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Abstract

In the cementing operation, it is necessary that the entire circumference of the annular is filled by
the cement slurry and that it develops adhesion to the casing and formation. For this, an efficient
removal of the drilling fluid is necessary, which requires that its chemical composition is
compatible with that of the cement slurry. The objective of this work is to formulate a drilling fluid
in a micro emulsified system and test its compatibility with the cement slurry to assess the effects
that an unwanted contamination can have on the properties of the slurry. In the compatibility test,
the rheological properties and the compressive strength of cement slurry contaminated with
drilling fluid in different volumetric proportions were evaluated. The compressive strength of the
cement slurry was determined, and the loads that the paste supports were checked. The
compatibility test showed no visual changes in the properties of the slurry, although, after the
addition of the drilling fluid, there was a decrease in the compressive strength.
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1. Introduction

Well drilling has been conducted since ancient times for the purpose of finding water. The
intensive search for oil began in the 19" century with industrialization and, consequently, increased
world demand for oil products. Initially, the wells were drilled by percussion methods at low depth
using water or suspensions formed with local clays as drilling fluids. With technological
development, wells have been opened by rotating equipment at extremely high depths and using
increasingly complex fluids (BALTAR e LUZ, 2003).
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Drilling fluids are complex mixtures of solids, liquids, chemicals and, sometimes, even gases.
Chemically, they may assume suspension, colloidal dispersion or emulsion aspects, depending on
the physical state of the components (THOMAS, 2004).

According to CAENN et al. (2014), drilling fluids consist of a dispersing phase and a dispersed
phase. The classification of a drilling fluid is based on its composition. The main criteria for
classification is based on the main constituent of the dispersing or continuous phase and can be
separated into water based fluids, oil based fluids and pneumatic (air, gas, foam). If the continuous
phase is oil, the fluid is oil based, if the continuous phase is water then the fluid is water based.
Gas-based fluids include those where gas is the continuous and discontinuous phase (SANTOS,
2012).

Microemulsion fluids appear as a viable alternative because of their high lubricity, stability, low
cost and formation of a smooth and thin mudcake, characteristics that are aggregated by the
microemulsion.

Cementing of oil wells is a post-drilling operation and occurs by pumping the cement slurry
through the casing to fill the annular space formed between the casing and the well walls (LIMA,
2012; THOMAS, 2004). The process of cementing presents three main functions: supporting the
coating, protecting the coating from corrosion and isolating one formation from another,
preventing communication between coating and formation (GORDON et al. 2008).

Cement pastes and drilling fluid are generally incompatible, resulting in gelation at the cement/
mud interface, which reduces displacement efficiency. Another problem concerns the mudcake
formed on the well walls during drilling, which may result in poor cement adherence to the well
walls. In an attempt to circumvent such problems, fluids called spacers are pumped (OLIVEIRA,
2014; QUINTERO and MONTEIRO, 2012; CURBELO et al., 2018). The importance of cement
slurry compatibility with drilling fluid is given because the spacer does not always completely
remove fluid from the well walls, causing chemical reactions or undesirable physical modifications
caused by contact of the cement slurry with likely fluid remnants.

The drilling fluid formulated in this work was water based which, according to MELO (2008), are
the most used because they are cheaper, simpler to treat, have less pollution risks, affect less the
penetration rate and more easily detect the presence of gas.

The oil-based fluid has long been widely used due to its high efficiency as a corrosion inhibitor.
However, one of the major problems of this type of fluid is its disposal in the environment, because
its compounds, being rich in diesel and mineral oils, tend to persist for many years in the
environment (DUARTE, 2004).

Vegetable oils present a real alternative for drilling fluid application and as a substitute for diesel
oil and paraffin. Being a renewable resource of agricultural or forest origin. The implementation
of the energy use of plants has environmental, social and economic advantages and can be
considered as an important factor for the sustainable development (SILVA NETO, 2002).

The objective of this work was to formulate an environmentally friendly microemulsion drilling
fluid and to perform compatibility testing between this fluid and the cement slurry in order to
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evaluate the main effects that an unwanted contamination could have on the properties of a cement
slurry.

2. Materials and Methods

The reagents used in the construction of the ternary phase diagram and subsequent formulation of
the drilling fluid were: pine oil as an oil phase, glycerin as aqueous phase and nonionic surfactant
Ultranex NP100. Moreover, as additives: xanthan gum, calcium bentonite, lime, HP-starch,
baritine and water. For the compatibility test and compressive strength test, a cement slurry was
used.

2.1. Obtaining the Ternary Phase Diagram

For the construction of the ternary phase diagram, Ultranex NP100 nonionic surfactant,
commercial pine oil as an oil phase and a 1: 1 by mass aqueous glycerin solution as an aqueous
phase were used.

