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ABSTRACT

This thesis explores the external risks associated with the construction of tailings dams in the mining
industry, focusing on the recent regulatory changes in Mexico. These changes have introduced new
complexities and uncertainties in project management, particularly during the tender and construction
phases. The aim of this research is to address a gap in traditional risk management methodologies by
developing a knowledge graph to identify and manage external risks more effectively, with the
specific objective of “How to model an ontology of external risks in the construction of a tailings dam
using empirical knowledge.” The scope of the study includes the analysis of external risks in the
construction of a tailings dam and the integration of ontologies to enhance contractors' decision-
making processes during the tender stage.

The research employs a mixed-method approach, combining a literature review, case study analysis
of the Mexican mining industry, and empirical data collection through interviews with industry
experts. The methodology involves developing a knowledge graph using the Methontology approach,
implemented through Protégé software. The results reveal various external risks, such as social
conflicts and activity-related and resource-related issues, that impact tailings dam projects. The
knowledge graph created serves as a systematic tool for visualizing and analyzing these risks, with
validation processes confirming its logical consistency and applicability.

The study concludes that external risks in the mining industry are multifaceted, encompassing social,
financial, and resource-driven factors. The developed ontology provides a practical framework for
contractors to identify and mitigate these risks more effectively, especially during the tender stage.
The research recommends further development and application of ontology-based models in the
industry to bridge the gap between theoretical risk management frameworks and practical, real-world
applications, thereby enhancing the overall risk management process in construction projects within
the mining sector.

Keywords: Ontology-based model, Risk management, Mining Industry, Construction of tailings
dams, Identifying external risks, Knowledge graphs
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EXECUTIVE SUMMARY

Introduction & Research Objective

This study centers on the development of tailings dams within the mining sector, with a specific focus
on Mexico, and the related external risks. The research underscores the effects of recent regulatory
adjustments in Mexico's mining industry, which have heightened the intricacy and unpredictability
of project management. The objective is to bridge a notable research void by recognizing and handling
these external risks, which are frequently disregarded in conventional risk management
methodologies, using Ontologies to enhance a contractor's decision-making during the project's
tender stage. This will help to answer the main question and objective of the research :

How to model an ontology of external risks in the construction of a tailings dam using
empirical knowledge?

Methodology

The research methodology used in this study follows a mixed-method design. It involves conducting
a literature review, collecting empirical data through interviews with experts from both mining
companies and contractors, researching specific news articles on events in the Mexican mining
industry, and creating and evaluating this knowledge graph to map the external risks that can occur
in the construction of a tailings dam. The methodology used for creating the ontology is
Methontology, with the assistance of the software Protégé.

Literature Review

The literature explores different perspectives on risk classification, risk management strategies, and
the unique external factors that affect infrastructure projects, hydroelectric dam projects, and the
mining industry. The review also highlights the key considerations in constructing tailings dams, such
as the risks associated with external stakeholders and how environmental impacts may cause
discomfort in the rural communities around the project. It also discusses the use of natural resources
as materials for construction and how they are more difficult to gather in rural areas where the
communities are heavily dependent on them.

The literature review highlights the increasing impact of social events on the mining industry over
the past 20 years. It emphasizes the importance of an effective risk identification system for these
specific projects in order to reduce cost and schedule impacts. Early identification of risks, ideally
before the construction stage, is crucial. It also points out the limitations of traditional risk
identification techniques when dealing with complex and evolving external risks. It suggests using
ontologies and knowledge graphs as more comprehensive tools for risk management. These tools are
focused on identifying clear relationships by utilizing initial knowledge from various stakeholder
experiences as a repository of knowledge.

Results

The results are divided into two main parts: analysis of news articles and findings from interviews
conducted as part of the case study in Mexico. The news analysis revealed various external events
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impacting the mining industry in Mexico, including social conflicts, financial disputes, and natural
resources issues. Interviews with industry professionals provided valuable insights into common
external risks and the relationships between activities, events, and resources in the construction of
tailings dams. The second part of the results cover the process of using the previously mentioned
information to develop a model. This involved using quotes from the interviews to create classes and
establish relationships between them. The next step was formalizing the model using Protégé software
and implementing the process by populating the model with specific classes from the hypothetical
case study. This resulted in a robust knowledge base that contains the external risks associated with
building tailings dams in Mexico. This model provides a systematic method for visualizing and
analyzing these risks.

