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1 Introduction 

1.1 Project overview 

Dig_IT – A human-centred Internet of Things platform for the sustainable digital mine of the future – 

is a Horizon 2020 funded project that will address the needs of the mining industry to move forward 

towards a sustainable use of resources while keeping people and environment at the forefront of 

their priorities. In order to achieve that, Dig_IT proposes the development of a smart Industrial 

Internet of Things platform (IIoTp) that will improve the efficiency and sustainability of mining 

operations by connecting cyber and physical systems. The platform will collect data from sensors at 

3 levels: human, asset and environment, and will also incorporate both market real time and historical 

data. 

1.2 Deliverable overview 

The main aim of this task is to acquire initial state information of the mining sites and real time 

information for the Geo-DT development, installing and planning the different sensors needed to 

predict locations of rock slope hazards and the likelihood of failure. 

The information obtained such as orientation, spacing, trace length, and shear strength with respect 

to major structures and other geologic features to determine failure potential will be collected and 

analyzed. The techniques to be employed for data acquisition will be: UAV flights RGB and Infrared 

sensors; Radar of the benches and slopes; Inclinometer/Load cells and piezometer installation; 

Topographical survey for displacement validation will be organized in a geotechnical data base in 

order to feed the simulation models of each focus area. 

The data obtained will be used for the IIoTp as input and validation for the real time predictive 

numerical simulations (Geo-DTs) that can be used to provide insights for risk mitigation in 
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1.3 Deliverable organization 

First, an explanation of the selected areas of each mine is given, introducing the main conditionings 

of each site and what sensors will be installed and how will help in the detection of the hazards. 

In order to give an input for the Deliverable 4.4, we will add some information on how the monitoring 

system is going to be implemented and which information is going to flow in real time and which is 

going to be considered as periodical data, with no need of monitorization. 
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2 Content 

In this document, three scenarios have been considered, following the description of the technical 

annex and the amendments. For each of these use cases SUBTERRA will develop a Geotechnical 

Digital Twin. To accomplish it, different sets of data acquisition are needed by means of historical 

data and on line monitoring.  

In La Parrilla mine, the structure to be monitored will be the tailing dam. It was selected (D1.6), due 

to different stability problems during its construction and other related issues due to his foundation 

and drainage. The structure will be subject to further enlargements to allocate tailing production 

during the whole mine life cycle. 

In Titania, as has been suggested and studied before (D1.6), some stability issues have been 

reported within a slope in the open pit area, causing downtimes in the production due to the location 

next to mine ramps and future bench developments. 

Finally, in the case of Marini, an underground quarry, the geological model will give a prediction of 

possible fractures in future developments and possible clay zones in order to improve its productivity 

reducing the broken blocks and blocks with clay that comprise a large waste of material and 

downtimes.  
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3 Sensor for data acquisition 

3.1 Introduction 

The principal function of the sensors in mining is 

to understand and prevent the different dynamic 

of the soil, rock and structures hazards. Sensors 

are playing an important role in the day-to-day of 

the mine interactions and became an integral part 

of the modern technological growth and 

development. Each application places various 

requirements on a sensor and its integrated 

sensing system. However, regardless of the type 

of application, all sensors have the same object: 

to archive accurate and stable monitoring target of measures. 

After receiving the signal from a sensor, these signals need to be processed. The acceptable and 

accurate process of these signals requires the following:  

- Full knowledge of the operation of the sensors and nature of signals 

- Posteriori knowledge regarding the received signals 

- Information about the dynamic and static characteristics of the sensing systems 

Safe geotechnical design is with a single focused objective that of ensuring adequate stability against 

any failure while working, involving the complete study of local geologic formation/structures, rock 

mass properties, hydrologic conditions and the rainfall pattern about the open cast.  

The sensors installed in the mines give us information on surface movements, depth displacements, 

pore pressure, water level and a high-resolution 3D photogrammetric model that allows visual 

analysis. 

La Parrilla tailing dam has 4 boreholes with a piezometer and a pressure cell in each, we have also 

made a UAV flight. 

Titania A.S. has 12 boreholes with piezometers and inclinometers in each, we also have survey 

information of each borehole. Next to the Stabben area there is a borehole which provides us 

information of the slope. There also exist a Radar and historical UAV flights. 

