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ABSTRACT

This paper describes how gpplying different
degrees of mixing-energy to an invert-emulson
drilling fluid affects rheologicd parameters and
how this influences the sedimentation potentia
of weghting materid from a drilling fluid. The
paper presents results from alarge scale factory
goplication test and following laboratory
measurements.

INTRODUCTION

In drilling operations, solid weighting
materids are commonly added to the drilling
flud to give aufficient dendty to the fluid to
hinder inflow of oil or gas into the wellbore
from the down-hole formaion. Weghting
materid sag, i.e sedimentation of weghting
materid fom the drilling fluid, has been and is
currently one of the biggest chalenges within
the drilling fluid indugtry as it can lead to well
control problems, lost circulation, hindered
running of casnglliner, insufficient displacement
€etc.

Specific operations and procedures may
either induce or minimize the sag potential®*3*
of the drilling fluid, with one of them described
in the following.

It has previoudy been observed that sag is
more pronounced in invert-emulsons than in
water based drilling fluids. An invert emulson
drilling fluid is made up by a mixture of abrine
phase together with a continuous oil phase.

When drilling with invert-emulsion drilling fluids,
one of the identified factors affecting sag is the
dability and disperson of the oil/water
emulsort.  The emulson dability can be
adjusted by chemicd modifications, asis shown
in many publications™®. The stability is a direct
result of the mixing-energy gpplied to the drilling
flud. To obtan dability, the drilling fluid is
sheared through the drill bit, or can be sheared
a the surface by using high pressure pumps
together with shear guns as shown in Fig. A.1
and A.2. The posshilities for usng these
expendve high pressure systems at the rig are
often limited as they are often occupied by
other operations. It is though possble to avoid
the use of such heavy equipment by usng
specidly designed shear devices.

In the following we describe a factory test
peformed a Ystrd GmbH, a supplier of
specidly desgned shear units. We shdl further
describe how rheological parameters can be
affected when gpplying different degrees of
shear, and how thiswill affect sag Sability.

BACKGROUND

The sedimentation rate of the weghting
materia depends on severd factors.  The
smplest description of sagging is based upon
Stoke's law for the sttling velocity, Ve, of a
spherica particle of diameter Dp, sHtling in a
fluid of viscosty h:
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where rp and r, is the dengity of the particle
and the continuous phase respectively and g is
the accdleration of gravity.

Many sudies have been performed to
determine rheological properties of ternary
systems (solids, dispersed phase and
continuous phase). Barnes et d.® showed that
in generd, the smaler and more monodisperse
the droplet sze is, the more viscous the
emulsion becomes.

Theoreticdl work performed by Oldroyd’
a0 showed that viscodadticity results from the
restoring force caused by the interfacial tension
between the continuous and disperse phase.
The unsheared emulson droplets are sphericd,
but become dlipsoidd when subjected to
shear. The ensuing increase of the surface area
directly causes an increased viscosty. This is
directly related to the viscodagtic properties:
The smdler the dropletsin an emulson are, the
dhorter is the distance between them.
According to Liu and Madiya?, this increases
the storage modulus, G', and thus reduces the
sag potentid of the fluid. This assumes thet the
propeties of the weghting agent are
unchanged. G' isthe part of the Stressthat isin
phase with the strain divided by the strain under
gnusoidd  conditions when  peforming
oscillatory messurements.

TEST FLUIDS

For evdudion of the efficdency of the
different units, two different 200-liter smples
of invert-emulson drilling fluid were used. One
was an unsheared premix of baseoil, brine,
emuldfiers and day. The other was a pre-
sheared drilling fluid from the field thet had been
used for severd drilling operations. By our
experience, the sdlection of these two types of
fluid should give indication of how the fluid's
sag potentid is influenced by different degrees
of shear. Table 1 shows atypica composition
of an invet-emulson dilling flud.  The

weighting agent used is commonly barite,
hemdtite or ilmenite grinded to <specified
qudlities.

Component Function Concentration

Base Ol Cont. phase 580 |/n?

