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Cementing of the casing pipes inside the wellbore is considered as one of the most expensive and
difficult operations during the well construction process. A low quality cementing job leads to further
repair operations, which are usually costly and time-consuming to conduct. Polymer cements are being
used for decades in the oil and gas industry due to their improved properties such as sedimentation
stability, flexural strength and adhesion. Furthermore, these cements are characterized by improved
Keywords: pore structure, decreased slurry density, decreased porosity and controllable rheological parameters. In
Well Construction this research, a single domestic polymer is added as a cement modifying agent. Domestic additive are
Cement easier to buy in the market and are usually cheaper than the imported additives. In addition, using a
Polymer Additive single additive leads to a simplified logistics operation. Results of the experimental investigations on
Multi-functional Additive the main properties of the developed cement systems show that using the proposed polymer in the
proper concentration leads to an optimum flow-ability and pump-ability of the slurry, reduced cement

water loss, increased strength characteristics and improved adhesion properties of the set cement.

doi: 10.5829/ije.2018.31.01a.24

1. INTRODUCTION

Primary cementing job, defined as the cement
placement in the annular space between the casing and
the formation rock, is considered as an essential step
during the well construction process. The objectives of
the primary cementing operation are casing support,
casing protection against shock loads and corrosive
agents, zonal isolation and preventing the unwanted
movement of the wellbore fluids [1]. Quality of the
cementing job defines the productive life of the drilled
well. The cement sheath should withstand the induced
stresses from the temperature or pressure variations and
corrosive agents during life of the well, which can last
up to fifty years [2].

Low quality cementing job results in a permeable
cement rock, through which the fluids migrate from one
layer to another or even to the surface. This unwanted
migration destroys the well integrity and leads to further
repair operations, which are usually costly and time-
consuming [3].
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As the cements are used in different geological,
geographical and technical conditions, various cement
compositions are designed to meet the necessary
requirements of the available conditions. Polymer
cements are being used for many years in the oil and gas
industry. Some properties of the polymer cements like
sedimentation stability, flexural strength, adhesion and
durability are higher than the standard cements [4]. In
addition, these cements are characterized by improved
pore structure, decreased slurry density, decreased
porosity and controllable rheological parameters [5].

Various types of polymers are used in industry to
modify the properties of the slurry and set cement.
Polymers are added as water loss control agent, like
hydroxyethylcelluloses (HEC), as retarder, like
carboxymethylhydroxyethyl celluloses (CMHEC) and
as free fluid control agent, like hydroxypropylguars
(HPG), diutan, guar and xanthan [6].

Several researchers have studied the properties of
the cements, modified by different natural or synthetic
polymers. The authors of [7] have studied the effect of
carboxymethylcellulose (CMC) polymer on the free
water content, fluid loss, strength characteristics,
rheological parameters and permeability of the class G
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cement. Based on the research results, they indicated
that low viscosity CMC along some other additives are
capable of optimizing the slurry and set cement
performances. In the work of [8] a synthetic modified
cellulose-based polymer is introduced, which acts as a
multi-functional additive. By using a single multi-
functional additive, a simplified logistics operation is
achieved, as the number of additives usually needed to
control the cement properties is significantly reduced.
Authors of [9] developed a flexible synthetic cement
using a thermosetting polymer to control the challenges
of thermal well completion like high cement brittleness
and low strength characteristics. High degree of
flexibility and strength, high temperature resistant and
zero shrinkage are achieved properties of the developed
cement system. Authors of the [10] introduced a new
polymer additive to the cement composition by blending
approach, through which the advantageous aspects of
different polymers are combined to develop a new
material with modified properties. The newly
introduced polymer enhanced the mechanical properties
of the cement samples.

In this work, a single domestic polymer is added as a
cement modifying agent. The main characteristics of the
developed cement systems like slurry flow-ability,
cement setting time, slurry consistency, free fluid
content of the slurry and cement strength properties are
studied and compared to a base cement system.