Marini Marmi, with no historical information, but an indoor and outdoor drone flight has been 

conducted. 
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3.2 Piezometers 

Piezometers are geotechnical sensors that are used to measure pore water pressure (piezometric 

level) in the soil, earth/rock fills, foundations, and concrete structures. A piezometer (Figure 1) is a 

tube that is placed in the soil to depths below the water table and that extends to the soil surface and 

is open to the atmosphere. The bottom of the piezometer is perforated to allow soil water under 

positive hydrostatic pressure to enter the tube. Water enters the tube and rises to a height equal to 

that of the unconfined water table. The elevation of the free water table is measured relative to the 

soil surface using a steel tape with bell sounder, or other electro-optic devices that indicate water 

table depth. The value of pressure potential expressed as energy per weight is simply the vertical 

distance from a point of interest to the surface of the free water table. Pressure potentials above the 

water table surface are always zero (non-zero pressure and matric potentials are mutually exclusive). 

 

Figure 1 The concept of piezometer measurments ~ ScienceDirect 

The piezometer provides significant quantitative data on the magnitude and distribution of pore 

pressure and its variations with time. It also helps to evaluate the pattern of seepage, zones of 

potential piping, and the effectiveness of seepage control measures implemented. 
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A piezometer is either a device used to measure liquid pressure in a system by measuring the height 

to which a column of the liquid rises against gravity or a device that measures the pressure (more 

precisely, the piezometric head) of groundwater at a specific point. It is designed to measure static 

pressures and thus differs from a pitot tube by not being pointed into the fluid flow. 

The use of a piezometer has the following purposes: 

- To study the effect of water on the pores of soil or rock is to reduce load bearing capacity of 

soil or rock. The effect is more pronounced with higher pore water pressure, eventually 

leading in some cases to total failure of load bearing capacity of the soil. 

- To determine level and flow pattern of ground water 

- To determine the flow pattern of water in earth/rock fill, concrete dams, and their foundations. 

- To delineate the phreatic line. 

As is already mentioned, the piezometers provide us the groundwater pressure. It converts water 

pressure to a frequency signal via a diaphragm and a tensioned steel wire. A change in pressure on 

the diaphragm causes a change in the tension of the wire. 

The vibrating wire piezometer basically consists of a magnetic, high tensile strength stretched wire, 

one end of which is anchored and the other end fixed to a diaphragm that deflects in some proportion 

to applied pressure. 

Any change in pressure deflects the diaphragm proportionally and this, in turn, affects the tension in 

the stretched wire. Thus, any change in pore pressure directly affects the tension of the wire. 

TYPES OF PIEZOMETERS 

Vibrating Wire Piezometers: Is the most commonly deployed type of piezometer, suitable for most 

applications, it can be installed in a borehole, embedded infill, or suspended in a standpipe. Readings 

are obtained with a portable readout or a data logger. In Titania case, it will be read by portable 

readout. 

The Vibrating Wire Piezometers (Figure 2) measure the pore water pressure in fully or partially 

saturated soil and rock. A vibrating wire piezometer basically consists of: 

- A sensitive stainless steel diaphragm 

- A magnetic, high tensile strength stretched wire, one end of which is anchored and the other 

end is fixed to a diaphragm.  

- Ceramic low air filter (brass high air entry filters are also used depending on site 

requirements). 
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- Thermistor for temperature readings 

- Glass to metal seal with four terminals for cable connection 

- Stainless steel body with resistance to rusting or corrosion against several kinds of dissolved 

impurities found in water under field conditions. For saline water application, a special sensor 

with additional protection is provided. 

 

Figure 2 Vibrating Wire Piezometer 

Open wells or Casagrande piezometers: This pipe is installed inside a borehole while placing the 

porous section at the bottom where the piezometric level is to be measured. The annulus between 

the porous filter and the borehole has sand in it, sealed on both the sides using bentonite and the 

rest of the borehole is filled with a cement mortar. 

The groundwater pressure pushes the water into the standpipe until the level of water inside the 

standpipe is equal to the piezometric level (pore water pressure) in the ground at the elevation of the 

porous filter. That is how the piezometer water level is used and monitored. They have a solid casing 

down to the depth of interest, and a slotted or screened casing within the zone where water pressure 

is being measured. 

