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Abstract: The recording of minerals extracted from a deposit is crucial for effective planning,
exploitation management and compliance with legal requirements. It also enables improved
workplace safety and minimization of negative environmental impact. Automation in mining
optimizes exploitation, transportation, and data management processes, resulting in better
forecasting, more accurate resource calculations, and reduced operational costs. Due to the usage of
Geographic Information System tools, it facilitates data modelling and analysis, enhancing
monitoring and mining exploitation management. This paper presents the classical approach to
determining the volume of extracted minerals and proposes the automation of the volume calculation
process using GIS tools. The automation of process is presented both from a theoretical perspective,
providing requirements and parameters for individual calculation procedures, and from a practical
perspective, using the example of a typical open pit mine, where the procedure was implemented
starting from field measurements, through calculations, and ending with visualization and
interpretation. The study highlights the benefits of automating the calculation procedure for the
volume of extracted minerals, including task execution acceleration, increased efficiency, reduced
calculation time, and minimized human error. This ultimately leads to more precise and consistent
results.

Keywords: open pit mining; mineral extraction from the deposit; volume calculation; process
automation; GIS

1. Introduction

Mining serves a key role in the development of civilization by providing mineral resources for
which the demand is continuously increasing on global markets. In recent decades, technological
advancements in the mining industry have occurred in various areas such as the exploration of new
deposits, calculation of recoverable reserves, mine design, and the estimation of extracted mineral
volumes. Today, the industry faces new technological challenges, including the implementation of
advanced automation systems and data analysis methods to enhance productivity and safety. In
particular, it involves the use of Geographic Information Systems (GIS) in various tasks that are
subject of the daily analytical and computational operations within the mining sector.

GISis an advanced tool that automates the processes of collecting, storing, retrieving, modifying,
evaluating, and presenting georeferencing system [1]. It encompasses geospatial data that describe
the spatial position of objects relative to the terrain, as well as attribute data that define the
characteristics of these objects. Typically, such data is represented and stored in GIS in either vector
or raster format [2]. In vector structures, data appear as points (e.g., mineral occurrences, ground
measurements, control points), lines (e.g., faults, fold axes, cross-sections), or polygons (e.g., bedrock
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boundaries, geological units, surface geology). Conversely, raster data is represented as a grid of cells,
where each cell holds an attribute that represents the entire cell area (e.g., Digital Elevation Models—
DEMSs). The development of GIS has brought significant benefits through the integration of dispersed
geological information, facilitating the prediction of mineral deposit occurrences. Overall, the
innovative application of geospatial technologies provides effective tools for faster and more efficient
data collection, storage, processing, analysis, and presentation [3].

Conventional mineral exploration methods, including the precise determination of deposit
volume and value, are carried out utilizing geochemistry, geophysics, traditional geological
mapping, photogrammetry, and ground-based surveying. These methods are labor-intensive and
complex due to the need to integrate and analyze diverse thematic data. In this context, approach
based on remote sensing and GIS is of great practical importance [4].

Underground mining often results in surface deformations, most commonly in the form of so-
called subsidence basins, but also discontinuous deformations such as fissures, sinkholes, and scarps.
Monitoring of these features with the use of traditional ground-based surveying methods is currently
being replaced by remote sensing technologies and GIS systems. Specifically, this type of monitoring
is based on electromagnetic waves of various wavelengths in systems such as LIDAR [5], DInSAR [6],
and GBInSAR [7] to identify deformation boundaries and quantify them [8]. Basing on various
theories regarding the influence of underground mining on surface terrain (e.g., the Knothe-Budryk
theory), GIS systems can be used to generate maps predicting terrain deformations [9]. These maps
are useful in spatial planning processes, particularly for designing and implementing risk mitigation
strategies and management on mining area [10]. In addition to surface deformation (typical of
underground mining), other environmental effects such as soil contamination, water pollution, and
deforestation (common in open-pit mining) are also recorded and modeled using GIS, making it a
valuable tool for addressing mining-induced hazards [11].

For shallow mineral deposits extractable by open-pit technology, GIS-based mine planning
research can be divided into four main areas: quantitative mineral resource assessment [12-15],
optimization of open-pit designs [16-19], mining infrastructure planning [20-22], and the analysis of
potential conflict areas] [23,24]. In this paper, GIS was applied to automate the calculation of the
volume of minerals extracted from an open-pit deposit. The calculation of extracted mineral volume
is a part of maintaining a record of deposit resources, which is a component of monitoring and
documenting the extraction activities of any mining plant licensed under applicable geological and
mining laws.

