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Abstract: Problem statement: Oil well cleaning is the ability of a drilling fld to suspend and
transport drilled cuttings from the down hole (fsite) to the surface. The cleaning performance was
affected by many factors such as fluid viscosityndar flow velocity, angle of inclination and dfril
cuttings size and shape arpproach: Navier-Stoke equations, the continuity equation gredpower
law of hon-Newtonian viscosity model were adopteédtablish the mathematical model of the cutting
transport process in the annulus of the well. Thestants of the power law model were evaluated
experimentally for three different mud types. ThEDCsimulation to solve the governing equations
was carried out by using FLUENT commercial codee Bpecifications of the particles, the pumping
head and feeding conditions were obtained fromilangr site in SudanResults. Simulation of the
mud flow in the annulus had shown that in spit¢heflaminar nature of the flow, the velocity prefil
was flattening over wide area of the annulus. Scmhdition was referred to as fog flow and was
preferable to produce uniform drag distribution liid the particles without rotation during the
transportation process. The analysis had been ctedidor various mud charging rates ranging from
600-900 GPM, in 30° diverted orientation well. Tingestigation of cuttings size was conducted for
2.54, 4.45 and 7 mm. Also, the effect of the cgttishape with 1, 0.9 and 0.85 was investigatedtand
was found that higher sphereicity have better dgtepefficiency.Conclusion: The analyses revealed
that for 30° diverted orientation; the effectiveahing performance was achieved when the drilling
mud charging was higher than 800 GPM for all typéstested cuttings. The simulation results
revealed that there was a significant effect ofdhttings size on the cuttings transport. Fineiglag

are the easiest to clean out.
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INTRODUCTION studies focused on some parameters effects andeidno
some others to simplify the existed complications.

Hole cleaning is the ability of a drilling fluidbt N ——
suspend and transport drilled cuttings from dowte ho e diling e
(bit face) to the surface. Inadequate/poor holardheg :
is a major problem in drilling operations. Poor éol il 0§
cleaning will lead to a number of drilling problems ® : |
e.g., high rotary torque, stuck pipe, formation aire !

i

| 1:
L

|
1

down, slow rate of penetration and lose of cirdafat
This, in turn, will lead to higher drilling cost.e8eral
parameters/factors can affect hole cleaning effigye
such as; fluid viscosityy, annular velocity, Y, angle of
inclination, o, drilled cuttings size, Dand their shape,
i.e., sphereicityp. Figure 1 demonstrates the process
of a hole cleaning in vertical well. E——— ]
Many studies have been conducted to investigate down hole o the surface
drilled cuttings transportation. Over the last #re
decades, effort has been established using expasme
modeling or simulation to understand the transporfig. 1: Drilling mud charging and cuttings upward
phenomena and the affected parameters. Each @& thes transportation
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Experimentally, Syed and Jamal (1983) The objective of the recent study is to formulate
investigated the transport problem in vertical tivetes.  mathematical base mode of the non-Newtonian flaid i
Sifferman and Becker (1992pnducted experiments in annular flow and to use the computational simuitatim
full scale inclined wellbore and Belavadi and Chukw solve the equation numerically. With the aid of @i€D
(1994) have carried out experimental work to measursimulation and analyses, the wellbore cleaning
the transport efficiency by analysis of the transpo performance can be investigated. The scope of the
ration, dimensionless quantities and graphicalrecent analysis covers determination of the efféthe
correlations. Udo Zeidler (1970) studied experiraipt  cuttings size, the cuttings and the inclinationlanghe
the dynamics of the drilled particles to investg#ite  analysis was carried out at different mud feediaig.r
drilling mud carrying capacity in a vertical welbie. The density and viscosity behavior of the drillimgyd

On the other hand some studies used thevere measured experimentally and used in the apalys
mechanistic method in transport phenomena. Cladk anFurther required data were obtained from operatiteg
Bickham (1994) presented mechanistic model for

cuttings transport, considering inclined geomefrige MATERIALSAND METHODS
described model relates the mechanism in threeesang
of angles. First is the vertical and near to theical The flow in the well is simulated as annulus flow.