The ternary phase diagram was obtained using the mass fraction titration methodology, in which
the ratio of two components of the diagram was fixed for later titration with the third component
until the appearance of a single phase, then determining the mass fractions of the components. This
procedure was performed for several samples with different compositions to cover the entire length
of the diagram. The obtained results were plotted in the ternary diagram

2.2. Determination of The Specific Mass and Ph of the Drilling Fluid

The drilling fluid density was determined on a mud balance Fann Model 140 according to API
(2005). The measurement was obtained by displacing a sliding weight in order to even the balance
with reference to a bubble level. The pH was determined using the pH meter (TECNOPON mPA
210). The reading of the device is done according to the reading of millivolts that the electrode
generates when it is submerged in the collected fluid sample. Therefore, these millivolts are
converted to a pH scale (SANTOS, 2012).

2.3. Drilling Fluid Preparation

After selecting a point from the microemulsion region of the diagram, a water-based drilling fluid
was formulated. The fluid was prepared from 500 g of microemulsion and then the additives were
added, under constant agitation, at a speed of 900 rpm, on Hamilton Beach shaker, respecting an
interval of 8 minutes between each addition. Each additive plays a fundamental role in fluid
formulation. Table 1 shows the quantity and function of each additive.

Additive Amount | Function

Lime 16.7 g | alkalizing

Clay 6.7 g | rheological modifier
Hydroxypropyl starch | 1.7 g | filtrate reducer
Xanthan Gum 0.85 g | rheological modifier
Barite 85.0g | densifying

Water 450 g | dispersion medium
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2.4. Filtrate Volume

The filtrate volume was performed through static filtration in an API Press Filter pressurized by
Fann. The fluid was stirred for 15 minutes and then transferred to the filter press container, in
which a constant pressure of 100 psi was applied for 30 minutes with compressed air at a
temperature of approximately 26 °C. With the aid of a sample, the filter volume was determined
30 minutes after the start of the pressure application.

2.5. Compatibility Test

Initially, the drilling fluid was stirred in the Hamilton Beach shaker for 15 minutes, in order to
ensure sample homogeneity during the compatibility test. Subsequently, the drilling fluid (DF) and
the cement slurry (CS) were conditioned in the atmospheric consistometer RCA-1200 (Chandler),
under constant agitation, until reaching a temperature of 88 °C, according to the API Standard RP
10B -2, 2013. Then, the cement slurry was mixed with the fluid, in volumetric proportions 95 DF/5
CS, 75 DF/25 CS, 50 DF/50 CS, 25 DF/75 CS and 5 DF/95 CS (v/v) (Table 2). The slurry and
fluid volumes were measured in a measuring cylinder and mixed in a beaker. After mixing, fluid
deflection angle readings were performed using the Fann 35A viscometer at rotation speeds of
300, 200, 100, 60, 30, 20, 10, 6 and 3 rpm. The fluids are considered compatible when the readings
of the deflection angle of the mixtures are close to the readings of the pure fluids, thus ensuring
that there was no significant change in the viscosity of the pumped fluid, consequently, not
compromising the operation.

Table 2: Composition of samples prepared for compatibility test.

Sample | DF/CS (%)
M1 95/5
M2 75/25
M3 5/95
M4 25/75
M5 50/50

After mixtures were done, it was verified whether they showed, visually, signs of incompatibility,
such as excessive increase in viscosity, sedimentation and phase separation.

2.6. Compression Test

The test was carried out with the objective of determining the mechanical resistance which the
samples of the cement slurry contaminated with the drilling fluid will present in the oil wells. The
volumetric proportion used was 90 CS/10 DF, according to the standard APl RP10B2, 2013.

For the cement slurry formulation, Portland cement of special class was used, as it was developed
to meet the cementation operations of oil wells in the onshore scenario in Brazil and follows the
standard NBR 9831, 2006.

The compressive strength of cement slurry contaminated with drilling fluid was determined using
Chandler Engineering's Model 4262 Ultrasonic Cement Analyzer (UCA). The conditions
established for the test were 234 °F and 20.7 MPa for 24 hours.
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3. Results and Discussion
3.1. Ternary Phase Diagram

Fig. 1 shows the ternary phase diagram consisting of pine oil, aqueous glycerin solution, in a
volumetric ratio of 1:1, and Ultranex NP100.

For the fluid formulation, a point in the microemulsion region (Winsor IV) was chosen, composed,
in mass fraction, of 40% surfactant (S), 55% aqueous phase (AP) and 5% oily phase (OP). This
point was selected in order to decrease the cost of drilling fluid by reducing the amount of
surfactant and increasing the proportion of the aqueous phase.