2. Materials and Methods

To determine the volume of spatial elements, such as mineral deposits or water reservoirs,
commonly used is the Boldyrev polygon method, in which the division of surface into polygons is
also known in the literature as Voronoi polygons or Thiessen polygons. In mining, this method can
be applied both for resource estimation - distinguishing between recoverable (economic) and non-
recoverable (uneconomic) resources - and for calculating the volume of minerals extracted from a
deposit over a given period, for the purpose of documenting ongoing extraction activities [25]. The
data necessary for applying the Boldyrev polygon method include the coordinates of measured
points located on the surface of the area under investigation, along with the thickness of the deposit
at those points (determined from core sampling) or the thickness of the deposit exploited at these
points in the assumed time period (based on geodetic measurements).

In the first stage, the method involves dividing the studied area (within defined boundaries) into
polygons. A grid of points is established in the field, with each point’s position determined by
measuring its coordinates within the adopted, official coordinate system. The next step is connecting
the measurement points with line segments and constructing perpendicular bisectors (Figure 1a). The
intersections of these bisectors form the vertices of the polygons (Figure 1a), each of which contains
exactly one measurement point. The deposit thickness determined at that point (from core analysis)
or the thickness of already extracted material is assumed to represent the height of a right prism
whose base is the corresponding polygon (Figure 2b).
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Figure 1. Principle of calculating deposit volume using the Boldyrev polygon method a) Construction of a
polygon by drawing perpendicular bisectors of line segments connecting measurement points b) Right prisms
with heights corresponding to the deposit thickness at each point.

Under the provisions of the geological and mining law in force in Poland, as part of the accuracy
check of extraction practices at a given mining site, at the end of each calendar year, a document
called the resource inventory report is prepared. The inventory report is a document concerning the
exploitation of natural resources, including common minerals such as gravel or sand extracted from
beneath the water table. It contains data on the quantity of extracted raw materials, measurement
methods, environmental impact, and compliance with legal regulations. It serves as evidence during
inspections and administrative settlements.

The Boldyrev polygon method (which uses shapes known as Voronoi polygons or Thiessen
polygons) can be applied to calculate the volume of minerals extracted from an open-pit mine over
the course of a single calendar year [26], what is required for the preparation of the resource inventory
report. In such a case, the total volume of extracted material V should be determined at two time
points (as of the end of the respective calendar year, denoted as y) using the following formula:

Vy = it (h; -4y, 1)

where: n —number of polygons,

hi — height of the i-th right prism,

Ai - area of the i-th polygon.
Having two total volumes of the extracted mineral as of the end of a given calendar year and the end
of the following calendar year (a one-year cycle), the difference between these volumes represents
the amount of mineral extracted during that calendar year.
In formula (1), the heights of individual rectangular prisms correspond to the thicknesses of the
extracted mineral deposit, calculated on the basis of geodetic survey results as the difference between
the documented elevation of the top of the deposit (Zupper) and the elevation of the measurement point
in a given survey (Ziower).

h; = Zupper — Ziower )

where: Zupper — elevation coordinate of the upper base of a given polygon,
Ziower — elevation coordinate of the lower base of a given polygon.

The elevation coordinate of the upper base of a given polygon corresponds to the roof elevation
of the deposit, which can be obtained from a mining map by reading the elevation of the upper edge
of the slope within the deposit. In the case of horizontally layered common mineral deposits, this
value is often identical for all polygons. The elevation coordinate of the lower base of a given polygon
corresponds to the terrain elevation (in the case of underwater extraction, the bottom elevation of the
reservoir) at the time of measurement.
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The calculation of the surface area of the polygons is performed automatically using the Gauss—
I'Huillier formulas:

1
A= 52?:1 Xk Yierr — Yie—1), M

where: X, Y — coordinates of the polygon vertices,

k-1, k, k+1 - sequential numbers of the polygon vertices,

m — number of polygon vertices.
This method is commonly used in Poland by mining geologists to calculate documented mineral
resources, as well as by mine surveyors to determine the volume of extracted material from deposits
during ongoing open-pit mining operations. The main advantage of this method is its universality
and accuracy, which depends on the density of the measurement point network. However, the
disadvantages include its time-consuming nature and the associated high costs.
In the Boldyrev polygon method (which utilizes Voronoi polygons or Thiessen polygons), the scheme
for calculating the volume of material extracted from a deposit over a defined period consists of
several stages (Fig. 2).

