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Collecting and processing data play a pivotal role in the efficient management of a Tailings Storage
Facility (TSF). This paper presents a framework and methodology for effectively collecting, processing,
and utilizing data to gain valuable insights into the performance of the facility. With an effective data
management system, potential risks to the facility can be identified and mitigated, ensuring its safe and
sustainable operation. As TSFs are subject to increased scrutiny, the need for effective data management
is more critical than ever, requiring the utilization of all available resources to develop a system that
benefits all stakeholders. Additionally, methodologies for comparing incoming data to control limits
and trigger levels, such as piezometer levels, slurry densities, underdrain flows, pool depth, and
position, are outlined. The paper also describes the methodology for establishing user-friendly
dashboards that allow stakeholders to easily identify increased risk to the facility. This essential
communication tool ensures all stakeholders gain clear insights into the TSF's performance, facilitating
resource allocation and risk mitigation measures.
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INTRODUCTION

Background

Tailings Storage Facilities (TSFs) are critical components of mining operations, serving as repositories
for the storage of waste materials, known as tailings, generated during mineral processing. The proper
management and monitoring of TSFs are essential to prevent environmental pollution, safeguard
public health, and ensure the long-term stability of these facilities. Over the years, the mining industry
has witnessed an increased focus on sustainable practices and adherence to stringent regulations,
prompting the need for effective data management strategies to assess and mitigate potential risks
associated with TSFs.

In response to these evolving demands, it has become imperative for mining companies to collect and
process data efficiently to gain valuable insights into the performance of their TSFs. By leveraging data-
driven approaches, stakeholders can identify potential hazards, assess the structural integrity of the
facilities, and make informed decisions on resource allocation for risk mitigation. To achieve this, an
organized framework and methodology for data collection, storage, and processing are essential,
ensuring that critical information is accessible, well-organized, and appropriately analyzed for timely
action.

Purpose and Scope of the Paper

The primary purpose of this paper is to present a framework for effectively collecting and processing
data in the context of managing TSFs. This paper aims to demonstrate practical strategies for improving
data management through the utilization of Excel and VBA programming. The proposed framework
addresses the challenges associated with data collection, storage, and analysis, emphasizing the
importance of a systematic approach to enhance the efficiency and reliability of TSF management.

The scope of this paper presents a framework for implementing effective data management practices,
including data collection techniques, organization, and storage methods. Moreover, it outlines
methodologies for comparing incoming data to control limits and trigger levels, such as piezometer
levels, slurry densities, underdrain flows, pool depth, and position, to ensure prompt identification of
potential risks. Furthermore, the paper elaborates on the development of user-friendly dashboards,
providing stakeholders with a simple and intuitive tool for monitoring TSF performance and detecting
any increased risk to the facility.

Overall, this paper strives to bridge the gap between data collection and effective decision-making in
TSF management, offering valuable insights for mining professionals, engineers, and environmental
specialists seeking to optimize their approach to tailings data management. The proposed framework
and methodologies presented in this paper serve as a foundation for more proactive and efficient TSF
management, ultimately contributing to safer and more sustainable mining operations.

DATA COLLECTION AND PROCESSING IN TAILINGS STORAGE FACILITES

Importance of Data Collection and Processing

Data collection and processing are of paramount importance in the effective management of TSFs.
Accurate and comprehensive data serve as the backbone for making informed decisions and
implementing appropriate risk mitigation measures. The data collected from various sensors,
monitoring equipment, and manual inspections provide critical information on the performance of the
TSEF, including water levels, tailings density, settlement rates, and slope stability. Without reliable data,
it becomes challenging to assess the facility's condition, identify potential issues, and predict future
trends. Moreover, data serves as the basis for compliance reporting, regulatory submissions, and
stakeholder communication, making it a fundamental aspect of maintaining transparency and
accountability in TSF management. The utilization of data in TSF management also extends to long-



term planning and financial considerations. Through the analysis of historical data, mining companies
can optimize tailings management strategies, assess the cost-effectiveness of maintenance practices, and
plan for future expansions or closures. Additionally, data collection supports risk assessments,
allowing stakeholders to identify and prioritize potential hazards to the facility and surrounding
environment. Overall, effective data collection and processing are crucial for creating a proactive and
adaptive management approach that ensures the TSF's stability, minimizes environmental impacts, and
aligns with industry best practices and regulatory requirements.