angles, where the settling velocity determines theThe inner surface of the annulus is the drillingepivall
transport of particles. Second is the intermediagles, and the outer surface is the well wall. The equetio
here the transport of moving bed cuttings can bméd  governing the flow are derived from Navier-Stokel an
via lifting mechanism; while in the third range lnifjh  continuity equations in cylindrical coordinates.
inclination angles the transport is depend on ttkng The flow in the annulus is considered 2-D flow and
mechanism. Chet al. (2002) studied the forces acting there are no variations & dir., i.e.,0/00 = 0. The flow
on cuttings layers based on continuity and Navieiis laminar, steady and incompressible, but thedfisi
Stokes equations. They have analyzed the paranatersnon-Newtonian. The fluid moves in z-direction and
annular velocity, pressure gradient and fluid rbggl  there is no radial velocity component, i.e,, 0.
They have introduced the concept of three segnmamts Hence, the resulting continuity and momentum
layers approach. Another mechanistic model wag builequations are:
by Ramadaret al. (2002). They have studied the forces
involved on spherical bed particles in inclined rohal. M:o @
Then, by forces equilibrium they determined théical 0z
flow rate.

Ramadaret al. (2005) have applied the three layers _dp 5
model on the inclined channel, set certain hypabes PY, Tor (2)
and used the pseudohydrostatic pressure concept in

wide range of their analysis. Minggiet al. (2007) ov p 10( av.\ &v
p[vz Zj=pgz—+u{( Zj+ } 3)

established a mechanistic model to predict theidatit
Re-suspension Velocity CRV and the Critical 0z 0z roror) oz
Deposition Velocity CDV building on forces act dret o o
particles. They recommend that water as drill flisd The pressure variation in the cross section iy ver
effective in particles bed erosion, but the polymerlow compared to the pressure gradient in the flow
solution is more helpful than water to prevent beddirection, means thafp/or ~ 0 and p = p(z) only.
formation. Accordingly:

Recently, CFD simulation technique is introduced

in the solids transport field. Bilgesat al. (2002) used dp _dp

CFD simulation of annular section to study the etffaf 0z dz

cutting transport parameters in vertical and hariab

wells. If the viscosity term is constant, as in the cabe

By perusal study of the literature, a generalNewtonian fluids, the above set of equations cdaéd
conclusion can be set that uncertainty and fluzingh  solved by double integration with two boundary
the information is still involved in the drillingnainly, conditions at the inner surface of the well anddhger
the cutting transportation analysis. More detailedsurface of the drilling pipe. This is, in fact, rtbe case
analyses are required in the field of the drilltogstudy ~ with the drilling mud, which is visco-elastic. The
the parameters involved in the process. viscosity termy must be replaced by one of the models

801



Am. J. Applied Sci., 7 (6): 800-806, 2010

which describe the visco-elastic behavior of thé-no Table 1: The measured density of the visco-eldisiit models
Newtonian fluids. The selected model for the recenilype

Density (kg n°)

study is the power law model which describes theﬁaﬂc ’;de " 1013014;5

: : . . ud +2 g Xanthan gum .
rel_at|0nsh|p of s_hear stres.s and shear rate inge 4 +2.5 g Xanthan gum 1036 5
Brill and Mukherjee (1999): Mud +3 g Xanthan gum 1012.6

H=K(y)"™, or T=Ky"

(4)

F

Where:

