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Behaviour of organic polymers on the rheological properties of Indian
bentonite-water based drilling fluid system and its effect on formation damage
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The usefulness of medium grade Indian bentonite clay for oil well drilling has been studied. The rheological
properties of water bentonite system needed improvement to meet the desired results expected from a oil well drilling
fluid. The effects of certain polymers like partially hydrolyzed polyacrylamide (PHPA), low viscosity sodium carboxy
methyl cellulose (CMC) and polyanionic cellulose (PAC) on the rheological properties of bentonite water suspension
are studied. The impact of the favourable drilling fluid developed on the formation damage is also studied by using

Ruska liquid permeameter.

The bentonite normally used in drilling fluids is
montmorillonite’. Distinction is made between
sodium bentonite and calcium bentonite, depending
on the dominant exchangeable cation®. It is added to
fresh water to increases the hole cleaning capability,
to reduce water seepage or filtration into permeable
formation, to form a thin filter cake of low
permeability, to promote hole stability in poorly
cemented formations, and to avoid or overcome loss
of circulation.

Sodium  carboxymethylcellulose (CMC) is
primarily a fluid loss reducer’ but also produces
viscosity in freshwater and saline muds whose salt
content does not exceed 50,000 mg/L. CMC is a long-
chain molecule that can be polymerized to produce
different molecular weights and in effect, available in
different viscosity grades. CMC is generally available
in a high or low viscosity type. Either grade provides

effective fluid-loss control®. The temperature limit of -

CMC is 121°C, and is not subjected to bacterial
degradation °.

Polyanioniccellulose (PAC) is used primarily as a
fluid-loss reducer for freshwater and saltwater muds®,
but it also acts as a viscosifier in these systems. PAC
is available in two types (high or low viscosity type),
both of which impart the same degree of fluid-loss
control but different degrees of viscosity.
Temperature stability’ of PAC is 149°C and is not
subjected to bacterial degradation”.

*For correspondence (E-mail: vps_ismpe @hotmail.com;
Fax: 0326-2206319)

PHPA is often used to identify as copolymer
polyacrylamide/polyacrylate. The partially
hydrolyzed polyacrylamide polymer consists of
hydrocarbon chain with acid and amide groups
randomly attached to alternate carbon atoms along the
chain. It is relatively resistant to bacterial attack®. The
PHPA in fresh water, salt water and sea water was
found to be non-toxic’. It is primarily used for shale
control. PHPA reduces uncontrolled build-up of
colloidal solids®, control of viscosity, and provide
high penetration rate. Temperature stability” is 149°C.

High clay solids in the drilling fluid greatly reduced
the rate of penetration because solid particles cushion
between bit-tooth and rock so that a clean sharp
impact is not achieved. An increase in solids content
increases viscosity and yield point, which in turn
increases system frictional losses and thereby reduce
the pressure drop (and velocity) which is applied
across the bit, and thus chip clearance time is
increased which ultimately decrease penetration
rate'’. Thus low bentonite content sufficient enough to
achieve desired gel strength is desirable for control of
total solids. As bentonite clay is not giving
satisfactory =~ rheological  properties at low
concentration these polymers are added to achieve the
desired result. At the same time these polymers are
also safer and eco-friendly.

While drilling the porous and permeable formation.
drilling fluid forms a thin permeable filter cake by
sealing the pores and other openings in the formation
when the bit penetrates the borehole'. The drilling
fluid filtrate should not decrease the permeability of
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formation significantly as the damaged formation will
require additional operations to maximize the
production. Hence to obtain better performance in oil
well drilling better rheological control as well as its
effect on formation damage on field core is essential.

Experimental Procedure

Initially, swelling index and yield of clay was
determined. Bentonite water suspensions were then
prepared at different compositions and rheological
properties like apparent viscosity, plastic viscosity,
yield point, initial gel and 10 min gel strength were
measured using Fann V-G Meter, 35SA Model
(Baroid Testing Equipment, Houston, Texas). These
properties were again measured by adding eco-
friendly organic polymers. Later on, two most
favourable mud systems were prepared and muds
were filtered through No.l Whatman filter paper. The
filtrate obtained was used for the formation damage
study based on permeability reduction in a sand stone
oil field core and the studies were carried out in liquid
permeameter. The methodology involved the study of
permeability of drilling fluid filtrate and distilled
water on core sample separately to find out the
difference in these values.

The apparent viscosity, plastic viscosity, yield point
were calculated from 300 rpm and 600 rpm readings
by the following formula as per methods of API
specification:

Apparent viscosity (i) = Qg/2 (cp)
Plastic viscosity  (p1p)= Peoo-P300 (cp)
Yield point (vp) = D300~ (1b/1 OOflz)

The permeability measurements with liquid on core
samples were made using Ruska Liquid Permeameter.
The calculation was done using Darcy’s law for linear
flow.