Challenges in Data Management

While data collection is essential, managing and organizing vast amounts of information from different
sources can present significant challenges. Mining operations often generate copious volumes of data,
leading to issues of data integration, quality control, and accessibility. Variability in data formats, data
sources, and data collection frequency can complicate the process of aggregating and comparing
information effectively. Furthermore, different stakeholders may be responsible for data collection,
which can result in inconsistencies and discrepancies in the data.

Another challenge in data management is the potential for data overload, where the sheer volume of
data makes it difficult to extract meaningful insights efficiently. Without an organized and systematic
approach, valuable information may be buried within the data, leading to missed opportunities for
proactive decision-making. Inadequate data management practices can also impact the ability to detect
early warning signs of potential TSF issues, hindering timely responses and increasing risks to the
facility. Therefore, addressing these challenges requires the establishment of a comprehensive data
management system that includes data standardization, validation, and integration to ensure data
reliability and accessibility.

Objectives of Effective Data Management

The primary objectives of effective data management in Tailings Storage Facility management are to
enhance data accuracy, accessibility, and usability for decision-making. A well-designed data
management system should facilitate seamless integration of data from various sources, ensuring
consistency and reliability. By standardizing data collection procedures and implementing quality
control measures, data accuracy is improved, providing stakeholders with greater confidence in the
information's validity. Furthermore, effective data management aims to streamline data access and
analysis. Implementing centralized data repositories and data-sharing platforms enables real-time data
retrieval, reducing the time required for decision-making and risk assessment. With improved data
accessibility, all stakeholders involved in TSF management can access up-to-date information, fostering
transparency and collaboration.

The ultimate goal of effective data management is to leverage data-driven insights to optimize TSF
performance, mitigate potential risks, and support long-term planning. By utilizing historical data
trends and predictive analysis, mining companies can make proactive decisions that enhance safety,
environmental sustainability, and overall operational efficiency. Additionally, the ability to generate
concise and informative reports through efficient data processing techniques allows for clear
communication with regulatory authorities, investors, and communities, ensuring compliance and
promoting stakeholder confidence.

In summary, effective data management is essential for tailings facility management, enabling
stakeholders to harness the full potential of data for informed decision-making, risk mitigation, and
long-term sustainability.

THE FRAMEWORK FOR EFFECTIVE DATA MANAGEMENT



Identifying Relevant Data Parameters

A successful tailings management system considers many factors, of which corporate policy, resources,
and failure mode analysis are foundational components. (Society for Mining, Metallurgy & Exploration
, 2022) Before implementing data collection and processing methodologies, it is essential to identify the
relevant data parameters that will provide valuable insights into the performance of the TSF. The
selection of these parameters depends on various factors, including the specific characteristics of the
facility, regulatory requirements, and the material strength parameters.

Key data parameters may include:

o  Water Levels:
o Monitoring water levels within the TSF is crucial to assess the facility's hydraulic
performance and prevent potential overtopping or breaches.
e Tailings Density:
o Measuring the density of the tailings provides essential information on tailings settling
rates, which can impact the overall stability and consolidation of the TSF.
e Settlement Rates:
o Tracking the settlement rates of the tailings aids in understanding the long-term
behavior of the facility and its potential impact on infrastructure and slopes.
e Piezometer Levels:
o Piezometers help monitor groundwater levels and pressures, providing insights into
seepage behavior and the stability of the facility.
e Underdrain Flows:
o Monitoring the flow rates in underdrains is critical to assess the effectiveness of
drainage systems in controlling excess pore pressures.
e Pool Depth and Position:
o For facilities with supernatant ponds, tracking the depth and position of the pond helps
manage storage capacity and potential overflow risks.