2. MATERIAL AND CEMENT COMPOSITION
DESIGN

The cementitious material considered in this work was
ordinary Portland cement obtained from local providers
inside the Russian Federation with the following
composition (wt.%): 61.34 C;S, 14.61 C,S, 5.49 CsA,
16.62 C,AF. C;A and C,AF have little contribution to
the cement strength development. C3S is the main
component responsible for early strength development,
while C,S is responsible for final strength development
of the cement system [1]. To modify the slurry and set
cement properties a single multi-functional additive is
used to reduce the number of additives and the final
operation cost and difficulties. A new domestic polymer
«Concrepol» has been introduced as the single additive.
The polymer is developed inside the Russian Federation
and is applicable in the mining, oil and natural gas
industry as a reagent for drilling, preliminary
exploitations and transportation. Concrepol is a high
molecular water-soluble polyvinylpyrrolidone, which
appears as a semitransparent colorless fluid and is stable
to be used with the metallic salts and up to 120 °C.
Three cement compositions are considered in this
work. A base cement as a reference to compare the
performance of the other cement systems. The other

compositions are developed by adding 0.8% and 1.0%
Concrepol into the base cement system.

3. EXPERIMENTAL METHODS

3. 1. Sample Preparation The cement samples
were prepared in accordance with standard procedures.
The fluid polymer is solved in the water and then the
dry Portland cement is added to the prepared solution.
One part of the prepared mixture is taken for further
investigations on the slurry performance. The other part
is casted into molds for measurement of compressive
and flexural strengths. The samples are left in the room
condition for 1, 3, 5, 7 and 28 days before
measurements  of  strength  characteristics.  All
experiments on the cement slurry and set cement are
conducted based on the API standards.

3. 2. Water to Cement Mass Ratio Water to
cement mass ratio (W/C) significantly influences the
properties of the slurry (consistency, flow-ability, free
fluid content, water loss etc.) and set cement (strength
properties, porosity and permeability). Increasing the
W/C ratio leads to the set cement porosity increase and
reduction of its strength characteristics.

The W/C ratio in the well drilling practice can be
changed from 0.5, which is considered as the standard
value, to 1 or even more [11-14]. The effect of W/C
ratio on the set cement compressive strength is
investigated to choose the optimum value of W/C ratio.
An automatic destructive compression tester is used to
measure the strength characteristics of the samples. The
compressive strength values of the base cement
composition at different W/C ratios are presented in
Figure 1.

After 1 day After 3 days
e After 7 days = after 28 days
15

After 5 days

10 +

Compressive strength, MPa

UlnpesEEEEEEEE NN R AN

03 035 037 04 045 O
wiC
Figure 1. Base cement compressive strength as a function of
slurry WI/C ratio
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As it can be seen from Figure 1, the compressive
strength of the set cement as a function of W/C ratio can
be divided into three sections. First section, in which the
WI/C ratio is less than 0.37, is characterized by cement
strength reduction by decreasing the W/C ratio.
Lowering the water volume in the slurry, leads to partial
cement hydration process and therefore compressive
strength reduction. The third section (W/C ratio from
0.5 to 0.6), on the other hand, is characterized by
compressive strength increase by increasing the W/C
ratio, which is a result of present excess water in the
slurry composition. Therefore, the optimum W/C ratio,
which leads to the increase of cement strength
properties and successful zonal isolation, should be
adjusted in the range of 0.35-0.5.

It is desirable to lower the W/C ratio down to 0.37 to
increase the cement strength characteristics, but a
natural consequence of W/C ratio reduction is the
decrease in the cement slurry flow-ability and pump-
ability. However, in field applications, the minimum
WIC ratio, which provides the ability of the slurry to
flow and pump inside the well, is considered not less
than 0.5. However, additives inside the cement
composition can affect the flow-ability of the slurry.

3. 3. Slurry Flow-Ability During the flow test, the
slurry is poured inside a plastic cone, which is placed on
a glass circular plate. Removing the cone, the slurry
spreads on the plate. The average diameter of the spread
cement (D) is reported and indicates the flow-ability of
the cement slurry.

The results of the conducted experiments show that
with a 0.8-1% concentration of Concrepol in the
polymer cement composition, the flow-ability of the
slurry is in the acceptable range, while the W/C ratio is
lowered to 0.4-0.45 (Figure 2).