The formula for calculating liquid permeability is

K=(VXLXlAxPxT)

where K= Permeability in darcy of the sample: V =
Volume in cubic centimeters of the liquid flown
through the sample during a time interval; L = Length
of core sample in centimeters; A = Cross-sectional
area of the sample in square centimeters: P = Pressure
gradient in the atmospheres, read directly on the
pressure gauge; T = Time in seconds for the fixed
volume of the liquid to flow through the sample under
a pressure gradient and g = Viscosity in centipoises of
the test liquid at the observed temperature.

Results and Discussion

The swelling index and yield of clay was found to
be 3.7 and 39.34 bbl/ton. The swelling index was less
when compared to Wyoming Bentonite (S/,=10). The
yield of clay shows that it is medium yield clay.
Rheological properties of bentonite-water system at
different clay concentration are tabulated in Table 1.
It is seen from the table that 3% (weight/volume)
bentonite concentration in water gives the following
properties.

Properties of 3% Bentonite

Apparent viscosities (p,) =1.5c¢p
Plastic viscosity (ny) =1cp
Yield point (vp) =11b/100 fi*

(gel;,) =1 1b/100 ft*
(gelyp) =2 1b/100 ft*

Initial gel strength
10 min gel strength

The 4% bentonite concentration in water shows
slight increase in apparent viscosity and yield point
but there is no increase in plastic viscosity and gel
strength. As the solids content should be less for
effective control of total solids in drilling fluid, 3%
bentonite concentration is selected for further study
which is normal concentration used in oil fields for
drilling purposes.

The rheological properties of bentonite at 3% conc.
require further improvement. Thus, polymers are
added to 3% clay water suspension in order to
improve its rheological properties as well as other

Table 1—Effect of concentration of bentonite in water

Conc. of bentonite Wy Hp Yo o el geho YolHp
(w/v) % (cp) (cp) (1b/100ft7) (1b/100ft7) (Ib/100ft7)

1 1.25 1.0 0.5 0.5 0.5 0.5

2 1.5 1.0 1.0 0.75 L5 1.0

3 1.5 1.0 1.0 1.0 2.0 1.0

4 2.0 1.0 2.0 1.0 2.0 2.0

5 2.5 2.0 1.0 1.0 2.0 0.5
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functions of drilling fluid associated with it.
Carboxymethylcellulose (CMC), polyanioniccellulose
(PAC) and partially hydrolyzed polyacrylamide
(PHPA) polymers are chosen for studies. Each of
these polymers at different concentrations was added
to 3% bentonite-water suspension to obtain most
suitable water based drilling fluid.

Effect of CMC

The effect of concentration of CMC on rheological
properties is shown in Table 2 and Fig. 1. It is seen
from Table 2 and Fig. | that the apparent viscosity,
plastic viscosity, yield point increase with increase in
concentration of CMC. The reason for this is that the
carboxy group in CMC causes water dispersibility, as
a result friction between particles increases, and the
shearing stress required to induce unit rate of shear
increases and hence apparent viscosity, plastic
viscosity and yield point increase. The other reason is
that the dissociation of Na® from CMC creates
negative sites along the chain. Mutual repulsion
between the charges causes the randomly coiled
chains to stretch linearly, thereby increasing viscosity.
Gel strength increases at the beginning and becomes
stable at higher concentrations of CMC. From Table 2
the y,/p, ratio is found to be less than ideal condition
(vo/1p =1) and the gel strengths are progressive in
nature.

Effect of PAC

Table 3 and Fig. 2 show that viscosity (apparent,
plastic), yield point and gel strength increase up to
0.3% PAC concentrations and decrease at 0.4%
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Fig. I—Plot of viscosity, yield point, gel strength versus effect of
conc. of CMC in 3% bentonite-water suspension. —Co—Apparent
viscosity (cp); —x—Plastic viscosity (cp); —A—Yield poimt
(Ib/100 sq. ft.); —o—Initial gel strength (Ib/100 sq. ft.); —x— 10
Min. gel strength (1b/100 sq. ft.)
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Fig. 2—Plot of viscosity, yield point, gel strength versus effect of
conc. of PAC in 3% bentonite-water suspension —o-—Apparent
viscosity (cp); —x—Plastic viscosity (cp); —A—Yield point
(Ib/100 sq. ft.); —o—1Initial gel strength (Ib/100 sq. ft.); —x—10
Min. gel strength (1b/100 sq. ft.)

