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Abstract
Several wellbore instabilities issues arise when drilling into any reactive shale formation. These problems affect the drilling
activity seriously which eventually results in non-productive time events. This article primarily focuses on the reduction in
filtration loss volume and increased wellbore stability in shale by making it hydrophobic in nature upon its contact with
industrial polymers classified as biopolymers, synthetic polymer, and modified polymer. The comparison is performed to
highlight the advantages of ecofriendly biopolymers over other classes of polymeric systems. The result of the study reveals
significant reduction in filtrate loss volume with the use of biopolymers. Their polymeric chain entangled with the hydrogen
bonding in xanthan gum and decreased the loss of filtrate volume. Moreover, biopolymers also formed thin, smooth, and
denser mud cake. On the other hand, the presence of monovalent cations in the base mud system reduced the performance
of modified polymer and caused them to dehydrate. These mud systems were also tested on Ghazij shale obtained from the
western part of Pakistan. The cutting disintegration test after 24 h revealed the efficacy of biopolymers with 100% and shale
cutting recovery of 95%. The encapsulation of the shale cutting was the reason behind the higher recovery percentage. This
result was also validated by the linear dynamic swell meter test. In addition, the contact angle measurement revealed that
biopolymers were capable of increasing the hydrophobicity of shale formation, preventing the migration of water molecules
and increasing the overall shale stability.
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WBDF Water-based drilling fluids
OBDF Oil-based drilling fluid
PHPA Partially hydrolyzed poly acrylamide
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θ Contact angle
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1 Literature Review

Drilling fluids play amajor role in the execution of a success-
fulwell drilling venture. These fluids are particularly used for
the purpose of maintaining an overbalance over the exposed
part of the formation during drilling, removal of cuttings from
the bottom hole and carrying them to the surface, forming a
thin layer across the formation to avoid further penetration of
fluid into the formation, lubrication and cooling the drill bit,
minimizing the frictional force between the drill string and
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the borehole, preventing fluid seepages into thief zones, and
providing assistance in well logging operations. In order to
accomplish all these tasks, different chemical additives along
with a base component such as water, oil, or gas, are mixed
together to design a particular drilling fluid [1–4]. Drilling
fluids are classified into oil-based mud (OBM), water-based
drilling mud (WBDF), and inverted emulsion fluid [5, 6].

These fluids are used to provide wellbore stability dur-
ing any drilling activity [7]. The most important application
for these drilling fluids is to maintain the well integrity; par-
ticularly in shale formation [7]. During a drilling activity,
90% of the wellbore instability issues are mainly associ-
ated with the shale rock [8–10]. These formations can be
drilling usingOBMsystems because of preeminence in terms
of maintaining shale integrity, stability at elevated tempera-
ture conditions, and providing effective lubrication [8, 11].
However, their extreme cost and environmental concerns are
the major problems responsible for their restriction [8, 12,
13]. Hence, WBDF are fundamentally used to drill 75% of
shale formations [14]. In general,WBDF are inexpensive and
environmentally friendly [14, 15].However, poor rheological
properties, clay swelling [16], and high loss of drilling fluid
are some of the common problems faced with this system
[14, 17].

Various additives are added to improve the characteristics
of WBDF. These additives are primarily functioning as shale
inhibitors, helping in avoiding any hydration, disintegration
and swelling problems during drilling operations [18]. The
ultimate objective of these additives is to improve and sus-
tain the hydrophobic behavior of clay surfaces, which will
eventually inhibit the migration of water molecules in the
nanoplatelet of clay mineral [18, 19]. The most commonly
used shale inhibitor used in the industry is potassium chloride
(KCl) [18, 20]. Nevertheless, higher concentration of this salt
ultimately results in dephasing of the mud system into two
separate entities; sediments and liquid [20, 21]. Therefore,
the application of polymers, nanoparticles, natural products,
and surfactants gained popularity [5, 8, 18, 22–25]. The effect
of polymeric material on the mitigation of shale swelling
is the primary goal of this article. Four different polymeric
materials classified as biopolymers, synthetic polymer, and
modified polymers are focused in this article. Several studies
are performed to investigate the performances of these poly-
meric materials individually; however, a comparative study
as performed in this article was found scarce in the literature.