The identification of relevant data parameters ensures that data collection efforts are focused on critical
aspects of TSF management, reducing data overload and facilitating more efficient data processing and
analysis.

Data Collection Techniques and Tools

Once the relevant data parameters are identified, appropriate data collection techniques and tools must
be selected to obtain accurate and reliable data. Data collection techniques can vary depending on the
specific parameters being measured and the site's characteristics. Some common data collection
techniques and tools include:

e Automated Sensors:

o Deploying automated sensors and data loggers can provide real-time data on water
levels, tailings density, and other critical parameters, reducing the need for manual
data collection and increasing data frequency.

e Surveys:

o Manual, aerial and satellite surveys can be employed to measure settlement rates and
monitor structural deformations in the TSF.

¢ DPiezometers:

o Installation of piezometers at strategic locations can help monitor groundwater levels
and pressures in the TSF and the surrounding area.

e Sampling and Laboratory Testing:



o Periodic sampling of tailings and water for laboratory testing ensures accurate
determination of parameters such as tailings density, strength properties and
contaminant concentrations.

Data Storage, Organization and Security

Efficient data storage and organization are vital for maintaining data integrity and accessibility.
Establishing a centralized data repository allows for easy data retrieval and minimizes the risk of data
loss or duplication. Data should be organized in a structured manner, with proper labeling and
documentation to ensure that the context and source of each data point are clear.

Furthermore, data validation processes should be implemented to identify and correct data anomalies
or errors. Regular data backups and data security measures are essential to safeguard data integrity
and protect against potential data breaches. A well-organized data storage and organization system
enhances data management efficiency, facilitates data processing and analysis, and supports informed
decision-making processes for the effective management of the TSF.

Data security has consistently been a major issue in information technology. As cloud computing
becomes more prevalent security becomes increasingly important as data is located in different places
around the world (Sun, Zhang, Xiong, & Zhu, 2014). In addition to efficient data storage and
organization, robust data security measures are imperative to safeguard sensitive information and
maintain data integrity. The protection of data from unauthorized access, data breaches, or loss is of
paramount importance, especially in geotechnical engineering projects where critical data is involved.

e Access Control:

o Implement strict access control policies to ensure that only authorized personnel have
access to sensitive data. This includes role-based access permissions, password
policies, and authentication protocols.

¢ Encryption:

o Utilize encryption techniques to protect data both in transit and at rest. This ensures
that even if data is intercepted during transmission or compromised physically, it
remains unreadable to unauthorized individuals.

e Data Backups:

o Regular and automated data backups are essential for disaster recovery and business
continuity. In the event of data loss due to hardware failures or other unforeseen
circumstances, reliable backups can minimize downtime and data restoration efforts.

e Data Audit Trails:

o Implement audit trails to track and monitor data access and modifications. This helps
in identifying any unauthorized or suspicious activities and provides a transparent
record of data changes.

e Compliance:

o Adhere to relevant data protection regulations and industry standards. Compliance
with laws such as GDPR (General Data Protection Regulation) or HIPAA (Health
Insurance Portability and Accountability Act) is crucial when dealing with sensitive
data.

e Employee Training:

o Ensure that employees are well-trained in data security practices. Human error is a
common factor in data breaches, and educating staff on security protocols can
significantly reduce risks.

e Data Security Protocols:



o Develop and document comprehensive data security protocols and incident response
plans. These plans should outline steps to take in case of a security breach and establish
a chain of command for managing security incidents.

By incorporating these data security measures into the data management strategy, data integrity can
be ensured to maintain compliance with industry standards and regulations.