Also, the evaluation process of the knowledge graph is described through verification and validation.
The verification step involves automatic consistency checking using a reasoner, in this case, the
Hermit reasoner. It checks for any inconsistencies and illogical connections within the model. There
were no inferences, so the model is logically consistent. Next, it evaluates the information based on
four criteria through four validation meetings. These meetings involved participants from previous
interviews and aimed to assess the knowledge graph's coverage, consistency, clarity, and scalability.

For the validation process, first, the completeness and coherence of the graph was evaluated by
manually checking the model for consistency, which was successful. Feedback and opinions from the
participants during the validation meeting were gathered as the model was explained, and they were
asked if they felt the information covered the entire domain. Then, specific competency questions
were developed based on the participants' requirements, which were answered using queries in the
software's graph database. The answers were shown to the participants to confirm if they were
sufficient and accurate. This successful evaluation process confirmed that the model indeed complied
with the objective of mapping external risks in the construction of tailing dams.

Discussion

The most common external risks found in the literature review, news articles, and interviews are
discussed, encompassing social, financial, and resource-driven factors, and delves into the advantages
and challenges of employing ontologies to enhance external risk management in the construction and
mining industry. It specifically examines the implementation and generalizability of the knowledge
graph created for this research based on the feedback obtained by participants during validation
meetings, as well as the intricacies related to building such a model. Most participants agreed that
using ontologies to enhance the contractor's capacity in risk management is a viable option, applicable
to various aspects and phases of projects, with positive feedback during the model evaluation stage.

The limitations identified during the model's development and the feedback received during
validation meetings were as follows: first, the model was not implemented in a real case; second, the
lack of inclusion of quantitative data was a limitation that, if taken into consideration, could improve
both the knowledge graph and decision-making regarding external risks. In addition, it also discusses
the future use of ontologies in combination with artificial intelligence to support users activities,
making the process more user-friendly.



Conclusion

The research concludes by answering the two following sub-questions:

1. What are the most common external risks in the mining industry, and what is the contractor’s
perspective on them?

Answer: The most common external risks in the mining industry may vary depending on the
location of the projects and the social intricacies of, but it was found that they fall into four
predominant categories which are:

e Social risks

e Resources-related risks

¢ Financially related risks

e Combination of one or more of the following categories.

The interviews provided valuable insights into how contractors perceive external risks in the mining
industry. Contractors tend to prioritize risks associated with their own activities and resources, with
trade unions and organized groups such as rural communities or even crime groups identified as the
most influential stakeholders. Unlike mining companies, which actively manage external risks daily,
contractors typically assess external risks during the tender stage, site visits, and the kick-off meeting
before construction commences. Once construction begins, contractors often shift their focus to
internal risks within their activities, sometimes overlooking external risk management.

2. What are the correlations between activities, events, and resources that lead to risks in the
construction of tailings dams?

Answer: The knowledge graph of external risks in the construction of tailings dams was
created using 104 classes selected during interviews with the participants, as well as eight object
properties (relationships). The model contained 374 logical axioms (correlations). The large number
of correlations found, based on a hypothetical case, suggests that using ontologies to analyze such
risks holds promise for the future of risk management in the mining and construction industry.

It also encompasses the significance of integrating empirical knowledge through ontologies to
enhance the identification and management of external risks in the construction of tailings dams. It
proposes further development and application of ontology-based models in the industry to bridge the
gap between theoretical risk management frameworks and practical, real-world applications. The
study makes theoretical and practical contributions to the field, providing a foundation for future
research and implementation in similar projects.
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This section provides an introductory background to the primary research objective, which centers
around the construction of tailings dams in the mining industry and the associated external risks. It
addresses the research gap and states the main objective of the study. Furthermore, the chapter offers
a summary of the regulatory changes that have occurred in the Mexican mining industry, with a
particular emphasis on their impact on mining externalities.

1.1 RISk MANAGEMENT IN MINING

The mining industry, like many others, has been affected by the constant changes in policies. These
policies have resulted in modifications to laws and regulations pertaining to responsible project
construction within the industry. The changes have been rapid due to the need for governmental
organizations to reduce the environmental impact of mining projects. However, these measures have
generated controversy among internal stakeholders due to management changes and the high
complexity and risks associated with mining projects. One example of such policies is that mining
companies will need to allocate resources to pollution abatement, which can be costly and limit
investment in other productive activities (Andersen & Noailly, 2022).

