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1. Introduction 

he cement is placed/pumped around the casing in order 

to get the hydraulic seal between the cement and 

formation, and casing and cement. Our erroneous placement 

of cement can lead to catastrophic consequences. With the 

success of this operation, the safety, liabilities, economic and 

other policies and criteria targeted for the life of the well will 

be achieved. To get the proper fulfillment of this target, the 

oil and gas industry is investing huge amounts to have better 

cementing and mitigating the associated risks. Cement itself 

by nature is extremely tight. Hence conventionally the 

measurement of such tight cement permeability has not been 

widely documented or carried out. The cement permeability 

however is not constant, and is variable on the composition 

of the cement slurry. Thus in current oil and gas industry a 

number of different combinations for cement slurries are 

used [9]. One of the critical steps in drilling and completion 

of the well is Cementing. A good cement job must have 

Good Cement-formation bond, Good casing-cement bond, 

and Ability to prevent flow through it.  In order to get above 

mentioned properties and objectives, the cement slurry must 

be designed to have those by mixing of additives.[5] 

The literature reviewed indicated that during cementing 

operations, the single easy way for the gas to flow to annulus 

is, if hydrostatic pressure is lesser than the formation gas 

pressure. If the cement slurry is not properly designed, the 

chances for gas flow to  annulus are  higher. Key slurry 

properties, by which cementing performs most of its desired 

functions include: controlling the fluid loss, Density, setting 

time, Stability and its ability to prevent gas migration 

through it. [1] 

Sustained Casing Pressure defined as the pressure 

buildup as a result of flow through the permeable cement 

matrix or the micro or nano-annulus developed around the 

cement, had been experienced by about 60% of the wells 

producing oil and/or gas in the Gulf of Mexico, according to 

the literature.[3] Although various methods are used to 

prevent problem, there is no widely accepted universal 

method by the petroleum industry. Currently, the problem is 

tried to be extenuated using distinct methods applied either 

during the cementing operations or after the problem is found 

2. Related Work 

Many researchers have studied the gas migration problem, 

detecting their causes, prevent the gas migration by 

minimizing the well cement permeability and  tried to find 

their remedy if occurred. Seldom discussed in previous time, 

it is crucial today that cement must have an impermeable 

matrix so as to provide zonal isolation. [3] The number of 

the studies related to cement permeability was raised by the 

end of 20th century, that the reasons of the most of the 

accident occurred on offshore platforms are related to 

cement job, so permeability made the topic very important 

[1]. 

At present the number of additives and chemicals such as 

retarder, extender, deformers, dispersants, accelerators and 

fluid loss control additive is increasing the operational cost 

of cementing. Addition of some different additives can result 
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in incompatibility between chemical admixtures and affect 

the properties of cement slurry, resulting in poor cement 

slurry performance and entirely failure of cementing system. 

To avoid the addition of various additives, several types of 

polymers have been used in cement slurry for reducing the 

operational cost of cementing operations. [1] 

Controlling the gas flow via cement is very much 

essential in high pressurized gas wells .the permeability of 

the cement will allow the fluid to flow to shallow portion of 

the formation near the surface or around the well. These 

types of situation will increase the pressure of a shallow 

portion of wells, weaker zonal isolation, blowouts, 

production losses and even loss of lives.[1,2] 

Inconsistent slurry also results in placement of a non 

uniform cement column in annulus. In this case, zonal 

formation pressure may not be resisted during setting and 

lead to gas pervasion. Even though cement is uniform, this 

condition may also occur because of having a high 

permeable cement matrix as well. [5] 

There are various mechanisms to let gas pas via cement 

such as improper cement density, premature gelation, poor 

mud cake removal, high fluid loss, permeable slurry, high 

shrinkage, cement failure due to stress and weak interfacial 

bonding.[5] The gas may enter through cement in the 

annulus by various mechanisms, it requires a driving force to 

initiate the fluid flow and get space in the cemented portion 

of the annulus to stay. 

If the   slurry density is not appropriately designed Gas 

can flow when the cement is in slurry form,. Cement slurry 

will put a stop to hydrostatic pressure transmission and 

consequently reduce pressure, facing the gas zone. slurries 

that handles such conditions are desirable. [10] Gas 

migration within the cement is caused by the long 

transitional time for cement slurry due to proficient slurry 

performance. This can be prevented by reducing the 

transitional, as liquid phase may be converted into solid in 

short period by retaining its strength and properties.[11]  

M. Murtaza et al evaluated the pore structure of silica 

flour slurry is uniform and there are few voids in it, which 

enhances its ability to reduce the permeability of the cement. 