These piezometers (Figure 3) are connected to the surface where they can be read by data loggers 

or portable readout units, allowing faster or more frequent reading than is possible with open 

standpipe piezometers. In the case of La Parrilla we will have real time data read by data loggers. 
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Figure 3 Casagrande Piezometer 

3.3 Pressure Cells 

Earth Pressure Cells, sometimes called Total Pressure Cells or Total Stress Cells are designed to 

measure stresses in soil or the pressure of the soil structures. Cells will respond not only to soil 

pressure, hence the term total pressure or total stress. A simultaneous measurement of pore water 

pressure (µ), using a piezometer, is necessary to separate the effective stress from the total stress 

as defined in Terzaghi´s principle of effective stress: 

𝝈´ = 𝝈 − µ 

These parameters coupled with the soil strength characteristics will determine soil behavior under 

loads. 
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Earth Pressure Cells (Figure 4) are constructed from two stainless steel welded together at their 

periphery and are separated by a small gap filled with hydraulic fluid. The earth pressure acts to 

squeeze the two plates together thus building up a pressure inside the fluid. If the plates are flexible 

enough, then at the center of the plate the supporting effect of the welded periphery is negligible and 

it can be started that at the center of the cell the external soil pressure is exactly balanced by internal 

fluid pressure. 

 

Figure 4 Pressure Cell 

This is true only if the deflection of the plates is kept to a minimum and thus it is important that the 

cell be stiff. This in a practical sense means that the fluid inside the cell should be as incompressible 

as possible and that the pressure transducer required to measure the fluid pressure should also be 

stiff having very little volume change under increasing pressure. 

3.4 Radar 

Slope Stability Mining Radar (SSMR), developed on the above radar technology, and is now being 

widely used in several countries to provide real time monitoring and advance warning signals before 

any slope or dump failure in opencast mines. The SSMR system can detect and alert movements of 

a wall with sub-millimeter precision, with continuity and broad coverage. This monitoring occurs 

without the need for mounted reflectors or equipment on the wall or slope and the radar waves 

adequately penetrate through rain, dust and smoke, 24 hours a day. 

The SSMR system produces data for interpretation usually within minutes. The radar (Figure 5) is 

moved around the mine in a repeatable manner to compare movements at each side over an 

extended time and determine problematic areas. Cyclic monitoring off the focus area in this manner 

is often used to identify new places where impending signs of developing failure patches are 

observed. 

 



Deliverable D2.2 

 

15 
 

 

Figure 5 IDS Geo Radar from Titania A.S. 

As the latest instruments have the radar technology suitably integrated with real time visual imaging 

system for continuous scanning of the critical area (Figure 6) to identify the potential zones of failure 

and visualize any impending ground movement, by visual warning systems incorporated for 

activation at any pre-set value being breached due to ground movements. This will be complemented 

by the 3D model generated from the images of the drone flight. 

 

Figure 6 Slope zone with instability problems. 

While it is very important to have a good geotechnical designs of dumps and slopes, effective 

monitoring and examination of slopes for failure warning signs is the most important means of 

protecting exposed mine workers. Even very carefully designed slopes may experience failure from 

unknown geologic structures, unexpected weather or seismic shock etc. The problem of such failures 
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is getting compounded manifold due to non-availability of land for dumps leading to increased height 

of the existing dumps, poor drainage systems, proximity to inhabited areas, non-separation of top-

soil during excavation, etc. 

Slope monitoring systems is a software package used in slope stability and DTM of open pit design. 

Slope failures do not occur spontaneously. There is a scientific reason for each failure and failures 

do not occur without warning if the failed area is well monitored. The task of predicting exact failure 

is difficult, as the point of ultimate failure is dependent on several factors, including rock type, slope 

height, presence of water, and mode of failure. The best documented sign of impending failure (using 

displacements monitoring results) is the increase in the rate of movement of any pit wall slope. It is 

therefore essential, to be able to use rate of ground movement as a tool for prediction of imminent 

wall failure, after the frequency and accuracy of monitoring is appropriately matched to local ground 

conditions. 

The SSMR consist of radar and a scanning antenna, which is mounted on a tripod controlled by 

motors and gears for both horizontal and vertical movement. The units from self-contained mobile 

system with generator and can be moved freely in the pit as a trailer track attachment 

Mine slopes are designed with an engineering factor of safety to control the risk of injury and 

equipment damage from rock falls and slope failures. Geologic structures, rock mass properties and 

hydrological conditions are elements considered in designing a safe and efficient mining operation. 