Despite limited information, empirical knowledge within the industry suggests that sustainability
concerns significantly influence project decision-making and risk. During the evaluation of the
mining industry's impact, new legal regulations at various levels of governance have caused increased
complexity and uncertainty, leading to a growing distrust of the industry (Haddaway et al., 2022).
Applying regulations, including governmental condonations, special permits, and environmental
correction projects, demonstrates this complexity.

1.1.1 Deficiencies of Risk Management in Mining

Managing these projects is challenging due to complex relationships with external stakeholders such
as governments, NGOs, and communities, particularly when sustainability is a priority. As a result,
external risks in this industry are higher compared to others. Furthermore, the more variables
involved, the more difficult it becomes to identify risks in a timely manner.

Risk identification is a crucial process in the construction industry. However, traditional methods like
checklists, the Delphi method, interviews, and SWOT analysis still rely on a manual integration of
information, which hinders new emerging threats along the way due to the industry's complexity and
dynamism (Shaked & Margalit, 2022). As Ding et al. (2016) mention, these tools exclude the
relationships between risks. The construction industry involves various external factors like political,
environmental, social, technological, legal, and environmental issues, which make it challenging to
identify and manage risks (De Azevedo et al., 2014).

1.1.2 External Risks and changing Regulations in Mexico

In 2023, a new mining law reform was imposed, which amended four specific laws that directly affect
the environment of the mining industry and its construction projects. As a result, several new general
and specific measures have been introduced (De Economia, n.d.-b). Eight measures have been
implemented to improve mining activities and protect the environment and communities surrounding
mining projects. These measures include the elimination of land expropriation for mining activities,
reduction of mining duration to 30 years, and prioritization of the supply of drinking water, meaning
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that if the volume of water available is reduced for any reason, the water use permit will be reduced,
suspended, or canceled, a 60% water recycling obligation for concessionaires, a social impact study,
a minimum of 5% of net profit given to surrounding communities, expanded grounds for cancellation
of concessions, the first ground involves not having the necessary water, whereas the second concerns
the immediate risk of ecological imbalance and the ban on the disposal of materials, such as tailings
dams. It is crucial that these activities do not have an adverse impact on the population, productive
areas, or surrounding ecosystems (Day, 2023a).

To sum up, the recent changes have created more ambiguity and uncertainty around the social and
environmental issues that a mining project may encounter. These problems can arise at any stage of
the project, even if all regulations were followed properly during the documentation stage. The
repercussions of such situations are instant and can significantly affect the project. In addition to
creating new permits, they also make room for or increase the relevance of three key external factors
for any mining project:

e Land ( soil, agrarian rights, limitations on the use of land)

e Water (limiting water pollution, water recycling, increasing licensing for different water
uses).

e Social (more influence is given to the communities surrounding the mining projects, increase
their bargaining power, and in addition to a consent signed by the communities where they
accept the project, this consent is negotiable at any time).

The laws that have been modified include (Day, 2023):

e The Mining Law.

e Law on National Waters.

e General Law on Ecological Balance and Environmental Protection.
e General Law for the Prevention and Integral Management of Waste.

1.1.3 Tailings Dams

During the mining operation process, minerals are extracted from the earth along with other
materials such as soil and rock. These materials go through a separation process where the minerals
are extracted, and the impurities are removed. The remaining materials are referred to as tailings,
which are estimated to be produced at an annual rate of anywhere from five to fourteen billion tons.
These tailings may contain sulfide minerals that can cause acid drainage, as well as other processing
chemicals and process water (Schoenberger, 2016).

As demand for minerals increases and lower-grade deposits are being mined, the amount of waste
generated, known as tailings, is also increasing. This is a global issue that needs to be addressed as
the burden of tailings is expected to rise steeply. There are various ways to handle and store tailings,
including riverine disposal, submarine disposal, wetland retention, backfilling, dry stacking, and
storage behind dammed impoundments. Currently, the most widely used method is the construction
of tailings dams. The tailings are usually stored underwater to prevent the formation of surface dust
and acid mine drainage (Kossoff et al., 2014).



The dams are constructed using coarse tailings material, which is compacted to build the initial wall.
It is imperative to waterproof both the initial wall and the foundation soil to prevent any infiltration
that can have deleterious effects on the physical stability of the dam or cause groundwater
contamination. To minimize saturation of the tailings with process water, surface water, or rainwater,
these structures are typically equipped with perimeter channels, subsurface drainage systems, and
drainage pipes (Asesorias Tecnicas Geologicas ATG LTDA, n.d.). Attached is an image representing
a model of a tailings dam.
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FIGURE 1: SCHEMATIC DIAGRAM OF A TAILINGS DAM (ASESORIAS TECNICAS GEOLOGICAS ATG LTDA, N.D.).