METHODOLOGIES FOR COMPARING DATA TO CONTROL LIMITS AND TRIGGER LEVELS

Establishing Control Limits and Trigger Levels

To effectively manage a TSF, it is crucial to establish control limits and trigger levels for key data
parameters. Control limits represent acceptable ranges within which the data should fluctuate under
normal operating conditions. Deviations beyond these limits may indicate potential issues that warrant
attention but do not necessarily signify an immediate threat to the facility's stability. Trigger levels, on
the other hand, indicate critical thresholds that, when breached, trigger immediate action or response
to prevent adverse consequences.

The establishment of control limits and trigger levels requires a comprehensive understanding of the
facility's behavior, historical data trends, and risk tolerance levels. Consulting with experts, engineers,
and relevant stakeholders is essential to ensure that the defined limits align with best practices,
regulatory requirements, and safety considerations. Regular reviews and updates to these limits are
necessary to adapt to changing conditions, facility modifications, or new risk assessments.

Data Analysis Techniques

Once data is collected and control limits and trigger levels are established, data analysis techniques are
employed to evaluate the facility's performance and identify potential areas of concern. Various
statistical and analytical methods can be applied to the collected data, depending on the data
parameters and the specific objectives of the analysis.

Some commonly used data analysis techniques include:

¢ Time Series Analysis:
o Analyzing data trends over time helps identify patterns, seasonal variations, and long-
term behavior, which can aid in identifying potential risks or anomalies.
e Statistical Process Control (SPC):
o SPC techniques are utilized to monitor data variations and detect trends or deviations
that may indicate abnormal conditions.
e Correlation Analysis:
o Correlating data from different monitoring points can reveal relationships between
various parameters and potential cause-and-effect associations.
e Trend Analysis:
o Identifying trends in data can help predict future behavior and provide early warning
signs of potential issues.
e Spatial Analysis:
o Geospatial analysis of data allows for the identification of spatial patterns and potential
spatial dependencies that may impact facility performance.

Data analysis techniques help transform raw data into actionable insights, enabling stakeholders to
make informed decisions and take proactive measures to ensure the safety and stability of the TSF.



Automated Alerting Mechanisms

To expedite response times to critical events or deviations from established trigger levels, the
implementation of automated alerting mechanisms is essential. These mechanisms continuously
monitor data in real-time and automatically trigger alerts when predefined trigger levels are breached.
Automated alerts can be sent via email, SMS, or other communication channels to relevant personnel,
enabling timely and effective responses. The effectiveness of automated alerting mechanisms relies on
the accurate definition of trigger levels and the integration of data from various sensors and monitoring
systems. Regular testing and maintenance of the alerting system are essential to ensure its reliability
and responsiveness during emergencies.

By employing automated alerting mechanisms, TSF operators can swiftly detect and address potential
risks, minimizing the likelihood of adverse events and facilitating a proactive approach to TSF
management. The combination of control limits, trigger levels, data analysis techniques, and automated
alerts creates a robust early warning system that enhances the safety, efficiency, and sustainability of
the Tailings Storage Facility.

DASHBOARD DEVELOPMENT FOR ENHANCED INSIGHTS

Purpose and Benefits of Dashboards

In the context of TSF management, dashboards serve as essential communication tools that provide
stakeholders with a comprehensive and easy-to-understand overview of the facility's performance. A
dashboard is a visual representation of critical data parameters, key performance indicators (KPIs), and
real-time monitoring information, all presented in a user-friendly and intuitive manner. The purpose
of a TSF dashboard is to enable stakeholders, including mine operators, engineers, regulators, and other
decision-makers, to assess the facility’s status and identify any potential risks or deviations from normal
operating conditions quickly and effectively. Dashboards facilitate data-driven decision-making by
condensing complex datasets into digestible and actionable insights. By providing a centralized and
accessible platform for monitoring TSF performance, dashboards enhance collaboration among
stakeholders and foster a proactive approach to risk mitigation.