The need to control costs commonly results in pit walls being made as steep as practical to minimize 

waste removal and surface disturbance and to maximize ore recovery. However, steeper walls 

usually mean a greater potential for slope stability problems that need to be accommodated. Blasting 

practices can be adapted to minimize unnecessary fracturing of the high wall. Groundwater, surface 

water and precipitation runoff can be controlled to abate their deleterious effects on stability. Benches 

and berms are usually used to sop rocks before they fall enough to present a significant hazard. 

Mechanical rock fall catchment system or secondary supports may be used where feasible to 

stabilize slopes as needed in particular locations. 

However, even carefully designed and constructed slopes may fail because of unidentified geologic 

structures, unexpected weather conditions, or seismic activity. For this reason, regular examination 

and systematic monitoring of slopes for early warning signs of failure are the most important means 

of protecting exposed mine workers. 
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3.5 Data logger 

Data loggers automatically store and send information collected by monitoring equipment. They are 

ideal for mining, construction, and environmental monitoring, even in areas where there are many 

sensors in use, or in remote or hard-to-access sites. Each logger (Figure 7) comes in many 

configurations, depending on the number of instruments to be connected, and can be set to send 

data at even time intervals, leading to consistent and high-quality analysis. 

Available in both vibrating wire and analogue signal types, each data logger is assembled from 

robust alloy casings, with full water proofing; their compatibility with low power batteries means they 

can last up to 10 years in a single charge (with a six-hour sampling rate), as we don’t need them 

working all the day, the batteries might live at least 20 years. 

 

Figure 7 Data logger 

The specifications of the data logger we are using at La Parrilla can be observed in Table 1, which 

has a high accuracy of 0, 05 Hz and 0, 3 ° C. In the case of Titania, we have even a higher precision, 

of 0.001Hz as can be appreciated in the Table 2. 

After acquiring the reading from the sensors based on the configured reading frequency, the node 

shall record the recorded data on an internal SD card in order to avoid data loss. Data loss and 

simultaneously broadcast via GPRS to the previously defined FTP, previously defined. 
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Table 1 La Parrilla Data logger Specifications 
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Table 2 Cactus logger specifications 
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With the aim of obtaining good communication, due to the remoteness and low connectivity in the 

mine, 5G/4G SIM cards have been obtained that will connect to the internet and generate the 

connection to the server. 

In order to send the data logger information in a safe way to Subterra, we will use a gateway. 

A gateway is a node, in this case in the data logger, key stopping point for data on its way to Subterra 

network server. Thanks to the gateways, we are able to communicate and send data.  

Pressure calculation: The units displayed by the data loggers are digits. Is a typical lecture of wire 

line sensors based on the next equation: 

𝐷𝑖𝑔𝑖𝑡𝑠 = (
1

𝑃𝑒𝑟𝑖𝑜𝑑
)2 × 10−3  𝑜𝑟  𝐷𝑖𝑔𝑖𝑡𝑠 =  

𝐻𝑧2

1000
 

Since digits are directly proportional to the applied pressure, 

Pressure = (Current reading – Initial reading [Zero]) x Linear Calibration Factor 

P = (R1 – R0) x G 

3.6 UAS Survey 

Unmanned Aerial Systems (UAS), sometimes referred to as drones, are multi-use-aircraft controlled 

from a licensed operator on the ground. The benefits of UAS are wide ranging and impact nearly all 

aspects of highway transportation, replacing boots on the ground, increasing accuracy, speeding up 

data collection and providing access to hard-to-reach locations. 

UAS provide high-quality survey and data mapping that can be collected automatically or remotely. 

Large areas can be mapped relatively quickly in comparison to traditional survey and mapping 

particles. Other uses include surveying and imagery as part of emergency response events, where 

traditional surveying and mapping practices may be inadequate or sites impossible to access. UAS 

can supplement conventional activities such as bridge safety inspection and routine construction 

inspection, to increase safety and collect data from otherwise unattainable perspectives. 
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Figure 8 UAS Survey workflow 

UAS improve operations, construction, inspection and safety by collecting data needed to design, 

build and operate the highway system (Figure 8). Bridge inspection enhanced by UAS improves 

safety for the inspection team and the travelling public by reducing the need for temporary work 

zones and specialized access equipment, which can also be very cost effective. Construction 

inspection with UAS allows for a bird’s eye view of a project progress and the development of three 

dimensional (3D) terrain models that document the construction process and assist in assessment 

of after work quantity measurement. 

