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DATA COLLECTION

Thi� �t�p involv�� 
�xt�n�iv� data 
coll�ction u�ing 
�p�cializ�d 
m�a�ur�m�nt 
t�chnologi�� 
adapt�d to min�� 
and tailing dam�’ 
uniqu� n��d�. 
Th��� t�chnologi�� 
ar� crucial �or 
capturing d�tail�d 
imag��, �ci�nti�ic 
param�t�r�, and 
topographical data, 
����ntial �or 
accurat� 
monitoring, �a��ty, 
and op�rational 
�ffici�ncy in mining 
�nvironm�nt�.

��a�ur�m�nt T�chnologi��:
• Remote, Sur�ace, or Sub-Sur�ace Data Collection: Tailored to mines and tailings dams’ speci�ic   
   geological and structural characteristics.

��thod� o� Data Coll�ction:
• Hi�torical Data Coll�ction: Utilizing satellite data and site investigations to analyze past geological   
   changes and structural integrity o� mining areas and tailing dams.
• R�al-Tim� Data Coll�ction: Employ sensors and surveying tools speci�ically designed �or mining   
   operations and tailings dam monitoring.

K�y T�chnologi�� Employ�d:
• Sat�llit�� and A�rial V�hicl��: Equipped with specialized sensors like LiDAR, radar, and optical cameras   
   �or high-resolution imaging �or monitoring mineral content, structural changes, and potential risks in and  
   around the mine and tailing dams.
• S�n�or�: Include geotechnical sensors, environmental sensors, and �iber optics, now speci�ically   
   calibrated �or mining-related parameters like vibration levels, slope stability, and tailings dam integrity.
• Surv�y Equipm�nt: Tools adapted �or the rugged and varied terrain o� mining areas, including tailings   
   dams.

R�mot� S�n�ing T�chniqu��:
• InSAR and DInSAR: For mapping ground de�ormation �ocusing on areas around mines and tailings   
   dams.
• Optical and Th�rmal Imag�ry: For monitoring changes in land cover, detecting heat anomalies, and   
   assessing soil moisture levels in mining areas.
• Radar Data: Tailored �or mining environments to measure sur�ace de�ormation, especially around   
   tailings dams.
• �ulti�p�ctral and Hyp�r�p�ctral Imag�ry: Adapted to identi�y mineralogical changes and environmental  
   impacts caused by mining activities.

Advanc�d Surv�ying and 3D �od�lling:
• UAV Surv�ying: For high-resolution data collection and processing. HD/ IR/ Thermal Cameras can also   
   be applied to UAVs.
• LiDAR, Scann�r, and Radar Surv�ying: Providing detailed topographical and environmental data crucial   
   �or mine and tailing dam sa�ety.
• Automatic Total Station and GNSS/GPS �onitoring: For precise location tracking and movement   
   analysis.

Compr�h�n�iv� In�trum�ntation Sy�t�m:
• Fib�r Optic�: This includes distributed �iber optics �or real-time monitoring o� structural changes in mines  
   and tailings dams.
• Environm�ntal S�n�or�: Like weather stations �or monitoring atmospheric conditions and climate   
   impact on mines and tailings. 
• G�ot�chnical and Structural H�alth �onitoring S�n�or�: Developed with Electron Beam welding �or   
   robust per�ormance.
• Sub�ur�ac� ��a�uring Tool�: Multi-sensor approach to monitor conditions affecting structural integrity. 

K�y �onitoring Param�t�r� �or S�n�or�:
• Wat�r L�v�l and Pr���ur�: Using Piezometers.
• Lat�ral �ov�m�nt and Inclination: Monitored with In-place inclinometers (with Settlement [3D]) and Tilt  
   Meters.
• D��ormation and S�ttl�m�nt: Tracked using Extensometers, Crack and Joint meters, and Creep Meters.
• Load/Forc�: Measured by Center Hole Load Cells, Resistance Strain Gage.
• Rain�all and W�ath�r: Monitored through Rain Gages and Weather Stations.
• Conv�rg�nc�: Monitoring with Prism Targets and Automatic Total Station, or Laser Scanners, or RF Lora  
   Tilt + Laser.
• Str���: Vibrating Wire Pressure Cell- shotcrete, soil or concrete, Borehole Stress Meter.
• Strain: Fiber Optic Sensors or Arc Weldable Strain Gage.
• S��pag�: Automatic Seepage Monitoring Sensor
• Vibration L�v�l�: To monitor the impact o� mining and natural seismic activity.
• Rockbolt�

N�xaWav� IoT Int�gration:
• Data Logg�r� and Communication Sy�t�m�: Compatible with various sensors �or comprehensive data   
   collection and transmission, including RF LoRa nodes and gateways.

