SSW pH on sand production in the absence of nano. 
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 To produce the desired nanofluid, we first need to provide a fluid that Nano stable in 

SSW, because if the nano precipitates, it will have a very low impact and will not be able to 

make chemical changes at the rock surface and will have little effect on sand production. There 

are two reasons to choose the best concentration for Nanofluid preparation: 1. The amount of 

nano used should be economical; that is, it should not exceed a specific limit. 2. The amount 

of nano used should be capable of covering the surface of the sand grains. It means the amount 

of nano that used should not be less than a specific limit.  

Based on these two conditions and studies carried out, concentrations of 1000 ppm and 

500 ppm were selected. Stability was considered to select one of these concentrations. Zeta 

potential testing should be used to determine stability. This test was performed to determine 

the zeta potential of each sample and the mean diameter of suspended particles in each sample 

(Table 4). 

Table 4. Result of potential zeta test. 

Stability quality Average diameter(nm) Zeta potential(mV) Nano fluid 

Very good 207 -30 1000 ppm 

good 316 -24 500 ppm 

 

According to Table 4, a Nano-fluid with a concentration of 1000 ppm SiO2 was selected 

for the tests. 

As mentioned, after performing the potential zeta test, it was found that the Nano-fluid 

with a concentration of 1000 ppm had the best stability and was suitable for testing, then 50 

ccs of Nano-fluid was put in each one of five beakers, and the beakers pH were adjusted to 4.5, 

5.5, 6.5, 7.5 and 8.5. In each beaker was placed a thin section with a specific weight, as shown 

in Table 5 and placed in a reservoir temperature simulator (oven) to begin the experiments. 

Table 5. The base weight of thin sections in SSW  with Nano. 

8.5 7.5 6.5 5.5 4.5 pH 

8.21 8.02 8.12 8.1 8.15 Weight(g) 
 

After 24 hours the samples were placed in the reservoir temperature simulator was 

tacked out, And, with high sensitivity, we removed the thin sections from the beakers, and 

accordance with Figure 2 were placed in the reservoir temperature simulator at 65°C for two 

hours. After drying of the thin sections, the weights of each of them were measured and placed 

in the specified glasses for the next 24 hours. Like the non-Nano tests, these experiments took 

5 days, and after five days of weighing each thin section, we plotted the data, and now we 

analyze the graphs. 

The presence of a nano should be able to cover the surface of the rock and the porous 

medium. One way to see if a nano can cover the surface of a rock is to use a microscope. Each 

of the thin sections was placed under a scanning electron microscope before being placed in 

the nanofluid, and their images were recorded. Furthermore, the comparison we made showed 

that the rock surface was well covered by nano. Figure 4 shows SEM images before and after 

immersion in the nanofluid. 
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Figure 4. Rock surface submerging in the nanofluid, a) before submerging. b) after submerging. 

As shown in Figure 5, at pH = 4.5, due to the acidity and possibly dissolution of some 

of the major rock constituents in this environment, the amount of sand production was high 

and produced about 0.08g, which is 0.982% of the total rock. Of this 0.08g of sand, 0.05g was 

produced on the first day, and 0.03g only was produced in the second to fifth days. This is 

indicating the effect of silica nanoparticles on sand production.   

At pH 5.5, 6.5 and 7.5 as seen in Figure 5, more sand production was in the first day, 

after which the sand production declined sharply, and at pH= 5.5 sand production was 0.741% 

of the total rock, and at pH= 6.5 and pH= 7.5 respectively sand production was 0.616% and 

0.623% of the total rock. 

At pH= 8.5, the amount of sand production is very low because the environment is more 

alkaline and stable, and the Nano effect prevents more sand production. In this pH, 0.487% of 

the total rock was produced, as shown in Figure 5, sand production in this pH was the lowest 

of all tests and this shows that the combination of increasing the pH to a certain amount and 

adding nano can be very good factors in preventing sand production. 

3.3. Comparison of the effect of nano and pH. 

As can be seen in Figure 3 diagrams, although there is a lot of sand production on the 

first day, the diagrams have a slope in the following days, and there is some sand production 

per day. However, in the Figure 5 diagrams, more sand is produced on the first and second 

days, and then the dip of the graphs becomes zero, and this reflects the very good effect of 

silica nanoparticles, which, by chemical changes between the rock components, prevent from 

more sand production. 

In Figure 6, we can clearly see the impact of Nanofluid 1000ppm SiO2. In this figure, 

the amount of sand production can be compared simultaneously in two modes (with nano and 

without nano) and different pHs. Analyzing this figure, we can conclude that the average Nano 

effect was about 80% (average differential between with and without nano). That is, nano 

reduces sand production by up to 80%.  
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Figure 5. Effect of SSW pH on sand production in the presence of nano. 
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Figure 6. Comparison of sand production at different pH. 

By comparing the percentages of sand production in both modes(with nano and without 

nano), from pH= 4.5 to pH= 8.5, the amount of sand production in SSW  reached from 1.804% 

to 1.045%, and in nanofluid reached from 0.982% to  0.487%. And this comparison, on 

average, shows about a 75% decrease in sand production with a change of four pH units. 

4. Conclusions 

 Nanofluid has higher stability at 1000 ppm concentration than 500 ppm. It can be said that 

there is no direct relationship between lower concentration and higher stability, and Nano 

stability cannot be detected visually  . Most sand production was on the first and second days 

when unconsolidated sand was produced. After that, in the SSW, there was a gradual daily sand 

production, but in the SSW with Nano, the sand production was on the first and second days. 

After the first two days, sand production becomes zero. Since the experiments were performed 

in the presence of nano and the absence of nano, the effect of nano was clearly observed, and 

this effect was about 60%, meaning that the use of SiO2 nanoparticles can reduce the production 

of sand by 60%. In the two cases where the effect of pH was examined, both confirmed that as 

the pH increased, the amount of sand produced decreased, indicating that the results of the 

experiments were valid and reliable. The conclusion of this study is that the best way to prevent 

sand production is to use the silica nanoparticles concurrently and to increase the pH to a certain 

amount. 
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