Bathymetric measurement in selected

points of the mining area in order to
determine the elevation of the bottom
of the water reservoir, measurement of
the elevation of the water surface,
measurement of coordinates

Division of the mining area into
polygons, calculation of the areas of all
polygons

Calculation of the volume of simple
prisms with bases in the created
polygons

Determination of the Zst deposit ceiling
elevation based on cartographic data
(reading the deposit ceiling elevation

from the map)

Calculation of the thickness of the
extracted mineral at the measured hi
points and the total volume of the
mineral extracted since the beginning of
exploitation

Adding the volumes of all prisms to
determine the total volume

Comparison of the calculated total
volume with the total volume
determined in the previous
measurement (one year earlier) to
determine the annual production.

Figure 2. Diagram of the calculation of the volume of minerals extracted from beneath the water table over the
course of one calendar year.

The first stages involve data acquisition related to extraction. This data is obtained through
geodetic field measurements. In the case of open-pit mines, topographic and elevation measurements
cover the part of the deposit that was subject to extraction during the analyzed period (usually on an
annual basis). Measurements are typically carried out using geodetic or photogrammetric techniques,
either from the ground or via aerial surveys (e.g., using UAVs). Since most open-pit mines extract
common minerals, which are often mined from beneath the water table, measurements in such cases
require the use of two complementary techniques: a situational survey (usually conducted with a
GPS receiver), and a measure of the depth of the water body (bathymetric survey) [27]. The elevation
of the top surface of the mined deposit can be read from a mining map by adopting as the roof level
the elevation value of the upper edge of the deposit slope. Subsequent stages comprise of


https://doi.org/10.20944/preprints202505.0567.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 May 2025

computational procedures aimed at determining the volume of the deposit extracted from the
beginning of exploitation at two consecutive time points. Based on this, the volume extracted during
a given calendar year is calculated. The individual stages shown in Fig. 2 are often carried out through
tedious, labor-intensive, and time-consuming calculations. The authors of this study propose using
GIS tools to automate these calculations. A flowchart of the procedures implemented in QGIS to
determine the volume of material extracted over one year is presented in Fig. 3. Yellow blocks
represent input data, white blocks represent data operations, and green blocks represent the resulting
output data, which serves as the basis for interpretation.
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Figure 3. Automation of the process for determining the volume of mineral extracted over the course of one year.
Flowchart of procedures carried out in QGIS.

Three vector layers are required as input. Two of these are point layers containing geometry (x,
y) and elevation data. The third input layer represents the extraction area in the form of a polygon. It
is crucial for all layers to use the same coordinate system - both horizontal and vertical datum. In the
case of having data in different coordinate reference systems, they must first be transformed to a
common coordinate system through data conversion (coordinate system transformation) before
being loaded as input layers.

To test the proposed automated procedure for calculating the volume of extracted mineral, a
case study was carried out on a sample open-pit mine extracting common minerals. The process
involved collecting field data, analyzing the mining map of the study area, and determining the
volume of extracted mineral over the course of a single calendar year.

Field measurements were conducted at a mining site located near Tarnéw, Poland (Fig. 4a),
which extracts common minerals from two open-pit workings, partially located below the
groundwater table (Fig. 4b).
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(a) (b) (c)

Figure 4. Location of the Ruda-Borowiec reservoir, where bathymetric measurements were conducted to
calculate the volume of extracted minerals (a), (b) own work based on maps from Geoportal.gov.pl), (c) photo:
A. Szafarczyk.

This site was selected as a representative case study because the majority of mining operations
in Poland are conducted using open-pit techniques, and the method of obtaining extraction data is
analogous to that presented in this study. This allows the proposed computational procedure to be
applied to other open-pit mines as well. Extraction at the studied site is initially carried out using
excavators, and once the groundwater level is reached, a dredger is used. The studied excavation site
is currently filled with water. During field measurements aimed at, for example, determining the
volume of overburden or extracted mineral, a combination of two measurement methods is
employed. One regards determining the depth, while the other - identifying the location of the points
where the depth measurements are taken [28]. Therefore, measurement of extracted volume at this
site requires the simultaneous use of GPS and bathymetric techniques (Fig. 4c).

