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ABSTRACT: Efficient cuttings transport is one of the most important parameters affecting the drilling
rate of wells. Foam has a great potential to reduce drilling problems compared to conventional drilling
fluids due to its unique properties such as low density and high viscosity. In this paper, cuttings transport
with foam was studied using a computational fluid dynamics approach. In this study, the Eulerian

the non-Newtonian power-law model. Effects of foam quality and injection velocity, cuttings size, pipe
eccentricity and rotational speed of drill pipes were studied. Modeling results were also compared with
experimental data. Results showed that the increase of foam quality improved hole-cleaning operation
mainly due to the enhanced foam viscosity. The increase in foam injection velocity led to a reduction in
in-situ cuttings concentration. This was due to the foam capability to destruct stationary cuttings bed. It
was found that pipe eccentricity resulted in the accumulation of cuttings in the annulus. But, an increase
of the drill pipe rotational speed provided a better hole-cleaning, so that by increasing the rotational
speed to 40 RPM, cuttings concentration decreased by 1.8 and 1.4 times in concentric and eccentric
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pipe, respectively.

1- INTRODUCTION

A proper cuttings removal is a major concern during
horizontal well drilling, which could decrease both drilling
time and cost. An inefficient hole-cleaning process leads to
the formation of a static cuttings bed in the wellbore, which
causes several problems such as pipe stuck and decreasing the
rate of penetration [1]. Foam as an underbalanced drilling
fluid benefits from a higher viscosity and a lower density,
which could lead to a minimized pipe stuck and also a lower
fluid loss. Therefore, foam increases the drilling rate and
also the well production rate [2]. Chen et al. [3] studied the
application of foam for cuttings transport in horizontal and
concentric wellbore section. They reported that increasing
foam quality and also foam injection velocity have a positive
effect on cuttings transport efficiency. Duan et al. [4] used a
wellbore simulator to investigate the effect of pipe rotation on
the cuttings transport using foam in a horizontal eccentric
annular section. They reported that pipe rotation significantly
decreases the cuttings concentration in a horizontal
annulus during foam drilling. Heydari et al. [5] numerically
investigated the impact of drill pipe rotation and eccentricity
on the cuttings transport in a horizontal annulus. They
reported that the drill pipe eccentricity could increase the
cuttings accumulation in the pipe. As to the previous works,
several successful achievements have been made from the
lab-based studies; however, it is necessary to perform further
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numerical studies on the foam performance for cuttings
transport while considering both foam parameters and also
drilling parameters. This paper introduces an applicable
Computational Fluid Dynamics (CFD) model to investigate
the effect of foam on drilling cuttings transport in horizontal
wells. The model was validated using a set of laboratory data.
Then, the model was implemented to investigate the effect
of several drilling and well parameters on cuttings transport
using foam.

2- METHODOLOGY

In this study, a 3-D CFD model was prepared to
investigate the application of foam for the drilling cuttings
transport process. The geometry of the model consisted of
two pipes: a casing (as the outer boundary) and a drill pipe
(as the inner boundary). Therefore, the drilling fluid could
flow through the space between pipes, i.e., the annulus.
The Eulerian multiphase approach was used to describe the
cuttings-foam flow. In addition, the foam rheology in the
wellbore was described using the power-law model. As to the
drilling operation, drilling cuttings enter the annulus space
in the form of a mass flow inlet boundary condition and then
they are removed from the wellbore under a constant pressure
boundary condition. An iterative numerical scheme was used
to obtain the foam velocity and the cuttings velocity by solving
the momentum and the mass conservation equations along
a discretized flow path. To this end, the foam quality was
expressed using a ratio of gas volume to total fluid volume:
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Table 1. The power-law exponent and consistency index for
describing foam rheological behavior [3]

Foam quality (%) n(-) K (Pa.s")
70 (.45 {.835
80 (.40 2.185
90 (.36 3.732
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Fig. 1. Effect of foam injection velocity and foam quality on
cuttings concentration in a concentric horizontal well
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The foam annular velocity was expressed as follows:
+
W=g%f% @

Eq. (3) shows the foam rheology model used in this study:

N-1

u=Ky (3)
Table 1 shows the value of n and K parameters for different
foam quality of 70, 80 and 90%.