Vi�ual In�p�ction and Ar�a Analy�i�:
• Regular inspections to identi�y potential risks speci�ic to mines and tailings dams, such as structural   
   weaknesses, water seepage, or chemical leakages.
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DATA 
INTEGRATION 
THROUGH 
PROQIO
   
In�initu�, through it� 
advanc�d plat�orm 
Proqio, �n�ur�� 
�ff�ctiv� data 
int�gration tailor�d 
�or min�� and tailing 
dam�. Thi� proc��� 
r��ult� in 
u��r-�ri�ndly and 
cu�tomizabl� 
r�porting, 
augm�nt�d �ith AI 
algorithm� that 
prompt tim�ly 
action� �or mining 
�a��ty and 
�ffici�ncy.

Cor� Functionality o� Proqio in �ining Cont�xt:
• Cro��-Plat�orm Data Int�gration o� Div�r�� �ining Data Sourc��: Proqio excels in combining data �rom  
   mining-speci�ic ground sensors, advanced surveying equipment, and satellite imagery, along with GIS   
   layers. This integration is crucial �or providing a comprehensive view o� the mine's and tailing dam's   
   status, ensuring seamless data merging �rom varied plat�orms like digital twins o� mines and tailing   
   dams, BIM (Building In�ormation Modeling), drone imagery, construction progress, scheduling,   
   geological data, and event logs.
• Cu�tomizabl� Data R�pr���ntation �or �ining N��d�: Proqio offers a range o� visualization options   
   tailored to the mining sector, including digital twins o� mines and tailing dams, 3D geological maps, trend  
   analysis, interactive graphs, and dashboards catering to diverse stakeholder requirements in the mining  
   industry.
• AI and �achin� L�arning Adapt�d �or �ining: The plat�orm's AI and ML capabilities are specially tuned   
   �or mining operations, analyzing vast data sets �rom mine-speci�ic parameters and sensing methods.   
   This technology is key in �orecasting geological risks, predicting structural weaknesses in tailing dams   
   and preparing �or �uture mining operational challenges.

B�n��it� o� U�ing Proqio:
• Cu�tomizabl� and Sch�dul�d R�porting: Proqio's reporting �unctions are tailored to meet mining   
   operations’ unique reporting needs and pre�erences.
• Alarm Sy�t�m �or Early Warning in �in��: The plat�orm includes an advanced alarm system, crucial �or   
   early warning o� potential risks in mines and tailing dams, thereby enhancing proactive risk   
   management.
• R�al-Tim� Da�hboard� �or In�tant In�ight�: Proqio provides virtual dashboards �or real-time monitoring,  
   offering instant insights into sa�ety and integrity.
• Fl�xibility, Control, and S�curity Ov�r �ining A���t�: Users in mining operations can access and   
   manage data in ways that best suit their site-speci�ic and operational needs, ensuring control and   
   security over their assets.
• Scalability and Cu�tomization �or �ining Environm�nt�: Proqio's scalability allows it to be customized   
   according to different mining sites and tailing dam requirements, aligning with various operational scales  
   and environmental conditions.

Sp�cializ�d Application �or �in�� and Tailing Dam� �onitoring:
• Proactiv� �onitoring o� G�ological and Structural Int�grity: The plat�orm's capabilities are particularly   
   bene�icial �or monitoring the unique conditions o� mines and tailing dams, supporting a proactive   
   approach to sa�ety and operational efficiency.
• Enhanc�d Pr�dictiv� �aint�nanc� in �ining Op�ration�: Leveraging AI and ML algorithms with   
   specialized mining data, Proqio signi�icantly bolsters the ability to predict and address potential risks in   
   mines and tailing dams be�ore they escalate.

