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Introduction

Drilling in active shales, particularly those rich in
smectite and kaolinite, poses significant challenges
due to their high reactivity with water-based drilling
fluids (WBMs), leading to hydration, swelling,
and dispersion of clay minerals. This interaction
causes wellbore instability, pipe sticking, formation
damage, and notably, bit balling—the adhesion and
accumulation of clay cuttings on the drill bit, especially
with PDC bits in soft shales.While oil-based muds
(OBMs) provide excellent inhibition and lubricity,
their high cost, environmental impact, and disposal
complexities limit widespread use. Hence, optimizing
inhibited WBMs with effective chemical additives has
become essential for achieving efficient, economical,
and environmentally compliant drilling operations.

Materials and Methods

The experimental methodology was designed based on
standardized laboratory tests in accordance with ANSI/
API Specification 13A. The core of the investigation
involved the Bit Balling Removal Test, a quantitative
method used to evaluate the efficiency of various
additives in removing pre-formed clay plugs adhered
to a metal shaft simulating the drill bit or bottom hole
assembly (BHA) [1]. The experimental procedure
consisted of the following steps:

Accepted: May 25, 2024

Clay Plug Preparation: A standardized clay plug (20%
by weight in water) was prepared using shale samples
collected from the South Pars field, known for their
high clay content and strong adhesive properties [2].
Adhesion Process: The clay plug was firmly attached
to a metal shaft (simulating the drill bit) and allowed
to set. Drilling Fluid Preparation: Various additives-
including KCI, PHPA, glycols, surfactants (e.g.,
Kemdet 1080), lubricity agents (e.g., Eco-Lub MP,
Hipe Star), polyamines, lignosulfonates, saturated
salt water (SSW), and others-were incorporated into
water-based fluid systems at varying concentrations
(1%, 3%, 5%, 10%, 15%, 20%, 25% by weight of
water) [3].

Results and Discussion

The laboratory results revealed significant variation in
the performance of different additives in mitigating bit
balling, with effectiveness highly dependent on both
chemical nature and concentration. [4].

KCI (Potassium Chloride): At a concentration of 25%,
KCI demonstrated the highest inhibition efficiency,
minimizing fluid absorption into the clay plug and
significantly reducing adhesion [5]. This is attributed
to the small ionic size of K*, which allows for effective
interlayer substitution in clay minerals, thereby
suppressing hydration and swelling [6].
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Glycols: Among glycol-based additives, Glycol Lub
IIT at 5% concentration showed superior performance
compared to 10%, indicating that higher concentrations
do not necessarily improve results and may even be
counterproductive due to viscosity or compatibility
issues [7].

Surfactants and Detergents: The use of Kemdet 1080
(Drilling Detergent) at 1% concentration yielded the
best results in clay removal. However, increasing the
concentration to 10% led to a reverse osmotic effect,
promoting fluid absorption into the plug and worsening
adhesion-highlighting the critical importance of
optimal dosing [8].

Lubricity Agents: Among commercial lubricants,
Hipe Star at 3% concentration showed the lowest clay
adhesion and highest cleaning efficiency. In contrast,
Eco-Lub MP and Fatty Amine exhibited increased
fluid absorption at higher concentrations, indicating
potential incompatibility or phase separation issues
[9].

Pipe Free HP and Amino Drill: Pipe Free HP at 10% and
Amino Drill at 15% demonstrated the most favorable
performance in reducing stickiness, outperforming
other lubricants in terms of clay removal and minimal
fluid uptake [ 10].

pH Effects: Adjusting the pH of the fluid using NaOH
(high pH) resulted in better clay dispersion and
removal compared to acidic conditions (citric acid),
suggesting that alkaline environments may enhance
the breakdown of clay aggregates [11].

Polymer Systems: The use of PHPA polymers
combined with walnut hulls showed physical cleaning
action, but also led to higher fluid absorption due to the
large molecular size and porous nature of the system.
While effective in encapsulation, the combination may
not always reduce adhesion if not properly balanced.
Saturated Salt Water (SSW): SSW effectively reduced
clay swelling due to osmotic inhibition, but required
higher hydrodynamic forces for complete ball removal,
indicating its role as a preventive rather than corrective
agent.

Importantly, the results confirm that increasing additive
concentration does not always improve performance
and can sometimes exacerbate the problem. The
lithology-specific response of shale samples further
emphasizes the need for site-specific laboratory testing
before field application [12].

Conclusions

This study provides a comprehensive laboratory
evaluation of various inhibitors and anti-balling agents
for mitigating bit balling in water-based drilling
fluids. Key conclusions include: Optimal additive
concentration is critical: Higher concentrations do
not guarantee better performance and may lead to
adverse effects such as increased fluid absorption or
phase separation [13]. Chemical specificity matters:

Additives such as KCl, Glycol Lub III, and Hype
Star demonstrated superior performance at specific
concentrations, underscoring the importance of
selecting the right chemistry for the target formation
plays a significant role: Alkaline conditions (high
pH) enhance clay dispersion and cleaning efficiency.
Prevention is more effective than removal: While some
additives (e.g., SSW, PHPA) are excellent at preventing
bit balling, others (e.g., detergents, lubricants) are
more effective in removing already-formed clay balls
[14]. Lithology dependence: The effectiveness of
additives varies significantly with shale mineralogy
and formation conditions, necessitating field-specific
testing for optimal results. The findings support the
feasibility of replacing or reducing reliance on oil-
based muds through the strategic use of optimized
water-based systems enhanced with properly selected
and dosed chemical additives [15].

Future work should expand testing to include a wider
range of additives, as well as variable conditions such
as temperature, pressure, and rheological properties,
to further improve predictive accuracy and field
applicability [16].
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