T = Shear stress

K= Consistency index
y = Shear rate

n = Flow behavior index

Value of n indicates the type of the drilling muid.
n is lower than 1, then it will be shear thinnimgd. If .
nis 1, then the fluid is Newtonian fluid. The valmore i
than 1 will correspond when the fluid is shear 24
thickening fluid.
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Experimental works: In the present study, the elastic A —

properties, density and viscosity, of the drillifigid 10 20 30 40 50 60 70 80 9 100

have been evaluated experimentally. Four types of

drilling mud have been tested including the basidm

and the mud with three different percentages ofrig. 2: Experimental and power line trend of Xamtha

additives. Water-based mud is tested for its deresid Gum visco-elastic mud models

viscosity. Drilling mud varies as different percages

of additives are added. Additives, as its function,The instrument used in this experiment is the imtai

change the properties of the basic mud. Multimiser viscometer which can provide more meaningful

used to mix the drilling mud and the additives thge  measurement of the rheological characteristicshef t

so that the mixture becomes homogeneous. The basigsco-elastic fluids than the Marsh Funnel equipmen

mud is prepared by mixing 350 mL of distilled water The fluid is sheared at a constant rate betweenrar

and 22.5 gm of bentonite. The three visco-elastidhob and outer rotating sleeve.

models are obtained by adding 2, 2.5 and 3 gm of |east square curve fitting using the power trend-

Xanthan Gum to the basic mud. line of the form given in Eq. 4 is applied to the
The density of each fluid model is measured byexperimental results. Figure 2 shows the measuremen

using Fann Scale Mud Balance equipment, which igesults and the power trend-line.

known to be accurate and self-contained measuring Comparing the equation given by the Power trend-

devicsl. The results of the measured density arensho ine with the general power law equation will give:

in Table 1.

Shearrate (1 sec™?)

T=Ky" o f(x)=21.290¥
T=Ky" < f(x) =22.52¥%""
T=KYy"  f(x) =23.64¥*

The measured density of the visco-elastic fluid
models. The development of satisfactory instruments
for measuring the viscosity of drilling fluids hagen
the subject of much effort. This is due largelyhe fact
that most of drilling fluids are fundamentally non- The power law constants values obtained from the
Newtonian fluids and the viscosity characteristafs least square fitting with the experimental data.

such fluids cannot be described by means of single

measurement. Among the common types are th€omputational simulation: The simulation of the
rotational viscometer and the Marsh Funnel equigmencutting transport process is carried out into twagss.
The indicated viscosity as obtained on any instminge  Firstly, the simulation is run without cutting pakes,
valid only for that rate of shear rate amdll which is necessary to study the steady, incompsiessi
differ when it measured at a different rateshear. and Non-Newtonian flow behavior of the selected
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pseudo-plastic mud in the annulus. Then after, th&he consistency indices, K = 21.29 and the flow
simulation is run with imposing the cutting partislin  behavior indices, n = 0.135 as obtained from the
the process. Different cutting parameters areexperimental tests. The mud feeding flow rate iseda
investigated to explore its effect on the wellborewithin a range of 38.34x1%56.8x10° m® sec’, (600-
cleaning performance. In both cases, the fluidg00 GPM). The cutting penetration rate is fixed at
properties are those obtained from the labora®sist ~ 0.113 kg sec¢ based on site data approximation and
Simulation is carried out by using GAMBIT 2.2.30 the cuttings are assumed as Limestone rock source
software as modeler and FLUENT 2.2.16 software agyhich has density of 2570 kg
the solver. GAMBIT software is used for the annulus Several ear|y runs of the simulation are carriad o
modeling and discretization. The well wall inner wijth different iteration numbers (400, 300, 200 a0
diameter is 250 mm, (9.875) inches and the drilepi jterations) to check the solution convergence. The
with a diameter of 127 mm, (5 inches). The drilling continuity term is experienced to converge wittitiel
pipe is not rotating and is positioned at the aeotehe jteration, around 6 iterations. The velocity terare
well bore. The total depth of the well is 1710 nddhe  converged with around 10 iterations. Since the mud
segment length in the flow direction is 0.91 m. Thecharging rate is varied to involve the laminar ahe
cross sectional area is discretized as shown in&ig tyrbulent regions, the &-model is selected for the
The mesh is segregated and the finite volume elesmentyrbulence simulation. The k andare stabilized after
selected are all quadrilateral. 20 iterations. All variables are reached the stestdte
After finalizing the model, it is exported to after 20 iterations. Accordingly, the commencing
FLUENT software to conduct the simulation. As simulations are set to 50 iterations to compromise
boundary conditions, the inlet pressure is 55848 &l petween the results accuracy and the computatioe: ti
the outlet pressure is 268895 Pa. In the simulatiord  Sample of the convergence criteria is shown in &ig.
type 2 g is used which has density of 1948.m>.

