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Abstract. The article presents the results of laser scanning measurements
in horizontal and vertical headings of copper ore mines in Poland. Laser
scanners are used primarily for the inventorying of large chambers or
workings that are difficult to access. The point clouds obtained from the
measurements are processed in CAD programmes, the study then
examined examples of their use in underground mining. The examples
included the use of scans for modernisation projects and for designing new
mine workings. This paper explores the integration of laser scanning and
3D software as a powerful toolset for enhancing various aspects of mining
design. Through the accurate capture of spatial data using laser scanning
technologies, detailed representations of mining environments can be
generated, enabling engineers to create precise digital models of
underground workings, open-pit mines, and associated infrastructure.
Furthermore, the integration of 3D software facilitates the manipulation
and analysis of this captured data, allowing for the development of
comprehensive design solutions. By leveraging the capabilities of 3D
modelling and simulation tools, mining engineers can conduct virtual
assessments of proposed designs, identify potential risks and inefficiencies,
and optimize operational layouts to maximize productivity and safety. This
paper reviews the methodologies and applications of laser scanning and 3D
software in mining design, highlighting their contributions to key aspects
such as geological modelling, slope stability analysis, ventilation planning,
and equipment optimization.

1 Introduction

Classical geometry surveys are time-consuming and require the facility to be halted for the
duration of the survey, and the completeness of the condition information critically depends
on the number of points selected for measurement, which form the core of the design to be
plotted [1 —3]. The more accurately measured points of the excavation, the better the
design is matched to the existing infrastructure. Laser scanning technology, also known as
LiDAR (Light Detection and Ranging), is used for precise surveying and mapping of
mining sites [4, 5]. It captures detailed 3D data of the terrain, including surface topography,

* Corresponding author: jasiolek@agh.edu.pl

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 526, 01012 (2024) https://doi.org/10.1051/e3sconf/202452601012
SEP 2024

structures, and geological formations [5, 6]. This data provides a comprehensive
understanding of the mining area, aiding in accurate planning and design [6 — 8]. Laser
scanning allows for the creation of highly accurate as-built documentation of mining
infrastructure [9,10]. By comparing scanned data with design plans, it can be identified any
deviations and make necessary adjustments to ensure compliance with safety and
operational standards [11].

Terrestrial Laser Scanning (TLS) enables thousands of points to be measured remotely
with great precision [4, 12]. 3D software allows to process and visualize the vast amount of
data collected through laser scanning [13]. So, utilize this software we can create detailed
geological models of the mining site, incorporating information about rock types, mineral
deposits, and structural features. Finally, such models help in determining optimal mining
strategies and identifying potential hazards [14].

The scanner sends a laser beam towards an object, which reflects it back to the device.
The angle is recorded simultaneously with the distance measurement. The distance,
measurement angle and horizontal are polar coordinates (d, a, ), which are then converted
into Cartesian coordinates (x, y, z). The measurement can be performed under any
conditions and is independent of time of day, weather, lighting [15].

For many years, laser scanning has been used in many different fields. From materials
engineering to the creation of 3D models of the earth’s surface. For the inventory of
historical monuments, the creation of 3D models of cities, the inspection of products or the
review of engineering structures (monitoring of tunnels, condition of bridges, etc.) [16].

Recently, laser scanner measurements have also found application in underground
mining [17]. The introduction of the new technology, in parallel with traditional
measurements, allows a large amount of data to be acquired in hard-to-reach mine
workings, while maintaining high measurement accuracy and ensuring an adequate level of
safety.

The measurement results in the actual shape of the three-dimensional object in digital
form [18]. Scanning of the object is usually performed from several stations, so that a three-
dimensional model can be created without so-called “shadows” and “blind spots”.

A pre-developed point cloud can be used to inspect the geometry of the structure. The
observations made enable accurate multidimensional measurement of the scanned objects.
The cross-sections created based on the point cloud allow detailed information to be
obtained, e.g. the shape of individual construction elements. It should also be noted that the
cross-sections obtained in successive measurement cycles are fully comparable, making it
possible to determine deformations and deformations.

The resulting scanning point cloud can be further processed as follows:

— combine point clouds from all scans into a single coordinate system,

— build a three-dimensional CAD model,

— create 2D drawings — plans, sections, profiles,

— create databases combining 3D graphics with descriptive elements,

— create 3D designs using a 3D CAD model.

