Numerical study of the cuttings transport by drilling mud in
horizontal directional well
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Abstract. The results of numerical simulation of cutting by mud are providing in this article.
The influence of flow rate on the values of pressure drop and cutting removal was studied.

1. Introduction
Mud is a complex physical and chemical system with a number of properties characterized by one or
more indicators.

For effective performance of the functions in specific geological and technical conditions of wells
drilling the mud shall have strictly certain values of indicators of properties or, in other words, to
satisfy the regulations on indicators of properties corresponding to these conditions. One of these
functions is the effective cutting from the wellbore [1].

The drilled particles forming because of work of a bore bit shall be removed from a well. To do
this, the drilling fluid is pumped through the drill string, through the chisel; the drilled rock is captured
and carried up through the annular space to the surface. The efficiency of removal of the drilled slurry
(cleaning the barrel) depends on the size, shape, and density of solids, penetration rate and rotation of
the drill string, as well as the viscosity, density and velocity of the upstream drilling fluid in the
annular space.

Analysis of research works and practical experience of the authors shows that polymer solutions
meet the requirements of drilling most fully [2]. Such solutions effectively clean the well and cool the
drilling tool, reduce hydraulic resistance, do not disperse the rocks.

The most common types of flush water used in drilling are polyacrylamide solutions. When using
flocculant polymers, the rheological properties of drilling fluids are of great importance. The removal
of cutting depends on these properties. Unsatisfactory rheological properties can lead to such serious
complications as the formation of plugs in the wellbore, clogging of the bottom-hole zone with cutting
reducing the mechanical speed of drilling, sticking of the drill string, erosion of the walls of the well,
absorption of mud [1].

The aim of this work was the calculated study of the transport of particles of drilled rock (cutting)
by mud in horizontally directed wells. To achieve this goal, a number of problems were solved, such
as numerical simulation of the flow of these solutions in the annular channels based on the geometry
of the real well.

2. Mathematical model
For the simulation of the removal of cuttings from the well, we used the approach of granulated
medium. The mass conservation equation and the continuity equation preserve the original shape of



the Euler description [3-6]. The Eulerian model assumes that the flow consists of solid “s” and liquid
“f” phases, which are separate, but they form interpenetrating continuums, so that o, +oa =1.0,

where @, and ¢ are volume concentrations of the liquid phase and the solid phase, respectively. The

basic equations of the Euler model have the following form:
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where, p, is phase density S, g is gravity acceleration, K¢ is transfer coefficient of impulse signal
between fluid phase / and solid phase S, K¢ (\7, -V, ) is interfacial force acting per unit volume, ﬁs is

resisting force, ﬁ;l.ﬁ’s is bearing capacity, F_  is the force of the added mass, ﬁ; 4.5 1s the force of

vm,S

turbulent dispersion, 7 is tensor of internal shear:

T =a,u, Vi, + Vi)

where 1 is dynamic viscosity, A_is volume viscosity.
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In general, the turbulent flow of the drilling mud was considered. Two-parameter k-« SST model
was used for turbulence modeling. The inhibited low-clay solution was considered as the test drilling
fluid.

This solution is non-Newtonian. Its rheology was well described using a power-law model.

Depending on the drilling fluid rheology, the effective viscosity is: u(y)=K, for Newtonian

medium (K is the molecular viscosity of the fluid), ,u(y) = Ky"" for a power-law model, where n and

K are the coefficients of the rheological models.

Testing of mathematical model is given in [7-10]. It has been shown that mathematical model
correctly describes the velocity profiles and pressure drop for non-Newtonian flows in annular
channels.

To calculate the flows in the well during pumping of drilling fluid, typical process parameters of
drilling directional wells were selected. The diameter of the inner pipe was D; = 0.127 m, the diameter
of the outer pipe was D, = 0.220 m. The rotation speed of the drill pipe was 60 rpm, the flow rate of
the drilling fluid varied from 10 to 40 kgs™. The density of the drilling fluid was equal to 1050 kgm™.
The rheology of drilling fluids was determined from the experimental data obtained earlier. The
rheological Power-law model was used for modeling. The computational grid consisting of
40x140%120 (40 nodes in radius and 140 nodes in circumference and 120 nodes in channel length)
computational nodes was used for numerical simulation. Spherical particles with the size of 0.003 m
and density of 2719 kgm™ were considered as cutting particles. The cutting concentration at the
channel inlet was set to 5% by volume. The angle of inclination of the well to the horizon was 90°,
which corresponded to the horizontal well. The length of the calculated area of the annular channel
was set to 10 m. This length was sufficient to establish the flow and concentration of sludge along the
length of the channel. The concentration profile of the slurry at the entrance to the well was set to be
uniform. The speed of the particles of the cutting and the speed of the mud at the entrance to the well
were equal.

Figures 1-4 show the results of modeling the flow of mud with sludge in a horizontal well. The
mud flow rate varied from 10 to 40 kgs". Figure 1 shows the distribution of cutting particles in the
cross section depending on the mud flow rate.
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Figure 1. Distribution of cutting particles in the cross section of the borehole for a various
ratio of drilling mud rate a) G =10 kgs™, b) G=15 kgs™, ¢) G=20 kgs”, d) G =25 kgs™,
e) G=30kgs", f) G =40 kgs™
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Figure 2. Distribution of cutting particles in the lengthwise section of the
borehole for a various ratio of drilling mud rate a) G=10 kgs”, b) G=15 kgs™, ¢)
G=20 kgs™', d) G=25 kgs™, e) G=30 kgs™', ) G=40 kgs™'

As it can be seen in figures 1-2, the distribution of the cutting in the cross section is highly
dependent on the flow rate of the mud.
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Figure 3. The pressure drop in the annular channel for the ratio
drilling mud rate depending on the pumping time

Figure 3 shows the time dependence of the differential pressure for different flow rates. It is seen
that the pressure drop increases over time because there is accumulation of cutting particles in the



cross section of the channel. In horizontal wells, the cuttings are removed in separate portions. There
is a so-called dune formation. Sludge particles accumulate gradually in the well, the thickness of the
sediment layer grows, then there is a rapid failure of the formed layer, and the process is repeated
again.
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Figure 4. The value of the slip rate from time to time for different mud
flow rates.

To assess the effectiveness of carrying out cutting was used the average volume value of the slip
speed of cutting particle (ASV). In other words, ASV means the difference of speed of the drilling
fluid and the speed of sludge. A high ASV value means that the sludge is not carried well. As it can be
seen in figure 4, the efficiency of cutting removal increases with increasing mud flow rate. In
horizontal sections of wells, the process of particle accumulation can take place, so the dynamics of
the behavior of the average volume fraction of particles in the volume of the well was also analyzed in
the calculation process.

3. Conclusion

A numerical simulation of cutting transport in a horizontally directed well is carried out. The
dependence of the sludge removal on the drilling mud flow rate is studied. It is shown that the drilling
mud flow has a strong influence on the distribution of cutting along the length of the channel. In the
future, it is planned to conduct a study to assess the effect of cutting removal efficiency depending on
the rotation speed of the drill pipe and the rheological parameters of the brown solution. These results
will serve for the selection of an effective balance of rate and speed of rotation of the drill pipe with
the aim of improving the quality of cleaning the well.
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