Water Disp. phase 150 I/n?

Carboxylic Emulsifier 20-30 I/

Acid

Sdlt Formation 30-50 kg/nT
salinity

Organo. Clay | Viscosifier 515 kg/n?

CaCOy/ Fluid Loss 10-100 kg/n?

Polymer

Weight agent. | Provide Density 880 kg/nt

Table 1. Componentsin an invert-emulson
drilling fluid of density of 1520 kg/n?’

FACTORY TESTS

Two shear devices were used in the factory
tests. One of these is designed as a pure shear
unit, with the purpose of dispersng the emulson
water droplets in the continuous oil phase. The
drilling fluids enter whet is caled the shear zone,
where the fluid passes through specidly
designed openings (dots) in the Stator before
either being gected out of the unit, or passed
on to another smilar shear zone. The machine
can be designed with as many shear zones and
dot openings as desred. The capacity is
proportiond to the energy consumption of the
meachine and the digpersion requirements.

The second unit tested was a combined
shear and mixing unit, shown in Fig. 1. Lower
pressure is created when the fluid enters the
mixing zone, where the flow is highly
accelerated. The created lower pressure zone
makes the powder flow, bringing it wdl
digtributed into contact with the fluid, wetting it
immediatdly. The fresh mixed fluid is then
forced through the dispersng dots.  This
process eiminates particle agglomeration.

Empirically it has been found® that optimum
disperson is achieved when a volume,
corresponding to a leest 8 times the fluid
volume, has passed through the shear unit. This
means that satisticaly about 99.99999 % of
the whole volume has actudly passed the
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shearing zone at least once. In the factory tests
this was controlled by measuring the time for
one single pass and then extrapolating to get the
time needed for a complete dispersion of the
fluid.

Powder

Dispersion

Poweder
Liquid
Rator Sator  Rolor
Figurel. Illugration of the combined mixing
and shearing unit tested.

LABORATORY MEASUREMENTS

To evauate the shearing efficiency and how
this affects the sag potentid of the drilling fluid,
severd  laboratory  messurements were
conducted.

Sag dahility

The sag dahility was measured by putting
the samples in 30 cm sted cdls for 64 hrs at
100°C. Theredfter the amount of free fluid on
top, and the dengity of 5 different layers from
top to bottom of the cell is measured illustrated
in Fg. 2. The densty difference between the
different layers relative to the initid weght of

the flud then gves a picture of the
sedimentation potentid of the fluid.

P o alty
e o ]
o Ealtalty

segment 1

Segment 2

Segment 3

Segment 4

Segment 5

Figure 2. Cdl for conductance of sag tests

The dengity difference between the different
segments in the sag test cell can be used to
cadculate a sag factor. The sag factor provides
a picture of the indantaneous dengty
digribution in the cdl a the moment of
measurement.  This is frequently used to
indicate the sedimentation potentid of the
drilling fluid and is cdculated by:

r bottom (2)

Sag factor =
r +r

bottom top

Where I potom and I op are the dengty of the
bottom and top layer respectively. A sag factor
equa to 0.5 implies no sedimentation of the
weighting materiad. Any degree of sg leaves a
sag factor higher than 0.5. This does not give
the complete picture since syneresis will take
place as free liquid is found on top of the
sample, and is not taken into account in the sag
factor. A dynamic sedimentation index can be
introduced to include this effect. It relates the
ingantaneous sedimentation of the initid drilling
fluid, and is expressed by:

SD (t) — r bottom (3)

2r initial

where $(0) = Y2
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Viscosity and viscodlastic properties

The standard viscosity measurements in the
ol industry are peformed usng a 6 Speed
manually read rotational viscometer'. Thiswas
performed initidly. In addition, linear
viscodlagtic properties of the samples were
measured usng a Physca MCR 100
rheometer, exposing the fluid to samdl amplitude
oxcillatory shear.