2 Research methods of laser scanning in mining

Laser scanning and 3D software in mining design aim to advance the understanding of
geological processes, improve mining efficiency and safety, and promote sustainable
resource extraction practices [4, 5]. To achieve these goals, various research methods are
employed, including field data collection, data processing and analysis, 3D modeling, and
validation of results.

In our case, we conduct field surveys using laser scanning equipment to capture 3D data
of mining sites. Subsequently, we process and analyze the 3D point cloud data [4, 6].
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Utilizing geological and structural analysis techniques, we interpret the scanned data and
identify key geological features, such as rock types, fault lines, and mineral deposits.
Finally, we compare the results obtained from laser scanning with traditional surveying
methods to validate the predictions made by 3D simulation models.

2.1 Shafts, blind shafts, reservoirs

The obligation to monitor mining engineering structures derives from the basic legal acts
regulating mining activities [19, 20]. By monitoring the geometry of the structures of the
objects, we mean not only obtaining information about changes in their shape, but also
comparing them with the values allowed by standards and legal regulations.

The possibilities of using laser scanning in the inspection and condition assessment of
structures are presented using the example of a reservoir.

The retention basins, as originally designed, were constructed as vertical pits with a
cylindrical shape and a diameter of 7.5 m, Fig. 1 shows the result of scanning the retention
basin without deformation.

Fig. 1. The result of reservoir scanning: (a) without damage; (b) case inside the tank; (c) with visible
deformations.

Part of the hopper discharge is protected on the inside by a concrete spout about 0.2 —
0.25 m thick and a steel rail lining attached to the concrete spout (Fig. 1b). During
operation, backfilling of the reservoir with excavated material from the conveyor belts
caused local robbing of the reservoir’s stubs. This process was exacerbated by the spoil
flowing through the reservoir, resulting in localised defects in the reservoir’s concrete
casing and the tearing of rails from the casing. The consequence of the destruction of the
reservoir casing was the wedging of individual rails in the reservoir outlet windows and the
stopping of excavated material transport to the surface.

During the inspection of the reservoir, anomalies arising in the contour of the reservoir
were highlighted. Subsequently, a decision was made to take additional measurements
using laser scanning. As a result of this measurement, a significant deformation was
documented. By comparing the cross-sections (Fig. 1¢) obtained in successive cycles - the
2012 scanning (green) and the 2013 scanning (red), progressive changes in the contour of
the reservoir can be observed.
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Based on the cross-sections of the retention basin, created on the basis of a point cloud,
which served as the design documentation, [21, 22] and a design for the reinforcement of
the excavation floor under the basin was developed (Fig. 2), with uninterrupted operation of
the basin.

Fig. 2. Executed reinforcement of the pit roof under the reservoir.

2.2 Excavations with difficult access

In the “Rudna” mine, due to the large area, there are communication and ventilation pits of
fundamental importance to the mine, requiring constant maintenance. Given the age of the
mine and the deteriorating stability of the main workings, they need to be rebuilt, both in
anchor and support lining.

Until recently, only classic survey methods, which provide a small number of measured
points, have been used for reconstruction projects. This does not allow for the accurate
mapping of elements such as workings intersections, uplift of the bottom, clamping of the
workings, as well as deformations of the arch lining, uneven distribution of support lining,
etc. The laser scanning technology, on the other hand, makes it possible to obtain full
information on the excavations, as well as on the mining equipment present in the
excavation, e.g.: conveyor belts, solder pipelines, pipelines, electric cables, etc. The fast,
automatic measurement allows reliable data to be provided in hard-to-reach workings. All
design work was carried out in MicroStation V8i software. The cross-sections developed
based on TLS data are useful in creating documentation for the corridor workings. The
adaptability of laser scanning in the inventory of hard-to-reach workings is presented using
the example of reconstruction projects.

2.2.1 Example of pavement reconstruction W-249

The reconstruction project consisted of selecting a suitable type of support shoring for
securing the W-249 galleries. We created a three-dimensional model of the excavation on
the basis of available traditional survey data. Subsequently, the elements of the support
shoring were drawn in - arch-straight spurs (Fig. 3).

When the designed shoring is superimposed on the point cloud obtained by laser
scanning, the difference between the actual and theoretical pit outline can be observed

(Fig. 4).
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Fig. 4. Designed chock support of the excavation applied to the point cloud.

