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Abstract: Drilling multilateral and horizontal wells through tight gas reservoirs is a very difficult
task. The drilling fluid should be designed to reduce both fluid and solid invasion into the tight
formation to avoid formation damage by aqueous phase trapping. The objective of this paper is to
assess the effect of sodium silicate on the drilling fluid properties such as rheological and filtration
properties. Rheological properties (RPs) were measured at different temperatures while the filtration
test was performed at 300 ◦F and 300 psi differential pressure. A retained permeability calculation
was determined to confirm the prevention of solid invasion. The rheological properties results
confirmed that the optimal concentration of sodium silicate (SS) was 0.075 wt.% and at the same time,
the temperature has no effect on the SS optimum concentration. Using 0.075 wt.% of SS reduced the
filtrate volume by 53% and decreased the filter cake thickness by 65%. After mechanical removal of
the filter cake, the return permeability of the tight sandstone core was 100% confirming the prevention
of solid invasion. The computer tomography (CT) scanner showed that the CT number before and
after the filtration test was very close (almost the same) indicating zero solid invasion and prevention
of the formation damage.

Keywords: formation damage; solid invasion; water-based; drilling fluid; tight reservoirs;
sodium silicate

1. Introduction

Water blockage (aqueous phase trapping) is a common issue while drilling unconventional and
tight reservoirs. The viscosity of the gas is much lower than for water and as a result, a very high
capillary pressure will be required to flow the gas and to remove the filtrate water, which filled the
small pores of the tight formation.

Amanullah and Allen [1] illustrated that the drill-in fluid can cause several kinds of formation
damage depending on the differential pressure, the bridging additives, spurt loss and the chemical
composition of the fluid. The drill-in fluid should be formed to have a removable solid by the acid
reaction, form an ideal filter cake and reduce or prevent the solid invasion, eliminate the reaction with
the formation type, and compatible with the formation fluid [2]. Elkatatny et al. [3,4] showed that the
filter cake is heterogeneous where the layer closed to the formation face contained the solids, which
should be selected to form a bridging effect while drilling and it should be easy to remove after the
drilling operation. Large-diameter bridging material should be used to plug the pore through the
reservoir section of the South China Sea [5].
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1.1. Drilling Fluid Rheological Properties

Rheological properties play a vital role in the optimization of drill-in fluids performance [6,7].
Rheological properties such as plastic viscosity (PV), yield point (YP) and gel strength are very
important during the drilling operations [8]. The drilling mud density is responsible to control the
formation pressure and at the same time increasing the fluid density will increase the solid percent and
reduce the rate of penetration (ROP) [9]. Increasing the solid content in the drilling fluid will increase
the PV and hence will reduce the ROP [10].

At annular velocity of less than 120 ft/min, the PV and YP had a major effect on cutting
transportation [11,12]. The carrying capacity index (CCI), which indicated the hole cleaning efficiency
can be determined as a function of the consistency index [13]. It is very important to determine the
yield stress of the drilling fluid, which represents the capability of the drilling fluid to carry the cutting
to the surface [14].

Rig hydraulic calculations depend mainly on PV, YP, flow behavior index, and the flow consistency
index. In addition to these parameters, the hole diameter and solid percent should be taken into
consideration for the rig hydraulic calculations [15]. Taghipour et al. [16] concluded that non-circular
holes showed better hole cleaning and lower pressure gradient as compared with circular holes.

Li et al. [17] concluded that for water-based drilling fluid, cellulose nanocrystals had the large
effect of the rheological properties, where polyanionic cellulose has the big effect of filtration properties.
Halali et al. [18] concluded that using nanoparticles can reduce the filtration by 95% at high-pressure
high-temperature (HPHT) conditions and, in addition, nanoparticles can be used to overcome the issue
of polymer degradation at HPHT conditions.

1.2. Drill-in Fluids for Unconventional Reservoirs

Tight gas reservoirs are the typical type of unconventional gas reservoirs with the permeability
less than 0.1 mD that produces mainly dry gas. Large hydraulic fracturing as a stimulation job must
also be done in order to increase the recovery percentage from tight gas [19].

