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1. Introduction

1.1 Background and Motivation

Torque and drag forces are critical factors that influence the success and efficiency of drilling operations, particularly in complex
well trajectories such as extended reach, horizontal, or multilateral wells -3, These forces arise from friction and mechanical
interaction between the drill string and wellbore, causing operational challenges like stuck pipe incidents, increased wear, and
inefficient drilling progress. Managing torque and drag effectively is essential to maintain drill string integrity, minimize non-
productive time, and optimize drilling performance [ 51,

Complex trajectories intensify these challenges due to sharp doglegs, longer wellbores, and varying contact forces along the drill
string © 71, In such wells, inaccurate prediction of torque and drag can lead to costly operational setbacks and safety risks.
Therefore, advanced analytical and simulation tools that accurately forecast these forces are vital to guide well planning and
real-time adjustments, enhancing both safety and economics & 9,

WellPlan simulation software is widely used in the industry to model well trajectories and drilling parameters 1%, Integrating a
predictive model of torque and drag within such platforms provides an opportunity to improve pre-drill planning accuracy and
operational decision-making, which motivates the research presented in this paper.
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1.2 Problem Statement

Current predictive methods for torque and drag analysis often
rely on simplified assumptions and static models that fail to
capture the complexities encountered in modern well
trajectories. These limitations can result in inaccurate
estimations, leading to suboptimal drilling designs and
unexpected operational issues. Moreover, many models lack
seamless integration with widely used well planning
software, which reduces their practical applicability [* 11,
The inability to dynamically account for variations in friction
coefficients, drill string behavior, and wellbore interactions
throughout the drilling process constrains the effectiveness of
conventional approaches. Additionally, the fragmentation of
data and lack of cohesive simulation frameworks complicate
efforts to optimize drilling parameters and mitigate risks
associated with torque and drag [

This gap underscores the need for an enhanced predictive
model that combines robust mechanical analysis with
integration into existing planning platforms like WellPlan.
Such a model would enable more reliable simulations,
supporting better-informed drilling strategies and improved
operational outcomes.

1.3 Objectives and Contributions

This paper aims to develop a predictive model for torque and
drag analysis that is integrated within the WellPlan
simulation environment, enabling detailed evaluation of
complex well trajectories. The model seeks to improve
accuracy in estimating torque and drag forces by
incorporating comprehensive mechanical principles and
relevant drilling parameters.

Key contributions include the formulation of a computational
framework that accounts for variable frictional forces,
wellbore geometry, and drill string mechanics within a single
predictive tool. The integration into WellPlan facilitates ease
of use and practical applicability for drilling engineers during
the planning phase. By enhancing the predictive capability
for torque and drag, the model contributes to reducing drilling
risks, minimizing equipment failures, and optimizing drilling
performance. The framework also lays the foundation for
future enhancements incorporating real-time data and
adaptive optimization.

2. Theoretical Foundations

2.1 Fundamentals of Torque and Drag in Drilling

Torque and drag are mechanical forces that arise from the
interaction between the drill string and the wellbore during
drilling operations ('3 41, Torque refers to the rotational force
required to turn the drill string, while drag is the axial
resistance opposing the downward movement of the drill
string %1, These forces are primarily influenced by friction,
which depends on the contact area between the drill pipe and
wellbore or casing, and the normal forces exerted along the
string 6. 171,

Key parameters affecting torque and drag include friction
coefficients—both static and dynamic—wellbore inclination,
tool joint conditions, and the properties of drilling fluids,
which can lubricate or exacerbate friction [&2  The
magnitude of these forces directly impacts the drill string’s
mechanical integrity, increasing the risk of twisting off or
sticking if not properly managed. Accurate prediction and
control of torque and drag are thus essential for safe and
efficient drilling [ 24,

Understanding the fundamentals of these forces enables
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engineers to develop models that simulate their behavior
under varying downhole conditions, providing a basis for
predictive analysis and operational planning.

2.2 Complex Well Trajectory Mechanics

Complex well trajectories, such as highly deviated,
horizontal, and extended reach wells, introduce significant
challenges for torque and drag management [?2 231 The
geometry of the wellbore—including doglegs (sharp changes
in wellbore angle), build and drop sections, and lateral runs—
affects the contact forces between the drill string and
wellbore wall. These geometric features increase frictional
resistance and create localized stress points along the drill
string (24 23],

Directional drilling further complicates torque and drag
behavior by causing uneven loading and bending moments
on the drill pipe. As the wellbore deviates, gravity causes the
drill string to rest unevenly against the borehole, creating
stick-slip effects and varying friction along its length. This
uneven contact can result in significant increases in both
torque required to rotate the string and drag opposing its axial
movement [26. 271,

A thorough understanding of these mechanical interactions is
crucial for modeling torque and drag in complex trajectories.
Accounting for wellbore geometry and directional effects
allows predictive tools to estimate realistic forces and guide
drilling decisions that minimize operational risks [? 29,

