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Abstract  
 
The use of geomatics technologies in the mining engineering field, presents a modern approach for the conservation 
and greening of the areas affected by open or underground pits. The purpose of this research is to accomplish a three-
dimensional model of the active waste dump of the Uricani Mine. Based on the three-dimensional model, the volumes of 
deposited waste ore could be determined and it could be created an overview map of the area that will be subjected to 
greening: landscaping and revegetation. The greening works involve the landscaping, geometry, weeding and 
afforestation of the landfill area that has an area of 3.68 ha. In this context, the use of modern photogrammetric (UAV) 
and satellite (GNSS) measurement technologies, have been the fundamental basis for data acquisition from the field 
with a high precision, in order to achieve the three-dimensional model of the studied area. The combination of the 
satellite methods with the photogrammetric ones has led to the creation of an accurate 3D model that will be 
fundamental in the process of greening the waste dump.  
 
Key words: ecology, GNSS, mininig, UAV, waste dump.  
 
INTRODUCTION 
 
In the last period the UAV technology has 
increased its popularity in various fields 
including mining. 
Besides the actual mapping and 
photogrammetry, the foundation of this 
technology is the accuracy of the data retrieval 
planning in the studied area, respecting the 
geodetic and mining engineering needs, 
especially, in volume calculation (Călin et al., 
2015; Herbei et al., 2016; Sălăgean et al., 
2016).  
UAV technology covers the difference between 
classical equipment aerial photogrammetry and 
manual surveillance techniques, because they 
work in the near field. UAV techniques 
combine aerial and terrestrial photogrammetry, 
but also introduce low-cost alternatives to 
traditional methods (Sălăgean et al., 2019; Șuba 
et al., 2017).  
There are high accuracy requirements in terms 
of height, due to volume calculations and, 
therefore, high resolution of aerial images. 
However, very precise ground measurements 
may take a long time.  

On the other hand, by means of 
photogrammetric techniques, the large surfaces 
can be covered with high details in less than an 
hour (Cosarca, 2003; Sestraș et al., 2016; 
Zaharia et al., 2016). 
Compared to conventional geodesic methods, 
rangefinder photogrammetry is an efficient and 
fast method. It can significantly reduce the time 
required to collect terrestrial data.  
The accuracy of the volume calculation is 
proportional to the presentation of the land 
surface (Manu et al., 2014; Sălăgean et al., 
2018; Solcan et al., 2019; Șuba et al., 2017). 
The efficient management of the mining 
exploitations, Uricani Mining Exploitation in 
our case, Tailings Dump New Funicular II, 
requires the collection of fast and accurate data, 
updated in regular time intervals, in compliance 
with the laws in force, and they are in 
continuous research on the dump form, deposit 
heights, slope angles etc., as well as the 
volumetric calculation of the mass of deposited 
material. The frequent need to check sterile 
material deposits is in an interdependence with 
the most rapid, reliable and efficient methods 
of measurement and calculation. 

MATERIALS AND METHODS 
 
The tailings dumps are engineering 
constructions in which the underground rocks 
exploited underground are deposited along with 
the useful rock represented by the pit coal. 
They are located on the land around the mining 
operations. For the location of the dumps, the 
land is chosen which determines a minimal 
impact on the environment and requires the 
lowest waste disposal costs (Dima et al., 2014; 
Sestraș et al., 2019; Voina et al., 2016). 
 