Two biopolymers namely, pure-bore and sodium algi-
nate, are used as the filtration control additives and shale
swelling inhibitors in this study. Pure-bore is known for its
environmental-friendly and non-toxic nature. It is a polysac-
charide material with a surface activity [26]. This polymer
is primarily used to improve the inhibition characteristics of
drilling fluid [26], by sealing the micropores present in a

formation. Similar behavior is also shown by sodium algi-
nate. This polymer is a natural polymer extracted from brown
algae [27]. It is formed by the combination of two different
monomers of α-1-guluronic acid and β-Mannuronic acid [27,
28], and is classified as linear polysaccharide polymer that
belongs to the family of carbohydrate [28]. Moreover, a syn-
thetic polymer partially hydrolyzed polyacrylamide (PHPA)
is alsoused in this article. This is an anionic synthetic polymer
that mainly comprises of repeating units of acrylamide and
acrylic acid in its chemical structure [29, 30]. This polymer
is essentially used as a shale inhibitor and as a flocculants
[29]. In addition, a polymer belonging to modified natu-
ral polymers naming polyanionic cellulose (PAC) was also
used in this study. This is a high molecular weight poly-
mer, formed by the monomers of β-d-glucopyranose units
[31]. This polymer has outstanding shale stabilization and
suspending properties.

With continuous escalation in environmental constraints,
the use of biodegradable ingredients in drilling fluid gain
significant prominence. The study in this article provides a
substitution for modified and synthetic polymers in the form
of biopolymers. These polymers are not only ecologically
friendly but also outperformed other polymeric substance in
terms of shale inhibition and decrease in filtrate loss volume.

In the present study, biopolymers like pure-bore and
sodium alginate were tested against the already used mod-
ified and synthetic polymers in the industry in terms of
filtration and shale stability. This effectiveness of biopoly-
mers was tested through a series of experimentations that
includes LPLT filter press, pH measurement, and shale cut-
ting dispersion test, contact angle measurement on shale
coated with polymer mud and linear dynamic swell meter
test. This extensive work on filtration and Pakistan shale sta-
bility characteristics has never been reported in the literature.
Therefore, this study can prove to be of significance for oil
and gas sectors, which are drilling in western area of Pak-
istan and are encountering Ghazij shale. Furthermore, this
formation is extremely common and is one of the problem-
atic formations encounters inwestern part of Pakistan; hence,
it is the focus of this study.

1.1 Shale Formation and its Characteristics

1.1.1 Lithology of Ghazij Shale

Ghazij Formation was obtained from the western part of Pak-
istan near the Suleiman and Kohat-Potwar areas of the upper
and middle section of Indus basin with the help of a drilling
operator company. The deposition in Ghazij formation can
be traced back to the late Paleocene to the early Eocene peri-
ods on the geological time scale [32]. Figure 1 shows the
location of the Ghazij formation in Pakistan [33]. It is com-
posed ofmainly fine tomediumgrained calcareous sandstone
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Fig. 1 Location of Ghazij
Formation of Pakistan [29]

along with certain varying percentages of shale, impure clay
stone and mudstone. Ghazij formation is considered to be a
possible source rock due to its high TOC [34].

1.1.2 Cation Exchange Capacity (CEC) of Ghazij Shale

The cation exchange capacity of shale sample reflects the
hydration tendency of shale sample upon its contact with
water [35]. The CEC test was performed in accordance with
API-RP-131 [36]. The amount of exchangeable ions in the
shale is determined using this test, which directly correlates
with the reactivity of the shale sample [19]. This test is pri-
marily a qualitative test; hence, the uncertainties would be
part of the testing procedure. The CEC value for Ghazij shale
was 10 meq/100gm.

1.1.3 Scanning Electron Microscope (SEM)

It is extremely important to observe the shape,microstructure
and arrangement of minerals in shale formation [35]. This
information helps in understanding the hydration capacity of
a mineral [35]. Scanning electron microscope (SEM) image
of the shale sample before and after contact with the fluid is
shown in Fig. 2. Flaky clay minerals are tightly packed as
it can be observed in the shale sample. These clay minerals
upon contact with water would expand, which eventually
result in higher swelling rate of the shale sample.