Electric gability

The dectric gability, used as the ailfidd
gandard’, is a relative messurement of how
dable the emulson is. It is conducted by
immersing a pair of accurate spaced eectrode
plates into the fluid. An AC-voltage is applied
to the eectrodes and the voltage that makes the
emulsion conductive is read off. The reading is
accepted when the difference between two
following messurementsis less than 5 %, and is
recorded as the average of the two.

Particle Sze didribution

To evduate if the shear-units degrade
the powdered materid, particle size distribution
(PSD) measurements were conducted. The
PSD was measured using laser diffraction and
was performed prior to, and after shearing.

RESULTS

Sag dability measurements show that a
clear rlationship between shear energy, as here
related to the number of circulations that the
fluid has passed and the rotational speed, and
sedimentation  potentid  exigts. The sg
measurements show how the sedimentation
potentia varies with number of cydles that the
fluid has passed through the shear zone. It also
varies with dot sze opening and circumferentid
speed of the rotor, as is seen from Table 2.
The dot dze openings are given in mm. In
Table 2, two shear zones exit with dot
openings in the gator of 4 mm (first and third
number), and 4 and 2 mm in the rotor (second
and fourth number).

The viscosity increases likewise as a
function of number of cycles through the shear
zone, the number of dot openings in the Sator
and rotor, and the circumferential speed, see
Table Al in the appendix.

No. | Stator/rotor | Speed Sag Sp
Circ Config (rpm) | Factor
0 4-4-4-2 6000 0.538 0.559
8 4-4-4-2 6000 0.527 0.543
8 4-4-4-2 12000 | 0518 0.526
1 2-2-2-1 12000 | 0530 0.546
3 2-2-2-1 12000 | 0519 0.530
8 2-2-2-1 12000 | 0516 0.520

Table 2. The sag factor and dynamic
sedimentation index (Sp) for the premix as
function of passes through the shearing zone,
dator/rotor configuration and circumferentia
speed. Here 6000 and 12000 rpm equals 22
mv/s and 42 nV/sin tip speed respectively.

Regarding the linear viscodagtic properties
measured, the sorage modulus G’ and the loss
modulus, G, are given in Fg. A.3 as functions
of shear stress. The cross-over point between
G and G” are a higher shear stresses for the
sheared drilling fluid than for the unsheared pre-
mix. For the premix, the cross-over is a 0.15
Pa compared to 0.9 Pafor the sheared fluid.

No. Stator/rotor Speed E.S(V) at
Circ Config (rpm) Amb./50°C
0 4-4-4-2 6000 80/160
8 4-4-4-2 6000 280/200
8 4-4-4-2 12000 440/ 400
1 2-2-2-1 12000 220/230
3 2-2-2-1 12000 315/320
8 2-2-2-1 12000 460/ 450

Table 3. Electric stability measurements at
ambient temperature and 50 °C as function of
numbers of circulation for different stator/rotor
configurations.

The dectric sability measurements, given in
Table 3, show increasng vaues for increased
shear energy put into the system.

The increese in the measured dectric
sability is observed to be most pronounced
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when measured at ambient temperatures. The
same measurements were conducted on the
drilling fluid from the fidd, with the same trend
of incressng dability measurements as a
function of shear-energy.
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Figure 3. PSD of 1.52 SG unsheared premix.
D10: 184, D50: 1568, Dgo: 49.71.

After shearing, the surface area of the
weighting agent increases dightly.  The portion
of fine particles, when using barite as weighting
agent, is increased as the Dyg, Dsp and Dy are
al skewed to the left as shown when comparing
Fig. 3 and 4. The Dy, is reduced from 15.68
mm to 10.79 mm. The Do, Dsp and Dgg
describe at what particle size 10, 50 and 90 %
volume percent of the particles are smdler.
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Figure 4. PSD after 8 passes at high speed
D1o= 1.72, Dsp= 10.79, Dyy = 36.78

DISCUSSION

The tests show that the sag stability was
improved sgnificantly due to the shearing effect.
This can result from many factors. It is well-

known that emulsons can be dabilized by
addition of fine solid particles™. The improved
disperson of the organophilic clay particles in
the oil phase will thus ad the gability of the
emulsion and lower the sedimentation potentia.
The organophilic clay dso incresses the
viscosty of the fluid. According to Stokes's
law (Eq.1) this gives a proportiond reduction in
sedimentation velocity.