 
Figure 1. Positioning of Tailings Dump New Funicular II 
 
The evolution of tailings dumps was marked by 
the elaboration of a long-term strategy 
regarding the location of the dumps, the 
integration in the landscape, the minimization 
of the impact on the environment, the 
renaturation and the vegetation cover. 
The shape of the dump can be changed, from 
the conical one with steep slopes, to the 
terraced ones, more stable and then to the 
dumps that become true landscape 
constructions, integrated in the environmental 
environment, in which new secondary biotopes, 
have often been arranged, wet or dry, which 
contributes to ensuring the living environment 
and the protection of many species of plants 
and animals (Samfira et al., 2011).  
The main damages caused by the dumps on the 
environment are the following: unpleasant 
visual impact (Figure 2a, b); destruction of land 
areas covered with vegetal soil and vegetation; 
contamination of surface and groundwater with 
dissolved chemical elements or suspensions of 

solid particles driven from the dumps by rain or 
seepage; air pollution with dust resulting from 
sterile discharges into landfills and gases 
resulting from mines; destruction of materials 
and human lives, located in the vicinity of 
them, due to the loss of the stability of the 
dumps (Dragomir et al., 2012; Moscovici et al., 
2019). 
 

 
a) 

 
b) 

Figure 2. The unpleasant visual impact: a) Tailings 
Dump New Funicular II Uricani Mine, South sight; b) 
Tailings Dump New Funicular II Uricani Mine, North 

sight 
 
Considering that our world is dynamic, new 
techniques and methods must be presented in 
many fields. 
The present work tends to outline the 
significance of UAV photogrammetry on 
classical ground GPS measurements, in some 
particular cases for the engineering needs of the 
areas where mining works are located. 
In this context, a suitable mining operation, EM 
Uricani, was chosen, being in the closure 
program, where the Tailings Dump New 
Funicular II is found.  
Two sets of measurements were made. First, 
the stock of material resulting from 
underground mining was measured by land 
GNSS technologies for modelling the berms of 
the quarry, after which the entire deposition 
area of sterile material was mapped using UAV 
technology. 
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1. GNSS technology 
In the last two decades, GNSS technologies 
have become an inseparable part of the 
geodesic world. The receivers could be various 
and for various purposes. Most often, for 
engineering tasks RTK receivers are used. The 
GPS receiver used for the study case is Leica 
viva GS08 with the possibility of measuring in 
real time with code and phase measurements 
(Figure 3). 
 

 
Figure 3. GNSS receiver GPS viva GS08 by Leica 

 
VTR (Virtual Reference Station) regime was 
used. The GPS receiver is a dual-frequency 
instrument with the following technical 
parameters regarding the accuracy, stated by 
the manufacturer - 5 mm + 0.5 ppm RMS 
horizontal and 10 mm + 0.5 ppm vertical. 
The reference stations are constantly sending 
their satellite signals to a central server. The 
corrections of the measurements are generated 
by this sever and the GPS receives corrected 
coordinates of the measured points (Herbei, 
2016). 
 

 
Figure 4. Model of control point 

2. UAV platform 
In the current context the market offers 
numerous UAV platforms with different 
specifications and for different applications. 
The UAV platforms are divided into two large 
groups - fixed wing UAV and multirotor UAV. 
For the particular case of our study, we used 
the Phantom 4 Pro UAV quadcopter platform, a 
multi-rotor that is lifted and powered by four 
continuous rotors (Figure 5), with a camera 
capable of capturing videos at 4K resolution at 
30 frames per second and Full HD 1080p at 
120 frames per second for slow motion. The 
lens is aspherical with a 940 field of view 
(FOV). 
 

 
Figure 5. Phantom 4 quadcopter drone in flight 

 
The device is equipped with GPS and 
GLONASS positioning equipment, which 
allow it to connect more quickly to satellites 
and position it with high accuracy in the air. 
Phantom 4 Pro automatically records the details 
of each flight performed, so it is possible to 
perform checks for previous flights (Smuleac et 
al., 2018). 
 
3. Software solutions 
The preliminary stage of data processing was 
achieved with the help of two different GNSS 
and UAV technologies, with the final result in 
common, being in an interdependence for the 
comparison, as well as for the reliable accuracy 
of the results (Popescu, 2015). 
Regarding the GNSS measurements for 
establishing the network points as well as the 
control points (Figure 4), their reporting in the 
reference system for determining the volume of 
material deposited in the Tailings Dump New 
Funicular II, the CAD work platform was used 
through the its subsidiary program, TopoLT 
(Figure 6). 