Water blockage is a common issue while drilling horizontal and multilateral wells through tight
gas reservoirs which results from the invasion of filtrate fluid with very fine solids into the formation.
To prevent water blockage, compatibility between formulated drill-in fluid and formation should be
verified [20]. Liquid sodium silicate (Na2SiO3) is strongly inhibitive material. Its particles in fresh
water become in a gel state and form a film-like barrier throughout the rock [21].

Zabala et al. [22] introduced a stable drill-in fluid (7.4 ppg) for drilling heavy oil in Bare, Melones
and Arecuna fields in Venezuela. They reported that this drill-in mud demonstrated no formation
damage, in which the maximum filtrate volume became 5 ml and return permeability was 89%.

Van Zanten et al. [20] studied the effect of surfactant treatments after using water or brine-based
drill-in fluids for altering wettability and elimination of emulsion blockage in tight oil and water
blockage in tight gas formations. They concluded that the retained permeability was almost 100%
when using microemulsion-forming surfactant packages.

El Bialy et al. [23] designed a drill-in fluid with potassium formate (KCOOH) brine and manganese
tetraoxide (Mn3O4) weighting agent to provide 114 lb/ft3 density. It was used for drilling a vertical
appraisal well to Unayzah A and B sandstone tight gas reservoirs in Saudi Arabia. The authors
mentioned that since manganese tetraoxide is acid and enzyme soluble, they obtained very high (about
99.3%) return permeability (ki = 0.0606 mD, kf = 0.0602 mD) with less than 14 ml filtrate volume.
It was also reported that the formulated drill-in fluid showed very high stability at the bottom hole
temperatures exceeding 155 ◦C.

Han et al. [24] formulated sodium chloride (NaCl) brine-based drill-in fluid with 3.5% potassium
chloride (KCl) and 3% glycol additives to drill four horizontal wells to Peregrino heavy oil field in
Brazil. The oil density was 13 API. They determined that 3.5% potassium chloride (KCl) and 3% glycol
additives are ideal for the inhibition of moderately reactive shales. The retained permeability values
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for NaCl/KCl WBM (Water-based mud) and LS OBM (Oil-based mud) between 68% and 76% with
6.8–7.2 and 1.9–2.9 ml fluid losses, respectively.

The main goal of this study is to formulate a proper non-damaging water-based drilling fluid
with the optimum concentration of sodium silicate (Na2SiO3) for tight gas reservoirs to minimize fluid
invasion and prevent water blockage problem in the formation by forming a very thin, impermeable
and easily removable filter cake. The ultimate goal was to increase the well productivity by gaining
high return permeability. In addition to these objectives, the effect of SS on the rheological properties
of the formulated drill-in fluid, barite solubility, and the sag performance will be assessed.

2. Experimental Study

2.1. Water-Based Drilling Fluid

The drilling fluid consists of distilled water as a base phase, 5 g of bentonite for viscosity control,
xanthan gum (1 g) for viscosity control, caustic soda (0.25 g) for pH control, sodium chloride (22 g) for
shale stabilization and increase the density, starch (4 g) for filtration and viscosity control, calcium
carbonate with different sizes (3 g of 25 microns and 3 g of less than 38 microns) works as weighting
and bridging material, and barite (278 g) for density control. The mud was prepared and mixed at
ambient conditions (e (77 ◦F and 14.7 psi). Table 1 lists the composition of the drilling fluid.

Table 1. Drilling fluid formulation for lab scale.

Additives Amount

Distilled Water 241.5 cm3

Soda Ash (Na2CO3) 0.5 g
De-foamer 0.01 g
Bentonite 5 g

XC (Xanthan gum) Polymer 1 g
Caustic Soda (NaOH) 0.25 g

Sodium Chloride (NaCl) 22 g
Starch 4 g

CaCO3 (25 and < 38 micron) 3 + 3 g
Barite 278 g

The RPs were measured at room temperature (77 ◦F). Table 2 lists the RPs of the based fluid. The
drilling fluid density was 14.5 ppg, the PV was 27 cP, the YP was 57 lb/100 ft2, gel strength was 12 and
19 lb/100 ft2 for 10 s and 10 min, respectively, and pH was 10. It is clear that the YP/PV ratio was 2.11 at
77 ◦F.

Table 2. Drilling fluid rheological properties at room temperature.