UAS technology (Figure 9) gives State departments of transportation (DOTs) eyes-in-the-sky during 

incident response for roadway disturbances such as rockslides, avalanches and floods, and for 

damage assessment following earthquakes, fires and bridge hits. It allows States to obtain quality 

data to make better-informed decisions, all collected from relatively low-cost platform.  

Safety: Keeping workers out of harm´s way is a major benefit of using UAS. Traditional bridge 

inspection requires setting up temporary work zones, detouring traffic, and using special access 

equipment or even climbing. UAS technology can speed up data collection while reducing risk to 

work crews and the travelling public. 
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Figure 9 UAV at Titania mine 

Accelerated Construction: UAS technology can accelerate the rate of data collection operations, 

such as survey or aerial photography, and facilitate precise quantity calculation and efficient payment 

to contractors. It can be used for routine inspections, such as flying a programmed path over silt 

fencing after a rain event to check for sediment build-up, and high risk inspections, such as crane or 

falsework construction. 

Asset maintenance: The ability to routinely and consistently map terrain and monitor condition 

offers the potential for isolating problem areas before an emergency occurs, which can both save 

lives and reduce asset maintenance cost. During an emergency event, UAS technology can quickly 

and inexpensively survey the damage, allowing a better-informed and efficient recovery operation. 

Table 3 shows the specifications of Mavic 2 Enterprise drone owned by Subterra to develope the 

works related with UAS systems. 
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Table 3 Mavic 2 Enterprise Advance Specifications 
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4 La Parrilla 

4.1 Introduction 

La Parrilla mine main area of study because of his geotechnical parameters and stability is the 

Tailing Dam. The specific part of the tailing dam that we are going to study, has previously had 

problems during the construction of the dam or it have been reported some problems during the 

project, this makes Subterra wanted to study specifically to understand those problems in deep as it 

is a critical part of the mine. 

For monitoring purposes, 4 piezometers and 4 pressure cells have been installed in the tailing 

storage facility. This sensors allow to control variations in pore pressure and groundwater levels, as 

well as earth pressure. With the implementation of UAV flights and the measurements of the 

topographic landmarks we can obtain information of the superficial horizontal displacements. 

4.2 Historical data 

4.2.1 Boreholes 

As it sawn in the Figure 10 the 4 boreholes (3 in the main cut and 1 in the secondary cut). The 

main stability problems during the construction of the tailing dam happened in the main cut, close to 

the CPB-3 & CPB-1. Also during the last months some cracks have been reported in the east wall, 

so it have added to the area of study.  

 

Figure 10 Tailing dam Map of La Parrilla. 

There is historical from 2019 to 2022 of the 4 piezometers and 4 pressure cells, each pressure cell 

is in the borehole of the piezometer. 
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- The piezometer gives us the pore pressure or water level, so we can study the pressure of 

the water in the terrain. 

- The pressure cell give us a combined pressure of effective stress and pore water pressure, 

so we can have the combined pressure in the terrain. 

Studying the historical parameters (Table 4) affections can be understood, due to the weather and 

activity of the mine in the tailing dam. This historical data has been shared with WP3 partners to 

have real information that could be added in the test of the numerical model. These data was used 

as dummy data in order to make our models work. 

With this historical information we can determine the appropriate parameters for the stability of the 

tailing dam and know their relationship with different phenomena. 

Table 4 Piezometer and Pressure cell data (2019-2022) 
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4.3 Information to be monitored 

4.3.1 UAS Survey 

In the visit to La Parrilla the 7 of March 2022, it was made a UAV flight (Figure 11 and Figure 12) so 

it could start the 3D model processing. It was also noted how La Parrilla could upload the drone 

information in the future, as there is not connection all over the mine, but there is coverage in the 

tailing dam. We made sure there was connection all over the tailing dam and from the office to the 

dam. 

 

Figure 11 UAV picture of the tailing Dam 

With the flight we got of the tailing dam we can start having a model and study the most efficient 

guided flight. We have used Agisoft to make the photogrammetric processing of the digital images 

(Figure 13) and generate a 3D spatial data and generate a .dxf to fix the mistakes that the processing 

could make in Autocad before uploading the model to Leapfrog to make a model adding his 

geotechnical parameters and to Flac3D to do dynamic calculations. 

 
 

Figure 12 UAV picture of the tailing Dam (2) 
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Figure 13 Agisoft 3D model of the tailing dam (La Parrilla) 

Adding to the UAV flight information the geological information of the tailing dam, so in the future 

model it can be added the different properties of the soil and made a more reliable model. The Figure 

14 shows the preliminary Slide calculations and the geomechanical parameters used in the 

numerical model. 

