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A B S T R A C T  
 

 

Unsuccessful cementing operation can jeopardize the whole well construction process, resulting in 

further costly and time consuming repair operations. The quality of cementing job is dependent on the 
cement composition and its properties. Design of cement composition is based on the available 

geological condition, materials and technical situation at well location. The cement properties like 
flow-ability and strength properties are tested by laboratory methods before application in field 

conditions. Study of the slurry sedimentation stability is of great importance especially for construction 

of directional or horizontal wells. There is no convenient direct method to investigate the 
sedimentation stability of the cements. In this paper, a laboratory method is presented to assess the 

stability of the slurry by measuring its free fluid content. Laboratory investigations are expanded to 

study the effect of different additives (weighting agent, silica sand, silica flour and magnesium oxide) 
and well inclination angle on the sedimentation stability of the slurries. Results show that additive 

specific surface area plays a significant role in the stability of the cements and therefore should be 

measured for every additive precisely. 

 

 
1. INTRODUCTION1 
 

Hydrocarbon resources play a historically crucial role in 

satisfying growing global energy demand. Utilization of 

these resources begins with the exploration of the oil 

and gas fields all over the world and developing them 

by drilling different kinds of wells into the formations, 

containing petroleum or natural gas [1, 2].  

After drilling, the development plans include the 

cementing of the drilled wells. Cementing job is a 

complex, time consuming and costly operation. A 

successful cementing job can guarantee the achievement 

of the following goals [3, 4]:  

 Filling the annular space between the casing pipe 

and surrounding formation. 

 Providing the wellbore structural integrity.  

 Supporting the casing. 

 Protecting the casing from corrosion and induced 

stresses along the life of the well. 
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 Preventing unwanted migration of the fluids from 

one layer to another (zonal isolation). 

A poor zonal isolation may lead to the fluid movement 

to the surface or nearby aquifers, which are considered 

as environmentally disadvantageous aspects of a low-

quality cementing operation [5]. 

Cement compositions are designed based on the 

available geological conditions, materials and technical 

difficulties of the well location. Cements are usually 

composed of Portland cement and different additives, 

which are used to modify the final system properties.  

Many researchers have developed the cement 

systems and investigated their properties in different 

circumstances. In literature [6], the authors studied the 

mechanical characteristics of the cement systems and 

concluded that the long term isolation is significantly 

related to the cement mechanical properties like 

Young’s modulus, Poisson’s ratio, tensile strength, 

impact strength and compressive strength. In reference 

[7], the authors presented a comprehensive assessment 

of the cement properties by combining the results of 

initial usual tests and advanced Nuclear Magnetic 

Resonance (NMR) test to predict the hydration 
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properties of cement slurries containing various 

additives at room and elevated pressures and 

temperatures. In the work of Daou and Piot [8] the 

effect of microsilica densification on the slurry and set 

cement properties was investigated. 

However, in these works and other similar studies 

less effort was made to investigate the sedimentation 

stability of the cement slurry, which has a significance 

influence on the effectiveness of the cementing job, 

especially during the construction of directional and 

horizontal wells. Sedimentation processes in the cement 

slurry may lead to the formation of the channels in the 

upper part of the directional boreholes. Presence of 

these channels, significantly lowers the set cement bond 

strength with the adjacent rock and casing pipe, 

resulting in further well integrity problems. 

In this work, a practical laboratory method is 

presented to investigate the sedimentation stability of 

the cement slurries, considering the effects of different 

modifying additives, their specific surface areas and 

inclination angle. 

 

 
2. EXPERIMENTAL METHODS 
 

The sedimentation stability of the cement slurries is 

assessed by measuring the free fluid content (FFC) of 

the systems. By minimizing the free fluid content of the 

slurry, pathways channels for fluids can be eliminated.  

In order to measure the FFC, the prepared slurries 

are stirred for 20 minutes in an atmospheric 

consistometer at a rotational speed of 150 rev/min and 

temperature of 25 °C. After 2 hours, the volume of 

developed free fluid is reported as the FFC of the slurry. 