The reduction in paticle sze of the
weighting agent can dso hdp gabilisng the
emulson. In these experiments however, this
degradation was seen to be of minor
importance compared with the effect of the
increased viscodty in addition to the gabilisng
effect when improving the disperson of the clay
partices in the emulson.

Smple viscodadic propeties to give
prediction of the sedimentation potentiad would
be convenient to use. This could then be used
to optimise the drilling fluid compodtion to
provide the lowest sedimentation potentia for
that spedific fluid mixture. This again assumes
that the properties of the weighting agent are
unchanged. The measurements conducted here
give indications of such posshilities. The cross-
over point between the sorage modulus G’ and
loss modulus G, is used as a measure for how
gable the drilling fluid is. The results from the
measurements  correspond  well  to  the
experience one has with the different types of
fluids. The unsheared premix, with the cross-
over point a lowest shear stress, is found to be
least stable. After each circulation, the cross-
over point is skewed to higher shear stresses.
This agrees wdl with the sedimentation
measurements performed.

The viscodlagtic properties can predict the
sedimentation potentia of afluid, provided that
the rest of the composition and the surrounding
environment is constant. That is, according to
Stoke's law, the mgor factor influencing the
sedimentation rate is the sze of the particles.
This corresponds to our experience.  Systems
have now been desgned with ultra fine
weighting agents providing minimal or no
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sedimentetion potentid.  The chdlenge with
these weighting agents has been flocculation of
the particles. Thiswill depend on the choice of
raw materids and the production process,
resulting in different intermolecular actions.

CONCLUSIONS
The tet -and laboratory measurements

pe‘formed indicates the following:
Increasing the shear-energy reduces the
sedimentation potentia of the weighting
agent in the drilling fluid.
The viscodadtic properties loss and
storage modulus can be used to predict
the sedimentation potentid.
Theemulson is gabilised by high
degree of digpersgon of organophilic
clay into the continuous oil phase.
The weighting agent barite is
indgnificantly degraded when passing
through the shear unit.
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Sl Metric Converson Factors
(°F -32) /1.8 =°C
bbl x 1.589 873E-01 = n?’
cPx10* E+00 = mPa%
in. X 2.54* E+00 =cm
Ib x 4.535 924 E-01 = kg
Ib/gd x 1.198 264E+02 = kg/m3
Ib/gal x 1.198 264 E-01 = sy
lbm/bbl x 2.853  E+00 = kg/n?
* Conversion factor is exact.
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APPENDIX A

—»

Figure A.1. High-pressure shearing unit. The
fluid is pumped through nozzles towards a
ded plate to improve emulsion gability.

[

—»

No. Circ Stator/rotor Speed (rpm) 600 rpm 300rpm 200 rpm 100rpm 6rpm | 3rpm
0 4-4-4-2 6000 114 68 50 32 12 9
8 4-4-4-2 6000 112 68 52 35 14 12
8 4-4-4-2 12000 135 0 73 54 26 24
1 2-2-2-1 12000 116 73 57 40 16 14
3 2-2-2-1 12000 125 81 64 47 21 19
8 2-2-2-1 12000 145 100 82 61 30 28

Table A.1. Viscosty measurements as function using astandard ailfield rotationd
viscometer. Especidly the low end readings (3 rpm) are affected by the increased shearing.
-+ -—
¢ #M— HighPrsmre ¢ #— HizhPrsane
Pipes Pipes
Nnmlgt?
High Pressare High Pressure
‘TE Funp = I—‘ Punp
Steel Plate \ f
Nozes
Drilling Fhaid T T
Drrillir Fhid

Figure A.2. High-pressure shearing unit. The
fluid is sheared by directing two fluid streams
towards each other through nozzles.
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