LONG-TERM PROPERTIES (DRAINED) 
PORJECT ACTUAL 

C’ (kPa) Phi’ C’ (kPa) Phi’ 

OLD MUDS 

47 31.17 

15 20 

PHASE 1 MUDS 15 20 

PHASE 2 MUDS 10 15 

PHASE 3 MUDS 5 10 
PHASE 4 MUDS 0 5 

IMPROVED SOIL 12 26.8 3 34.31 
 

 

Figure 14 Slide calculation example of La Parrilla Tailing Dam 
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4.3.2 Piezometers and Pressure cells 

In the visit to La Parrilla, the piezometers, the load cells and also the data logger information 

measured were tested for corrections and check they could read the borehole information. As can 

be seen in Table 5, the manual taken data compared to the data logger’s data have a high accuracy. 

After this visit, we returned to install the data loggers in operation so we can start the monitorization 

of these data for further work on WP4. 

Table 5 Data loggers compared with We Resources data and calibration data. 

 

 

The data obtained from the Piezometers and Pressure cells is in Digit units (Hz2), afterwards with a 

constant from each sensors of each borehole, is made the conversion to KPa using the following 

equation: 

𝑲𝑷𝒂 = (𝑪𝑬𝑹𝑶 − 𝑨𝑪𝑻𝑼𝑨𝑳 𝑫𝑨𝑻𝑨) ∗ (
𝟏𝟎𝟎

𝑪𝑻𝑬 𝑪𝑨𝑳𝑰𝑩𝑹𝑨𝑻𝑰𝑶𝑵
) 

  

CEL CTE (f^2/Bar) PZ CTE (f^2/Bar)

601,2 849,14286

613,2 901,14286

578,2 978

583,2 991,14286CEL4  211

PZ1  214

PZ2  217

PZ3  216

PZ4  215

CEL1  210

CEL2  213

CEL3  212

CEL CTE (f^2/Bar) PZ CTE (f^2/Bar)

601,2 849,14286

613,2 901,14286

578,2 978

583,2 991,14286CEL4  211

PZ1  214

PZ2  217

PZ3  216

PZ4  215

CEL1  210

CEL2  213

CEL3  212
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The data loggers are built with a special structure to cover them so external factors such wild animals 

cannot break the system and at the same time are able to send the information. These data loggers 

(Figure 15) will send the information to Subterra database so we are able to manage the information 

and implement it directly to the Geo-DT. 

 

 

Figure 15 Data logger on field Test 
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5 Titania 

5.1 Introduction 

As it has been explained with detail in the previous deliverable 1.6, in Titania there exist a large slope 

area called the Stabben area. This Stabben area is so unpredictable because of instabilities and 

rock falls, making the production of the mine decrease. All the geotechnical information given by 

Titania have been studied deeply, so we could understand what makes the unstable problems. Due 

to the fractures (Figure 17) and hydrogeological conditions (Figure 16), as it was shown in the low 

RMR and risky SMR compared to all the mine general RMR, we could understand the dynamic of 

the slope.  

 

Figure 16 SMR map linked to  

hydrogeological features 

 

Figure 17 RMR distribution in open pit 

To make a good prediction of these movements is going to be added a peridical UAV flight to all the 

sensors Titania have already installed; piezometers, inclinometers and monitorized RADAR, these 

sensors will give information of pore pressure and different pressure affecting to the area, at different 

depths, each borehole has between 2 and 4 piezometers located in the different interesting depths. 

Also the radar is giving information of the displacements of the Stabben area, our selected zone has 

inside two areas called AREA 2 and TH08-95_107. 

   

Figure 18 Image of Titania and his 3D model 
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Figure 18 shows Titania open pit and the 3D model obtained after processing the data of UAS flights. 

In addition, Titania already has a digital model non monitored from where we have obtained historical 

data on the geometries of the mine. 

5.2 Historical data 

5.2.1 Boreholes 

In Titania there are already 12 boreholes within each borehole they are between 2 and 4 piezometers 

at different depth There are specific data from the borehole borehole 10 (close to the Stabben area) 

of which we have information from 2014 to 2021 and data of all the borehole installed over the mine 

from 2014 to 2016. There is some specific information on the structural characteristics, collar and 

survey of each borehole, so we can develop a reliable geological model for the digital twin with the 

different lithology’s and geotechnical properties (Table 6).  