1.1.4 Contact Angle of Ghazij Shale Pellet
upon interaction with Water

Changes in the wetting characteristics of shale formation
are counted as an imperative approach in the shale stabil-
ity [35]. For the determination of contact angle, the powder
Ghazij shale was first pressed in hydraulic compactor at a
pressure of 8000 psi to form a shale pellet. Next, with the
help of syringe, a water droplet was placed on the surface
of the shale pellet. The test was conducted at room tempera-
ture and ambient pressure. Figure 3 shows the contact angle
(CA) measuring setup formed during the testing. The CA
angle was measured using image processing software called
ImageJ. This software comprises a built in option called angle
tool that is shown in Fig. 4. Measuring the angle is a two-
step process with this option. In the first step, the angle tool
based on two lines is placed on the droplet. In the next step
angle between the two lines is calculated and displaced by
the ImageJ software. This procedure for measuring the con-
tact angle was conducted thrice, and the average values are
reported in the manuscript. Similar technique was imple-
mented for the uncertainty measurements. Figure 4 shows
the contact angle θ = 48.504° that was established by the
water on the solid surface. The hydrophilic nature of the
shale formation was proved with θ < 90°. This clearly indi-
cates the presence of stronger affinity of Ghazij shale toward
water which will be present in the drilling fluid.
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Fig. 2 Scanning electron microscope of shale formation

Fig. 3 Experimentation setup for
the determination of contact
angle in this study [37]

Fig. 4 Contact angle established on the surface of Ghazij shale pellet
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Fig. 5 Physical appearance of Ghazij shale obtained from the depth of
7790–8290 ft

1.2 Physical Appearance of Ghazij Shale

The Ghazij shale was obtained from the depth of 7790–8290
ft. The physical appearance of the formation is shown in
Fig. 5. The formation is predominantly light greenish in
color [34, 38] and can be classified as middle Ghazij shale
formation [38]. Sticking and swelling are the most com-
mon behavior associated with this formation [38]. This
clearly indicates the presence of considerable concentration
of hydratable clays [38].

1.3 Mineral wt% in Shale Formation

The mineralogy of the shale formation under the study was
provided by the drilling operator working in Pakistan. The
sample of shale comprises of 23% clay mineral, 48% sil-
icates, 10% iron ores, 9% feldspar and 10% carbonates.
The clay mineral concentration was dominated by Smectite
mineral with 12 wt%. Remaining 11% was divided among
kaolinite, illite and chlorite. The higher wt% of Smectite also
indicates higher CEC of the sample. Similar minerals were
also observed by Intizar Hussain in his work [39]

2 Methodology

Figure 6 shows the complete experimental framework fol-
lowed during this research. A total of five samples were
prepared during this study. 350 cc, i.e., equivalent to 1 labo-
ratory barrel, was prepared for each sample, and was tested
in the laboratory. During the testing and preparation of the
mud API recommended standard 13B-1 was methodologi-
cally followed. The base mud system comprises of 320 mL

ofwater, 0.30 g soda ash (pH stabilizer), 16 g potassium chlo-
ride (inhibitor), 0.75 g xanthan gum (viscosifiers), and 75 g
barite (weighing agent). The chemicals were obtained from a
service company operating in Pakistan. Next, the polymeric
mud systems were formulated. These systems comprised of
four different polymers obtained from Sigma-Aldrich and a
service company working in Pakistan. Xanthan gum in the
base mud system was replaced by these polymers to investi-
gate the effect of filtration and inhibition of shale. The shale
sample during this work was collected from the western part
of Pakistan with the help of a service provider. The shale cut-
tings were gathered from the depth of 7790–8290 ft. Part of
the cutting was converted into the powder form through the
help of Mortar Grinder, which was, then, eventually trans-
formed into the shale pellet for further testing.

