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Summary

Operations involving fill removal or wellbore cleanouts are the most com-
mon of coiled tubing applications. The �wash� fluid is pumped through the 
CT at a sufficient rate for a certain period of time in an effort to clean out 
the wellbore. The fluid returning in the annulus carries the fill particles 
(usually sand, drilled cuttings, or other wellbore debris) to the surface, 
where the particles settle out in surface tanks. Common wash fluids include 
foams, water, brines, light oils, and polymer gels.

This document presents a simple model for the fill removal operation based 
on a steady-state analysis.
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Fill Removal Modeling
In recent years, fill removal (also referred to as wellbore cleanout) ranks as 
one of the primary applications of coiled tubing [Sas-Jaworksky II (1993)]. 
The operation involves circulation of a fluid through the coiled tubing 
down to the fill (sand/drilled cuttings) in the wellbore. The fluid mixes with 
the sand particles and carries the particles up to the surface through the 
annulus formed between the coiled tubing and the production tubing/cas-
ing.

The cleanout operation should be designed so that the flow rate in the 
annulus is sufficiently high to transport the fill (usually sand) up to the sur-
face while maintaining pressure in the coiled tubing below the maximum 
working pressure. The pressure during the operation should also have no 
adverse effect on the reservoir, formation, and wellbore. For horizontal or 
deviated wells, a sand bed may form at the lower side of the annulus, which 
may result in incomplete cleanouts, and may sometimes even cause the 
coiled tubing to become stuck. Therefore, a successful design of a fill 
removal operation involves optimum selection of various parameters such 
as pump rate and fluid type in order to ensure a complete cleanout with the 
least possible time under safe operating conditions.

In the past decade, a few articles [Pursell and Moore (1992); Sas-Jaworsky 
II (1993); Appah and Ichara (1994); Gu et al. (1994); Walton (1995)] on 
fill removal in coiled tubing applications have been reported in literature.

Many important aspects of the fill removal operation can be captured by a 
simple analysis based on steady state flow. The fill removal model in Cer-
berus is based on such a steady-state analysis and is presented below.

The amount of fill that is picked up for any given flow rate in a cleanout 
operation is expressed in terms of the lifting ablility of the fluid. The lifting 
ability of the fluid (LA) is defined as

EQ 1

where Q is the flow rate and λ is the maximum loading (maximum concen-
tration of paticles in the fluid medium) for that particular flow rate. Vari-
ables are in consistent units here and throughout this document, except 
where noted. The penetration rate (RP) can be found from the lifting ability 
as

EQ 2

where ρP is the density of the fill particle, ϕ is the porosity (represents the 
void volume fraction), and AF is the fill cross-sectional area. The term (1 -
ϕ)ρP in Eq 2 is sometimes referred to as the fill packing density (ρPD) and 

is provided as an input along with ρP, ϕ, and λ.
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Fill Removal Modeling
Once the fill particles are suspended in the fluid medium, it is important 
that they remain suspended and be carried all the way up the annulus. In 
order to ensure this, the magnitude of the annular fluid velocity must be 
sufficiently greater than the terminal settling velocity (vTV) of fill particles. 
A popular �rule of thumb� is that, in vertical wells, the fluid velocity in the 
annulus must be atleast twice the terminal settling velocity of fill particles. 
For horizontal wells, this factor is close to 10 to prevent bed formation and 
maintain particle motion in the flow direction [Sas-Jaworsky II (1993)]. 
Again, this is by no means a scientifically sound analysis and, therefore 
should be treated accordingly.

Moore (1974) has proposed a correlation for determining vTV from a parti-
cle Reynolds number (ReP) defined for non-Newtonian fluids as

EQ 3

where µa = Kγn-1. Here, n is the behavior index, K is the consistency index, 
and γ is the shear rate. The expression for vTV in Moore�s (1974) work is 
obtained from Stokes law as

EQ 4

where dP is the diameter of the fill particle (assumed to be spherical) and 
Cd is the drag coefficient. The value of Cd is dependent on the magnitude 
of Rep and is determined as follows.

 (Rep > 300; turbulent flow) EQ 5

 (Rep ≤ 3; laminar flow) EQ 6

 (intermediate region) EQ 7
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Fill Removal Modeling
Settling velocities may also be estimated by use of the correlation [Chien 
(1994)]

EQ 8

where

EQ 9

In Eq 8 and Eq 9, units of µ and dp are centipoise and inches respectively, 
and ρ and ρp are in pounds per gallon. In addition, α is called the sphericity 
and refers to the roundness of the fill particle. It is defined as the ratio of 
the surface area of a shape having the same volume as the particle to the 
surface area of the particle. Both Moore�s (1974) and Chien�s (1994) corre-
lation are incorporated in Cerberus to determine the particle terminal set-
tling velocity.

The magnitude of particle settling velocity obtained from these correlations 
is compared with the required annular velocity in a particular well. As 
mentioned earlier, depending upon whether the well is vertical, horizontal, 
or deviated, a suitable velocity factor (range between 2 and 10) is used to 
determine the minimum annular velocity for a complete cleanout. The min-
imum flow rate and system pressures that satisfy the annular velocity 
requirements are subsequently determined.

Nomenclature Cd drag coefficient

dP diameter of fill particle (ft)

K consistency index (lbf-sn/ft2)

LA lifting ability of fluid (lbm/s)

n flow behavior index

RP rate of penetration (ft/s)

vTV terminal settling velocity of particles (ft/s)
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Fill Removal Modeling
Greek Symbols α sphericity

γ shear rate (1/s)

µ viscosity of fluid (lbf-s/ft2)

ϕ porosity

ρP density of fill particle (lbm/ft3)

ρPD packing density (lbm/ft3)

Subscripts F fill

p particle

TV terminal velocity
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