 
Figure 6. Representation of point clouds and volume in 

TopoLT 
 
And in terms of data processing using the UAV 
platform, the flight plan for collecting images 
from the ground, as well as determining points 
from the ground, was established with the help 
of Pix4D software (Figures 7, 8). 
This platform was used in the conditions 
described, given the ease with which the size, 
the mapping parameters as well as the image 
overlap, the angle of the camera and the 
altitude of flight are defined, it is the object of 
an execution in conditions of precision and 
efficiency (Smuleac et al., 2019). 
 

  
Figure 7. Pix4D Flight Plan 

 

 
Figure 8. Pix4D Data acquisition 

 
The processing was performed differently with 
the help of 4 software’s, to determine the 
volume values of the same stock and to be able 
to compare both in terms of efficiency and 
reliability of unmanned aerial photogrammetry 
when it comes to volumetric measurements. 

 

RESULTS AND DISCUSSIONS 
 
In order to obtain and process the aerial and 
terrestrial data of this study, the research was 
divided into five pre-preliminary stages, 
namely: the first stage refers to the preliminary 
study, the second stage to the placement of 
(GCP) control points, the third stage to measure 
the control points, with the help of GNSS 
technology, the fourth stage is the actual flight 
to obtain the aerial data, and the fifth stage 
refers to the processing of the GNSS data as 
well as the aerial data. 
 

 
Figure 9. Area recognition Tailings Dump New 

Funicular II, Uricani - DJI GO 
 
At the same time, for the acquisition of data for 
the mapping of the area with UAV equipment, 
the following steps will be performed: 
recognizing the area and identifying possible 
dangers for flights, identifying the take-off and 
landing point, locating the control points on the 
ground (GCP), aerial images from study area, 
with the help of DJI GO software (Figure 9) 
quality assurance and data  
processing, data accuracy assessment, image 
processing with Agisoft PhotoScan (Figure 10), 
3D mapping and 3D extraction operations, 
points and orthophotomaps (Figure 11). 
 

 
Figure 10. Image processing with Agisoft PhotoScan 

software locating the GCP 
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Figure 11. First alignment of aerial image Agisoft 

PhotoScan 
 
In the first precursor stage, the one for 
establishing and recognizing the terrain was 
used the integrated software of the quadcopter, 
DJI GO (Figure 12). 
 

 
Figure 12. Tailings Dump New Funicular II drone 

overview - DJI GO 
 
The placement of control points on the ground 
(GCP) was another process of data collection, 
which is one of the most important components 
during the study. 
 

 
Figure 13. GCP position in Orthophotomap 

 
Estimated GCP locations are marked with a dot 
or crossing. 
In order to complete the field data processing 
operations, including the georeferencing 
process, 5 control points were used, points that 
were determined with the Leica GPS, GS08 
model, using the RTK method (Figures 13, 14). 

 
Figure 14. GCP position in plan - Uricani Dump 

 
 

 
Figure 15. GCP locations and error estimates 

 
To increase the accuracy of data collection it 
was necessary to distribute more than three 
control points at different vertical heights 
(Table 1), in lines that could create regular 
patterns (Figures 15, 16). 
 

Table 1. Control points - error estimates (RMSE) 
 

Label X error 
(cm) 

Y error 
(cm) 

Z error 
(cm) 

Total (cm) Image 
(pix) 

Pct reper 
3 

-3.2351 3.21913 1.00114 4.6724 0.735 
(48) 

Pct reper 
4 

6.95329 3.26477 1.62517 7.85163 0.412 
(59) 

Pct reper 
5 

-3.3665 -2.98153 1.6978 4.80684 0.346 
(23) 

Pct reper 
2 

-0.4166 -3.61726 -1.874 4.09512 0.473 
(23) 

Total 4.1929 3.27855 1.58413 5.55327 0.535 

 

Of the 215 images taken, 120 images were 
aligned vertically at a constant altitude of 50 m, 
and the rest in an oblique plane, sufficient for 
the 3D model and obtaining the point cloud 
(Figures 17, 18). 
 