These projects are often constructed using locally available materials, as opposed to the concrete used
in water-retention dams (Kossoff et al., 2014); the resources needed from this are truly dependent on
the availability of them through local material banks or quarries, which opens the door for external
conflicts. It is worth noting that infrastructure projects, particularly those pertaining to the mining
industry, are commonly implemented in rural areas where resource availability is limited. In this
context, the surrounding communities hold a preference for resource utilization.

Tailings dams are a type of construction project in the mining industry that has been extensively
studied around the world. The primary focus of these studies has been on their technical
characteristics, methods to achieve greater sustainability in their construction, and the reasons for
structural failure. This is because when a tailings dam fails, the impact can be significant. These
structures often contain multiple chemicals used to separate minerals from the soil during the mineral
recovery process in mines. When these chemicals come into contact with nature, especially water,
they can cause contamination over large areas and affect multiple localities. As Kossoff et al. (2014)
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state, tailings dams contain a large amount of material that is often harmful to the environment. If
they fail, the toxic material can flow into river systems, which can have negative impacts on water
and sediment quality, as well as aquatic and human life for hundreds of kilometers downstream.
Moreover, the size of these structures is so significant that a tailings dam failure can put the lives of
people near the project at risk due to potential landslides.

However, there has been no focus on the construction management of such projects and the external
risks to which they are exposed, i.e., the focus has been on the risks of failure, not on the construction
process on the part of the contractors and the client.

1.2 PROMISES OF ONTOLOGIES IN RISk MANAGEMENT

Although risk management has been a topic of focus in recent decades, there has been limited
implementation of new risk identification techniques in recent years (Hoseini et al., 2019). As aresult,
risk identification still relies heavily on the qualitative knowledge of specialists. This means that risk
identification must be undertaken from the beginning for each new project. To address this challenge,
knowledge-based models have been introduced to generate a mapping of events or risks with
stakeholders, with the aim of defining the relationships between them systematically and accurately.
In recent studies and literature, there have been attempts to use knowledge graphs or ontologies to
improve risk management in various industries, applications, and specific projects; however, so far,
no ontology has been created for external risks in tailings dam construction.

1.3 RESEARCH GAP

There are several established categories and frameworks for conducting risk management in
construction projects. However, if we focus on identifying risk, the models used in the industry only
rely on external and subjective information to analyze the context. Delays in construction projects are
a common occurrence, often resulting from unforeseen circumstances. Unfortunately, these issues are
often identified only after they have already caused significant setbacks (Ansah & Sorooshian, 2017).
According to the same author, over 50% of construction project delays are due to a lack of robust
management techniques and tools. Traditional methods are not equipped to handle complex project
flow management. Even more so when uncontrollable external risks cannot be reduced or avoided,
as these risks are generated and grow outside the core organization, so the only option companies
have is to base their approach on identifying them, reviewing their potential impact, and figuring out
how to mitigate their effects as best as possible should they occur, as most of these risks do not fall
into the category of black swan events.

Risk management has evolved over the years, and several techniques have been innovated to assess,
plan, and implement risks. Probabilistic risk assessment is one such technique that uses coded models
and algorithms to predict the likelihood of specific events occurring. Similarly, frameworks have been
developed, shared, and used across different industries like oil and mining to help with risk planning
and implementation. Although risk management has been a topic of focus in recent decades, there
has been limited implementation of new risk identification techniques in recent years (Hoseini et al.,
2019). As a result, risk identification still relies heavily on the qualitative knowledge of specialists.
This means that for each new project, risk identification must be undertaken from the beginning. To



address this challenge, knowledge-based models have been introduced to generate a mapping of
events or risks with stakeholders, with the aim of defining the relationships between them
systematically and accurately.