Properties Value

Density, ppg 14.5
Plastic viscosity, cP 27

Yield point, lb/100 ft2 57
10 s gel strength, lb/100 ft2 12

10 min gel strength, lb/100 ft2 19
pH 10

2.2. Experimental Procedure

The following steps were conducted to assess the effect of using sodium silicate (SS) with a
different percentage on water-based drilling fluid:

1. The drilling fluid was prepared and mixed using a different percentage of sodium silicate (0, 0.05,
0.075, and 0.1 wt.%).
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2. The fluid density and pH were measured at ambient conditions (77 ◦F and 14.7 psi).
3. The rheological properties were measured at different temperature (77, 120, 170, and 300 ◦F).
4. The initial permeability of tight sandstone core (2 inch length and 2.5 inch thickness) was

determined using the modified high-pressure-high temperature cell.
5. The filtration test was performed at 300 ◦F and 300 psi differential pressure and the formed filter

cake thickness was measured after using a different concentration of SS.
6. The formed filter cake was removed mechanically and the damage core permeability was obtained.
7. CT scan was performed for the core before the filtration and the mechanical removal of the

filter cake.
8. The effect of sodium silicate on barite solubility was performed at 200 ◦F.

3. Results and Discussion

3.1. Effect of Adding Sodium Silicate

Different amounts of SS were added to the drilling fluid and the RPs were measured at 77 ◦F. The
density and pH of water-based mud are measured at ambient condition (77 ◦F and 14.7 psi) to simulate
to real measurements of these properties in the field. It was noted that the drilling fluid density was
14.5 ppg and it remained constant when increasing the amount of SS. The same result was obtained
for pH. The pH was 10 and it remained constant by increasing the SS concentration to 0.05, 0.075 and
0.1 wt.%, Figure 1.
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Figure 1. Effect of adding sodium silicate on drilling fluid density and pH at room temperature.

Figure 2a shows that the PV of the drilling fluid increased from 27 cP to 32 cP after adding
0.05 wt.% sodium silicate, and it increased to 35 cP after adding 0.075 wt.% of sodium silicate. The
PV decreased to 31 cP after adding 0.1 wt.% of sodium silicate. These results confirmed that the
optimal sodium silicate concentration was 0.075 wt.% at 77 ◦F. Drilling fluid’s YP increased from 57 to
68 lb/100 ft2 after adding 0.05 wt.% SS and increased to 75 after adding 0.075 wt.% of SS. The yield point
decreased to 67 after adding 0.1 wt.% of SS. These results confirmed that the optimal concentration of
SS is 0.075 wt.%, Figure 2a.

Figure 2a shows that the optimal concentration of SS was 0.075 wt.% at which the 10 s and 10 min
gel strength were 19 and 22 lb/100 ft2, respectively. Based on the RPs, the optimal SS concentration was
0.075 wt.% at 77 ◦F. No effect was observed on the density and pH of the drilling fluid and no change
in the YP/PV ratio. At the same time, the PV, YP, and gel strength were enhanced.
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3.2. Effect of Temperature and Sodium Silicate (SS) Concentration

To evaluate the effect of adding SS on the RPs of the drilling fluid at higher temperatures, the HPHT
rheometer was used to measure the change in the RPs at 120, 170, and 300 ◦F.

Figure 2b shows that adding SS with different concentrations (0.05 to 0.1 wt.%) enhanced the
RPs of the drilling fluid, as discussed by Guo et al. [21]. The optimal concentration of SS at 120 ◦F
was 0.075 wt.% at which the PV was 22 cP and the YP was 53 lb/100 ft2, the 10 s, and 10 min gel
strength were 13 and 19 lb/100 ft2, respectively. It was clear that the YP/PV ratio was 2.5 at 120 ◦F,
which confirmed the good RPs of the drilling fluid when using 0.075 wt.% SS. This ratio is responsible
for carrying the drilled cuttings of the rock from the drilled hole to the surface and it is recommended
to be greater than 1.5.