Archival data concerning the morphology of the excavation bottom in the previous year (2023)
were obtained in the form of an analog mining map with elevation data marked at the measurement
points. A follow-up survey was scheduled one year later, involving approximately 80 measurement
points evenly distributed across the reservoir surface. Measurements were conducted by
simultaneously recording data from a GPS receiver and an echo sounder when the boat was
stationary, ensuring precise recording of both the coordinates and the depth. The engine was turned
off, and the boat was allowed to settle to ensure accurate and reliable three-dimensional readings.
Measurements were performed from a floating vessel using a Hi-Target H32 GPS receiver and a
Humminbird Sonar 718 echo sounder.

3. Results

By subtracting the depths measured with the echo sounder from the water surface elevation, the
bottom elevations of the excavation (Z) were obtained. These were then compiled together with the
coordinates (X, Y) recorded using the GPS measurement. The resulting dataset, containing X, Y, and
Z coordinates expressed in meters, was exported to a .csv file to enable its import into the QGIS
software as an attribute table of a point layer (Fig. 5).
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Figure 5. Fragment from the attribute table of the point layer prepared in QGIS.

The X and Y coordinates were determined in the [PUWG 2000] system with a mean error not
exceeding a few centimeters, while the elevation values were referenced to the [Kronstadt 86] vertical
datum, consistent with archival measurements from the previous year (2023), with an accuracy of +10
cm (as specified by the equipment manufacturer). In QGIS, the appropriate columns were assigned
as geographic coordinates, with the EPSG:2178 (ETRF2000-PL/CS2000/21) reference system selected.
Due to differences between the Polish national coordinate system [(PUWG 2000)] and the Cartesian
coordinate system used by the software, it was necessary to swap the X and Y coordinates. To verify
the correctness of the data, they were displayed on a satellite map background with labels (Fig. 6),
which also included the extraction area as a polygon.
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Figure 6. Vector layers: points and polygon on a Google Satellite map background.

The next step was obtaining data to create a point layer based on measurements from the
previous year. For this purpose, archival data, a scanned topographic map from the previous year
(2023) was digitized. Using the Georeferencer tool in QGIS, georeferencing was applied to the image
(the scanned analog map). Characteristic points were identified on the raster image, specifically a
grid of crosses spaced at 100-meter intervals. After selecting all points, the transformation method
that produced the lowest mean error was chosen. A third-degree polynomial was selected, resulting
in an error of 1.29 meters, along with the nearest neighbor resampling method. Once the algorithm
was applied, all points measured in 2023 within the reservoir area were transferred to new vector
layers, along with its boundaries, based on the lower edge of the slope within the deposit.

Having two point layers - one from 2023 and the other from 2024 - as well as a polygon layer,
the automated procedures described and outlined in Fig. 3 were initiated. First, Voronoi polygons
were created for both point layers using the “Create Voronoi Polygons” function. This function
generates Voronoi polygons based on the input point layer, with the result shown in Fig. 7. The
characteristics of the “Create Voronoi Polygons” procedure are presented in Table 1. It is possible to
apply a buffer to extend the extent of the output layer, set a snapping tolerance to speed up the
algorithm, and choose whether to retain (copy) the attributes from the input layer into the output
layer.

Table 1. Requirements and parameters of “Create Voronoi polygons” procedure.

INPUT PARAMETERS OUTPUT
Vector layer: point Buffer region Vector layer: polygon
Tolerance

Copy attributes from input
features
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Figure 7. Point layer and the result of the Create Voronoi Polygons procedure displayed on a Google Satellite
map background.

The “Create Voronoi Polygons” procedure was applied to both the 2023 and 2024 point layers.
In the next step, the resulting Voronoi polygon layers were clipped to the boundaries of the overlaid
polygon layer representing the outline of the open-pit excavation area. For this purpose, the “Clip
Polygons to Area” tool was used (Fig. 8).

Figure 8. Principle of the “Clip polygons to area” operation.