En�uring Sa��ty and Int�grity in �ining Op�ration�: Proqio is critical in ensuring the sa�ety and 
structural integrity o� mining in�rastructures and tailing dams. Its advanced data integration and real-time 
control and monitoring create a robust and reliable plat�orm �or effective risk management in the mining 
sector.
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DATA ANALYSIS & 
UNDERSTANDING

Thi� pha�� i� 
c�nt�r�d on th� 
compr�h�n�iv� 
analy�i� and 
und�r�tanding o� th� 
coll�ct�d data, 
tailor�d �or min�� 
and tailing dam�. 
Accurat� 
int�rpr�tation o� thi� 
data i� crucial �or 
in�orm�d 
d�ci�ion-making and 
�ff�ctiv� ri�k 
manag�m�nt in 
mining op�ration�.

K�y Compon�nt� o� Data Analy�i� and Und�r�tanding in �ining Cont�xt:
Chang� D�t�ction:

• Monitoring changes over time in all the parameters monitored.
• Utilizes data �rom sensors, advanced surveying, and remote sensing techniques.

Data R�porting:
• Systematic reporting o� �indings and insights derived �rom the analysis o� data.
• Keeps all stakeholders, including mine operators and sa�ety officials, in�ormed with the latest in�ormation.

Data Und�r�tanding:
• In-depth analysis o� mining data to understand underlying geological patterns and structural   
   implications.
• Identi�ying minute changes in terrain, analyzing subsur�ace conditions, and pinpointing structural   
   weaknesses in mines and tailing dams.

Data Validation:
• Ensuring the accuracy and reliability o� collected data through rigorous validation processes.
• Cross-re�erencing different data sources to con�irm �indings and reduce the likelihood o� �alse positives in  
   risk detection.

GIS Int�gration:
• Merging collected data with GIS layers to enhance spatial analysis and visualization speci�ic to mining   
   areas and tailing dams.
• Provides a comprehensive geographical context, aiding in identi�ying risk-prone areas and planning �or   
   mitigation strategies.

Digital T�in�:
• Creating digital twins o� mines and tailing dams �or a virtual representation o� these structures.
• Allows stakeholders to interact with and examine detailed models o� the mining area, enhancing   
   understanding and scenario planning.

E�tabli�hing Sy�t�m� �or Su�c�ptibility D�t�rmination:
• Developing systems to identi�y areas within mines and tailing dams more susceptible to risks such as   
   structural �ailures, water in�iltration, or chemical leaks.
• Aids in �ocused monitoring and implementation o� preventive measures.

Su�c�ptibility �apping� �or �in�� and Tailing Dam�:
• Static �apping�: Illustrate the inherent risks in mining areas and tailing dams, considering �actors like   
   geological stability and historical data.
• Dynamic �apping�: Adjust susceptibility values based on dynamic �actors such as recent mining   
   activities, rain�all, and seismic events.

Importanc� in �ining Op�ration�:
• This step is critical in trans�orming raw data into actionable intelligence, enabling mine operators to   
   identi�y potential risk areas in mines and tailing dams preemptively.
• Supports the implementation o� necessary precautions and mitigative actions to ensure sa�ety and   
   operational continuity in mining environments.

RISK 
ASSESS�ENT AND 
ALAR� 
�ANAGE�ENT 
SYSTE�

Th� critical pha�� in 
th� In�initu� 
approach �or min�� 
and tailing� dam� 
involv�� thorough 
ri�k a�����m�nt� 
and a robu�t alarm 
manag�m�nt 
�y�t�m, �hich i� 
crucial �or 
id�nti�ying high-ri�k 
ar�a� and 
d�v�loping 
pr�v�ntiv� 
m�a�ur�� to 
mitigat� th��� ri�k�.

Critical Compon�nt� o� Ri�k A�����m�nt and Alarm �anag�m�nt in �ining Cont�xt:
Analyzing Coll�ct�d Data �or Ri�k A�����m�nt:

• Utilizes all data gathered �rom previous steps to assess potential risks in mining areas and tailing dams,   
   �ocusing on geological stability, structural integrity, and environmental impact.
• Identi�y areas with a high likelihood o� structural �ailures, hazardous seepage, or other mining-related   
   incidents.

