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Abstract

Drilling mud is one of the most important and essential requirements for drilling
oil and gas wells. Optimization of drilling fluid properties leads to reduce
drilling time and costs. Water-based drilling mud is one type of drilling fluid
that is mainly used in drilling wells due to its environmental compatibility. In
this research, to increase the efficiency of this drilling fluid, graphene and silicon
oxide nanoparticles in an equal weight ratio in water-based drilling mud have
been used. This study investigates the effect of different concentrations (0.25,
0.5, 0.75, and 1% volume fraction) of these nanoparticles on other properties
of drilling fluid such as plastic viscosity, yield point, gel strength of 10 minutes
and 10 seconds, circulation loss of the samples and the coefficient of thermal
conductivity are discussed. All rheological properties tests are performed
according to the standard (API RP 13B). The transient hot-wire method has been
used to determine the thermal conductivity of the fluid. The results show that the
increase of nanoparticles has a significant effect on the rheological and thermo-
physical properties of water-based drilling mud and reduces plastic viscosity
(15%), decreases circulation loss of the samples (25%) and gel strength, and also
increases the thermal conductivity by 16% in the volume fraction of 1%.

Keywords: Water-based Drilling Fluid, Nanoparticles, Rheological properties,
Thermal conductivity coefficient

Introduction

A qualified drilling fluid should take advantage of several properties to improve the efficiency
of the well drilling operation. Different additives would be added to drilling fluids to provide
these properties [1]. Oil-based muds are simple approaches to overcome the well drilling issues,
but their financial and environmental problems reduce the interest in using them. WBDFs have
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fewer HSE problems, but they can lower the rate of penetration and make wellbore unstable in
shale reservoirs [2]. Nanotechnology plays an important role in drilling fluid modifications. It
refers to a part of science that controls materials and fluids in the size of atoms and molecules.
Nanotechnology is defined in different size intervals, but the most known size interval is
between 1 to 100 nm [3]. The main reasons that convinced researchers to use NPs in drilling
fluids are listed below:

1. Extremely high ratio of surface area to volume ratio that causes the growth of additives
interactions of drilling fluid

2. The low kinetic energy of NPs reduces erosion.

3. High efficiency in comparison to low concentration [4].

Materials and method

Preparation of basic WBDF is based on the recipe which national Iranian drilling company
(NIDC) is suggested (using freshwater, KCl, NaOH, Xanthan. G, PAC, PHPA, Barite). Table 1
presents the properties of prepared drilling mud.

Table 1: Rheological properties of basic drilling fluid

YP 105G.S 10mG.S
¢ 600 (RPM) ¢ 300 (RPM) PV (CP) (b/100f8)  (Ib100f2)  (Ib/100 f©)
83 60 23 37 6 8

Cetyl trimethyl ammonium bromide (CTAB) is used in this experiment as a surfactant
to prevent aggregation and precipitation of NPS (1% of NPs weight). Sheet-like structured
Graphene NPs (2-18 nm 99.5% pure) and silicon oxide nanofluid (20-30 nm 99% pure) supplied
by Us Research Nanomaterials Ins. are added to drilling fluid at half weight as rheological and
thermophysical property modifiers. Prepared drilling fluid was stirred for 90 min utilizing a
magnetic stirrer. To properly dispersion of NPs and precipitation and aggregation prevention,
a process is carried out with an ultrasonic homogenizer device for 60 min with 40% power
capacity.

All steps in testing the rheological and thermo-physical properties of WBDF are according
to the standard procedures (API RP 13B). A completely known, accurate, and high-speed
approach named transient hot wire is used to determine thermal conductivity. Figures 1 to
4 show the effect of NPs concentration on rheological properties of drilling fluid, including
plastic viscosity, yield point, gel strength, and mud filtrate volume.
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Figure 1: Plastic viscosity vs. NPs

Figure 2: Yield point vs. NPs
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Figure 3: Gel strength vs. NPs
concentration

Figure 4: Mud filtrate vs. NPs
concentration

During well-drilling operation, friction which is caused by grinding bit against the wellbore,
increases the temperature of the bit. Drilling fluid must have the ability to transfer the heat
to cool the bit and prolong its life. Such drilling fluid must have high thermal conductivity.
Thermal conductivity is compared to temperature independent of NPs concentration and also
is compared to NPs concentration without considering the temperature. Results are depicted in

figures 5 and 6, respectively.
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Conclusion

Experiment results show:

1. 15% reduction is happened in plastic viscosity by 0.75% vol. fraction of NPs

2. Yield point increased 17.65% by the proper amount of NPs (1% vol. fraction)

3. Both 10s and 10min gel strengths are decreased 50.26% and 33.45% respectively by NPs
concentrations of 0.5% vol. fraction

4. Gradually decrease in mud filtrate volume is observed in the 300 API LPLT test. In the
best case, a 25% reduction of mud filtrate is obtained.

5. Thermal conductivity increase with temperature at a constant concentration of NPs. On the
other hand, at a specific temperature with increasing NPs concentration, the thermal conductivity
of nanofluid increases gradually. At 55 C° and NPs concentration of 1% vol. Fraction nanofluid
thermal conductivity is 0.661 w/m.k which is 16% higher than base drilling fluid at the same
temperature.
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