In the ,,Clip polygons to area” operation, an intersection between a colourful multi-feature input
layer and a gray single-feature overlay layer takes place (Fig 8 left). As a result, overlapping areas
become a new layer with attributes from the first layer (Fig 8 right). To use the “Clip polygons to
area” operation, it is required to provide as INPUT any vector layer to be clipped and a polygon
vector layer defining the clipping area. The OUTPUT is a vector layer of the same type as the first
INPUT layer. The result of applying the “Clip polygons to area” operation is shown in Fig. 9.
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Figure 9. Point layer and the result of the “Clip polygons to area” procedure displayed on the Google Satellite

map background.

In the next procedure, “Intersection,” the overlapping areas between objects from the input layer and
the overlay layer are determined. The input layer in this case is the vector layer with polygons from
the previous year (2023), visualized in a color scale ranging from blue to red. The overlay layer is the
polygon layer from the following year (2024), displayed as edges of all polygons (Fig. 10). The
requirements and parameters for the “Intersection” procedure are presented in Table 2.

Table 2. Requirements and parameters of “Intersection” procedure.

INPUT PARAMETERS OUTPUT

A tor | t 1 I t field
ny vector layer (to overlay) nput helds The same dimension vector

At least the same dimension layer as overlayed layer

vector layer (overlaying) Overlay fields
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Figure 10. Layers used in the “Intersection” procedure displayed on a Google Satellite map background.

The calculation of the extracted mineral volume was carried out using the "Calculate volumes"
procedure for each layer - that is, for each of the polygons generated from the 2023 data (Fig. 9), and
analogously for each polygon created from the 2024 data. In this procedure, the field calculator is
used to compute the volume value for each feature in the layer. The requirements and parameters for
the “Calculate volumes” procedure are presented in Table 3.

Table 3. Requirements and parameters of “Calculate volumes” procedure.

INPUT PARAMETERS FORMULA OUTPUT
Field name
Field type INPUT with modified

Any vector layer Expression for calculations

Field length attribute table

Field precision

Grouping objects according to specific criteria or calculating statistical values for layers is done
using another function in the flow chart (Fig. 3) called "Aggregate volumes". This function uses
mandatory arguments such as: "layer" (layer name), "aggregate" (aggregation type, e.g., sum,
average, minimum, maximum), "expression" (expression or field to aggregate), and optional
arguments: "filter" (condition limiting data for aggregation), "concatenator" (connector for aggregated
text values), and "order by" (defining the order of aggregated expressions or fields).

The volume calculation for the annual cycle in the 2023-2024 period was done using the "Subtract
sum of volumes" function, which provides a single final result. The arguments for this function are:
"volume 1" (the sum of the volume of material extracted in the first year) and "volume 2" (the sum of
the volume of material extracted in the second year). The expression for calculations returns the result
as a decimal number.

In the used method, upper edge of the slope in the deposit was adopted as the reference level.
By subtracting the volume measured in 2023 from that of 2024, the extracted volume for the period
was obtained. The volume calculation for both measurement sessions using the field calculator
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required applying an algorithm that calculated volumes by multiplying the difference between the
average roof of the deposit (186.6m above sea level) and the floor elevation by the surface area of the
polygon. The total volume for 2023 was 16,521,570.3 m?, and for 2024 it was 16,527,924.7 m3. The
difference between these values, which is 6354.4 m?, represents the extracted volume of material.

Analyzing the automation of the calculation process presented in the diagram Fig. 3, the output
consists of 3 polygon vector layers and one number. By properly applying styles and symbols, the
resulting layers: "polygons-year 1" (Fig. 11), "polygons-year 2" (Fig. 12) and "intersection of polygons
and polygons 2" (Fig. 13), can serve for the graphical interpretation of changes in the morphology of
the floor.

Elevation [m]

R 3 \ (2023)
ETRF2000-PL / CS2000 | Bl 1725 176.4
zone 2000/21 [ 1176.4-178.4
PL-KRON86-NH 178.4 - 180.4

[ 1180.4-182.4
[ 1182.4-186.0

Elevation [m]

(2024)

0 : [ 174.3 - 176.4
zone 2000/21 [ ]176.4-178.4
PL-KRON86-NH | |178.4-180.4

[ ]180.4-1824
[ ]182.4-1829

Figure 12. Output layer "polygons — year 2" with applied styles.
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Differential elevation map (Fig. 13) enables the visualization of terrain changes. Negative values
indicate a decrease in bottom elevation, meaning that extraction has occurred, while positive values
indicate an increase in bottom elevation. In Fig. 13, near the southern edge, there is an area where
elevation values have increased. The same area in Fig. 12 is characterized by a high elevation gradient.
It can be assumed that these changes are the result of material movement from the shore toward the
deeper part of the excavation along a steep slope. This knowledge provides the opportunity to
forecast further changes, monitor them, or even prevent them.