The same behavior was observed at 170 ◦F as shown in Figure 2c. The optimal concentration
was 0.075 wt.% of SS at which the PV was 19 cP and the YP was 49 lb/100 ft2, the 10 s, and 10 min
gel strength was 11 and 17 lb/100 ft2, respectively. At 300 ◦F, the optimal concentration of SS was
0.075 wt.% at which the PV was 13 cP and the YP was 38 lb/100 ft2 resulting in a YP/PV ratio of 2.9
which is very good for hole cleaning. The gel strength was 9 and 10 lb/100 ft2 for 10 s and 10 min,
respectively, Figure 2d. Guo et al. [21] stated that SS particles in fresh water assume a gel state, which
will increase the gel strength of the fluid.

Figure 3 shows the change of the shear stress-shear rate behavior at a different temperature for
the drilling fluid with SS concentration of 0.075 wt.%. It is clear the stress behavior of the drilling fluid
decreased by increasing the temperature. The shear stress reduced from 144.1 lb/100 ft2 to 64 lb/ 100 ft2

at a shear rate of 600 when using the optimal concentration of SS (0.075 wt.%). Based on these results,
it can be concluded that adding SS with 0.075 wt.% enhanced the RPs of the drilling fluid over a wide



Energies 2019, 12, 1485 6 of 12

range of temperature (77 and 300 ◦F). In other word, the temperature had no effect on the optimal
concentration value of SS.Energies 2019, 12, x FOR PEER REVIEW 6 of 12 
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3.3. Effect of Sodium Silicate on Barite Solubility

To evaluate the effect of adding SS on barite solubility, a hot plate magnetic stirrer was used at
200 ◦F, Figure 4. The solubility test was performed using 4 gm of barite in 100 ml solution which
contains 20 wt.% EDTA (Ethylenediaminetetraacetic acid) at pH 12, and 6 wt.% potassium carbonate,
this solution was proposed by Bageri et al. [25] for barite filter cake removal. Figure 5 shows that the
solubility of barite was 75 wt.% before adding SS. The barite solubility increased from 75 to 80% by
adding 2 wt.% of SS and it further increased to 82 % when 4 wt.% SS was used. The barite solubility
decreased to 80% when 6 wt.% of SS was used, Figure 5. Based on these experiments, it can be
concluded that adding SS enhanced barite solubility and sodium silicate worked as a catalyst that
enhanced the barite solubility. The enhancement in the solubility of sodium silicate due to the addition
of sodium silicate can be attributed to the fact that sodium silicate acted as a sequestering agent for
multivalent cations (such as barium, calcium, etc.) [26].
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3.4. Effect of Sodium Silicate on Filtration

The filtration test was conducted at 300 ◦F and 300 differential pressure. To simulate the reservoir
rock, tight sandstone core (0.25” thickness and 2.5” diameter) was used. Another set of cores with
2 inch length and 2.5 inch diameter were used to perform the filtration test using the modified HPHT
cell. The cores were cut and prepared from a Scioto sandstone block which had an average permeability
of 1.3 mD and average porosity of 12%.

Figure 6 shows that the cumulative filtrate volume was 7.4 cm3 after 30 minutes of filtration.
This experiment was conducted using zero percent of SS. The cumulative volume filtration decreased
from 7.4 to 6.5 cm3 when 0.05 wt.% of SS was used, Figure 6. By increasing the concentration of SS to
0.075 wt.%, the cumulative filtrate volume decreased to 3.5 cm3, while it further increased to 5 cm3

after increasing the concentration of SS to 0.1 wt.%. These results indicated that using 0.075 wt.% of
SS, the cumulative filtrate volume decreased by 53%. Based on filtration results, 0.075 wt.% SS is the
optimal concentration that should be used in the drilling fluid. Young and Friedheim [27] obtained
very close results to the aforementioned results when using 3 wt.% nano-sized silica solution for
Mancos shale and Texas shale gas core samples. The total filtrate volume was 8.8 cm3 at a temperature
of 200 ◦F and 500 psi applied pressure.
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The filter cake thickness was measured after every filtration test, the filter cake thickness was
2 mm when no SS was used, Figure 7. By increasing the concentration of SS to 0.05 wt.%, the filter cake
thickness decreased from 2 to 1.8 mm., the cake thickness further decreased from 1.8 to 0.7 mm when
0.075 wt.% SS was used, while the cake thickness increased to 1.3 mm after increasing the concentration
of SS to 0.1 wt.%, Figure 7. The filter cake thickness decreased by 65% by adding 0.075 wt.% of SS.
These results confirmed that the optimal concentration of SS was 0.075 wt.%.
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3.5. Retained Permeability

To assess the damaging effect of the developed formulation of the drilling fluid which contained
0.075 wt.% of SS on tight sandstone cores, the filter cake formed on the face of the core was removed
mechanically and the final permeability of the core was calculated. Figure 8 shows the core before the
filtration and a CT scan cross-section of the core before the damage. In addition, Figure 8 shows the
formed filter cake with a CT scan for the core after damage with the cake on its surface.