Once the mud samples were prepared, they were tested in
Low pressure low temperature (LPLT) filtration at 100 psi
for a standard period of 30 min. The permeability of each
sample was calculated using the Darcy law and methodol-
ogy was presented in Fattah [40]. Furthermore, these mud
samples were kept at ambient condition for 24 h, in order to
observe the stability of each sample. Some of the shale cut-
tings were directly added into these mud systems and were
recovered after 24 h. This test was conducted with the inten-
tion of determining the recovery of the samples. Moreover,
some of the shale samples were transmuted into uniform size
pellets. These tablets were added into the mud system for a
period of 24 h in order to observe the surface modification.
Contact angle on these coated samples after 24 and 48 h,
respectively, were determined so that the nature of the change
in surface morphology can be observed for these polymeric
systems. In addition, Ghazij shale and these polymeric sys-
temswere also experimentally investigated in linear dynamic
swell-meter (LDSM) with hydraulic compactor (Model 150-
80-230 V). The testing continued until equilibrium state was
achieved, and no further swellingwas observed. The standard
time for this test is 18 h; however, during this experimental
analysis, the testing prolong until stability was achieved.

3 Results and Discussion

3.1 Low Pressure LowTemperature (LPLT) Filter
Press

The impact of polymers on fluid loss volume is shown in
Fig. 7. The test was performed by putting the mud samples in
the API Filter Press. Each mud was tested for standard thirty
minutes against a differential pressure of 100psi with values
being noted after everyfiveminutes.During the initial period,
all samples demonstrated high filtrate loss volume owing
to the lack of formation of filter cake [41]. As the experi-
ment continued for 30 min, the filtrate volume decreased by
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Fig. 6 Methodology followed during the research study

Fig. 7 API Low pressure low
temperature filtrate loss test for
all systems

deposition of solid particles as filter cake [41].The drilling
mud with SodiumAlginate showed the least filtrate loss with
just 5.6 mL lost at the end of the duration. This was fol-
lowed by Pure Bore 6.2 mL, PHPA 7.5 mL, and finally
PAC-L 11.3 mL. The highest filtrate loss of volume was
shown by non-polymer systemwith a filtrate loss of 13.7mL.
Sodiumalginate comprises of profuse polar bonds in the form
of carboxyl and hydroxyl. These bonds entangled with the
hydrogen bonds of xanthan gum, which eventually increases
the viscosity of the suspension and decreases the filtrate loss
volume [42]. PAC-L showed the highest filtrate loss volume
out of all the polymeric systems. PAC-L is particularly sen-
sitive to the presence of monovalent cations (K +) [43].

Potassium ions induced the dehydration of PAC-L system
which eventually decreased the viscosity of the fluid and
increases the fluid loss [43].

3.2 Mud Cake Texture and Shape

Figure 8 shows the slickness and texture of the mud cake
formed during the API filter press test. Based on the phys-
ical investigation of the mud presented in Fig. 8, it was
observed that the mud cake formed by sodium alginate and
Pure-bore demonstrates slickness and smooth texture, an
important characteristic required in thewellbore. The smooth
surfaces formed by these polymeric materials indicate that
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Fig. 8 Effect of polymers on the
surface texture of mud cake
formed after LPLT filter press
(Digital Photographs)

all the pores spacing present in the filter paper were prop-
erly sealed and no aggregation and accretion were observed
for these polymers. These polymers efficiently preserve their
polymeric chain structures, thus forming a compacted and
impenetrable filter cake, which considerably reduces the fil-
tration loss [42].

The filter cake texture prepared by PAC-L and PHPA is
rough and irregular. This clearly indicates higher friction and
presence of drag forces for these systems in thewellbore [44].
The system with no polymer shows a thick mud cake, this
clearly specifies the potential pipe sticking problemwith this
mud type.