Table 6 Main lithology’s in Titania and his geotechnical properties 

Ilmenite (ore) properties 

Parameter Value Description 

GSI 50 +/-10 
GSI varies throughout the Stabben area, but a fair estimate of the GSI 
value for ore in this area is between 40-60. 

UCS 120000 kPa 
Average of ore samples taken of ore in the mine. The samples range 
from 89000 to 203000 kPa, with a median of 133000 kPa. 

Unit weight 33 kN/m3  

Disturbance 
factor 

1 
Ore is affected by production blasting in the mine. Decreases with 
increasing depth in the rock mass. 

 

Anorthosite (waste rock) properties 

Parameter Value Description 

GSI 55 +/- 10 
Same as for the ore, GSI varies quite a bit, but is generally slightly 
higher than the ore. 

UCS 130000 kPa 
Average of samples taken of waste rock in the mine.  Samples varies 
from 62000 to 250000 kPa, with a median at 136000 kPa. 

Unit weight 27 kN/m3  

Disturbance 
factor 

1 
Waste rock is affected by production blasting at the mine. Decreases 
with increasing depth in the rock mass. 

 

There are 35 piezometers installed in all the mine (Figure 19), which gave us the pore pressure 

(terrain pressure) at different depths. Also, in each borehole, as well as they are piezometers, they 

are inclinometers which measure displacements of the ground. 
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Figure 19 Net of borehole and piezometer behavior 

This information helps us to understand how the terrain behaviour, so we can predict how is going 

to answer in superficially and also compared the data of unstable situations or different phenomena 

from the historical data. 

As is seen in the right image of Figure 19, pressure of the borehole 10, 11 &12 increases compared 

to the rest of the boreholes. 

5.2.2 Radar 

The radar is in front of the Stabben area, studying specifically the red-marked square of the  

Figure 20. The RADAR gave us information on the superficial amplitudes and displacements. 

 

Figure 20 Radar areas of study 

The historical data show big displacements in the AREA 2 (red coloured) and TH08-95_1017 (black 

coloured inside the red square) only in 2021. This displacements are causing problems in the mine 

operation, as well as making slides of material. 

It is considered that Stabben area (Figure 21) is the main major geotechnical problem, so it is needed 

to control the displacements and behave to predict any possible slides. 
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Figure 21 Stabben area 

5.3 Information to be motorized 

The factors that are going to be monitored are superficial displacements and superficial pressure. 

For this information is also going to be added the piezometers and inclinometer information 

periodically, but not monitored, so we could added to the model and see the terrain stress and 

displacements. 

5.3.1 UAS Survey 

From Subterra, we are going to add a UAV survey with an automatic flight of detail of the Stabben 

area, these UAV flights are going to give to the model displacements information and a real live 

image of the area, so we are going to be able to see any possible problem. The drone infrared 

camera will also provide information on the possible high pressure areas of the slope. 

We have already a flight for our geotechnical model and have optimized the flight monitored, so that 

further image processing is shorter and we get something closer to real time data.  

The preliminary image processing it have been done with Agisoft Metashape and Pix4D software. 

The results of Agisoft have a higher accuracy and detailed results and provide more detailed 

information, so we are mainly using Agisoft for image processing. 

Figure 22 shows 2 images obtained with the different drone sensors (upper image in real visible 

colour and lower image with thermal data). 
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Figure 22 UAV flight images 

5.3.2 Piezometers  

For production reasons, a data logger has been added to the borehole 10, over the stabben area, 

for real-time monitoring of the project. This piezometer will be key to preventing material fallout in 

the Stabben area, as well as being able to generate a model with real-time data. 

This is the position of the relevant borehole:  

- X: 21624.55, Y: 36943.91, Z: 206.55 (NGO 1948 Zone 1) 

- X : 348998.91, Y : 6468567.98, Z : 206.55 (Euref 1989, UTM zone 32N) 

In this borehole they are installed 4 piezometers. They are at 61m, 106m, 173m & 240m depth. 

By having this information monitored, it will be possible to generate a model with real-time 

information that will not only provide important information on the stability of one of the most affected 

areas of the mine and increase production, but will also prevent material from falling on slopes, 

increasing the safety of workers as it will not be necessary to manually retrieve the data, having to 

get close to an area of high instability. 
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5.4 Existing sensors 

5.4.1 Radar 

We have selected 5 specific zones in the Stabben area (Figure 23) of the RADAR where we are 

going to have daily information to be added in the model. We divided the zone already chosen into 

4 to have the most specific information of these areas that we have considered the main ones.  