Nonionic surfactant

RNL
%0

2% N\ a

0/ WIv 70

40% S
55% AP 50 O/
5% OP

| | | | | | | | | 0
0O 10 20 30 40 50 60 70 80 90 100
G/W Vegetable oil

Figure 1: Diagram referring to the system composed of a solution of glycerin, Ultranex NP100
and pine oil.

3.2. Specific Mass and pH

The specific mass of the formulated fluid was 1.01 g/cm?, this result being acceptable according
to the standard PETROBRAS N-2604 (1998), which determines that the specific mass of the fluids
must be in the range of between 1 and 2 g/cm®. According to SEED (2009), the control of the
specific mass is important, since it influences the pressure loss due to friction in the turbulent
regime and the flow through holes, besides serving as an indication of a possible contamination by
formation fluids.

The pH obtained for the formulated fluid was 8.28, also meeting the requirements established by
PETROBRAS N-2604 (1998), which corresponds to the range from 7 to 9. According to
THOMAS (2004), the main objective is to reduce the rate corrosion of the equipment and avoid
dispersion of clay formations. In this fluid, the pH control was done by adding lime.
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3.3. Filtrate Volume

The filtrate, if not properly controlled, can cause several problems, such as: excessive invasions in
the geological formations; collapse of hydrable formations; mistakes in the evaluation of the
formation being drilled; reduction of the diameter of the well and imprisonment of the drilling
column, which strongly contributes to the differential sticking process (FARIAS et al, 2006).

Thus, the filtrate volume of 2.2 mL of the formulated fluid was satisfactory, corresponding to a
low invasion of the filtrate, a thin mudcake and, consequently, less risk of occurrence of differential
sticking, characteristics that guarantee its use in oilfield applications.

3.4. Compatibility Test

The rheological test was performed with mixtures M1, M2, M3, M4 and M5, the proportions of
which are shown in Table 2. After this procedure it was possible to evaluate the compatibility
between the drilling fluid and the cement slurry. Figure 2 represents the flow curve for the results
of the rheological test.

As it is shown in Fig. 2, there is a variation in the rheological behavior of the cement slurry
contaminated with the fluid. This can be explained by the contact of the cement slurry with the
particles present in the fluid, such as clay, xanthan gum, among other compounds that alter the
viscosity of the cement.

80
——Cement slurry
70 - 95 CS/5 DF
75 CS/25 DF
60 - 50 CS/50 DF

——25 CS/75 DF
50 || =—e— 5CS/95 DF
—— Drilling fluid

40 -
30
20 A
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Figure 2: Flow curves.

Shear stress (N/m?)

Still in Fig. 2, analyzing only pure fluids (DF and CS), it is clear that they are incompatible due to
the great difference in viscosity that exists. However, it appears that the flow curves corresponding
to the mixtures are found between the curves of pure fluids, so it is concluded that these fluids are
compatible when mixed in these proportions, without causing problems in cementing the well.
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Fig. 3 shows the samples used in the compatibility test. Visually, it can be seen that the mixtures

did not show signs of incompatibility, such as excessive increase in viscosity, sedimentation or
phase separation.

Figure 3: Mixtures between DF and CS.
3.5. Resistance to Compression

Fig. 4 shows the reduction in compressive strength when the cement slurry was contaminated by
drilling fluid formulated in the proportion of 90 CS/10 DF, which may be associated with the
formation of microcavities, a factor that has an inverse relationship with the resistance. The
particles coming from the fluid form an impermeable layer over the cement slurry, which
consequently dehydrates faster, making it more fragile.

18
S 16
é 14
=
(@) 12 N
c
L 10
173
S
7 6
et
Q 4
g 2 | —¢— Cement Slurry
O ——CS/NP100

O T T T T T

0 4 8 12 16 20 24

Time(h)
Figure 4. Compressive strength as a function of time.

4. Conclusions and Recommendations

The fluid obtained showed satisfactory results, meeting the recommended specifications, in
addition to presenting itself as a sustainable and environmentally acceptable alternative, as it
makes use of glycerin, vegetable oil and biodegradable surfactant.
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Compatibility between fluids was verified in all proportions. As all the mixtures, besides being

able to keep the cuttings in suspension, obtained viscosities lower than that of the cement slurry,

it appears that the contamination of the slurry will not compromise its displacement in the well
during cementation.

Despite the compatibility between fluids, after 24 hours of continuous monitoring of the
compressive strength, it was possible to observe that the resistance to the contaminated mass
decreased, it was observed in the pure cement mass. The result was 1276 psi or 8.8 MPa, which is
below the minimum resistance required for well drilling projects, which is 1500 psi or 10.34 MPa.
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