EMEL”—[/ RESULTSAND DISCUSSION

The discussion of results focuses on the findings
from the experimental measurements of the threestyp
of drilling mud, named as 2, 25 and 3 g mud

Scheme: I Apply

Elments: referencing to the mass of Xanthan gum added to the
W basic Bentonite-water mud. The simulation resufts o
pren [ the annular flow of the non-Newtonian mud are

presented and discussed. Lastly, the wellbore itlgan
performance is presented and discussed at various
operational conditions.

Transcript B Description

IMe;h generated for volume 1:  mesh volumes = 1200 ‘i GRAPHICS WINDOW- UBPER

R
7 || eFT quADRART lgnore

Mud models behavior: Experimental measurements
are carried out to study the behavior of the Xamtha
Gum-Bentonite mud mixture. The shear stress-shear
iy rate drawings have been approximated to the pawver |
g;:;:ggggg model of non-Newtonian fluid by curve fitting
§ ? technique. The experimental results fit the poviee |
trend with reasonable deviation. The Mean Square
Error (MSE) is used as an indication to the dewrain

the form:

epsilon

Experiment- Trendliné
o= 2. (Exp )><10

S 0 (5)

where, N is the number of the samples. The residlts
the MSE are 8.4% for the 2 g mud, 3% for the 2.5 g
Fig. 4: Sample of simulation convergence mud and 1.9% for the 3 g mud.
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Table 2: The power law constants values obtainedh fthe least 300
square fitting with the experimental data
Fluid model K n 250
2 g of Xanthan gum 21.29 0.135 =
2.5 g of Xanthan gum 22.52 0.151
3 g of Xanthan gum 23.64 0.165 200 e

2.5
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100 |
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Position (m) 150 - .
<3 —— 2% w—5c

Fig. 5: Sample of the velocity profile in the dnly well

annulus Fig. 6: Particles concentration at the differentllwe

As all the values of n produced by Xanthan Gum orientations
mud are less than 1, then it is a shear thinninigl for
so-called, pseudo plastic fluid. Similar behaviar i Cleaning performance results: The indication for the
reported by Kim and Yoo (2006) which resulted fromwellbore cleaning performance adopted in the ptesen
their experimental measurement and they concludegnalysis is the concentration of the cuttings a th
that the shear-thinning character of Xanthan gum igyrface of the well at different operational mudwfl
more pronounced than those of other polysaccharidgye This concentration is produced from the plesi
gums. The values of consistency indék,and the wangnorted successfully from the well bottom te th

behawc;r t.'nde):; thn Xareth both Increasing  as thesurface. There is no energy or mass transfer betwee
concentration of the Aanthan gum Increase, as ean bparticles during the upward motion in the annulus.

noticed in Table 2.

The annular flow behavior: The pseudo plastic Thewell diverting results: Three different orientations
behavior of the Xanthan Gum-Bentonite mud mixtsre i have been simulated with 2.45 mm particles diameter
studied by simulating the annular flow. The simislat and 0.9 sphereicity. Figure 6 is showing the resatt
results of the velocity profile shown in Fig. 5 aret 15, 20 and 25° diverted well orientations. As the
consistence with the common velocity profiles o th drilling direction tends to approach verticalityetter
laminar flow. The velocity profile in the annulaross-  cleaning performance can be achieved. At 600 GPM,
sectional area is flattening around the center #ed around 110 kg i is transported when the well
velocity gradient near the wall is high comparedhwi riented by 15° diverging, while only 20 kg s

the Newtonian fluid flow profile. Same predicted transported when the diversion increased to 25°.
results are reported by Suailal. (2002) for the case of

pseudo plastic fluid in their mathematical modelfg
the ceramic tape-casting process. This type oframi
velocity profile in non-Newtonian flows is namedotdr

