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Abstract

This work presents a methodology for reconstructing and visualizing borehole trajectories in a three-dimensional
environment with integration into a Geographic Information System (GIS). The approach aims to convert directional
drilling data into continuous 3D spatial representations suitable for visualization and spatial analysis. The reconstruction
process is based on directional drilling parameters including measured depth, inclination, and azimuth, which are used
to compute the spatial coordinates of the borehole trajectory. The methodology was implemented using Python and
scientific computing libraries to process the data and generate 3D representations of various borehole geometries such
as vertical, horizontal, and multilateral wells. The reconstructed trajectories were compared with the reference dataset
in order to evaluate the consistency of the generated 3D models. The resulting trajectories were then exported and
visualized in a GIS environment, demonstrating the capability of integrating subsurface trajectories with surface spatial
data. This study represents a preliminary stage of a broader research project aimed at developing advanced tools for
subsurface trajectory modeling and spatial visualization, with future validation planned using real drilling datasets..
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INTRODUCTION

Directional drilling plays an essential role in many domains such as petroleum engineering, geothermal exploration,
mining, and subsurface geological investigations. Modern drilling techniques allow wells to deviate from the vertical
direction in order to reach specific underground targets, resulting in complex three-dimensional trajectories. Accurate
representation of these trajectories is therefore crucial for visualization, analysis, and spatial interpretation.

Accurate representation of borehole trajectories is essential for understanding the spatial geometry of subsurface
structures. Traditional borehole surveys provide directional measurements such as measured depth, inclination, and
azimuth. These parameters can be used to reconstruct the spatial path of a borehole through geometric calculations.

In recent years, the integration of subsurface data within Geographic Information Systems (GIS) has become increasingly
important. GIS environments enable the visualization and spatial analysis of subsurface trajectories in relation to terrain,
geology, and other geospatial datasets.

The objective of this work is to develop a methodology capable of reconstructing borehole trajectories from directional
drilling parameters and integrating the resulting trajectories into a GIS environment. The proposed workflow combines
computational modeling using Python with three-dimensional visualization and GIS integration tools.

The three-dimensional (3D) geometries modeling has been extensively studied in computer graphics and spatial analysis
(Salamon 2012). Classical approaches rely on geometric representations such as point clouds, curves, and surfaces,
combined with interpolation techniques to reconstruct continuous shapes from discrete data. These methods are
particularly relevant for modeling spatial trajectories, where smoothness and accuracy are essential. Also, allows for a
better understanding of underground structures, optimization of extraction processes, more efficient resource management
and risk reduction.
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Several studies have addressed the reconstruction of borehole trajectories using directional drilling parameters. Methods
such as the tangential method, balanced tangential method, and minimum curvature method have been widely used to
compute borehole trajectories from directional survey data (Xiushan 2019). Among these techniques, the minimum
curvature method is commonly considered the most accurate approach for representing smooth well trajectories. It
approximates the borehole path using circular arcs between survey stations (Sawaryn and Thorogood 2005; Amorin
2009).

Recent developments in computational tools have facilitated the implementation of such algorithms using programming
languages such as Python. Scientific computing libraries provide efficient tools for processing drilling data and visualizing
three-dimensional geometries (Mukherjee and Banik 2022). Furthermore, the integration of subsurface information into
GIS platforms allows improved spatial analysis and visualization of underground structures. GIS-based approaches enable
the representation of borehole trajectories together with terrain models and other geospatial datasets.

STUDY ZONE

The study area is the Hammam-Bou-hadjar aquifer, which is situated between Latitudes 35:23° to 35:46° N and Longitudes
0:85° to 1:09° E in the southwestern part of the Oran watershed Basin, located in the Northern West of Algeria (Figure 1).
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Figure 1. Study zone

METHODOLOGY
Input Data and Structure

The proposed workflow starts with borehole trajectory data simulated to represent directional drilling operations. These
data are typically recorded as a sequence of measurements describing the orientation of the borehole at different depths.
In most drilling datasets, each record includes the measured depth (MD), the inclination angle, and the azimuth. The
measured depth represents the distance along the borehole path from the surface reference point (Nardone 2009).
Inclination defines the angle between the borehole direction and the vertical axis, while azimuth indicates the horizontal
direction of the borehole relative to geographic north (EG 2026). Together, these parameters describe the spatial
orientation of the borehole trajectory at each measurement point.