The research gap addressed in this thesis encompasses four important concepts. Specifically, the
methods for identifying risks in risk management need to adapt to the changing industry. For example,
the mining industry has experienced regulatory changes that have increased the involvement of
external stakeholders in projects, leading to additional external risks in project construction. In
contrast, the potential of using ontologies in risk management as an alternative to enhance decision-
making needs further exploration. This research gap is depicted in Figure 2.
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Models
Stakeholders Research Mining Industry
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Risk Management

FIGURE 2: VENN DIAGRAM OF RESEARCH GAP

Effective management requires the involvement of all stakeholders, particularly during the project's
initial phase. The problem is that risk identification is a process that takes time, quite a lot of time and
is normally aligned more to the economic viability of a project, i.e., it is the one who seeks to build a
project (the client) who focuses more than ever on the issue of risk identification using the techniques
previously mentioned and covering its investment in the transfer of risks in the construction stage to
the contractor. The only way to mitigate this risk in the eyes of the contractor is to increase the price
of a project, which in many cases is not a good strategy since one of the main objectives at this stage
is to find the best possible price to develop the project.

1.4 RESEARCH OBJECTIVE & RESEARCH QUESTIONS

In the context of the present research, emphasis is placed on the Tender (Bidding) and in the
construction phase of a tailings dam project due to its critical significance in encompassing two
pivotal milestones: the selection and appointment of contractors through a bidding process, and more
importantly, the execution of risk assessments. The latter encompasses the evaluation of external
risks, notably legal and social factors, which often lead to substantial discord and challenges in project
execution. As clarified by Tepeli et al. (2019) and Zhi-Min et al. (2020), the predominant risks



inherent to this phase include alterations in legislative or regulatory frameworks, financial
instabilities, and modifications in design instigated by external variables.

Risk identification is a pivotal process in mitigating potential threats, typically performed manually
by subject matter experts. However, the integration of data from multiple systems poses a significant
challenge, impeding the systematic evaluation of new and emerging risks. As highlighted by Shaked
and Margalit (2022), the complexity of this process and the high degree of expertise required to carry
it out necessitates more efficient and streamlined approaches to risk identification.

The research aims to create an interface that integrates practical knowledge from stakeholders into a
user-friendly platform. The objective is to develop an ontology that can permanently store
information about external risks in tailings dam construction using traditional approaches. This model
will function as a knowledge repository, allowing contractors to access collective knowledge and
establish a framework for future assessments and decision-making. Using ontologies to map external
risks in tailings dam construction can be beneficial due to the potential for reusing knowledge graphs
in different projects. It is crucial to focus on continuous maintenance of the model by continually
incorporating empirical knowledge about projects until the database is as robust as possible. This will
enable end users to quickly access comprehensive information in one interface, promoting more
effective risk analysis at the project bidding stage.

1.4.1 Main Question
The main question is divided into two sub-questions that will be explored throughout this research.

How to model an ontology of external risks in the construction of a tailings dam using
empirical knowledge?

1.4.2 Sub-Questions

Two sub-questions have been formulated to adequately address the main research questions. These
sub-questions are based on three sections: a literature review, data collection through interviews, and
the use of ontologies to develop a knowledge graph. The methodology for these sub-questions will
be explained in the Chapter 2.

1. What are the most common external risks in the mining industry, and what is the contractor’s
perspective on them?

2. What are the correlations between activities, events, and resources that lead to risks in the
construction of tailings dams?

1.5 RESEARCH SIGNIFICANCE AND SCOPE

The mining industry is one of the most risk-vulnerable industries due to the fact that it is a complex
human-engineering system, where not only internal (operational) risks significantly affect its
development but also ecological, social, and economic risks figure as relevant agents within the risk
assessment (Tubis et al., 2020). As regulations continue to prioritize environmental preservation,
sustainability, and social protection, mines are facing heightened uncertainty. These changes place
greater emphasis on socio-environmental preservation, potentially minimizing the economic impact



of mining projects. As a result, risk assessment has become increasingly complex due to the multitude
of variables at play and the corresponding increase in potential risks.

The scope of this research is centered on Mexico as a study area, owing to our unfettered access to a
network of subject matter experts in the field and due to recent changes in the regulatory framework
of the mining industry. Four laws have been reformed that directly affect the natural and social
resources of mining projects. These changes intensify the regulation of compliance in the operation
and construction of mines, with the goal of increasing awareness of environmental and social issues.
As a result, these issues play a greater role in decision-making and project viability, leading to an
increase in potential external risks that may impact projects. It is crucial to identify these risks during
all phases of a mining project, including primary and secondary activities. Therefore, having as much
information as possible on how various external agents can create risks is important. Risk
identification is currently carried out using empirical information, which is then fed into a risk and
impact analysis matrix. However, this method takes time and does not capture the relationships that
may exist between agents, risks, and activities, resulting in a gap in knowledge and lessons learned.