 
Figure 16. Camera locations and image overlap/error 

estimates 
 
The 215 aerial images were processed with the 
AgiSoft PhotoScan software, and the control 
points determined on the ground, with the GPS 
equipment, were identified and positioned 
manually. 
The marking centres were carefully checked 
and manually adjusted where necessary. 
 

Table 2. Presentation of coordinates of GCP  
ground control points in Stereographic 1970 Projection 

System 
GPS point No. X (m) Y (m) Z (m) 
Network pt 1 427,250.929 355,270.869 812,633 
Network pt 2 427,168.671 355,214.356 817,982 
Network pt 3 427,278.562 355,198.105 809,963 
Network pt 4 427,383.205 355,109.921 793,832 
Network pt 5 427,494.080 355,056.792 768,512 

 
The coordinates for the 5 GCP points (Table 2) 
were loaded and an initial alignment was 
performed (Figures 10, 17, 18). 
 

 
Figure 17. Identifying markers at the ground determined 

with GPS equipment 
 

 
Figure 18. Alignment of aerial images and D-Point 

Cloud 
 
After completing the steps involved in 
generating the basic plan, with direct reference 
to GNSS technology (Figure 19), as well as the 
cloud of points 3D Point Cloud (Figure 20), we 
can proceed to the next main purpose step, to 
determine the volume of the stock and to 
determine a comparative analysis of the results 
using the 4 different calculation methods. 
 

 
Figure 19. Situation plan for Tailings Dump Uricani 

Mine 
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Figure 20. 3D-Point Cloud - Agisoft PhotoScan 

 
1. Calculating the volume of a stockpile from 
the GPS measurements  
The measurements for the first calculation 
method used in our research to obtain the 
volume of the New Funicular II stock, Uricani 
Mine, were made on February 06, 2020, and 
the estimated time for the measurements was 
about 5 and a half hours. 
Considering the importance and accuracy of the 
data taken from the ground in order to define 
the surface accurately, the measurements were 
made respecting the imposed geodesic 
characteristics. The number of points taken 
from the field amounts to about 850, points 
which indicate all the details necessary to carry 
out the basic plan as well as the volume 
calculation (Figures 19, 21). 
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created in TopoLT 
 
After processing with the AutoCAD work 
platform, using the prism method (Figure 21), 
mainly used in the volume calculation, the 
reference surface and the estimated volume for 
the stock of Tailings Dump New Funicular II 
were determined (Figure 22). 
 

 
Figure 22. 3D model and volume calculation-TopoLT 

The total volume between two surfaces is given 
by the sum of all volumes related to the right 
prisms in the study area and is V = 238,560.67 
m3. 
 
2. Calculating the volume of the stockpile 
from the UAV flight  
The principles of calculation for the volume of 
an object of any type with photogrammetric 
software, differ slightly from the conventional 
methods applied. 
For the volume calculation using the Agisoft 
software, the basic surface with the 
reconstructed digital elevation model is 
required (Figure 23). 

 
Figure 23. Reconstructed digital elevation model 

 
When creating a volume in Agisoft, it is 
imperative that the stock be closed by 3D 
polylines with vertices of known coordinates. 
The value of the volume calculated by the 
Agisoft software, V = 235,113.70 m3, given 
automatically by selecting the closed polyline 
on the Digital Elevation Model (DEM) created 
following the steps required by the software 
(Figure 24). 
 

 
Figure 24. Digital Elevation Model (DEM) and calculate 

volume - Agisoft 
 
The third software used for volume calculation 
based on data taken from the UAV platform is 
CloudCompare, being a 3D point cloud 
processing software, in our case obtained by 

processing the images from the UAV platform 
(Figure 25). 
Based on the set of tools for manual editing and 
drafting of point clouds, we also calculated the 
volume of stock of material from the Tailings 
Dump New Funicular II, Uricani, and it was 
calculated at V = 237,030.66 m3 (Figure 26). 
 