In this study, the drilling data are stored in a structured tabular format. Each row corresponds to a measurement station
along the borehole trajectory. This format allows the data to be easily processed using computational tools and
programming languages such as Python.

Before trajectory computation, the input data preprocessed according several steps including; the dataset structure
verification, ordering measurements depth, and the conversion of the angular values into appropriate numerical formats.

Borehole Trajectory Computation

This step consists of computing the spatial trajectory of the borehole. Since the directional drilling measurements, describe
the orientation of the borehole using inclination and azimuth angles at different depth station and do not directly provide
the three-dimensional coordinates of the borehole path, a trajectory computation method is required to convert these
directional measurements into spatial coordinates. Several computational approaches exist for reconstructing borehole
trajectories, including the tangential method, the balanced tangential method, and the minimum curvature method (Cooper
1994; Inglis 2013). The minimum curvature method, which is the adopted method is widely considered as the most
accurate and has become a standard technique in directional drilling calculations.

The minimum curvature method assumes that the borehole path between two consecutive measurement stations follows
a smooth curved segment rather than a straight line. This assumption allows a more realistic representation of the borehole
trajectory, especially in the case of directional drilling where the path gradually changes direction (Musa et al., 2017).

0 = arccos(cos I, cos I, + sinl; sinl, cos(4, — A;)) (1)

Where; I;and I, represent the inclination angles at two consecutive stations, and A, and A4, represent the corresponding
azimuth angles. To account for the curvature of the trajectory, a ratio factor (RF) is introduced (Amorin 2009):

2 2
RF = 5tan(§) (2)

Using these parameters, the increments of the spatial coordinates between two stations can be calculated as follows:

AMD

Ax = > (sinl; sinA; +sinl, sinA;) X RF 3)
AMD _
Ay = > (sinl; cosA; + sinl, cos A;) X RF 4)
AMD
Az = (cosI; + cosl,) X RF 5)

Where; AMD represents the difference in measured depth between the two survey stations. The 3D coordinates of the
borehole trajectory will be reconstructed by applying these calculations on the entire set of measurement stations
iteratively. The resulting sequence of points defines the spatial path of the borehole and forms the basis for subsequent
steps, including trajectory interpolation, 3D modeling, and integration into a GIS environment.

3D Modeling and Visualization

At this stage, the trajectory is described by an ordered sequence of spatial coordinates (X,Y,Z), which can be used to build
a 3D curve representing the borehole path. The 3D modeling process consists of connecting the computed points in space
to form a continuous trajectory. This representation allows a direct visualization of the borehole geometry and provides a
clearer understanding of its orientation and deviation in the subsurface. Compared with tabular drilling data, a 3D model
offers a more intuitive and informative representation of the borehole path. The 3D model was generated using Python-
based visualization tools. This step makes it possible to visually inspect the coherence of the computed path and identify
the general spatial behavior of the borehole.



The visualization stage also plays an important role in validating the workflow. By examining the generated 3D trajectory,
it becomes possible to verify whether the borehole path is smooth, continuous, and consistent with the expected drilling
orientation. The resulting model will then serve as a basis for export to GIS-compatible formats and for further spatial
analysis in a GIS environment.

GIS Integration

After generating the three-dimensional representation of the borehole trajectory, the final step consists of integrating the
reconstructed trajectory into a Geographic Information System (GIS). GIS platforms provide powerful tools for spatial
visualization, data management, and geospatial analysis, which makes them particularly useful for studying subsurface
structures and drilling paths (McCarthy and Graniero 2006).The computed trajectory, represented as a sequence of spatial
coordinates, which can be exported into different GIS-compatible formats. These formats allow the trajectory to be
imported and visualized under GIS environments such as QGIS or ArcGIS. Once imported into a GIS platform, the
borehole trajectory can be displayed together with other spatial datasets, such as geological layers, terrain models, or
infrastructure data. This integration enables a better spatial understanding of the borehole position and its relationship
with surrounding geological features. The use of GIS also facilitates additional spatial analyses and improves the
communication of subsurface information through maps and three-dimensional visualizations. As a result, integrating
borehole trajectory models into GIS environments represents an important step toward more effective subsurface data
analysis and decision-making.
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Figure 2. General workflow of the proposed methodology
IMPLEMENTATION AND RESULTS