However, it is important to note that the knowledge-based model can be applied to future projects by
utilizing established semantics and relationships between classes, as reusability is one of the
significant advantages of knowledge graphs and ontology models (Noy & McGuinness, 2002). This
can help bridge the gap between risk management theory, external risks, and the relationship between
stakeholders. Ultimately, it can be valuable for the construction sector.
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2 RESEARCH METHODOLOGY

The main goal of this research is to create a knowledge graph of external risks in the construction of
a tailings dam using empirical knowledge. This section presents the specific research design and the
various sections that comprise the entire thesis research. It begins with collecting information to
develop interview questions and understand the most prevalent external risks in the mining industry,
including a literature review and analysis of news articles. This is followed by a series of interviews
with experts in Mexico and, a summary outlining the plan to create and evaluate the ontological model
to answer the second subquestion and, finally, the main question of this research.

2.1 RESEARCH DESIGN

To achieve the main objective, a mixed-method research design consisting of three sections was
proposed. These sections aim to comprehensively answer the previously mentioned research
questions. The diagram in Figure 3 shows the link between each sub-question and the three sections
of the research methodology. This will provide a better understanding of how the main objective of
this research can be achieved.

To begin, first it was decided to research the existing literature to identify the most common issues in
construction projects within the mining industry. Since there was a lack of local information for the
specific case study in Mexico, there was a need to also analyze news articles from the country to
understand the recent events affecting these projects and their underlying causes, and conduct
interviews with experts from mining companies and contractors to address SQI1. Using the
information gathered, the last step then, is to proceed with creating a knowledge graph for external
risks in tailings dam construction in Mexico.
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2.2 LITERATURE REVIEW

The initial phase of the research involves a literature review that begins with an approach to
comprehend the relationship between the mining industry and the risks it currently confronts. This
entails distinguishing between risk classifications and exploring the risk management approaches
utilized in the industry, including the common tools used for risk identification in civil engineering
projects. This introduction sets the stage for addressing the first SQ1, which aims to identify the most
prevalent external risks encountered by construction projects in the mining industry. This involves
globally identifying these risks in the literature, starting with infrastructure projects that share
similarities with the construction of mining dams and considering the critical factors that must be
considered for these specific projects.

During the initial stage of this research, an extensive search for papers across various disciplines was
conducted. This search aimed to analyze the research objective by focusing on three keywords. The
papers accessed during this period were from public databases and those accessible through the TU
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DELFT account. This process took approximately six weeks. The following table displays the papers
found in one column and those selected for the literature review in another column.

TABLE 1: KEYWORDS, FOUND AND SELECTED PAPERS

Key Words Papers found Selected papers for literature
review
Risk Management in Construction 22 8
Risks in infrastructure, mining 24 13

industry, and tailings dams

Ontologies applied to risk management 11 7

or construction

Total 57 28

The decision to analyze practically only 50% of the papers found at the outset was based, firstly, on
avoiding redundancy and information saturation and, above all, including only the information that
was directly applicable to this research.

2.3 CASE STUDY OF MINING IN MEXICO

To narrow down the information to be studied in the news articles and interviews to a specific country,
because external risks vary depending on the location of the projects, mainly due to social issues, this
section of the research and the application of the model was decided to focus on the case studies of
the mining industry in Mexico.

2.3.1 Analysis of News Articles

As part of the proposed methodology, an analysis of news archives that report events affecting
construction projects in the mining industry has been incorporated. This approach allows us to gain a
broader understanding of the risks involved in the industry while minimizing the influence of those
who prioritize project success over external factors. News articles serve as a valuable source of
information, providing the latest updates on current events and often revealing information that
mining companies would not make public.

The goal was to collect as many news articles as possible while maintaining the accuracy and
reliability of the information. The initial step was to search on Google engine for news in Spanish
using the keywords "social events in the mining industry in Mexico”. Then, specify reputable
newspapers that appeared in the search results, focusing on events such as strikes or work stoppages
within Mexico from 10 years ago.

The main exclusion criterion is only considering information from reputable newspapers, avoiding
tabloid sources. Only 20 articles were considered to prevent information overload, prioritizing those
containing as much information as possible about the events, the stakeholders involved, and an
explanation of the reasons behind the events. The analysis of these articles was done manually, and a
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tracker in Excel was created that shows the source, the year of publication, the type of risk or reason
for which the events were incited, the type of event, and personal comments on this information.