Proqio Warning Sy�t�m via Alarm�:
• An advanced alarm system integrated within the Proqio plat�orm.
• Provides timely alerts and warnings based on the risk assessment results.

Int�gration �ith A���t Ri�k �anag�m�nt Sy�t�m�:
• Aligns and complements mine-speci�ic risk assessment protocols and existing alarm systems.
• Enhances the overall effectiveness o� the mining monitoring system through this collaborative and   
   integrated approach.
• Integration with Other Disaster Management Systems

F�atur�� o� th� Alarm �anag�m�nt Sy�t�m:
• Control: Ensures the system remains under constant surveillance and control �or immediate action when  
   needed.
• Sa��ty: Prioritizes the sa�ety o� the in�rastructure and the populace in landslide-prone areas.
• Fl�xibility: Adapts to different scenarios and risk levels, providing tailored responses based on the severity  
   o� the assessed risk.

Planning Pr�v�ntiv� ��a�ur��:
• Based on the risk assessments, strategies, and measures are planned to mitigate potential impacts in   
   mines and tailing dams.
• Involves real-time communication and response protocols, coordinating with mine management,   
   emergency services, and other relevant stakeholders �or implementing these measures.

Importanc� in �ining Op�ration�:
• This step is essential in transitioning �rom monitoring and analysis to actionable responses within the   
   mining sector.
• It plays a key role in preemptively alerting and mobilizing response teams, thereby contributing to the   
   prevention o� accidents, minimizing environmental impact, and reducing potential damage to mining   
   in�rastructure.
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CONTINUOUS 
�ONITORING AND 
PREDICTIVE 
INTELLIGENCE

Th� �inal �t�p in th� 
In�initu� approach, 
tailor�d �or min�� 
and tailing dam�, 
�ocu��� on 
continuou� vigilanc� 
and l�v�raging 
pr�dictiv� 
int�llig�nc�. Thi� 
pha�� i� vital �or 
maintaining an 
up-to-dat� 
und�r�tanding o� 
min� and tailing 
dam condition� and 
proactiv�ly 
managing pot�ntial 
ri�k�.

K�y Compon�nt� o� Continuou� �onitoring and Pr�dictiv� Int�llig�nc�
Continuou� �onitoring:

• Ongoing surveillance o� mining areas and tailing dams to detect changes, movements, or potential   
   �ailures.
• Regular updates to risk assessments based on the latest monitoring data.
• Ensures that the monitoring system remains accurate and relevant over time.

Pr�dictiv� Int�llig�nc�:
• Utilizing collected data to �orecast potential scenarios speci�ic to mining operations and tailing dam   
   stability.
• Aids in predictive maintenance and real-time monitoring, enhancing readiness and response strategies   
   �or mine-speci�ic challenges.

R�porting and Da�hboard�:
• Utilizing Proqio to provide comprehensive reporting and real-time dashboards.
• Enables easy access to current data and insights �or stakeholders, enhancing communication and   
   decision-making.

Advanc�d Vi�ualization T�chniqu��:
• Offering immersive and interactive visual representations o� in�rastructure data.
• Facilitates a deeper understanding o� complex data sets and enhances decision-making processes.
• Includes tools such as 3D mapping, digital twins, and other visualization technologies.

B�n��it� o� Continuou� �onitoring and Pr�dictiv� Int�llig�nc�:
• Enhanced Awareness: Keeps a constant check on the operational state o� mines and tailing dams,   
   identi�ying potential risks early.
• Proactive Risk Management: Empowers mining authorities and stakeholders to take proactive sa�ety   
   measures based on predictive insights.
• In�ormed Decision-Making: Facilitates well-in�ormed decisions through continuous data flow and   
   advanced visualization, which is crucial in dynamic mining environments.

Importanc� in �ining Op�ration�:
• Ensures the monitoring system is dynamic and adaptable to the changing conditions typical in mines   
   and tailing dams.
• Promotes a proactive approach to managing mining and environmental risks, shi�ting �rom a reactive to  
   a preventive paradigm.

En�uring R�liability and Accuracy:
• Regular calibration and maintenance o� mining monitoring equipment and systems are essential.
• Continuous re�inement o� AI models and algorithms, incorporating new data and insights �or more   
   accurate predictions and risk assessments.
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