2.3 Principles of Predictive Modeling in Drilling
Predictive modeling of torque and drag involves creating
mathematical representations of the forces acting on the drill
string to forecast drilling challenges before they occur. These
models can be broadly categorized into static and dynamic
approaches. Static models estimate torque and drag based on
fixed parameters such as well geometry and friction
coefficients, providing quick assessments during well
planning. However, they may lack accuracy in reflecting real-
time operational changes 3921,

Dynamic models, on the other hand, incorporate time-
dependent factors like drill string movement, stick-slip
oscillations, and changing frictional conditions. These
models provide more detailed and realistic simulations but
require more complex computations and data inputs. Both
modeling types rely on principles of mechanical engineering,
friction theory, and fluid mechanics 3% 34,

Integrating predictive models within simulation platforms
like WellPlan enhances their usability by combining
geometric visualization with torque and drag calculations.
This integration supports engineers in evaluating multiple
scenarios and optimizing drilling parameters, ultimately
improving drilling efficiency and safety [35 361,

3. Predictive Model Development

3.1 Model Architecture and Inputs

The predictive model’s architecture is designed to integrate
seamlessly within the WellPlan simulation environment,
providing a robust framework for torque and drag analysis in
complex well trajectories 71, At its core, the model requires
detailed input parameters that define the drilling environment
and mechanical conditions. These inputs include well
geometry data such as inclination, azimuth, dogleg severity,
and measured depth intervals, which establish the spatial
framework of the wellbore [38- 39,

In addition to geometric inputs, drilling parameters such as
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weight on bit, rotary speed, mud properties, and casing or
liner specifications are essential to capture operational
conditions that influence torque and drag 1. Mechanical
properties of the drill string components, including pipe
diameter, stiffness, and tool joint dimensions, are
incorporated to characterize how the drill string interacts with
the wellbore. Material friction coefficients—both static and
dynamic—are specified to quantify contact resistance %421,
Together, these inputs enable the model to simulate real-
world conditions accurately. The architecture supports
modular input management, allowing updates to drilling
parameters as the well progresses, ensuring that simulations
remain relevant and responsive to operational changes 13 44,

3.2 Computational Approach and Algorithms

The computational core of the model employs a combination
of established mechanical engineering principles and
frictional force calculations to simulate torque and drag
throughout the drill string (4> 61, At the foundation is the
calculation of normal forces acting between the drill string
and wellbore, which are dependent on wellbore geometry and
gravity effects. These forces influence frictional resistance,
modeled through nonlinear friction laws accounting for both
static and dynamic friction coefficients [47. 481,

The model applies iterative numerical algorithms that
traverse the well path section by section, computing
incremental torque and drag forces based on localized
conditions % %0 |t integrates bending moments and axial
loads, factoring in effects such as dogleg severity and
directional changes that impact force distribution along the
string. This segmented approach allows detailed resolution of
force variations, essential for complex trajectories % 521,
Simulation techniques incorporate both forward and
backward force propagation, where forces at the bottomhole
assembly are calculated and then propagated toward the
surface, and vice versa, to ensure force equilibrium. This
bidirectional calculation refines accuracy and stability of the
results. The algorithm is optimized for computational
efficiency, enabling rapid evaluations within WellPlan’s
interactive environment [53 541,

3.3 Model Output and Interpretation

The output of the predictive model consists of detailed torque
and drag profiles plotted along the wellbore depth [55 561,
These profiles illustrate the distribution of rotational torque
and axial drag forces at discrete intervals, highlighting
sections where forces peak and could potentially compromise
drilling performance. The model provides numerical values
as well as graphical representations, facilitating intuitive
understanding of the mechanical loads encountered 7 581,
Engineers can interpret these results to identify critical zones
where the risk of stuck pipe or excessive tool wear is elevated.
The torque profile helps assess whether the available surface
torque is sufficient to rotate the drill string effectively, while
the drag profile indicates the axial force required to advance
the string, informing weight-on-bit management. This
enables proactive planning for mitigating operational risks
through adjustments in drilling parameters or tool selection
[59, 60]

Additionally, the model’s output supports scenario analysis,
where different well geometries or drilling parameters can be
tested to evaluate their impact on torque and drag. This
flexibility aids decision-making in well design and
operational strategy, ultimately enhancing drilling efficiency

www.allmultidisciplinaryjournal.com
and reducing non-productive time 1631,

4. Implementation Strategy

4.1 Data Requirements and Integration

Successful application of the predictive model relies on
accurate and comprehensive data inputs. Fundamental among
these are detailed well plans that provide the three-
dimensional trajectory, including measured depth,
inclination, azimuth, and dogleg severity at regular intervals
164-66] These geometric data form the backbone of torque and
drag calculations by defining how the drill string interacts
with the wellbore [67: 681,

Drilling operational parameters such as weight on bit, rotary
speed, mud density, and rheological properties must be
incorporated to capture real-time conditions influencing
frictional forces and drill string behavior % 70, Mechanical
characteristics of drill string components—pipe diameter,
stiffness, and tool joint specifications—are also critical to
model realistic mechanical responses [7* 2,