Table 2—Effect of concentration of CMC in 3% bentonite water suspension in water

Conc. of CMC M Hp Yo o gel;, . gelyy . p/T
(W) % (cp) (cp) (Ib/100ft")  (Ib/100ft")  (1b/100ft)

0.5 3.5 3.0 1.0 1.0 7.0 0.33

1.0 6.0 4.0 4.0 2.0 11.0 0.5

1.5 8.5 6.0 5.0 2.0 13.0 0.83

2.0 10.0 7.0 6.0 20 13.0 0.86

2.5 11.0 8.0 6.0 20 13.0 0.75

Table 3—Effect of concentration of PAC in 3% bentonite water suspension in water

Conc. of PAC My Hp Yo o geli, gelyy YolMp
(wA)% (cp) (cp) (b/100f%)  (I/100f%)  (Ib/100ft%)

0.1 7.5 6.0 3.0 1.0 2.0 0.5
0.2 13.0 10.0 6.0 2.0 3.0 0.6
0.3 15.5 11.0 9.0 2.0 6.0 0.82
0.4 13.5 10.0 7.0 1.0 4.0 0.7
0.5 18.0 13.0 10.0 3.0 7.0 0.77
0.6 245 17.0 15.0 5.0 13.0 0.88
0.7 21.0 14.0 14.0 4.0 11.0 1.0
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concentrations, again increases up to 0.6%
concentrations and again falls. The humps illustrated
by the curves may account for the wide fluctuations in
viscosity, yield point and gel strength of mud
observed from trend plot on actual drilling wells. The
decrease in the viscosity, yield point, gel strength
values are due to over treatment of dual action
polymers.

Combined effect of CMC and PAC

Effect of PHPA

The effect of partially hydrolyzed ployacrylamide
(PHPA) polymer on bentonite suspension is shown in
Table 5 and Fig 6. Apparent viscosity increases
sharply with increase in concentrations of PHPA.

Plastic viscosity (cp) -

The apparent viscosity, plastic viscosity and yield g
point increase with increase in concentration of CMC o
and PAC as evident from Figs 3, 4 and 5. Table 4 21
summarizes the difference between initial gel strength g £ N i ; s

and 10 min gel strength. They are of almost
favourable type at concentrations of 1 to 1.5% CMC
and 0.2 t0 0.3% PAC.
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Fig. 3—Plot of apparent viscosity versus conc. of CMC & PAC in
3% bentonite-water suspensior.. —0—3% Bentonite +0.1% PAC;

Concentration of CMC (w/v) % -——--

Fig. 4—Plot of plastic viscosity versus conc. of CMC and PAC in
3% bentonite-water suspension. —0—3% Bentonite +0.1% PAC:
—x— Bentonite +0.2% PCA; —A— 3% Bentonite +0.3% PAC
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Fig. 5—Plot of yield point versus conc. of CMC & PAC in 3%
bentonite-water suspension. ——3% Bentonite +0.1% PAC: —

—x— Bentonite +0.2% PCA; —A— 3% Bentanote +0.3% PAC x— Bentonite +0.2% PCA; —A— 3% Bentonite +0.3% PAC

Table 4—Effect of concentration of CMC and PAC in 3% bentonite water suspension in water

Conc. of CMC ™ Hp Y gelip gelyp Yo/Hy
(Wh)% (cp) (cp)  (IB/100fE)  (Ib/100F?)  (Ib/100fC)
Base: 3% bentonite + 0.1% PAC
0.5 5.0 4.0 2.0 2.0 8.0 0.5
1.0 8.5 5.0 7.0 4.0 10.0 1.4
1.5 12.5 8.0 9.0 6.0 14.0 1.13
2.0 13.5 9.0 9.0 6.0 20.0 1.0
Base: 3% bentonite + 0.2% PAC
0.5 8.0 5.0 2.0 2.0 8.0 0.5
1.0 13.5 7.0 12.0 7.0 18.0 1.71
1.5 21.0 11.0 20.0 11.0 24.0 1.82
2.0 24.5 14.0 21.0 11.0 34.0 1.5
Base: 3% bentonite + 0.3% PAC
0.5 16.0 10.0 12.0 7.0 22.0 1.2
1.0 27.0 13.0 28.0 13.0 30.0 2.15
) 5] 35.0 14.0 42.0 20.0 39.0 3.0
2.0 38.5 16.0 45.0 20.0 48.0 2.81
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Table 5—Effect of concentration of PHPA in 3% bentonite water suspension in water