 
Figure 25. 3D Model for waste ore storage Tailings 

Dump New Funicular II - CloudCompare 
 

 
Figure 26. Calculation of the volume of sterile material 

Tailings Dump New Funicular II - CloudCompare 
 
In a similar way to other software, Pix4D 
software is based on the same calculation 
principles (Figure 27). 
 

 
Figure 27. Pix4D planning for 3D models 

 
The important aspect to consider, both in 
Pix4D and in the other data processing 
software, is to strictly respect the steps before 
the basic calculation, in order to prevent 
possible errors. The total volume calculated 
with the Pix4D working program is V = 
235,133.31 m3 (Figure 28). 

 
Figure 28. Calculation of the volume of waste ore  

Tailings Dump New Funicular II - Pix4D 
 
CONCLUSIONS  
 
In the context of the research, the previous data 
regarding the deposition of sterile material on 
New Funicular II, Uricani Mine, were taken 
into account, with exact reference to the 
composition of the deposited material, the 
stabilization of the dump, as well as the slope 
angles for the slopes. 
Fortunately, the results of the present study 
demonstrate that the two technologies present 
accuracy, efficiency and reliability when it 
comes to surface mining measurements. 
Even though these methods of data retrieval 
and processing serve a single purpose, they are 
executed in time and with different resources. 
The volume resulting from the data taken with 
the GNSS technology processed with the 
AutoCAD-TopoLT software platform, 
represents the volume reported as the reference, 
V = 238,560.67 m3.  
The measurement time with this above 
mentioned technology is about five and a half 
hours, and the time for post-processing of the 
data is about three hours. 
When it comes to UAV technology, it is 
important to point out that the data was 
collected much faster than the ground 
measurements made with GNSS technology, 
and the estimated time for mapping the entire 
area was twenty-eight minutes for all 3 flights. 
Given the fact that the number of images taken 
from the field was reduced, the post-processing 
time is approximately two hours for each of the 
methods applied to calculate the volume of 
waste ore. 



247

 
Figure 20. 3D-Point Cloud - Agisoft PhotoScan 

 
1. Calculating the volume of a stockpile from 
the GPS measurements  
The measurements for the first calculation 
method used in our research to obtain the 
volume of the New Funicular II stock, Uricani 
Mine, were made on February 06, 2020, and 
the estimated time for the measurements was 
about 5 and a half hours. 
Considering the importance and accuracy of the 
data taken from the ground in order to define 
the surface accurately, the measurements were 
made respecting the imposed geodesic 
characteristics. The number of points taken 
from the field amounts to about 850, points 
which indicate all the details necessary to carry 
out the basic plan as well as the volume 
calculation (Figures 19, 21). 
 

 
Figure 21. Stockpile surface measured by GPS and 

created in TopoLT 
 
After processing with the AutoCAD work 
platform, using the prism method (Figure 21), 
mainly used in the volume calculation, the 
reference surface and the estimated volume for 
the stock of Tailings Dump New Funicular II 
were determined (Figure 22). 
 

 
Figure 22. 3D model and volume calculation-TopoLT 

The total volume between two surfaces is given 
by the sum of all volumes related to the right 
prisms in the study area and is V = 238,560.67 
m3. 
 
2. Calculating the volume of the stockpile 
from the UAV flight  
The principles of calculation for the volume of 
an object of any type with photogrammetric 
software, differ slightly from the conventional 
methods applied. 
For the volume calculation using the Agisoft 
software, the basic surface with the 
reconstructed digital elevation model is 
required (Figure 23). 

 
Figure 23. Reconstructed digital elevation model 

 
When creating a volume in Agisoft, it is 
imperative that the stock be closed by 3D 
polylines with vertices of known coordinates. 
The value of the volume calculated by the 
Agisoft software, V = 235,113.70 m3, given 
automatically by selecting the closed polyline 
on the Digital Elevation Model (DEM) created 
following the steps required by the software 
(Figure 24). 
 