3- RESULTS AND DISCUSSION

Fig. 1 shows the effect of foam injection velocity and foam
quality on cuttings concentration in a concentric horizontal
well. Results showed that the increase of foam injection velocity
has a positive impact on the removal of drilling cuttings from
the well annulus due to higher drag and lift forces exerted on
the solid particles. Therefore, it provides a better hole-cleaning
process using foam. In addition, results showed that with the
increase of foam quality, a higher cuttings removal efficiency
was obtained. This positive effect could be attributed to the
fact that the increase in foam quality enhances foam viscosity,
which leads to a higher cuttings removal performance.

Fig. 2 shows the effect of drill pipe rotation on cuttings
concentration in a concentric horizontal well. As to the
results, the exerted rotary speed leads to a positive impact
on the cuttings removal from the well annulus. This positive
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Fig. 2. Effect of the drill pipe rotation on cuttings
concentration in a concentric horizontal well using 90%
foam quality
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effect could be mainly due to the increase in the tangential
velocity exerted on the solid particles and thus enhancement
of the drag force.

Fig. 3 shows the effect of the drill pipe eccentricity on
cuttings concentration in a horizontal well. As to the results,
pipe eccentricity has a strong influence on cuttings transport.
It was found that the foam velocity profile was unevenly
distributed through the eccentric annulus such that foam
velocity in the lower section of the annulus was much smaller
than the velocity in the upper section. Consequently, solid
particles became rapidly deposited in the lower section due
to the much lower lift and drag forces. This causes excessive
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cuttings accumulation in the eccentric wellbore as shown in
Fig. 3.

Fig. 4 shows the effect of the drill pipe rotation on cuttings
concentration in an eccentric horizontal well. Rotation of the
drill pipe affects the axial velocity of solid particles, which
significantly destroys the generated static cuttings bed through
the eccentric wellbore. Such a significant contribution could
be due to the fact that the presence of a rotational speed leads
to an orbital movement of the drill pipe. Also, the cuttings bed
of an eccentric wellbore is in close contact with the drill pipe
which causes an extra drag force to be exerted on the cuttings
particle and thus provides a better movement of the solid
particle through the annulus. All these effects lead to a better
performance of cuttings transport in an eccentric horizontal
well with the drill pipe rotation.

4- CONCLUSIONS

e Increase of foam velocity from 0.92 to 1.53 m/s (3 to 5 ft/s)
provided an extra drag and lift forces on cuttings particles,
leading to a reduction in cuttings concentration by 1.3
times in a horizontal concentric wellbore.

e Increase of foam quality from 70% to 90% in a horizontal
concentric wellbore led to a reduction in cuttings
concentration by 1.2 times mainly due to the viscosity
enhancement of the injected foam fluid.

e Dirill pipe rotation exhibited a positive impact on the

foam cuttings transport in a horizontal wellbore. As to
results, an increase in rotational speed to 40 RPM caused
a reduction in cuttings concentration by 1.8 and 1.4 times
in concentric and eccentric pipes.
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Fig. 3. Schematic of the boundary conditions used in the
model
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Fig. 4. Effect of foam injection velocity on the cuttings concentration in a concentric horizontal well using 90% foam quality
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Fig. 6. Effect of foam injection velocity on the cuttings distribution in a horizontal well over time using 90% foam quality in
a specific location from well inlet (L= 11 m)
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Fig. 13. Effect of drillpipe eccentricity on the cuttings distribution in a horizontal well over time using 90% foam quality,
0.92 m/s (3 ft/s) injection velocity and 3 mm cuttings size in a specific location from well inlet (L= 11 m)
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Fig. 14. Effects of drillpipe rotation and eccentricity on the cuttings concentration in a horizontal well using 90% foam
quality and 3mm cuttings size

. 0.350

0.315
0.280
0.245
0.210
B 0.175
0.140
0.105
0.070

0.035

0.000

9 90yd A CadaS b pod jguam )0 (A8l ol (49,0 Wos 13 pezxi (59l Jilgy » ol (535 m0 il Eoss bulph g Lyl s 2 (ylolgd F1 00 i
ola glool 31 (L=Y) m) zhaio yo yiowdoo ¥ Wod 5 9lw g (4l g gd B) il p 3o VOY B, ey
Fig. 15. Effects of drillpipe rotation and eccentricity on the cuttings distribution in a horizontal well using 90% foam quality,
1.53 m/s (5 ft/s) injection velocity and 3 mm cuttings size in a specific location from well inlet (L= 11 m)
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