Further he showed that the addition of silica flour reduces 

the permeability and free water content is almost zero.[4]   

The study was conducted on cement samples of various 

different compositions to measure the permeability and those 

were cured for a period of 1 day, one week and 4weeks. It 

was found from the study that permeability of cement sample 

were decreased with addition of 3% of ARI (coded) BWOC 

and fully removed with addition of 5% BWOC of ARI for 

different  curing periods.[3] 

This study was conducted to know the properties of high 

performance cements by mixing additives like silica fume 

and silica flour combination at ambient temperature curing. 

It was found that in later ages, addition of Silica fume is 

more helpful in reducing the permeability and enhancing the 

strength [7]. 

3. Materials: 

The class G cement was used because of its versatile nature 

to enhance its properties with the addition of other additives. 

the additives that were used with the class G cement are fluid 

loss additives, dispersant, and expansion additives.[9] The 

main additive that was used to know its effect on cement 

permeability is silica flour. Where as, the other additives like 

dispersant, fluid loss and expansions were added 0.7 

%BWOC, 1 %BWOC, and 4 %BWOC respectively..  

3.1 Class G cement: 

Class G cement is considered to be the basic cement in OIL 

and Gas Industry because; it is designed to survive in broad 

limits of well conditions. The main component of class G is 

the clinkers of the Portland cement which are really 

responsible for the binding effect. These are mixed with 

gypsum (calcium sulfate) and hydraulic calcium silicates in 

the presence of water. This class of cement has the ability to 

adopt different properties by mixing with different additives 

such as accelerators, retarders, dispersants, expansion, fluid 

loss and others. the class G cement works actively upto 

8,000 feet The grades of class G cement are categorized as 

Moderate sulfate resistant and high sulfate resistant.  

 

Figure 1. Class G Cement 

3.2 Dispersants 

Dispersants improve the rheological properties of the cement 

by reducing the friction. It helps in easy blending and 

placement and reduces the pressure while pumping and 

causes the turbulency in flow at reduced pumping rate. The 

proper ratio of dispersant reduces the permeability and 

increases the homogeneity. but the excess of dispersant will 

lead particle separation and gives birth to the free fluid 

3.3 Expansion Additives 

Expansion additives help in expanding the cement 

boundaries, when the cement is set. This enhance the 

crystalline growth of cement, thus the cement achieve the 

better bonding between cement and formation and 

especially, casing and cement. Rubiandini et al has stated 

that proper concentration of expansion additives to be used is 

3% to 5% BWOC. Expansion additives are effective in 

controlling gas migration, defend well bore integrity and 

protects casing from corrosive environment. 

3.4 Fluid Loss Additives (FLA) 

Fluid loss additive is the permeability plugging additive. The 

slurry is designed to meet the specific requirements by 
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employing various water and additives. if the water content 

is changed from the slurry, it will not be able to work as it is 

designed for. fluid loss additive helps in reducing the water 

movement from slurry to permeable formation.[7] Less than 

the desired amount of fluid loss will lead slurry to be dense, 

alters the viscosity, and loses the compressive strength, 

where as the excess in amount of fluid loss will increase the 

density of the slurry which will be trouble making in mixing 

it. Loss of fluid will let the gas in, and thus, gas migration 

will occur 

3.5 Silica Flour 

Silica flour can be defined as a fine and thin ground silica 

which is formed by grinding and crushing the silica sand into 

extremely fine powder. Actually, It exists in the form of the 

crystalline and amorphous state in the silica sand. Crystalline 

Silica is found in different forms like Quartz, tridymite, 

cristablite and many more. The silica sand with high 

percentage of silicon dioxide (SiO2) is preferred to be 

grinded in order to get the silica flour. [15] 

Silica flour is got in various particle sizes, which vary 

from few micro meters to 100 µm and sometimes more in 

diameter. Silica flour react chemically, itself, it is a non 

reactive material at atmospheric conditions.[6] The Silica 

flour is insoluble in water with the specific gravity value 2.6 

. Silica flour does not have any high effect on the density of 

the mud or cement slurry. 