The trajectory reconstruction was based on directional drilling parameters including measured depth, inclination, and
azimuth. These parameters were used to compute incremental spatial displacements along the three coordinate axes. The
calculated displacements were accumulated to obtain the spatial coordinates of each survey station along the borehole
path. This process allows the reconstruction of continuous borehole trajectories in three-dimensional space. Different
borehole geometries were generated in order to evaluate the reconstruction method. These include vertical wells,
horizontal wells, and multilateral boreholes.
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Figure 3. Reconstructed borehole trajectories generated using the proposed method.

Error Analysis

To evaluate the reliability of the reconstructed trajectories, the calculated coordinates were compared with the reference
dataset used to generate the simulated borehole paths, which allowed the estimation of the differences between simulated
and reconstructed coordinates along the X, Y, and Z directions. Error statistics were calculated to quantify the deviation
between the two datasets. The results indicate that the reconstructed trajectories closely follow the reference trajectories,

with relatively small differences resulting mainly from numerical approximations (Table 1).
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Figure 4. Comparison between simulated and reconstructed borehole trajectories.



Table 1. Error statistics obtained from the comparison between simulated and reconstructed trajectories.

Mean error in X Mean error in Y Mean error in Z Mean total error | Max total error
Horizontal borehole 31796 0.0 55704 6.4140 7.3303
€rrors
Multilateral 1.0225 1.04240 0.4598 1.6986 3.8466
borehole errors
GIS INTEGRATION

GIS Visualization

To demonstrate the spatial integration of the reconstructed trajectories, the calculated borehole coordinates were exported
as geospatial datasets. The resulting data were then imported into a GIS environment for further visualization and analysis.
The trajectories were visualized in a 3D GIS environment using ArcScene. A digital elevation model (SRTM 30 m
resolution) was used to represent the terrain surface. The borehole trajectories were positioned relative to the terrain
surface to illustrate their spatial relationship with the surrounding topography.

This integration demonstrates the potential of GIS platforms for representing subsurface data in combination with surface
terrain information. Such integration can support spatial interpretation and decision-making in various applications
including geological exploration and resource management.

Figure 5. Visualization of reconstructed borehole trajectories integrated with a digital elevation model in ArcScene.

DISCUSSION

The results demonstrate that The proposed workflow successfully reconstructs borehole trajectories from directional
drilling parameters and allows their visualization in a three-dimensional environment. The integration of Python-based
computational tools with GIS visualization platforms provides a flexible framework for subsurface trajectory modeling.
The approach can be applied to different types of borehole geometries and spatial datasets.

However, the present implementation relies on simulated datasets for validation. While these datasets provide a controlled
environment for testing the reconstruction methodology, additional validation using real drilling data will be necessary to
fully evaluate the robustness of the approach.

CONCLUSION

This study presented a workflow for reconstructing directional borehole trajectories and integrating them into a three-
dimensional GIS environment. Using directional survey parameters such as measured depth, inclination, and azimuth, the
spatial coordinates of borehole trajectories were successfully reconstructed using Python-based computational methods.
The reconstructed trajectories were visualized in a 3D environment and subsequently integrated into a GIS platform using
ArcScene together with a digital elevation model. The results demonstrate the feasibility of combining




computational trajectory reconstruction with geospatial visualization tools. The present work represents an initial stage
within a broader research project aimed at developing advanced methods for subsurface trajectory modeling and spatial
analysis. The current implementation has been validated using simulated datasets, and future work will focus on validating
the methodology using real borehole data. Further developments will also explore improved trajectory reconstruction
algorithms, enhanced 3D
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