White Paper Series
Rheology in Drilling Engineering
Brief Summary

This white paper series, "Rheology in Drilling Engineering," is designed to provide a comprehensive, 12-
month manual covering the fundamental principles and advanced applications of fluid behavior in drilling
operations. The series begins by establishing the basics of rheology and the importance of flow curves
(theograms), illustrating how drilling fluids must transition from a high-viscosity state for cuttings
suspension transport (low shear) to a low-viscosity state for efficient pumping and hole cleaning (high
shear).

The roadmap progresses systematically, moving from theoretical foundations and measurement techniques
to practical applications. The core technical sections cover ‘Modeling’, offering an in-depth exploration of
key rheological models and the underlying mathematics governing fluid flow within various downhole
conduits. This knowledge is then applied to ‘Performance’, focusing on establishing the critical link between
rheology and operational efficiency, including cutting transport, hole cleaning, and minimizing pressure
losses. The series also addresses significant operational ‘Challenges’, such as complex flow scenarios like
multiphase flow, behavior under HPHT conditions, and the crucial role of thixotropy and gel strength in
maintaining well stability during tripping and static periods. Finally, the series looks toward optimization
and future technologies, utilizing Computational Fluid Dynamics (CFD) to analyze the impact of rheology
on energy efficiency and sustainability, and integrating the emerging role of Digital Rheology (Al and
Machine Learning) for real-time optimization.

Ultimately, this series aims to equip drilling engineers and technical professionals with the knowledge
necessary to design, monitor, and optimize drilling fluids, ensuring safe, efficient, and cost-effective well
construction in increasingly complex operating environments.

Rheology Basics

Introduction

Although many engineers may consider rheology a specialized technical subject, the reality is that we
experience it constantly in our everyday lives. Fluid flow properties influence how we interact with
numerous products, sometimes deliberately or in other times without even noticing. From the viscosity of
our blood circulating through the body to the thickness of beverages we swallow, or even the oil grade we
choose for our car engines, rheology is naturally embedded into our daily decisions and experiences [1].

We frequently describe fluids using rheological terms such as viscosity, consistency, and texture when
referring to food, beverages, cosmetics, or household products. For example, ketchup flows more easily
after shaking the bottle, toothpaste must maintain enough viscosity to stay on a toothbrush, and shampoo
needs to be thick enough to pour into the hand without immediately slipping through the fingers. These
behaviors are governed by rheological properties that product designers intentionally manipulate to achieve
desirable performance [2].

Fundamentally, rheology is the science of deformation and flow, combining principles of physics and
physical chemistry, particularly those related to forces, velocities, and material responses. The word



originates from the Greek “rhein,” meaning to flow, highlighting that rheology extends beyond simple liquid
flow. Rheological studies reveal how materials deform, whether they behave like liquids, solids, or exhibit
a combination of both [3].

Why Rheology is Critical for Drilling?

In drilling engineering, understanding rheology is essential for optimizing the performance of drilling fluids.
Rheological properties have a direct influence on wellbore cleaning, circulation efficiency, drilling
performance, and well control. Appropriate manipulation of drilling fluid rheology helps maintain the
delicate balance between formation pore pressure and fracture pressure, an imbalance of which can lead to
severe well control issues such as influx, losses, or improper hole cleaning [4], [5], [6].

For example, insufficient viscosity reduces the fluid’s ability to suspend and transport cuttings, whereas
excessively high viscosity increases frictional pressure losses, potentially raising the equivalent circulating
density (ECD) and jeopardizing well stability. Therefore, selecting and engineering rheology is not simply
a laboratory task; it is a critical operational strategy that safeguards drilling efficiency and well integrity.
Careful rheological design enables safer, more efficient drilling and cementing operations, reinforcing its
indispensable role in modern well construction [6], [7]. An instructive image is shown in Figure 1.
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Figure 1. The critical balance of drilling fluid rheology. A comparison of the operational risks associated
with insufficient viscosity (poor cuttings transport) versus excessive viscosity (high frictional pressure and
ECD risks).

Fundamental Rheological Concepts Related to Drilling

In this section, the fundamental concepts required to understand rheology are provided. These concepts
include viscosity, shear rate, shear stress, yield point/yield stress, Newtonian vs non-Newtonian, and Shear-
thinning fluids.