3.3 Permeability andMud Cake Thickness

The measurement of permeability of filter cake formed dur-
ing the API LPLT filter press test followed the principle
of Darcy’s law [40]. A relationship is formulated between
the accumulative loss of filtrate volume collected during the
experiment and time [45]. The method is primarily based on
measuring the thickness of the mud cake ε (mm), Q f the
fluid loss volume in mL. μ is the viscosity of filtrate loss
volume in cP. Equation (1) [44], based on the principle of
Darcy’s Law used to calculate the permeability of each mud
cake formed during the experimentation.

k = Q f ∗ ε ∗ μ ∗ 8.95 ∗ 10−5 (1)

Figure 9a, b shows the mud cake thickness and perme-
ability of all the polymeric systems of the study. Among

all polymeric systems, PAC-L showed the highest mud cake
thickness as shown in Fig. 9a. This clearly justified the higher
filter loss volume in Fig. 7. PAC-L is particularly sensitive to
the presence ofmonovalent cations (K+) [43]. Potassium ions
induce the dehydration of PAC-L system which eventually
decreases the viscosity of the fluid and increases the fluid loss
[43]. The least mud cake thickness was formed by sodium
alginate. The wide-ranging size distribution of sodium algi-
nate and xanthan gum suspension interconnects with other
another and results in the formation of compacted and thin
filter cake.

Figure 9b shows the permeability of the filtration cake
obtained for each sample using a ruler. The results clearly
demonstrate a significant decrease in permeability as the
polymers are added in the mud systems. The permeability of
all the systems followed a similar trend as itwas in filtrate loss
volume KPAC - L > KPHPA > KPure−bore > KSodium Alginate.
Sodium alginate shows the least mud cake thickness and
lower permeability than any of the other polymericmaterials.
Almost five times reduction in permeability was observed in
all the samples.

3.4 Potential of Hydrogen (pH) for All Systems

The pH for all the polymeric systems was measured using
the PlasticHydrion vivid pH test paper. Potential of hydrogen
(pH) is the most essential parameter responsible for influenc-
ing the characteristics of the mud and its performances [13].
From the experimentation, it was observed that the pH for all
the systemswas in alkaline range. Each system demonstrated
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Fig. 9 Effect of each polymeric
system on a Mud Cake thickness
b Permeability

a pH in range of 9–10 on the pH scale. The alkalinity of the
mud was greatly affected in pure-bore and sodium alginate
systems. The pH paper color was darker comparatively to
other systems. These systems comprise of hydroxyl group
that are responsible for the strong alkaline nature.

3.5 Stability Test for all Polymeric Mud Systems

The stability of the drilling fluid is another crucial phe-
nomenon that evaluates the efficacy of drilling fluid while
drilling at different conditions [46]. All the mud samples
were kept under normal room temperature and pressure con-

123



Arabian Journal for Science and Engineering (2023) 48:16639–16653 16647

Fig. 10 Stability of polymeric
mud systems after standard 24 h

Fig. 11 Recovery of Shale
cutting after 24 h of submersion
in drilling fluids

dition for the purpose of investigating the stability of themud.
Figure 10 shows the stability of all the samples after 24 h.
It was observed that after 24 h only pure-bore mud sample
demonstrated stability in terms of not dephasing into two
distinct entities. This polymer in aqueous medium tends to
form supramolecular 3-D network of spiral structure compo-
nents, which are linked through Van der Waal and hydrogen
bonding [47]. Moreover, this particle also comprises of car-
boxylate groups in its structure, which is responsible for the
stability of this mud system.

All the remaining mud systems degraded in their stability
after 24 h. PAC-L is an anionic polymer [43], the presence
of potassium ion in the base mud system dehydrated PAC-
L, which eventually broke the mud system into two separate
phases, therefore, the stability of this mud decreased sub-
stantially. Sodium alginate also demonstrated poor stability
performance after 24 h. The exchange reactions clotting of
mud occurred breaking the mud into two discrete units. The
hemostasis or the denser part settled at the bottom, while
the liquid phase having lower density remained on the top
[48]. On the other hand, the PHPA mud did not split into
two phases; rather it formed a gel type structure. The small
fine gaps in PHPA beaker as visible in Fig. 10 shows the
degradation of the fluid with time.