Silica flour is got in various particle sizes, which vary 

from few micro meters to 100 µm and sometimes more in 

diameter. Silica flour react chemically, itself, it is a non 

reactive material at atmospheric conditions. Silica flour does 

not have any high effect on the density of the mud or cement 

slurry. Figure 1. Shows the particles of silica flour 

  

Figure 2. Silica Flour 

4. Methodology 

4.1 Introduction 

The cement samples were prepared with class G cement, 

with the addition of various other additives, as it may get 

better and enhanced properties. The materials or the 

additives added to it were fluid loss control additive, 

expansion additive, dispersants, and some others. The 

cement samples were prepared in the laboratory having a 

density of 14ppg, and the procedure was followed as 

recommended by API 10B recommended practice for 

analyzing the well cement. Especially, the effect of the 

specific additive, silica flour was examined at different ratios 

of 26 %, 32 %, and 38 %, (silica flour ratio is in BWOC). 

After preparing the cement samples, the samples were cure 

for 1, 7 and 20 days 

4.2 Sample Preparation 

 The preparation of the slurry is important part for getting the 

desired properties in the cement. The cement slurry was 

prepared according to API Recommended practice 10B. The 

calculated amount of cement, water and each additives were 

weighted and then mixed properly in cement blender at the 

speed of 1400rpm for about three-fourth of an hour. Then 

prepared slurry was poured in the mould to get the samples 

of our required size and shape. 

4.3 Measurement of Slurry Density 

To measure the slurry density, we used the mud balance at a 

laboratory. the mud balance has a fixed volume cup with the 

lid, where the slurry is poured to be measured, which is 

placed on one end of a graduated arm, whereas the other side 

of a graduated arm has the rider to balance the weight.  The 

mud balance has a base and graduated arm with a rider, cup, 

lid, and counterweight 

 

figure 3.  Mud Balance 

4.4 Slurry Rheology 

The prepared slurry was kept at ambient conditions prior to 

their rheological test. The slurry was examined in the 

viscometer to obtain rheological properties. 

4.4 Equipment 

To measure the permeability, we need to use any particular 

equipment, which may be effective permeability 

investigator, environmentally friendly, cost-effective. 

Especially, for the cement, equipment must be properly 

selected because the cement is very compacted and exhibits 

very low permeability, so need to be properly inspected.[8] 

The equipment used was the cement Permeameter.  

The cement permeameter was used to measure the 

permeability of the cement samples. The equipment contains 

the "modified hassler" type cell, which accommodates the 

cylindrical cement samples having the length of 1 inch and 

diameter of 1 inch. In this equipment, all the hassler 

components are fabricated with the stainless steel.  The 

Pressure gauge gives us the driving pressure, whereas, the 

78



 Abdul Wajid et al, An Experimental study to mitigate the well cement permeability by using silica flour: A Laboratory based study …     
   

Copyright ©2018 ESTIRJ-VOL.2, NO.3 (76-81) 

flow meter tells us about the flow rate of the gas from the 

sample. The experimental setup is shown in figure 4. 

 

Figure. 4. Cement Permeameter 

4.5 Testing Principle: 

4.5.1 Darcy’s Law: 

The basic law for this study revolves around the very 

significant yet basic law in the oil and gas industry, the 

Darcy’s Law. Darcy’s law is the basic law relating the flow 

of a fluid through a permeable medium in terms of flow rate.  

Darcy’s law was introduced by the scientist Henry darcy, 

who develop an equation to relate flow of a fluid through a 

medium. The factors affecting the permeability  value are 

Length, Cross sectional area, Fluid viscosity, viscosity of the 

medium,Pressure difference and flow rate of the fluid. 

The mathematical expression for this law is: 

K=
𝑞µ𝐿

∆𝑃𝐴
 

4.5.2 Klinkenberg effect: 

Permeability is the conductivity of the fluid flow through a 

given porous media. It thus predicts the fluid flow downhole 

at different depths depending on the formation. Permeability 

of the ricks can have a wide range widely from for various 

rock type and depth condition. 

Permeability does not depend upon pore fluid, therefore 

permeability measured by the gas should be the same with 

that measured by water. However, it was found that 

permeability to gas was measure higher than that was 

observed to water. Such problems were related to the pore 

pressure dependence on gas permeability of Klinkenberg 

effect. 

The Klinkenberg in 1941 observed that the permeability to 

gas as compared to that of water was higher, which he 

termed as the “Slip Flow”, the behavior between the gas 

molecules and with the walls of the porous media. He 

explained the gas molecules collide with each other and with 

the solid walls of the medium while travelling. Thus, this 

additional flux, which is caused due to such collision, he 

called ”slip flow” results in the enhancement in the flow rate. 

