SANDOIU GHEORGHE-FLORIN
Petroleum-Gas Universit of Ploiesti, Romania

REMOVING CUTTINGS
FROM DEVIATED AND HORIZONTAL WELLS

Effective cuttings transport is critical in drilling production horizontal and extended reach
wells. In these cases, failure to remove drill cuttings from the hole would lead to deposition and
accumulation of cuttings in the annulus, resulting in stuck pipe, eccentric annulus and/or reduced

penetration rate.

DddekTuBHAs TPAHCIIOPTHPOBKA OOJOMKOB BBIOYPEHHOW MOPOABI SIBISCTCS KITIOYEBBIM
(axkTOopoM TpU OYpPEHHH TOPU30HTATIBHBIX SKCIUTYaTAI[MOHHBIX CKBAXMH U CKBAXKUH C OOJIBIIUM
OTXO0J0M. B 3TuX ciy4asx HEBO3MOXKHOCTh H3BJICUCHHS OOJIOMKOB BBIOYPEHHOW IOPOIBI M3
CKBO)XUHBI MOXET CIIOCOOCTBOBAaTh OCAKJICHUIO W HAKOIUIGHHIO OOJIOMKOB B 3aTpyOHOM
MIPOCTPAHCTBE, YTO NMPUBOIUT K MPUXBATY TPYOBI B CKBAXKMHE U CHH)KCHHIO CKOPOCTH ITPOXOAKH

CKBa’XHHBI.

Introduction.

Deviated angles and horizontal sections
typically lead to some of the most troublesome
hole cleaning problems. Particles can typically
remain suspended in high angle wells if the
provided drill pipe rotation is sufficiently high
to agitate the cuttings and the annular flow
rate is sufficient to provide lift. Problems can
rapidly develop under static conditions or in
case of inadequate flow rate or pipe rotation,
allowing cuttings to accumulate in beds. In-
adequate hole cleaning can lead to costly drill-
ing problems such as: stuck pipe, premature
bit wear, slow drilling rate, formation fractur-
ing and high torque and drag. As a result, cut-
tings transport has continued to be a subject of
interest to engineers and researchers. There
have been a number of experimental investiga-
tions on different aspects of cuttings transport;
recently, several studies have also been per-
formed on numerical modeling of cuttings
transport.

Experimental Investigation. Various
methods have been tried to remove cuttings
which usually settle on the low side of a de-
viated borehole. Some of the earliest experi-
mental studies of cuttings transport in direc-
tional drilling were carried out by University
of Tulsa (Oklahoma, USA) researchers, Tom-
ren, Iyoho, Okrajni, Becker and Azar. San-

chez investigated effect of drill pipe rotation
on hole cleaning in directional well drilling.
Experiments were also carried out by some
companies like Petrobras, Mobile and M.IL
Drilling Fluids-Houston (Texas, USA), by
Heriot Watt University (Edinburgh, Scotland)
and French Oil Institute. Experiments intend
to determine the influence of all the factors
on cuttings transport performance: pipe rota-
tion and eccentricity, hole inclination angle,
type of drilling mud, mud flow rate, mud
weight, flow regimes, field-measured mud
rheological properties, cuttings size and
shape, cuttings slip velocity and other drilling
parameters. Empirical correlations were also
developed for critical flow rate for different
flow conditions.

Factors Influencing the Cuttings Trans-
port Performance. Drill pipe rotation has a
significant effect on hole cleaning, and the dy-
namic behavior of the drill pipe (vibration,
whirling, etc.) play a major role on improve-
ment of hole cleaning. In coiled tubing drilling,
the pipe does not rotate above the motor. The
influence of drill pipe rotation is more pro-
nounced in viscous muds and in smaller holes.
Drill pipe eccentricity was found to have a sig-
nificant impact on cuttings removal in case of
hole inclination angle of 40°-50°. Inclinations
angles between 55 and 70 degrees have been
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reported in the literature as the most difficult
for cuttings transport. In drilling deviated and
horizontal wells, the velocity vector deviates
from vertical and is sometimes horizontal,
while the gravity vector remains vertical. In this
situation, the cuttings tend to settle to the bot-
tom of the hole away from the fluid flow. If the
fluid velocity falls below the critical rate, it will
be a risk of particles settling, forming beds or
bridges that may obstruct the well bore As an
alternative to running with higher annular ve-
locities, the drill operator may increase the vis-
cosity of the circulating fluid for effective hole
cleaning. A number of studies have been con-
ducted to investigate the effect of drilling fluid
rheology on cuttings transport. These studies
and others debated high viscosity versus low
viscosity fluids and which rheological parame-
ters are most useful for characterizing hole
cleaning efficiency. Thus higher mud yield
value reduced annular cuttings concentration,
particularly in laminar flow regime. Effect of
mud yield was insignificant in high-angle wells
(> 55°). Becker, Azar and Okrajni correlated
rheological properties, including mud yield
point, plastic viscosity, power-law exponent,
consistency index, etc., with cuttings transport
performance from 180 tests. They indicated
that data with low-shear-rate parameters corre-
lated better with annular cuttings concentration
in steady-state flow. Increased mud weight pro-
vides buoyancy, reduces the effective weight of
cuttings with effective transport occurring at
lower annular velocities. The relevant literature
shows that cuttings size and density have an
effect on the carrying capacity of conventional
drilling fluids.

Critical Transport Velocity. The experi-
ments conducted to evaluate cuttings removing
capacity in deviated and horizontal wells digni-
fied the existence of a minimum fluid velocity
in the annulus from which all cuttings particles
are evacuated from the well bore. If the fluid
velocity falls below this critical transport veloc-
ity, it will be a risk of particles settling, forming
beds. Both experimental investigation and nu-
merical simulation were performed to deter-

mine the critical cuttings transport velocity in
inclined annulus, for different flow conditions,
in a study carried out by University of Tokyo.
The critical cuttings transport velocity depends
on inclination angle of the well, eccentricity,
mud weight, rheologycal mud properties, flow
regimes and more.

Conclusions and Recommendations.

1. Flow rate in the annulus has to be up to
50 % higher than in a vertical well; flow should
be turbulent in the annuli.

2. In order to obtain high flow rates and
turbulence in the annulus, big diameter drill
pipes are recommended.

3. Pipe rotation and fluid rheology are key
factors affecting cuttings transport. Improve-
ment by pipe rotation in the transport efficiency
of small cuttings is up to twice as large as the
improvement in large cuttings transport.

4. Drill pipe rotation combined with
polymeric drilling fluids is highly recom-
mended to efficiently transport cuttings during
extended reach or horizontal drilling.

5. Top Drive System permits circulation
while manipulating the drill string, that’s why it
is used in directional drilling, especially off-
shore.
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