Conc. of PHPA Wy Hp Yo gel;, gelyy Volky
(wh)% (cp) (cp) (Ib/100f%)  (Ib/100f%)  (Ib/100ft%)
0.1 7.5 5.0 5.0 1.0 3.0 1.0
0.2 10.5 6.0 9.0 2.0 6.0 k5
0.3 17.0 8.0 18.0 5.0 10.0 2.25
0.4 19.0 9.0 20.0 6.0 12.0 222
0.5 22.5 12.0 20.0 6.0 12.0 1.67
. i: Table 6—Composition and properties of Mud A & B
_é 20 Composition and Mud A Mud B
%.. 18 - Properties
:; 159 LComposition (w/v)% 3% Bentonite 3% Bentonite
e +1.5%CMC  +0.4% PHPA
] +0.2% PAC
> 12 : Apparent Viscosity (cp) 21 19
Z 6 Plastic Viscosity (cp{ 11 9
2 4 Yield Point (Ib/100ft) 20 20
T Ypl/ratio 1.82 2.22
0 : . : . . Gel;y (Ib/100 ) 1 6
0 0.1 0.2 0.3 0.4 0.5 0.6 Gclm(lbll{)()ftz) 24 12
Concentration of CMC (w/v) % -—--
Table 7—Measurement of permeability
Fig. 6—!_’]01 of \'ISCOS!!}".’yldd polnl: gel slrf:ngth versus conc. of Properties Distilled  Mud filtrate Mud
PHPA in 3% bentonite-water suspension. —oO—~Apparent ates A filtrate B
viscosity (cp); —x—Plastic viscosity (cp); —A—Yield point
(Ib/100 sq. ft.); —o—Initial gel strength (Ib/100 sq. ft.); —x— pH 7.0 9.93 8.1
Viscosity in
: : i . : ipoi - J2 08
Plastic viscosity shows steady increase with respect to Zf;gfg‘ses (cp) 0305 Ll 1
_concen[ralions (?f EHPA. Yield point and gel strength  permeability (Kiyue) 50.7
increase at beginning but remains constant at above (in Core A)
0.4 concentrations of PHPA. The gel strength is  inmillidarcy (md) 505 4251 .
favourable type from 0.3 to 0.5% concentrations of (Lo by (nCoe Ay (01 L00 B

PHPA as observed from Table 5. Further, yield
point/plastic viscosity ratio is with in the acceptable

range (1.5 to 3) at concentrations of 0.2 to 0.4%
PHPA.

Formation damage study

From Tables 6 and 7 and Fig. 7 it is seen that the
permeability to mud filtrate was less than that of
permeability to distilled water. The reason for this
decrease in permeability is due to the (i) adsorption of
polymers on silica surfaces and on the edges of clay
lattices'"™", (ii) high pH, which dissolves silica and
subsequently releases fines'.

The damage caused by Mud A filtrate (Bentonite,
CMC, PAC system) is more than the Mud B filtrate
(Bentonite, PHPA system). The reason for this may
be more adsorption of polymers (CMC and PAC) on
the core or due to high pH, on being compared to
Mud B filtrate. Hence it can be concluded that Mud B

(Bentonite, PHPA system) caused less formation
damage in comparison to Mud A (Bentonite, CMC.
PAC system) with respect to filtrate damage study

Conclusions
The following conclusions can be drawn from the
experiments:

It is found that the effect of
carboxymethylcellulose has not improved the
yield point and initial gel strength and further its
yield point/plastic viscosity ratio is very much
less and the gel strengths are progressive in
nature, hence it is not possible to formulate a
mud with CMC alone. Thus, low viscosity CMC
can be mainly used for fluid loss.

In the case of polyanioniccellulose (PAC) due to
its fluctuating values of viscosily, yield point

()
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and gel strength, it is difficult to prepare stable
drilling fluid.

The combined effect of carboxymethylcellulose
(CMC) and polyanioniccellulose (PAC) gives
favourable results at the following composition:
Bentonite = 3%; CMC= 1-1.5% and PAC=0.2%
In the case of partially hydrolyzed
polyacrylamide (PHPA), its effect gives greater
improvement in rheological properties. Also
gives favourable and stable properties at the
following concentrations: Bentonite = 3% and
PHPA = 0.3-0.4%.

From the above compositions given in (iii) and
(iv) two mud systems, Mud A and B were made
for formation damage study, respectively. The
composition and rheological properties of Mud
A and B are given in Table 6.

Mud A and B showed a reduction in
permeability when compared to distilled water.
This was due to the adsorption of polymers on

the core and change in the pH of the filtrate. The
damage (permeability reduction) was more in
the case of Mud A filtrate due to large
adsorption of polymers or high pH. The Mud B
filtrate causes less formation damage.
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