Due to the large widths but low heights of the excavation, the series of doorways was
changed. Thanks to the simulation, the most favourable solution for the selection of the
shoring was chosen.

2.2.2 Example of T-150 pavement reconstruction

As in the case of the reconstruction of the W-249 heading, the project consisted of the
selection of the shoring. Scanning of the excavation was carried out for the project (Figs. 5
and 6).

Fig. 5. Cladding formed from a point cloud.

As we can see in Fig. 8, the longitudinal cross-sections obtained by measuring by the
traditional method and by scanning do not differ to a great extent.
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Fig. 6. Longitudinal section obtained from the point cloud and the along section applied to it obtained
by traditional methods.

We can see a significant difference in cross-sections. The outline geometry of designed
and excavated workings has so far traditionally been represented as an inverted trapezoid,
whereas scanning provides us with the real outline of the excavated workings (Figs. 7 and 8).

Fig. 8. The actual shape of the excavation with a designed floor scraper and an arched-rectangular
chock support.

As a result of the simulation of the types of shoring used, the most favourable variants
were selected. It was proposed to build the arch-shaped shoring L-Prw in sections of
varying heights, fitting the doorways as far into the excavation as possible, reducing the
amount of lining and not causing any additional load on the shoring.

During the design of the redevelopment, based on the cross-sections obtained from the
scan, attention was paid to the size of the void that would remain after the doors were built
in, which would also entail the need for the right type and size of infill “lining” and how
this void would be filled.
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3 Design of mining works in 3D

Equally important, in addition to the designed alterations, are any mining works planned to
be carried out, which must first be planned and then the various options for their
implementation analysed. A three-dimensional model, even a simplified one, is excellent
for visualising proposed solutions, e.g. the use of lining, ventilation dams, ventilation
bridges, lump breaking equipment, etc. It makes it possible to test plans for the
implementation of mining works. In addition, georeferencing allows the designed workings
to be oriented accurately, in the mine’s coordinate system. Examples of 3D designs using
traditional surveying methods (Figs. 9 and 10).

Fig. 9. A three-dimensional model of a projected intersection of excavations with “trellis” and the
use of a chock support.

Fig. 10. Simulation of the use of chock support to secure the belt roadway (skeleton display mode)
and “trellis” (smoothed display mode).

For new, rather elaborate projects in which we include the development of engineering
structures (ventilation bridges, “grilles”, dams), or the routing of central air-conditioning
pipelines, it seems reasonable to use 3D software (Fig. 11).

Another important consideration is the ability to save spatial data in pdf format. The
CAD programmes (AutoCad and MicroStation) used for design in the mine require
considerable knowledge of the software. Creating design workstations is an expensive item
in a company’s budget (cost of training, licences, etc.).
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Fig. 11. Skeleton model of crossing excavations.

Printing out a 3D design also does not fully capture the visualisation possibilities.
Saving the data in .pdf format gives us the opportunity for a simplified visualisation. This
format is widely used and can be used by any mine worker. Its use requires simple training
but allows great comfort in working with 3D data.

4 Conclusions

Accurate knowledge of the shape, volume and local deformation of underground workings
is important for the proper operation and safety of mining facilities. Laser scanning
technology, used in the measurement of mine workings, offers new possibilities for mining
design. The time savings and high fidelity of 3D documentation make it a very useful tool.
The data acquired with the laser scanner are used not only for documenting the actual state
or design, but also for decision-making, e.g. with regard to safety (as in the case of a
retention basin).

Of course, satisfactory results will not be obtained without interdisciplinary cooperation
and the exchange of knowledge and experience. Given the emphasis on safety and economics,
the emerging spatial models of the workings, supplemented by the infrastructure located
therein and integrated with the map of the mine workings in a spatial database environment
[23], supplemented by the surrounding geology, may become an important element of the
spatial data management processes of the mine site in the future [17].

An unquestionable limitation in processing point clouds from laser scanning is the
volume of data stored in the server resources of the Mining Plants of KGHM S.A. The
problem of collecting and processing increasingly large volumes of spatial data is growing.
This problem is already identified on the example of KGHM S.A. as one of the factors
determining the further development of the mass use of point clouds in the mining practice
of the mining concern [24].
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