2.3.2 Interviews for Data Collection

To gather empirical data on the correlations between activities, resources, and external risks in
constructing tailings dams in Mexico, eight interviews were conducted with professionals
experienced in mining construction projects from various backgrounds. As seen in Table 2, the list
of interviewers comprehends five perspectives from the contractors' eyes and three from the client's
perspective as a mining company.

TABLE 2: LIST OF INTERVIEWEES

Interviewee ID of Participant Type of company Position of employment Years of
# experience
1 C-1 Contractor Chief Operating Officer 36 years
2 C-2 Contractor Project Manager 15 years
3 MC-1 Mining company Sustainability Director 10 years
4 MC-2 Mining Company Planning Manager 25 years
5 C-3 Contractor Project Manager 28 years
6 C-4 Contractor Chief Executive Officer 30 years
7 MC-3 Mining Company Ex-Chief Operating 49 years

and Civil servant Officer and Ex-Secretary

of Economic Development

8 C-5 Contractor Project Manager 20 years

A semi-structured interview approach was utilized, asking ten questions with follow-up questions as
needed. The open-ended nature of this approach allowed the exploration of the interviewees'
experiences and opinions and gather qualitative data more comprehensively. The interview questions
were developed to focus on the external risks in Mexico and compare them with the global risks
identified in the literature review.. The methods used to identify these risks were also explored to
understand if they align with those mentioned in the literature as common. Additionally, insights from
events investigated through news articles provided a basis to seek the experiences of the individuals
interviewed regarding events related to external risks they have faced.

The interviews also addressed the resources and activities for the construction of projects. The
literature review highlighted that resources found near construction sites, such as water and
aggregates, or even the transportation of other resources through the areas surrounding the
construction site pose external risks when involving external stakeholders. Since risks are uncertain
events requiring a premise to exist, and even projects as a whole could be that premise, it was decided
to narrow the scope to specific activities necessary for the project to understand the different risks
associated with them. Additional follow-up questions were conducted as needed to ensure a thorough
understanding of each response. The interview questions are listed below:
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TABLE 3: INTERVIEW QUESTIONS

Interview Questions

How many years have you been active in the construction
or mining Industry? In which sector specifically?

What kind of external risks do you think the construction
of civil engineering projects in the mining industry faces?

Follow up: Specifically during the construction phase?

Follow up: Specifically in the construction of tailings
dams?

What tools or methods do you use to identify risks?

Follow up: In your experience, have you encountered any
instances where this strategy has been effective or
ineffective? Can you recall some examples?

What are the activities required from winning a tender to
the completion of the tailings dam construction?
(contractors only)

Follow up: In any of these particular activities have you
identified any specific risks not previously mentioned?
What resources are needed to complete such a project?
Follow up: How is resource prioritization and
management handled during the procurement and
construction phases of a project?

Follow up: Have you ever encountered unexpected
difficulties or conflicts while using or acquiring these
resources?

What resources are needed to complete such a project?
Follow up: How is resource prioritization and
management handled during the procurement and
construction phases of a project?

Follow up: Have you ever encountered unexpected
difficulties or conflicts while using or acquiring these
resources?

Have you had any external events that have affected a
project like this in terms of time or money?

Follow up: If so, what were they and what was the reason
for their occurrence?

Follow Up: What was the impact of this event on the
project and how was it mitigated?

What has your experience been in this construction project
with the use or management of the following resources:
water, land, bank material, roads, explosives, electricity,
labour, or machinery?

How have you empirically analyzed the correlations
between resources, activities, and potential risks?
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Purpose of Question

Introduction

To understand the various parameters
that are employed to categorize
external risks in an inherent manner.

To ensure comprehensive risk
identification in the mining sector, it
is important to identify any gaps in the
process.

To confirm the necessary activities to
construct tailings dams for creating
the termpool, and reevaluate the
effectiveness of the previous risk
identification process.

To know the approximate time in
which the contractor can carry out a
technical and economic evaluation
and, therefore, an external risk
identification process.

Reaffirm the resources needed for the
term-pool and open the way to the
question of external risks that may
affect resources

Investigate in a specific way some of
the events that have affected the
projects to understand why they
happened and whether they were
budgeted for.

To ascertain the interviewee's views
on the resources identified during the
literature review and reassess the
possible risks over them.

Establish whether the experience and
information involved is sufficient to
take into account possible external
risks that may arise.