Base cement (W/C =0.5)
Base cement + 1% Concrepol (W/C =0.4)
== Base cement + 0.8% Concrepol (W/C =0.45)

0.3 0.35 0.4 0.45 0.5 0.55 0.6
wi/C

Figure 2. Flow-ability of different cement compositions as a
function of W/C ratio

Although by increasing the Concrepol concentration in
the cement composition more than 1%, the thinner
slurries can be resulted, but it is not reasonable from the
economic point of view. Therefore, the 0.8-1% is
considered as the optimum Concrepol concentration in
the cement composition for further experiments on the
slurry and set cement properties.

3. 4. Cement Setting Time Before cement
application in the field conditions, the cement initial and
final setting time should be measured in the laboratory.
The initial setting time indicates the time, when cement
setting begins, while the final setting time is related to
the end of the cement setting process. A correct
knowledge of the cement setting time is necessary to
choose the wait on cement time in the well completion
operation.

The results of the conducted experiments show that
adding the Concrepol in the 0.8% concentration to the
cement composition does not affect the setting time of
the cement significantly, especially in lower W/C ratios.
However, by increasing the W/C ratio up to 0.5 and 0.6,
the initial and final setting times are changed more
significantly (up to 3 hours) (Figures 3 and 4).
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Figure 3. Initial setting time of the cement composition
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Figure 4. Final setting time of the cement composition
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However, the kinetics of the cement structure
formation and effect of Concrepol cannot be revealed
just by studying the setting times of the cement.
Therefore, further experiments are conducted on the

slurry  consistency and set cement strength
characteristics.
3. 5. Slurry Consistency Measurement Slurry

consistency measurements are essential to evaluate the
cement thickening time. The sufficient thickening time
is required for a successful slurry pumping into the
annular space. Higher consistency of the slurry reduces
its pump-ability and leads to difficulties during the
cementing job. The consistency of the base cement and
cement composition with 0.8% Concrepol are measured
and presented in Figure 5.

As it is evident from Figure 5, in the first minutes of
cement structure formation, the base cement has a larger
consistency in comparison with the slurry with
Concrepol addition. After one hour, the consistency of
the base cement is reduced, while the consistency of the
slurry with Concrepol addition remains constant up to
7.5 hours, where its consistency is sharply increased.

3. 6. Free Fluid Content and Water Loss Slurry
filtration properties changes during the set cement
structure formation. These properties can be expressed
via sedimentation in gravitational field or via water loss
in the porous medium under the influence of pressure
drop, which simulates the cement pumping inside the
well and the cement setting process [15].

The sedimentary stable slurries have minimum free
fluid content (FFC). Minimizing the FFC of the slurry
helps to remove the channels that function as pathways
for formation fluids. The FFC of the slurry is measured
based on the method, explained in the [16].

Large values of slurry water loss is harmful and can
decrease the quality of cementing job significantly [17].

The water loss can be lowered by reducing the water
content of the slurry and also by holding the free water
in the dispersion system.
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Figure 5. Slurry consistency change with respect to time

The FFC and water loss of the cement composition
are measured and presented in Table 1.

Adding the Concrepol to the cement composition
leads to 10-12% reduction in the slurry free fluid
content and 39.2% reduction in the water loss value.
However, the water loss of the slurry can be controlled
by adding other additives.

3. 6. Set Cement Volume Change In the cement
hydration process the adsorbed water molecules on the
cement particles are rearranged, which results in the
volume change of the final set cement. The specific
surface areas of the hydration products are 3-4 times
larger than the one for the initial cementing materials.
Additionally, the chemically bonded water occupies less
volume in comparison to the free water. Because of
these reasons, in the process of cementing material
hydration and formation of crystal hydrates, volume
change occurs. This volume change is called contraction
and is approximately equal to the water volume, which
is participated in the chemical reactions [18].

The volume deformation of the cement systems are
analyzed and represented in Table 2. The minus sign in
table shows the set cement volume reduction
(contraction), while the plus sign indicates the volume
increase of the set cement (expansion). Results show
that with the standard W/C ratio (0.5), the contraction is
about 1-1.5%, while the W/C ratio reduction results in
zero deformation or even the expansion of the cement
system.