Later, the volume of the free fluid is converted to a 

percentage of free fluid (%FF) by applying the 

following formula [9]: 

%𝐹𝐹 =  
𝐹𝐹𝐶 ×𝜌 

𝑚
× 100  (1)  

In the above equation, FFC is the reported value of the 

free fluid content in cm
3
, ρ is the density of the slurry in 

g/cm
3
 and m is the starting mass of the slurry before 

stirring in gram. 

It should be noted that the volume of the free fluid is  

significantly dependent on the ability of the Portland 

cement and present additives in its composition to 

adsorb the excess fluid of the system. The specific 

surface area of a material is considered as an important 

property in adsorption processes. Therefore, the specific 

surface area of the Portland cement and used additives 

are also calculated from particle size distribution data, 

provided by laser diffraction method, in which the 

intensity of scattered light from the sample is measured.  

The effect of different modifying agents on the 

sedimentation stability of the slurries is investigated by 

adding them to the ordinary Portland cement, provided 

by local manufacturer (composition (wt. %): 61.34 C3S, 

14.61 C2S, 5.49 C3A and 16.62 C4AF).  

To evaluate the effect of inclination angle on the 

sedimentation stability, the prepared cement slurries are 

poured into the cylindrical tubes, which are placed at 

different angles (30°, 45° and 60°) with respect to the 

vertical plane (Figure 1). The %FF of the slurries are 

reported after 2 hours as an index of sedimentation 

stability. The following chemical agents, which are used 

to modify the slurry and set cement properties,  are 

considered in this work:  

 Hematite as weighting agent to adjust the density 

of the slurry and control the pressure balance 

inside the wellbore [10]. 

 Silica sand and silica flour to optimize the system 

compactness and increase the strength properties 

of the set cement [11]. 

 Magnesium oxide (MgO) to increase the expansion 

capability of the system and bond strength of the 

set cement with adjacent rock and casing pipe [12]. 

 

 

3. RESULTS AND DISCUSSION 
 
Specific surface area of the used materials, i.e. Portland 

cement, silica sand, silica flour, hematite and MgO, are 

calculated from particle size distribution data which are 

presented in Table 1. Silica flour as the smallest particle 

among the considered materials has the largest value of 

the specific surface area, which increases its ability to 

adsorb excess free fluid. The mentioned additives are 

added in different concentrations to the slurries. The 

water to cement mass ratio for all systems is 0.5. 

 

 

 
Figure 1. Cement slurry placement at different angles of 30º, 45º and 60º with respect to the vertical plane 
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TABLE 1. Specific surface area of the used materials 

No. Material Specific surface area ml/g 

1 Portland cement 3.66 

2 Silica sand 0.0214 

3 Silica flour 5.65 

4 Hematite 0.155 

5 MgO 0.43 

 

 

The result of FFC analysis for the prepared slurries are 

presented in Figures 2-5.   

Figures 2-5 clearly indicate that for all the additives, 

the free fluid content of the slurries increased at higher 

inclination angles. This is due to the fact that at these 

angles, the sedimentation velocity of the particles will 

increase [13]. 

Increasing the concentrations of the silica sand and 

MgO leads to the higher contents of free fluid (Figures 2 

and 5), as they have much smaller specific surface areas 

in comparison to the Portland cement.  

For systems, containing hematite, the %FF is less 

than the base Portland cement (with no additive). 
 
 

 
Figure 2. Effect of silica sand on the %FF of the slurry 

 

 

 
Figure 3. Effect of silica flour on the %FF of the slurry 

 
Figure 4. Effect of hematite on the %FF of the slurry 

 

 

 
Figure 5. Effect of MgO on the %FF of the slurry 

 

 

This is due to the fact that hematite is known to 

increase the slurry viscosity [14], as a result these 

systems are characterized by a lower free fluid content. 

However, by increasing the hematite concentration in 

the slurry the %FF is also increased. 

In the case of silica flour with a specific surface area 

larger than Portland cement, increasing its concentration 

in the slurry composition leads to the less content of free 

fluid and therefore more stable systems (Figure 3).  