Table 1 Recovered shale samples after 24 h of immersion test

Mud sample No. of shale
cutting initially
submerged

Shale cutting
recovered after
24 h

Shale
recovery
(%)

Pure-bore 20 20 100

Sodium
alginate

20 19 95

PHPA 20 19 95

PAC-L 20 15 75

3.6 Disintegration of Shale Drill Cutting

Figure 11 shows the drill cutting recovery test conducted for
each of the four polymeric systems. Twenty samples of shale
were added in each drilling fluid system as shown in Table
1 and were kept submerged for 24 h. The recovery of the
shale samples after 24 h depends on the reaction between
the fluid and the shale. Small size drill cutting was preferred
for this particular test as these would establish closer contact
with drilling fluid and the additive present [43]. All cuttings
were recovered from the pure-bore samples, and the recovery
was 100% for this mud system. The percentage dropped to
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Fig. 12 1–3 Procedure for the formation of shale pellet in hydraulic
compactor

95% for both sodium alginate and PHPA, while it drastically
reduced to 75% for PAC-L.

The test clearly demonstrated the sensitivity of Ghazij
shale to PAC-L drilling fluid sample. 25% of drill cutting
samples disintegrated into the PAC-L mud. The clay parti-
cles in this mud system are hydrated; therefore, they easily
break down in smaller fragments. Moreover, the presence of
potassium ion in the mud system induces the dehydration

mechanism of PAC-L, which ultimately reduces its perfor-
mance [43]. On the other hand, the pH for PHPA and sodium
alginate drilling fluid systems was in alkaline range, hence,
when shale samples were placed in them, these polymers
adsorbed its negatively charge surface of the shale. This
mechanism prevented the decomposition of the shale cutting
and it resulted in higher shale cutting recovery. Therefore, it
can be concluded that bio-polymers are effective in prevent-
ing shale disintegration.

3.7 Shale Pellet Immersion Test

In this test, Ghazij shale cuttings were first dried in oven
for a period of two hours in order to remove any moisture
content associatedwith them.Next, those dried cuttings were
placed inmortar grinder to form shale cutting powder. 15 g of
powder shale was placed in the cell of hydraulic compactor
at 8000 psi for a period of 30 min as shown in Fig. 12 (1–2).
A cylindrical form of shale pellet was formed as shown in
Fig. 12 (3), which was used for further testing.

Four pellets of Ghazij shale samples were prepared and
each was placed in a separate polymeric mud system.
Figure 13a, b shows the top and side view of the pellets
that were recovered after 24 h from the drilling mud sys-
tems. No substantial changes were observed in any of the
system when the samples were observed from the top. Slight
roughness at the boundaries of all the samples was detected,
whereas none of the noticeably erosion effect was spotted.

Fig. 13 a Shale pellets (After
drying for 24 h, top view)
b Shale pellets (After drying for
24 h, side view)
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Fig. 14 Contact angle effect on
the physiochemical characteristic
[50]

Fig. 15 Contact angle of water
after coming in contact with shale
sample immersed in different
polymeric systems after 24 h (a,
c, e, g) and 48 h (b, d, f , h)
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Fig. 16 Possible mechanism of shale swelling inhibition by the use of biopolymers

Fig. 17 Linear dynamic swell
meter test of Ghazij shale in the
presence of different polymeric
additives

Table 2 Contact angle measurement values using ImageJ software

Name Contact angle (24 h) ±
uncertainty(°)

Contact angle (48 h) ±
uncertainty(°)

PAC-L 0.000° ± 0.00° 0.000° ± 0.00°

PHPA 48.629° ± 0.29° 45.427° ± 2.275°

Sodium
alginate

35.626° ± 2.89° 43.452° ± 2.10°

Pure-bore 37.266° ± 3.11° 46.477° ± 1.48°

However, cracks at the middle of the samples and minimum
erosion effect were noticed after the interaction of samples
with drilling fluid.

3.8 Contact Angle Determination

The instability of any shale sample is directly related to
the physicochemical characteristic of drilling fluid and the

shale [49]. The alteration in wettability of shale sample
from the hydrophilic nature (water-loving) to hydrophobic
nature (water-repellent) is counted as a smart practice [49].
This approach provides the desired stability to any shale
formation. Figure 14 shows the variation in the wetting char-
acteristics of water in terms of contact angle when in contact
with different surfaces [50]. If the contact angle θ > 90, then
the surface shows negligible wetting behavior. The surface
affinity to water starts to increase as θ decreases [50]. These
surfaces are called hydrophilic surfaces.