Flow'. Such characteristic is necessary in theimgtt

Effect of cuttings size: Three different cutting sizes are
selected to study their contribution on the welhor

cleaning performance by selecting the discrete gohas
transport process, where the drag force is diggibu model as a solver. This simulation mode in FLUENT

almost evenly on the upstream side of the cuttinzf‘”ows the user to inject drilled cuttings with Mars

particles. This will reduce the rotation of the fes 51285 and shapes into the fluid flow. It is decidealt
during its motion within the mud towards the suefac three cutting sizes of equivalent diameters of 24645

and reduce its trend to rotate and move towards thand 7 mm for small, medium and large respectively t
surfaces of the annulus. If the Ve|0city prof”msa”y be studied. Those sizes are selected from field aad

parabolic, as commonly experienced in the lamina@s recommended by other investigators. The sinoulati
flow, the drag forces magnitude will be higher et result of the concentration at the annulus outiet i
annulus center side than that in the annulus vdgks shown in Fig. 7.
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350 compared to the shape of the sphere. This coneept i
& 300 widely known as the shape factor. The shape fastor
! / simply a measure of the sphereicity of a certaiiroy
= 250 / particles. A cubic shape is known to have a sphbityei
£ 200 of 85% of that of the sphere, while the sphere &as
£ / shape factor of 1.
: 130 / Three cutting shape factors of 1, 0.95 and 0.85
° 100 : were selected to investigate its effect on the réten
§ 50 / ’ performance. The simulation results at various shap
a -‘“__/ factors are shown in Fig. 8. It is clear that tpaorsation
0 ______ . r of the cuttings starts at discharge higher than GBM
650 700 750 800 850 900 950 for all types of cuttings shapes. A slight improwemin
Annular flow rate (GPM) the cleaning performance could be noticed as thpesh

factor increases.

‘ 2 54 mmDia. —  4.45 mm Dia. 7 mm Dia. ‘

Fig. 7: Simulation results at different cuttingses CONCLUSION

300 The present study integrates theoretical
formulation, experimental measurements and CFD
simulation to study the performance of the oil well
cleaning performance. In the laboratory experimenta
measurements, the density and non-Newtonian
viscosity behavior of drilling mud are evaluated.

Navier-Stocks and continuity equations linked with
power low as definer of the viscosity term were
identified to derive the theoretical modeling. To
simplify the solution, suitable assumptions were
adopted to derive the governing equations of the
pseudo-elastic annular flow. GAMBIT software is dise
for the modeling of the annulus and FLUENT software
e Shape factor = 1 — Shape factor = 0.95 --- Shape factor=0.83 is used for the simulation.

The analyses were conducted for various mud
feeding rates ranging from 600-900 GPM, in 30°
Fig. 8: Simulation results at different cuttingsphs diverted orientation. The simulation results reeeal

that cuttings size effect significantly on the mgs

It could be concluded that the particles withtransport and the cleaning performance of the well.
diameter of 2.54 mm have better cleaning performancParticles with 2.54 mm mean diameter were shown to
compared with the other larger sizes. The partislag  be the easiest to clean out. Also, the effect & th
to move upward to reach the surface with mud flate r cuttings shape with 1, 0.9 and 0.85 was investibatel
of 600 GPM. The particles of 4.45 mm diameter aret was found that higher sphereicity resulting iettbr
transported to the surface when the mud charging icleaning efficiency. For 30° diverted orientatiche
750 GPM and the large particles, of 7 mm diametereffective cleaning performance is achieved when the
are transported when the mud discharge increased tiilling mud charging is higher than 800 GPM fot al
800 GPM. Very effective cleaning could be obserived types of investigated cuttings.
the case of 2.54 mm diameter particles when the mud
charging exceeds 750 GPM. ACKNOWLEDGMENT
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