The sedimentation process in the cement slurries is 

controlled by the following equation, which represents 

the velocity of particle sedimentation [15]: 

v =  
2𝑔𝑟2(𝜌𝑑−𝜌𝑝)

9 𝜇
  (2) 

where v is the particle sedimentation velocity, cm/s
2
; g 

is gravity of the earth, cm/s
2
; ρd – density of the disperse 

medium, g/cm
3
; ρp – density of the dispersed phase, 

g/cm
3
; r – radius of the particles, cm and μ – viscosity of 

the disperse medium, 10
-2

 m
2
/s. 

Therefore the sedimentation stability can be 

provided by decreasing the particle sedimentation 

velocity, which is achieved by decreasing the density of 

the system or increasing its viscosity. 
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To provide the sedimentation stability of the cement 

systems two types of additives can be used: polymers 

and structure-forming agent. Polymers can provide the 

stability of the system by increasing its viscosity and 

therefore lowering the sedimentation velocity of the 

particles. Polymers also adsorb on the particle surfaces, 

as a result of which the density and sedimentation 

velocity of the particles will decrease.  

Structure-forming agents like clay minerals and salts 

provide the structure of the cement slurry at early stage 

of hydrations and prevent the particles from 

sedimentation. 

 
 
4. CONCLUSION 
 
Different laboratory experiments are carried out during 

designing the cement composition. The sedimentation 

stability of the cement slurry is considered as an 

important factor to achieve a successful cementing job 

without formation of channels that may serve as 

pathways for formation fluids. In this work, free fluid 

content of the slurry is taken as the sedimentation 

stability index of the slurries and is measured at 

different angles with respect to the horizontal plane with 

the presence of different modifying additives.  

Results of the experimental investigations show that 

at higher inclination angles the systems are instable due 

to the increase in the particle sedimentation velocity. 

It can be also concluded that the specific surface 

area of the used materials in the compositions of the 

slurry plays a crucial role in analyzing the stability of 

the system. Higher values of additive specific surface 

area in comparison with the Portland cement facilitate 

the adsorption of the excess free fluid, which leads to 

more stable systems. 
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 هچكيد
 

 

و زمان  متیگران ق یلیتکم اتیکه به عمل اندازدیساخت چاه را به خطر ب ندیتواند کل فرآ یم یمانکاریناموفق س اتیعمل

 بیترک یآن دارد. طراح یها یژگیو و مانیس بیبه ترک یبستگ یکار مانیس اتیعمل تیفیگردد. ک یچاه منجر م ریبر تعم

 یها یژگیباشد. و یموجود در محل چاه م یکیتکن طیموجود و شرا ییایمیمواد ش ،یشناس نیزم طیبر اساس شرا مانیس

 طیدر شرا مانی، قبل از کاربرد سیشگاهیآزما یروش ها لهیبه وس یو خواص مقاومت یریپذ انیجر تیقابل رینظ مانیس

از  یجهت دار و افق یساخت چاه ها اتیژه در عملیبه و مان،یدوغاب س یرسوب یداریشوند. مطالعه پا یتست م ،یدانیم

وجود  یرسوب یها ستمیس یرسوب یداریپا یابیارز یبرا یمیراه مناسب و مستق چیبرخوردار است. ه یاریبس تیاهم

 یمحتوا یاندازه گبر لهیبه وس مانیدوغاب س یرسوب یداریپا یابیجهت ارز یشگاهیروش آزما کیمقاله  نیندارد. در ا

 ،ییکایلیماسه س ،یمختلف )عامل وزن یها یبه مطالعه اثر افزودن یشگاهیآزما یها یآزاد آن، ارائه شده است. بررس الیس

 ینشان م جیبسط داده شده اند. نتا مانیدوغاب س یرسوب یداریچاه بر پا بیش هی( و اثر زاو میزیمن دیو اکس ییکایلیآرد س

از  کیهر  یبرا دیبا جهیکنند و در نت یم فایا یمانیس یها ستمیس یداریدر پا یها نقش مهم یافزودن ژهیدهند که سطح و

 شود. یریاندازه گ قیها به صورت دق یافزودن
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