 
Figure 24. Digital Elevation Model (DEM) and calculate 

volume - Agisoft 
 
The third software used for volume calculation 
based on data taken from the UAV platform is 
CloudCompare, being a 3D point cloud 
processing software, in our case obtained by 

processing the images from the UAV platform 
(Figure 25). 
Based on the set of tools for manual editing and 
drafting of point clouds, we also calculated the 
volume of stock of material from the Tailings 
Dump New Funicular II, Uricani, and it was 
calculated at V = 237,030.66 m3 (Figure 26). 
 

 
Figure 25. 3D Model for waste ore storage Tailings 

Dump New Funicular II - CloudCompare 
 

 
Figure 26. Calculation of the volume of sterile material 

Tailings Dump New Funicular II - CloudCompare 
 
In a similar way to other software, Pix4D 
software is based on the same calculation 
principles (Figure 27). 
 

 
Figure 27. Pix4D planning for 3D models 

 
The important aspect to consider, both in 
Pix4D and in the other data processing 
software, is to strictly respect the steps before 
the basic calculation, in order to prevent 
possible errors. The total volume calculated 
with the Pix4D working program is V = 
235,133.31 m3 (Figure 28). 

 
Figure 28. Calculation of the volume of waste ore  

Tailings Dump New Funicular II - Pix4D 
 
CONCLUSIONS  
 
In the context of the research, the previous data 
regarding the deposition of sterile material on 
New Funicular II, Uricani Mine, were taken 
into account, with exact reference to the 
composition of the deposited material, the 
stabilization of the dump, as well as the slope 
angles for the slopes. 
Fortunately, the results of the present study 
demonstrate that the two technologies present 
accuracy, efficiency and reliability when it 
comes to surface mining measurements. 
Even though these methods of data retrieval 
and processing serve a single purpose, they are 
executed in time and with different resources. 
The volume resulting from the data taken with 
the GNSS technology processed with the 
AutoCAD-TopoLT software platform, 
represents the volume reported as the reference, 
V = 238,560.67 m3.  
The measurement time with this above 
mentioned technology is about five and a half 
hours, and the time for post-processing of the 
data is about three hours. 
When it comes to UAV technology, it is 
important to point out that the data was 
collected much faster than the ground 
measurements made with GNSS technology, 
and the estimated time for mapping the entire 
area was twenty-eight minutes for all 3 flights. 
Given the fact that the number of images taken 
from the field was reduced, the post-processing 
time is approximately two hours for each of the 
methods applied to calculate the volume of 
waste ore. 



248

The precision obtained by processing the data 
for the three processing methods of the UAV 
technology are the following: 
The volumetric calculation using the Agisoft 
software is 235,113.70 m3 and represents 
1.40% error in accuracy compared to the 
reference volume; 
The volumetric calculation using the 
CloudCompare software is 237,030.66 m3 and 
represents 1.06% error in accuracy compared to 
the reference volume; 
The volumetric calculation using the Pix4D 
software is 235,133.31 m3 and represents 
1.44% error in accuracy compared to the 
reference volume. 
By comparing the GPS technology with the 
UAV platform, the accuracy obtained, 
compared to a previously calculated reference, 
is registered in the legitimate error of less than 
3%. 
A S.W.O.T analysis of the characteristics of 
these programs, with variety of applications, 
capable of generating two-dimensional, three-
dimensional models, mapping, volume 
calculation, orthophotoplans, etc., in our 
context, can be outlined directions that will 
cancel or diminish the weaknesses and threats. 
The main objective of the case study is not only 
the 3D modelling of the tailings dump, the 
determination of the volume of material 
deposited and the purchase of their results, but 
it also comes to the support of those who will 
execute the works of closing the mining 
perimeter through processes of geometry of the 
dump and restoration environment. 
For this reason, we considered it necessary a 
thorough study to efficiently manage the 
closing works of the mining perimeters, in this 
case, Tailings Dump New Funicular II, Uricani. 
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