A basic understanding of rheological properties is essential for characterizing drilling fluids and predicting
their behavior under different flow conditions. Viscesity describes a fluid’s resistance to flow and strongly
influences its ability to suspend and transport drilled cuttings. The rate at which layers of fluid move relative
to each other is defined as shear rate, which varies significantly within the drill pipe and annular space. The
corresponding force required to initiate or maintain that movement is called shear stress, and a certain
minimum value, known as yield stress or yield point, must be exceeded before the drilling fluids begin to
flow. Fluids whose viscosity remains constant regardless of the applied stress are termed Newtonian, such
as water. However, drilling fluids are typically non-Newtonian, meaning their flow properties change under
different shear conditions. These non-Newtonian fluids often exhibit shear-thinning or plastic behavior,
becoming less viscous at higher shear rates. This characteristic allows for easier pumping at high circulation
rates while still providing sufficient thickness at low shear rates to sustain cuttings suspension. These core
concepts form the foundation for analyzing and engineering drilling fluid performance.

Rheogram and Flow Curve Basics

A rheogram, also known as a flow curve, is a fundamental graphical representation in rheology, illustrated
in Figure 2. It illustrates the relationship between a fluid's shear stress and shear rate, or viscosity and shear
rate, providing crucial insights into its flow behavior.

What it Shows:
Shear Stress (7): The force per unit area required to deform the fluid.

Shear Rate (y): The rate at which the fluid is being deformed, often related to the velocity gradient within
the fluid.

Dynamic viscosity (17): It is defined as the ratio of shear stress to shear rate, which measures fluid resistance
to flow.

By plotting these parameters, we can characterize how a fluid responds to applied forces.
Bypical Shapes:

o Newtonian Fluid: A straight line passing through the origin. The viscosity remains constant regardless
of the shear rate. The shear stress is directly proportional to the shear rate. Water, mineral oil, and alcohol
are some examples of Newtonian fluids.

o Shear-Thinning (Pseudoplastic) Fluid: A downward curving line starting from the origin. The shear
stress decreases as the shear rate increases. This means the fluid becomes "thinner" and flows more
easily under higher shear. Many polymers, paints, and drilling fluids exhibit shear-thinning behavior.

o Bingham Plastic Fluid: A straight line that intersects the shear stress axis at a positive value (the yield
point) and then continues with a constant slope. This fluid requires a certain amount of shear stress,
known as the yield point (,,), before it begins to flow. Below this yield point, it behaves like a solid.
Once the yield point is exceeded, it flows like a Newtonian fluid.

o Herschel-Bulkley Fluid: This fluid exhibits a rtheological behavior that combines characteristics of both
Bingham plastic and pseudoplastic fluids. Like a Bingham plastic, it requires a finite yield stress before
it begins to flow. Once this threshold stress is exceeded and the fluid starts to move, it displays shear-



thinning behavior, producing a downward-curving flow profile similar to that of a pseudoplastic fluid.
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Figure 2. Conceptual diagram of rheogram shapes.
How Fluids Behave During Drilling?

Drilling fluids (muds) are specially formulated to exhibit complex rheological properties, primarily
behaving as shear-thinning fluids. Their behavior varies significantly depending on the shear rates
encountered in different parts of the drilling system:

o Low Shear Conditions (Static Well, Near-Bit Annulus): In static conditions (e.g., when circulation is
stopped or in the annular space near the bit where velocities are low), drilling fluids need to have a
sufficiently high viscosity or, more precisely, a significant yield point. This is crucial for suspending
drill cuttings and weighting materials, preventing them from settling out of the fluid column. If the fluid
were purely Newtonian and thin, cuttings would quickly fall. The Bingham plastic behavior, with its
yield stress, helps to maintain suspension at low or zero shear.

o High Shear Conditions (Circulating Well): When the drilling fluid is subjected to high shear rates,
such as within the drilling pumps, through the drill string, and especially when exiting the small nozzles
of the drill bit, it needs to exhibit shear-thinning behavior. At these high shear rates, the apparent
viscosity decreases, allowing the fluid to be pumped efficiently with less pressure loss and to achieve
high velocities through the bit nozzles. This high velocity is essential for effective hole cleaning and for
maximizing the hydraulic impact force on the rock face, which aids in breaking up cuttings.

In essence, a good drilling fluid must be "thick" enough to suspend solids when still or moving slowly, and
"thin" enough to be pumped efficiently and clean the hole effectively when moving rapidly. Rheograms are
vital tools for engineers to design and monitor drilling fluids, ensuring these critical functions are met.

Future Roadmap

In the future publications of our 'Rheology in Drilling Engineering' white paper series, we will build upon
these basics by exploring, the measurement of fluid flow (Month 2); the mathematical definition of flow in
different conduits (Month 3); a detailed analysis of various rheological models (Month 4); the crucial role
of rheology in cutting transport and hole cleaning (Month 5); flow simulation basics (Month 6); challenges



related to multiphase flow and well integrity (Months 7 & 8); fluid behavior under HPHT conditions and
the concepts of thixotropy and gel strength (Months 9, titles adjusted); how rheology influences energy
efficiency and sustainability (Month 10); and finally, Digital Rheology covering real-time prediction and Al
models (Month 11), concluding with a future outlook (Month 12).
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