The initial and final permeability of the Scioto sandstone core was measured using Darcy’s law.
The experiment was repeated four times and the average permeability was calculated. The retained
permeability was determined as explained by Elkatatny and Nasr-El-Din [28].

For Scioto sandstone cores, the retained permeability was 100%. The experiment was repeated
four times and the same results were obtained. This result confirmed that there was no solid invasion
inside the core. To confirm the retained permeability results, computer tomography (CT) was used to
scan one core before the filtration test and after the mechanical removal of the filter cake.

Figure 9 shows the slices of the CT scan through the core before the filtration and after damaging
the core using the drilling fluid formed with 0.075 wt.% SS. The color of the slices in Figure 9a,b are
very close throughout the core length which confirmed that there is no solid invasion after the filtration
test. For further analysis, the average CT number was determined before the filtration process and after
the mechanical removal of the filter cake. Figure 10 shows that the average CT number was the same
through the core length before and after the filtration, confirming that there was no solid invasion.

Energies 2019, 12, x FOR PEER REVIEW 8 of 12 

 

The filter cake thickness was measured after every filtration test, the filter cake thickness was 2 
mm when no SS was used, Figure 7. By increasing the concentration of SS to 0.05 wt.%, the filter cake 
thickness decreased from 2 to 1.8 mm., the cake thickness further decreased from 1.8 to 0.7 mm when 
0.075 wt.% SS was used, while the cake thickness increased to 1.3 mm after increasing the 
concentration of SS to 0.1 wt.%, Figure 7. The filter cake thickness decreased by 65% by adding 0.075 
wt.% of SS. These results confirmed that the optimal concentration of SS was 0.075 wt.%. 

 

Figure 7. Effect of adding sodium silicate on filter cake thickness. 

3.5. Retained Permeability 

To assess the damaging effect of the developed formulation of the drilling fluid which contained 
0.075 wt.% of SS on tight sandstone cores, the filter cake formed on the face of the core was removed 
mechanically and the final permeability of the core was calculated. Figure 8 shows the core before 
the filtration and a CT scan cross-section of the core before the damage. In addition, Figure 8 shows 
the formed filter cake with a CT scan for the core after damage with the cake on its surface. 

The initial and final permeability of the Scioto sandstone core was measured using Darcy’s law. 
The experiment was repeated four times and the average permeability was calculated. The retained 
permeability was determined as explained by Elkatatny and Nasr-El-Din [28]. 

For Scioto sandstone cores, the retained permeability was 100%. The experiment was repeated 
four times and the same results were obtained. This result confirmed that there was no solid invasion 
inside the core. To confirm the retained permeability results, computer tomography (CT) was used 
to scan one core before the filtration test and after the mechanical removal of the filter cake. 

Figure 9 shows the slices of the CT scan through the core before the filtration and after damaging 
the core using the drilling fluid formed with 0.075 wt.% SS. The color of the slices in Figure 9a,b are 
very close throughout the core length which confirmed that there is no solid invasion after the 
filtration test. For further analysis, the average CT number was determined before the filtration 
process and after the mechanical removal of the filter cake. Figure 10 shows that the average CT 
number was the same through the core length before and after the filtration, confirming that there 
was no solid invasion. 

 
(a) Before Damage 

Figure 8. Cont.



Energies 2019, 12, 1485 9 of 12

Energies 2019, 12, x FOR PEER REVIEW 9 of 12 

 

 
(b) After Damage 

Figure 8. Photos of the original core and computer tomography (CT) images before damage (a) and 
after damage (b). 

  
(a) (b) 

Figure 9. CT scan slices through the core (2” thickness and 2.5” diameter) where (a) shows the core 
before filtration and (b) shows the core after the filtration. 