5. Results 

It was found from the study that silica flour helps in reducing 

the cement permeability. The permeability with 26% BWOC 

cement was showing the permeability value low but its 

results are not satisfactory, the silica flour having 32% 

BWOC shows very less value of the permeability at all 

curing ages. The permeability is also reduced with the curing 

age of the cement samples. The Permeability value of 

cement sample without mixing of silica flour was very high 

and easy for the gas to flow through it. 

5.1 Permeability of cement sample with 0% BWOC of 

Silica Flour 

When the samples were prepared with no any concentration 

of silica flour, it was observed that the permeability value of 

the cement was very high, it was not suppose to restrict the 

gas to percolate via it. Such condition will cause various 

problems, even loss of hydrocarbons and lives. The values 

obtained after the experiment with the above mentioned 

concentration are given below in figure 5. 

 

Figure. 5. permeability v/s curing time without addition of 

silica flour 

5.2 Permeability of cement sample with 26% BWOC of 

Silica Flour 

The cement slurry was prepared with the addition of 26% 

BWOC of the silica flour. The prepared samples were cured 

for three different time periods, 01day, 07 day and 20 days. 

All three samples were investigated and a sudden fall in 

permeability value was seen as compare to results obtained 

from the experimental analysis of the cement samples with 

no any share of silica flour. The permeability value of 0.097 

md was observed at the curing time of 01 day, which was 

even reduced to 0.077 md in one week and samples with 

curing period of 20 days exhibit permeability value of 0.072 

md. The obtained values of the permeability are summarized 

in the figure. 6.  
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Figure. 6. permeability v/s curing time with addition 26% of 

silica flour 

5.3 Permeability of cement sample with 32% BWOC of 

Silica Flour 

Likewise, three cement samples were prepared by changing 

the ratio of silica flour to 32% BWOC, one sample was 

cured for 01 days, whereas, other two samples were cured 

for 07 days and 20 days respectively, but the concentration 

of other additives was kept same constant for analysis of its 

permeability. It can be assumed from the experimental study 

results that increase in silica flour concentration be likely to 

reduce the flow of gas through the sample because the silica 

flour particle fills the spaces between the cement and 

permeability is restricted to  be created. The reduction in 

Permeability was seen at all curing periods. The values 

obtained from the experiment are given below in figure 7 

 

 

Figure. 7. permeability v/s curing time with addition 32% of 

silica flour 

5.4. Permeability of cement sample with 38% BWOC of 

Silica Flour 

In the same way, the samples were prepared by altering the 

ratio of silica flour, while the remaining composition was 

kept same. It was observed that silica flour in the cement 

greatly reduce the flow of gas via cement because, these 

additives do not let enough pores to be created and terminate 

their interconnectivity. The cement with 38% BWOC of 

Silica Flour shows very low value of permeability, which is 

considered to be a strong barrier for the gas to flow. The 

change in the permeability was also with respect to its age. 

The results achieved are presented in the figure. 

 

 

 

Figure. 8. permeability v/s curing time with addition 38% of 

silica flour 

The comparison study in figure 9 shows the relative value of 

permeability of cement specimen at different ratios (26% 

BWOC, 32% BWOC, 38% BWOC) of silica flour in the 

cement. It is determined from the figure that cement achieves 

very low value of permeability with mixing of 38% BWOC 

of silica flour in the cement at the age of 20days.  The all 

values of permeability are below the critical value, but the 

addition of silica flour creates a big gap between actual 

permeability value of cement and permeability required by 

the gas to flow. 

 

 

Figure. 9. Permeability v/s curing time of different cement 

samples  

6. Conclusion 

The silica flour is used in cement as an additive to look into 

its effect in mitigating the permeability. Samples with 

different concentration of silica flour and curing age were 

studied, and the main findings are: 
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 Silica flour is very efficient in reducing the 

permeability of the cement having 38% BWOC in 

cement respectively. The particles fine nature 

restricts the pores to be created, and thus restrict the 

permeability to be developed. 

 Curing time also plays role in minimizing the 

permeability, and it was observed the sample with 

same formulation but cured for different days 

exhibit different values of permeability. 

 Cement samples cured for 1, 7 and 21 days, shows 

different values of permeability. 

 Very low permeability value of cement was noticed 

at the age of 3 weeks. 

 With less concentration of silica flour, very small 

value of permeability was seen, which was even 

less than the critical value of permeability 0.1md for 

the gas to flow. 
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