AZ [m]
(2023-2024)
B 75-65
Bl s5--55
B -5.5--4.5
-45--35
[]-35--25
[1]-25--15
[]-15--05
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Figure 13. Output layer "intersection of polygons and polygons 2" with applied styles.

The value of 6354.4 m3, obtained through a sequence of calculations and result aggregation,
represents the volume of mineral extracted from the deposit over the one-year period (2023-2024).
This final result fulfills the initial objective of automating the calculation process.

4. Discussion

The daily operations of mineral extraction at a mining site are supported not only by miners but
also by specialists in fields such as geology and mine surveying. As part of their duties, these
professionals record the volume of extracted material in documents known as resource inventory
reports. The preparation of such report is preceded by field surveys, which, in the case of open-pit
mines, aim to create a topographic map of the pit floor. Bathymetric measurements using an echo
sounder in conjunction with GPS are essential for generating an up-to-date map of the mined area
when extraction takes place below the water table. The results of these measurements, once
processed, analyzed, and compared with previous data, are used in the preparation of the inventory
report.

The calculation of the volume of extracted mineral is the final stage of the deposit balance
documentation. The Boldyrev Polygon method allows for accurate volume determination based on
field data. Depending on the purpose for which the method is applied (resource estimation/extraction
volume calculation), it requires data on the location of measurement points and the thickness of the
deposit or extracted material at those points. In the case of extraction below the water table, the
volume is determined by dividing the pit floor into polygons, constructing prisms based on these
polygons, and calculating the volume of each prism up to the reference level ( roof of the deposit).
The total extracted volume is obtained by summing the volumes of all prisms. The annual extraction
volume is determined by comparing the total deposit volumes calculated at two different time points
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using formula (1). The difference between these values represents the amount of mineral extracted
over the course of one year. The final report includes all required information and is submitted to the
relevant authorities both at the end of each calendar year and after the completion of mining
operations.

Given the widespread use of the Boldyrev Polygon method for volume calculations, despite its
shortcomings related to the high demand for measurement and computational work, the authors
undertook the task of analyzing individual stages of the process with the aim of automating it using
GIS tools. This automation was demonstrated using a typical example of a mining operation
extracting common mineral resources under conditions where excavation occurs below the water
table. This case was selected due to the prevalence of such mining operations, which means that
beyond the scientific aspect, the developed automation process has significant practical relevance, as
it can be applied by numerous professionals in the fields of geology and mine surveying.

For the analyzed open-pit excavation site, the volume of mineral extracted in 2024 was calculated
using the Boldyrev Polygon method with the automation of computational procedure. A novel
approach was proposed involving the use of digital QGIS tools, both for calculations and for the
graphic presentation of the mineral volume determination process. The upper edge of the deposit
slope was adopted as the reference level for calculating the volumes of individual prisms. By
subtracting the 2023 volume from the 2024 volume, the amount of mineral extracted over the one-
year period was determined to be 6354.4 m3. In the case of the analyzed mining operation, which
holds a concession issued by the governor (in accordance with local geological and mining law), the
maximum permitted annual extraction volume is 10000 m?3. Based on the calculated volume, it can be
concluded that the entrepreneur did not exceed the limit specified in the concession. It is also
important to note that this example is illustrative, and the accuracy of the calculated volume can be
improved by increasing the number of measurement points - a factor which, in the case of an
automated process, is mostly irrelevant to the computational time.

The models and cartographic studies developed using the automated GIS tools presented in this
paper may become a key element of analysis not only during the extraction of mineral resources but
also after mining operations have concluded (e.g., for reclamation planning purposes). The modeling
results presented in graphical form make interpretation easier and faster, especially in terms of
comparing with earlier stages of extraction. The use of software related to spatial information systems
and modeling will certainly contribute to the advancement of hydrology. Due to the end of
exploitation, hypsometric maps and bottom models will be useful in the reservoir reclamation
process. In the case of water reclamation, control involves determining slope values above and below
the water surface, which must not exceed threshold values. The developed materials can additionally
support this process.
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