TABLE 1. Water loss of cement slurries

Cement e Slurry density, FFC Water loss,
composition kg/m3 ,ml c¢m3/30 min
Base cement 0.4 1920 0 103.6
Base cement +

0.8% Concrepol 0.4 1920 0 72.54
Base cement 0.5 1840 1.3 119.4
Base cement + 05 1840 10 80.6

0.8% Concrepol

TABLE 2. Water loss of cement slurries

Cement composition wi/C Volume change, %
04 0.28
Base cement 0.45 0
05 -1
04 -1.5
0,
Base cement + 0.8% 045 0
Concrepol
05 0.15
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In addition, it can be seen from Table 2 that the
Concrepol addition leads to the cement contraction
increase (in average for 0.5%). However, this value is
not significant and can be neglected.

3. 7. Set Cement Strength Characteristics The
set cement in the well is subjected to a wide range of
pressures and temperatures. Operations inside the well
like perforation and pressure testing, pressure and
temperature variations can induce compressional,
tensional and bending stresses inside the cement during
life of the well. Beside that, the physical and mechanical
conditions of the cement setting processes differ from
one depth to another and the cement strength
characteristics may be changed with the time. If the
cement cannot withstand the induced stresses, the
annular flow of formation fluids and premature water
coning inside the well cannot be avoided. Mechanical
strength of the set cement is considered as the main
factors, which defines the stability of the system against
the induced stresses. Therefore, the strength
characteristics of the cement compositions are analyzed
at the room temperature (Figure 6).

After 28 days, the compressive strength of the
system with the 1% Concrepol addition has been
increased approximately for 200% in comparison with
the base cement system.

Set cement flexural strength is investigated after 7
days curing in the laboratory condition (Figure 7).
Measurements at earlier times showed high degree of
scattering, giving the data serious statistical error.

From the presented results in Figure 7, it can be seen
that the flexural strength of the cement containing 0.8%
Concrepol is 25.4% higher than base cement. Increasing
the concentration of Concrepol to 1% leads to further
flexural strength increase up to 33.3%. The set cement
flexural strength enhancement with addition of the
Concrepol indicates the plasticized character of the
additive.

3. 8. Cement Adhesion Strength It has been
known [19, 20] that a successful isolation of the
productive formations depends not only on the set
cement strength characteristics, but also on the adhesion
strength of the set cement with the formation rock and
casing pipes. In the current drilling practice, there is no
standard method to measure the cement adhesion
strength.

The cement adhesion strength with the metallic
surface of the casing pipes is measured for three
developed compositions. The results are presented in
Figure 8.

As it is evident from the presented results, the
adhesion strength of the cement composition with the
Concrepol addition is 37.2% greater than the one for the
base cement composition after 3 days of curing.

20 ;
18 |
16 -
14
12

Base cement + 1% Concrepol (W/C =0.4)
Base cement + 0.8% Concrepol (W/C =0.45)
Base cement (W/C =0.5)

Compressive strength, MPa
=
o

o N B OO

0o 3 6 9 12 15 18 21 24 27
t, days
Figure 6. Compressive strength of the cement compositions
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Figure 7. The flexural strength of the cement compositions
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Figure 8. Cement adhesion strength

However, after 28 days curing their bond strength value
is almost the same.

4. CONCLUSIONS

The following conclusions can be made from the results

of the experimental investigations:

+«+ Using a multi-functional single additive, instead of
several different additives leads to a significant
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reduction in operation time and final cost of the
cementing job. Developed cement compositions
based on the proposed polymer meets the essential
requirements of the cementing operation.

The required flow-ability and pump-ability of the
cement slurry for a successful cementing job is
achieved by adding the high molecular reagent
polyvinylpyrrolidone in a concentration of 0.8-1%
by the weight of dry blend to the cement
composition.

The reagent addition in an optimum concentration
leads to the water loss decrease down to 39.2%,
compressive strength increase up to 200% after 28
days curing, flexural strength increase up to 33.3%
after 7 days curing and cement adhesion strength
increase up to 37.2% after 3 days curing.
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