The benefits of using dashboards for TSF management are numerous. First and foremost, dashboards
offer real-time monitoring, allowing stakeholders to receive up-to-date information promptly and
respond to changing conditions in a timely manner. Additionally, dashboards enhance data
visualization, making it easier to identify trends, anomalies, and potential correlations between
different data parameters. Improved data visualization leads to enhanced understanding and
improved communication of complex data, facilitating efficient problem-solving and planning.

Furthermore, dashboards support transparency and accountability in TSF management, as they
provide a clear and accessible platform for all stakeholders to monitor the facility's performance and
compliance with regulatory requirements. By promoting transparency, dashboards foster trust and
confidence among stakeholders, including local communities and regulatory authorities. Overall, the
use of dashboards in TSF management streamlines data analysis, promotes proactive decision-making,
and contributes to the safety and sustainability of the facility.

Designing User-Friendly and Informative Dashboards
The design of a TSF dashboard plays a critical role in its effectiveness and usability. A well-designed
dashboard should be intuitive, easy to navigate, and visually appealing. Some key principles for
designing user-friendly and informative dashboards are:

e (lear and Relevant KPIs:



o The dashboard should prominently display the most relevant KPIs and data
parameters for TSF management. These KPIs should align with the facility's objectives,
regulatory requirements, and the key risks associated with tailings management.

e Real-Time Data:

o The dashboard should provide real-time or near-real-time data updates to ensure that
stakeholders have access to the latest information and can respond quickly to any
changes or alerts.

e Data Visualization:

o Utilize effective data visualization techniques, such as charts, graphs, and maps, to
present complex data in a visually appealing and easily understandable format.

¢ Contextual Information:

o Provide contextual information and explanations for data parameters and KPIs to
assist stakeholders in understanding the significance of the data being presented.

Real-time Monitoring and Visualization

One of the key advantages of dashboards in TSF management is the ability to monitor and visualize
data in real-time. Real-time monitoring allows stakeholders to track changes and trends as they occur,
enabling proactive responses to emerging issues and potential risks. Real-time data visualization
provides stakeholders with clear insights into the performance of the facility, ensuring that planning
can occur using the most recent available data. Graphs, charts, and other visual representations of data
offer a clearer understanding of trends, patterns, and sudden deviations from normal operating
conditions.

For instance, real-time monitoring of water levels, piezometer readings, tailings density, and other
critical parameters enables operators and engineers to respond promptly to adverse trends or
exceedance of trigger levels. Automated alerts integrated into the dashboard notify relevant personnel
of any immediate concerns, ensuring swift action to mitigate potential risks. In addition to providing
continuous monitoring, real-time visualization aids in long-term trend analysis and performance
evaluation. Stakeholders can identify patterns and fluctuations over time, making it easier to identify
seasonal variations, long-term trends, or potential changes in TSF behavior. Centralized storage of data
is therefore crucial to maintain continuity and ensure secure transmission of data from automated
sensors to stakeholders. Ultimately, real-time monitoring and visualization through dashboards
empower TSF operators and stakeholders with actionable insights, improving the facility's safety,
environmental compliance, and overall operational efficiency. By fostering proactive decision-making
and early risk detection, real-time dashboards contribute to the continuous improvement and
sustainable management of the Tailings Storage Facility.

MITIGATING RISKS AND ALLOCATING RESOURCES EFFECTIVELY

Early Identification of Potential Risks

The implementation of effective data management, analysis, and dashboard monitoring contributes to
the early identification of potential risks in the TSF. By establishing control limits and trigger levels for
critical data parameters and utilizing real-time data visualization, stakeholders gain immediate insights
into abnormal trends or deviations. Early detection of such anomalies allows for proactive responses
and the implementation of risk mitigation measures before issues escalate. Risk-based decision-making
involves making decisions by evaluating if existing risks are tolerable and present risk controls are
adequate. With regular reviews of the risk assessment and risk management plan assures that the



critical risks are evaluated regularly, and appropriate mitigation strategies are developed. (Society for
Mining, Metallurgy & Exploration , 2022)

When the dashboard highlights deviations beyond established trigger levels, TSF operators, engineers,
and environmental specialists can investigate the cause of the deviation, assess the potential risks to the
facility's stability, and initiate appropriate corrective actions. Early identification of potential risks is
crucial for preventing incidents, minimizing environmental impacts, and maintaining the safety and
reliability of the TSF.