 

 

 

 

 

 

 

Figure 23 Radar specific area of study selected by SUBTERRA 

5.4.2 Piezometers & inclinometers 

General Piezometer and inclinometer information is not going to be monitored, but we will have 

almost weekly reports with this information that is going to be added to the future digital twin.  

The Stabben area will be studied in depth, but data from all piezometers will be viewed in general to 

generate spatial information that will help prevent potential instability in other areas of the mine. 
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6 Marini Marmi 

6.1 Introduction 

Marini Marmi (Figure 24) is a prori a simpler geological case, as there are no major stability problems. 

The main issue is a low predictability which makes the design of this underground quarry not the 

most efficient. Also as the “Ceppo the gre” is a conglomerate if a fluvial facies, is common to find 

some clay in the surroundings as this model will add some geomorphological information to predict 

the location of the clay, the only empirical way to know specifically its location is with surveys. 

 

Figure 24 Marini Marmi image from the UAV flight 

6.2 Historical Data 

6.2.1 Geometry galleries 

In the visit to Marini Marmi the mining engineer in charge of the extension of the project and its 

geometry (Giusseppe Biolatti) provided us with all the plans of the future extension (Figure 25). 

These plans were uploaded with all the information obtained from our geological campaign where 

we identified all the fractures and the location of the clay that we could identify visually, so we could 

make our own with the different structures identified (Figure 26). 
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Figure 25 Marini Marmi geometric plan. Source: GEOSTUDIO 
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Figure 26 Marini Marmi Geometric plan with all the fractures added
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6.3 Information to be monitored 

6.3.1 UAS Survey 

It has been made mainly 2 drone flights, one inside the quarry to visualize the different 

main fractures and the temperature of the walls (useful information for the digital fluid 

dynamic twin of ITAINNOVA). We also carried out an exterior flight (Figure 27) to carry 

out the geological digital twin and visualize the main surface fractures. 

 

Figure 27 Image of the UAV on the outsides of Marini Marmi 

As seen in Figure 28, it is obtain the real image, which gives a more detailed image, but 

by comparing it with the thermal camera we can obtain a mapping of the main fractures. 

 

Figure 28 UAV Thermal camera view and camera view 

The model will be built from the 3D model generated by the images obtained with the 

drone and the geometric plan to which a monthly monitoring drone flight of the progress 

of the quarry will be added to improve the geological model and its forecasts of fractures 

and clays. 
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7 Main Challenges  

- Connectivity: As it is well known, mines usually are remotely located, so there 

are problems with connectivity, as other partners have experience. As modern 

mine sites require high throughput broadband connectivity to support increasingly 

digitalised operations and smart technologies, such as the Dig_IT platform. 

Digital transformation is driving the need for high-speed and reliable broadband 

connectivity to support, in this case, real time data analytics, so the availability of 

enhanced connectivity is critical.  

As the UAV flight needs good connectivity to send information, as the photos he 

takes are very heavy. We have sorted out this problem via Wi-Fi connection, the 

flight will be directed from the hut with Wi-Fi connection, and it will make the pre-

designed flight, sending to the monitor with the SD card via Wi-Fi all the 

information. From the SD card to the platform, the data will be sent manually to 

the FTP, which is prepared to receive the data. 

- Data Loggers connectivity was solved by adding them a 5G/4G SIM that was 

able to enable connection with internet and be able to send the information. 

- Real-Time Data Processing: To reach as much accuracy as possible is 

necessary, as much information closed to real time, in short, as much information 

that is received with not much temporal difference than the measure is needed. 

To achieve this, we use a FTP so we could have a safe way to upload real time 

information, having this information at the same time as the mines. At the moment 

we are able to have real time data from the Piezometers and the pressure cells 

from La Parrilla (Table 7) where we receive data each 6h in a .CSV file. 

Table 7 CSV Data received from La Parrilla to Subterra via FTP 

S/N DAY & HOUR 
Pressure 

cells 
Temperature Piezometer Temperature 

CPB2 
05/07/2022 

12:00 
14.81 18.50 -12.49 0.00 

CPB3 
05/07/2022 

12:00 
2.14 18.90 9.17 18.80 

CPB4 
05/07/2022 

12:00 
15.25 19.60 -0.14 18.80 
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