Figure 15a–h shows the contact angles on the surfaces of
Ghazij shale formation by four polymeric mud samples after
24 and 48 h, respectively, obtained using ImageJ software.
Figure 15a and b shows CA measurement on shale sample
coated with PAC-L drilling fluid after 24 and 48 h, respec-
tively. In both the cases, the θ = 0° clearly indicating toward
the strong wetting characteristics of shale sample after its
contact with PAC-L. When CA for PHPA coated sample was
recorded as shown in Fig. 15c and d, a slight increase in

123



Arabian Journal for Science and Engineering (2023) 48:16639–16653 16651

wetting characteristics was observed at 48 h. A decrease in
CA was noted from θ = 48.629° to θ = 45.427° after 48 h.
On the other hand, biopolymers (sodium alginate and pure-
bore) both exhibit some hydrophobic nature after 48 h. An
increase in CA was recorded in both the polymeric systems
at 48 h, as observed from Fig. 15e till Fig. 15h. Table 2 also
shows the uncertainty associated with the placement of angle
in the ImageJ software. This uncertainty arises as result of
placement of angle on to the water droplet. The table reports
uncertainties at both 24 and 48 h of experimentation. This
modification from hydrophilic nature to hydrophobic nature
can be reflected as a pivotal approach in obtaining shale sta-
bility.

Figure 16 demonstrates the possible mechanism of
biopolymers to inhibit shale swelling. These biopolymers
strongly attached to the surface of the shale and encapsulat-
ing the shale nanoplatelet [51, 52]

3.9 Swelling Analysis of Polymeric Mud Systems

The influence of each polymeric material on the swelling
rate of Ghazij shale was recorded using linear dynamic
swell-meter. Figure 17 shows that it demonstrates maximum
swelling rate in presence of distilled water. While comparing
the swelling rates of polymeric additives, it was observed that
PAC-L system displays the highest swelling rate after 24 h
of testing. The dehydration of polymeric additive in the pres-
ence of potassium ionwas themain reason for its failure [43].
Almost similar swelling characteristics were observed with
PHPA and biopolymers systems. These systems adhere to the
negative surface of shale sample and form a gel like structure,
which prevents the migration of hydrogen ion from the water
into the shale sample [52, 53]. This mechanism eventually
assists in decreasing the swelling behavior of Ghazij shale.

4 Conclusion

In the current study, a complete set of experimentations was
carried out to investigate the filtration loss and wellbore sta-
bility in Ghazij shale using four different polymeric mud
systems.Twoout of the four systems are classified as biopoly-
mers (sodium alginate and pure-bore), one is categorized
under the umbrella of modified polymers (PAC-L), and one
is a synthetic polymer (PHPA).

Based on the results of the study, following conclusions
were drawn:

1. All the polymeric mud systems demonstrate alkaline
behavior with pH > 8.

2. During the LPLT API filter press test, it was observed
that the loss of filtrate volume was lower in biopolymers.
These polymers entangled with the hydrogen bonding,

present in xanthan gum, eventually increased the viscos-
ity of the fluid and helped in reducing the filtrate loss. The
existence of K + ions in the base mud system, however,
dehydrated the PAC-L system, which ultimately reduced
its performance.

3. The physical appearances of the filter cake formed by the
biopolymers mud systems were thin, smooth and tough
in nature.

4. The immersion test showed 100% and 95% cutting
recovery after 24 h from the two biopolymers mud,
respectively. These muds encapsulated the drill cutting
resulting in prevention of drill cutting from crumbling
into finer fragments.

5. No significant texture and shape changes were observed
in any of the shale pellet boundaries placed in the mud
system for 24 h.

6. The biopolymers increased the hydrophobicity in Ghazij
shale after 48 h which prominently changed its stability.

7. The linear dynamic swell meter results showed a sig-
nificant decrease in the swelling behavior of Ghazij
shale after its contact with biopolymers. Almost three-
fold reduction in swelling was observed in bio-polymeric
mud systems.
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