Data-Driven Decision Making

The use of comprehensive data management and analysis techniques facilitates data-driven decision-
making in TSF management. Rather than relying solely on intuition or assumptions, stakeholders can
base their decisions on factual and reliable data insights derived from the dashboard and analysis of
historical trends. Data-driven decision-making minimizes the potential for human error and enhances
the accuracy and effectiveness of strategies implemented to manage the facility.

For instance, when faced with decisions related to tailings deposition rates, dam raises, or emergency
response plans, data-driven decision-making allows stakeholders to consider a wide range of data
parameters and their potential impacts. By evaluating different scenarios and simulating outcomes
based on historical data and predictive analysis, the most informed decisions can be made to ensure
the safety, stability, and sustainability of the TSF.

Allocation of Resources for Risk Mitigation

Effective data management and insights obtained from the dashboard support the strategic allocation
of resources for risk mitigation measures in the TSF. When potential risks are identified, the dashboard
aids in prioritizing actions based on the severity and urgency of the issues. This optimization of
resource allocation ensures that resources are efficiently utilized to address the most critical risks,
optimizing the facility's overall performance and safety. With a clear understanding of the facility's
current conditions and the potential consequences of specific risks, stakeholders can allocate resources
to reinforce critical infrastructure, enhance monitoring systems, and implement engineering controls
tailored to the identified risks. By focusing resources on high-priority areas, TSF operators can enhance
the facility's resilience and minimize the likelihood of adverse events.

CONCLUSION

Summary of the Framework and Methodology

In summary, this paper has presented a framework for effective data management, analysis, and
insights in the management of TSFs. The framework emphasizes the identification of relevant data
parameters, the selection of appropriate data collection techniques, and the establishment of control
limits and trigger levels to monitor TSF performance. Methodologies for comparing incoming data to
control limits and trigger levels, as well as the development of user-friendly dashboards, have been
elaborated upon to facilitate real-time monitoring and visualization.

Implications and Recommendations for Tailings Storage Facility Management

The implications of implementing this framework for TSF management are far-reaching. By adopting
a data-driven approach, mining companies can enhance their ability to assess risks, respond to
emerging issues proactively, and comply with stringent regulatory requirements. Efficient data
management not only ensures the stability and safety of the TSF but also supports the industry's
commitment to environmental sustainability and responsible mining practices.



It is recommended that mining companies invest in robust data management systems, continuously
improve data collection and analysis techniques, and train personnel in utilizing dashboards for
decision-making. Regular reviews and updates of control limits and trigger levels are essential to reflect
changing conditions and evolving risk assessments.

Future Perspectives and Developments

As technology continues to advance, there are promising opportunities for further enhancing TSF data
management and insights. The integration of artificial intelligence and machine learning algorithms
can contribute to more sophisticated data analysis, enabling early detection of potential risks based on
data patterns and trends. Automated data integration from various sensors and monitoring systems
can streamline data collection further and improve real-time monitoring capabilities.

Additionally, data management frameworks could be extended to include predictive modeling,
facilitating scenario simulations and risk forecasting. Integrating remote sensing and geospatial
technologies could enhance spatial data analysis, providing a more comprehensive understanding of
TSF behavior and potential environmental impacts. Overall, the continuous improvement of data
management systems and insights in TSF management will be essential to ensure the safe and
sustainable operation of mining facilities, minimize environmental risks, and safeguard surrounding
communities. By embracing data-driven methodologies, the mining industry can meet the challenges
of responsible tailings management and contribute to a more sustainable future.
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