Integration of geomechanical data, including formation
strength and wellbore stability information, enriches the
model’s predictive capacity by enabling adjustments to
friction coefficients and contact forces under varying
downhole conditions [® ™, These data are typically sourced
from well logs, surface measurements, and rig telemetry
systems, and are managed through centralized databases or

enterprise resource planning platforms for streamlined access
[75-77]

4.2 Workflow Integration in Well Planning

The predictive model is designed to integrate smoothly into
existing well planning and operational workflows,
complementing the engineer’s decision-making process ['®
1, During the planning phase, the model can be employed to
simulate multiple trajectory and parameter scenarios, helping
to identify configurations that minimize torque and drag risks
before drilling begins. This iterative evaluation supports
informed adjustments to well path design and drilling
parameters [80-82],

Within project teams, the model acts as a communication tool
that bridges drilling engineering, directional drilling, and
operations disciplines. %381 By providing quantitative torque
and drag forecasts alongside visual wellbore representations,
the model facilitates collaborative discussions on risk
management and mitigation strategies. It also supports
training and knowledge transfer by illustrating the
mechanical challenges inherent in complex wells [],
Operationally, the model can be updated with real-time or
near-real-time drilling data, allowing dynamic re-assessment
of torque and drag forces. This capability enables proactive
interventions to adjust drilling parameters and reduce non-
productive time, integrating predictive analytics into day-to-
day drilling management practices [86-8¢1,

4.3 Limitations and Reliability Considerations

While the predictive model offers substantial improvements
over traditional approaches, inherent uncertainties and
assumptions must be recognized to ensure appropriate
interpretation of results [ I, The model relies on friction
coefficients and mechanical properties that may vary in situ
due to factors such as mud contamination, tool wear, or
unexpected formation conditions, which can introduce
discrepancies %31,

Assumptions such as uniform pipe stiffness and consistent
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wellbore conditions may oversimplify reality, potentially
affecting accuracy, especially in highly deviated or irregular
trajectories. Additionally, the static nature of some inputs
limits the model’s responsiveness to rapid changes during
drilling operations [#4-91,

To enhance reliability, model outputs should be corroborated
with field measurements, including torque and drag logs, and
adjusted iteratively. Sensitivity analyses can identify
parameters with the greatest influence on results, guiding data
collection priorities [ %8 Furthermore, ongoing validation
and refinement based on operational feedback are essential to

maintaining model accuracy and building user confidence [*%-
101]

5. Conclusion

The WellPlan-integrated predictive model for torque and
drag analysis provides a sophisticated tool tailored to address
the challenges posed by complex well trajectories. By
incorporating detailed well geometry, mechanical properties,
and operational parameters, the model enables accurate
simulation of mechanical forces acting on the drill string.
This capability supports early identification of high-risk
zones where torque and drag peaks could compromise
drilling integrity.

The modular architecture allows iterative updates, adapting
to evolving drilling conditions, and fostering proactive
management. Engineers gain valuable insights into how
drilling parameters influence mechanical loads, enabling
optimization of tool selection, weight on bit, and rotational
speeds. This leads to safer drilling operations, reduced risk of
stuck pipe incidents, and improved overall drilling
performance. The model’s integration within an established
simulation platform enhances accessibility and facilitates its
practical adoption in well planning workflows.

The deployment of predictive torque and drag modeling
represents a significant advance in drilling technology with
direct impacts on efficiency, safety, and cost management.
By enabling more precise anticipation of mechanical
challenges, operators can reduce non-productive time, avoid
costly equipment failures, and minimize downtime related to
stuck pipe remediation. This translates into substantial cost
savings and improved project timelines.

Moreover, the model fosters risk mitigation by providing
early warnings of critical mechanical stress, allowing for
timely operational adjustments. It also promotes cross-
functional collaboration, bridging drilling engineering,
directional drilling, and operational teams through shared
quantitative insights. These improvements collectively
enhance asset integrity and operational reliability, reinforcing
the competitiveness of drilling operations in challenging
environments characterized by complex well trajectories.
Future advancements in predictive torque and drag modeling
should focus on incorporating real-time data acquisition to
enable dynamic, adaptive simulations that respond
immediately to downhole conditions. Integration with
machine learning algorithms can improve model accuracy by
continuously learning from operational feedback and
identifying subtle patterns influencing torque and drag
behavior.

Extending the model to encompass additional drilling
parameters such as vibration analysis, stick-slip prediction,
and fatigue assessment would provide a more comprehensive
drilling performance toolkit. Additionally, coupling the
model with digital twin frameworks and advanced
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visualization technologies can facilitate immersive decision
support environments. These enhancements will position
predictive torque and drag modeling at the forefront of
intelligent  drilling  systems,  driving  continuous
improvements in safety, efficiency, and cost-effectiveness.
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