 

Figure 10. Computer tomography scan before filtration and after damaging the tight sunstone core 
with the drilling fluid. 

3.6. Mechanism of Sodium Silicate in Barite Water-Based Drilling Fluids 

To understand the mechanism of 0.075 wt.% Na2SiO3 in barite water-based drilling fluid, it will 
be explained using two different approaches. The two approaches were developed for barite 
recovery, however, these methods can be implemented in petroleum engineering as well. Since barite 
is the only non-soluble solid in the drilling fluid and the different concentrations of Na2SiO3 are the 
additive that shows improvement through all the experiments, both approaches were considered 
together to explain our case as well. These approaches are barite flotation recovery with respect to 
Na2SiO3 concentrations, and the solubility of sodium silicate with the pH value of the solution. 

Barite flotation recovery is the process in which sodium silicate is used as a reagent to suspend 
and extract barite, and there is a strong relation between barite recovery and the amount of sodium 
silicate used. Bulatovic [29] showed that the maximum barite recovery was obtained at 0.2 wt.% ratio 
of sodium silicate to barite. The optimal concentration of the sodium silicate in the drilling fluid is 

Figure 8. Photos of the original core and computer tomography (CT) images before damage (a) and
after damage (b).

Energies 2019, 12, x FOR PEER REVIEW 9 of 12 

 

 
(b) After Damage 

Figure 8. Photos of the original core and computer tomography (CT) images before damage (a) and 
after damage (b). 

  
(a) (b) 

Figure 9. CT scan slices through the core (2” thickness and 2.5” diameter) where (a) shows the core 
before filtration and (b) shows the core after the filtration. 

 

Figure 10. Computer tomography scan before filtration and after damaging the tight sunstone core 
with the drilling fluid. 

3.6. Mechanism of Sodium Silicate in Barite Water-Based Drilling Fluids 

To understand the mechanism of 0.075 wt.% Na2SiO3 in barite water-based drilling fluid, it will 
be explained using two different approaches. The two approaches were developed for barite 
recovery, however, these methods can be implemented in petroleum engineering as well. Since barite 
is the only non-soluble solid in the drilling fluid and the different concentrations of Na2SiO3 are the 
additive that shows improvement through all the experiments, both approaches were considered 
together to explain our case as well. These approaches are barite flotation recovery with respect to 
Na2SiO3 concentrations, and the solubility of sodium silicate with the pH value of the solution. 

Barite flotation recovery is the process in which sodium silicate is used as a reagent to suspend 
and extract barite, and there is a strong relation between barite recovery and the amount of sodium 
silicate used. Bulatovic [29] showed that the maximum barite recovery was obtained at 0.2 wt.% ratio 
of sodium silicate to barite. The optimal concentration of the sodium silicate in the drilling fluid is 

Figure 9. CT scan slices through the core (2” thickness and 2.5” diameter) where (a) shows the core
before filtration and (b) shows the core after the filtration.

Energies 2019, 12, x FOR PEER REVIEW 9 of 12 

 

 
(b) After Damage 

Figure 8. Photos of the original core and computer tomography (CT) images before damage (a) and 
after damage (b). 

  
(a) (b) 

Figure 9. CT scan slices through the core (2” thickness and 2.5” diameter) where (a) shows the core 
before filtration and (b) shows the core after the filtration. 

 

Figure 10. Computer tomography scan before filtration and after damaging the tight sunstone core 
with the drilling fluid. 

3.6. Mechanism of Sodium Silicate in Barite Water-Based Drilling Fluids 

To understand the mechanism of 0.075 wt.% Na2SiO3 in barite water-based drilling fluid, it will 
be explained using two different approaches. The two approaches were developed for barite 
recovery, however, these methods can be implemented in petroleum engineering as well. Since barite 
is the only non-soluble solid in the drilling fluid and the different concentrations of Na2SiO3 are the 
additive that shows improvement through all the experiments, both approaches were considered 
together to explain our case as well. These approaches are barite flotation recovery with respect to 
Na2SiO3 concentrations, and the solubility of sodium silicate with the pH value of the solution. 

Barite flotation recovery is the process in which sodium silicate is used as a reagent to suspend 
and extract barite, and there is a strong relation between barite recovery and the amount of sodium 
silicate used. Bulatovic [29] showed that the maximum barite recovery was obtained at 0.2 wt.% ratio 
of sodium silicate to barite. The optimal concentration of the sodium silicate in the drilling fluid is 

Figure 10. Computer tomography scan before filtration and after damaging the tight sunstone core
with the drilling fluid.

3.6. Mechanism of Sodium Silicate in Barite Water-Based Drilling Fluids

To understand the mechanism of 0.075 wt.% Na2SiO3 in barite water-based drilling fluid, it will
be explained using two different approaches. The two approaches were developed for barite recovery,
however, these methods can be implemented in petroleum engineering as well. Since barite is the only
non-soluble solid in the drilling fluid and the different concentrations of Na2SiO3 are the additive that
shows improvement through all the experiments, both approaches were considered together to explain
our case as well. These approaches are barite flotation recovery with respect to Na2SiO3 concentrations,
and the solubility of sodium silicate with the pH value of the solution.

Barite flotation recovery is the process in which sodium silicate is used as a reagent to suspend
and extract barite, and there is a strong relation between barite recovery and the amount of sodium
silicate used. Bulatovic [29] showed that the maximum barite recovery was obtained at 0.2 wt.% ratio
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of sodium silicate to barite. The optimal concentration of the sodium silicate in the drilling fluid is
0.075 wt.%, according to the results obtained by Bulatovic [29], and this concentration of sodium
silicate will suspend 91% of the barite in the drilling fluid. The remaining 9% of barite will settle and
form a very thin filter cake on the formation face (which is favorable in drilling operations). The thin,
impermeable filter cake is needed to prevent the solids and fluid invasion to the oil and gas reservoir
rock because this invasion will diminish oil and gas production. Also, the relation between the sodium
silicate concentration and barite recovery indicates why the filter cake thickness increased when the
sodium silicate concentration decreased to 0.05 wt.%. At 0.05 wt.% sodium silicate concentration,
the amount of suspended barite will be 86% and the remaining 14% will precipitate to form the
filter cake compared to 9% at 0.075 wt.% sodium silicate concentration. Figures 7 and 11 show the
relation between sodium silicate concentration and the filter cake thickness due to barite settling for
concentrations up to 0.075 wt.%.
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The general formula of sodium silicate is Na2O·SiO2. It has two parts: Na2O and SiO2. When
Na2SiO3 is added to the drilling fluid solution, Na2O will react with water to generate sodium
hydroxide. This reaction will reduce the amount of sodium oxides and the silicon oxide will remain in
the solution. Ives [30] showed that the sodium silicate solubility depends on its concentration and the
solution pH. In the drilling fluid, the pH is 10; at this pH, sodium silicate will be in the amorphous form
if the concentration exceeds 0.015 mol/L (0.075 wt.%) and below this concentration, sodium silicate will
be in the polymerization region. This is why when the concentration increased beyond 0.075 wt.%,
the filter cake thickness increased and the sodium silicate amorphous form was generated and did
not prevent the barite settling. In the polymerization process that happens at concentrations lower
than 0.075 wt.%, siloxane (Si4O8(OH)44-) will form. The interaction between barite and polymerized
Si4O8(OH)44- will result in the suspension of barite particles. The last part of the polymerization
process is gelation. At this stage, when the polymer is exposed to the ∆P, it is flushed out of a solution
and plugs the formation face by making a film-like barrier. As a result, the fluid invasion is minimized
and solid invasion completely stops because of the polymerization effect of 0.075 wt.% Na2SiO3.

4. Conclusions

Extensive laboratory experiments were conducted to evaluate the effect of using sodium silicate
on water-based drilling fluid properties. The following conclusions can be drawn based on the
results obtained:
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1. Sodium silicate had no effect of fluid density and pH. In addition, there was no change in the
yield point plastic viscosity ratio.

2. The optimal SS concentration was 0.075 wt.% and the temperature had no effect on this value
over a wide range (77–300 ◦F).

3. Using 0.075 wt.% of SS the filtrate volume was reduced by 53% and the filter cake thickness was
decreased by 65%.

4. The CT scan and the return permeability calculation after the mechanical removal of the filter
cake confirmed that there was no solid invasion after the filtration test at 300 ◦F and applied
differential pressure of 300 psi.
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