10 What do you think about the relationship between the Know or validate the usefulness of the
identification of external problems and decision-making ontology in the risk identification
during the bidding process? (Contractor) process
Follow up :

How might additional information about potential project
risks influence your quote and decision to enter the bidding
process, if at all?

Follow up: How might having more information about
potential risks affect your ability to negotiate terms or
enhance bargaining power with the client for situations
beyond the contractor's control, such as including clauses
for work stoppage or extraordinary costs?

11 How would you perceive a contractor providing a Know or validate the usefulness of the
comprehensive analysis of potential external challenges ontology in the risk identification
during the tendering stage?? (Mining company) process

Follow up: Would you consider the contractor's data when
negotiating the contract and possible solutions to external
challenges that might occur, or would the transfer of risk
implicit in contracts normally remain the primary
approach?

It is essential to conduct interviews with individuals who have prior experience in similar projects to
acquire information, requirements, or specifications for developing a knowledge-based model. To
gain a comprehensive understanding of Mexico's mining industry, the research will concentrate solely
on examining its intricacies. This will involve analyzing external factors, identifying the resources
and activities required for constructing a tailings dam, and identifying the key stakeholders who have
a direct impact on this industry. The table provided below shows the duration of each interview and
the perspectives of the interviewees.

TABLE 4: DURATION OF INTERVIEWS

Interview # Role of Interviewee Duration
1 Contractor 34 minutes
2 Contractor 49 minutes
3 Mining Company 1 hour 10 minutes
4 Mining Company 40 minutes
5 Contractor 53 minutes
6 Contractor 1 hour 4 minutes
7 Mining Company 49 minutes
8 Contractor 1 hour 8 minutes

To analyze the interviews, first, they were transcribed and translated into English without changing
the participants' answers. Then, using ATLAS.ti software to create codes based on specific nouns
falling into predefined categories such as activities, resources, stakeholders, risks and events, along
with quotes about the relationships these nouns have in the current scenario in a explanatory case
study. The results section displays the different codes, which were also filtered or combined to create
the final model.
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In compliance with TU Delft HREC standards, the interviews were conducted in accordance with
the parameters and regulations of the Human Research Ethics Committee, number 4130, which was
approved together with the DMP on 10 May 2024. Participants were asked to sign the Informed
Consent Form found in Appendix D.

2.4 DEVELOPING THE KNOWLEDGE GRAPH

The next step, which is creating a model in the Protege software, is a complex task that requires
gathering and analyzing domain knowledge to structure the conceptualization of the model, which
will serve as a tool to assess whether such technology and models can aid in creating a more
comprehensive system for risk identification. The objective of this model is to help identify the
potential risks involved in the construction of tailings dams and provide a more accurate assessment
of the external risk profile.

An ontology in computer science is the explicit formal specification of a conceptualization; as
simplified by Zheng et al. (2021), ontologies represent the knowledge in specific domains, with a
formal description of the concepts and relationships. There exist diverse approaches and techniques
to tackle a subject and establish an ontology for it. In the forthcoming section, some methods that
may prove relevant to the aim of this thesis have been enumerated. Subsequently, a reference to a
data comparison conducted by Igbal et al. (2013) will be made to ascertain the methodology that is
most suitable for this study.

2.4.1 Development Steps

Based on the analysis created by Igbal et al. (2013), the following table was taken, and based on eight
parameters, a comparison of the different methodologies when creating ontologies was made.

Type of Collasborative Reusabality  Degree of applcation  Life cycle S gxs for Methodology  Interoperability
Methodologes development construction  support dependency recommendation identifying concepts detals support
TOVE Stage based No Yes Application serm No Middle out Some details  No
independent strategy
Enterprise model Stage based No Yes Application No Middle out Some detasls  No
approach independent strategy
METHONTOLOGY  Evolving No Yes Application Yes Middle out Sufficient No
prototype independent strategy detals
KBSI IDEFS Evolving No Yes Application No Not clear Some details  No
prototype independent
Ontolingua Modular Yes Yes Application No Not clear Some details  Yes
development independent
Common KADS and  Modular No Yes Application No Top down Insufficient No
KACTUS development dependent strategy detals
PLINIUS Guidehnes No No Application No Bottom up Some details  No
independent stralegy
ONIONS Modular No No Application No Not clear Insufficient Yes
development dependent detals
Guidehnes
Mikrokosmos Guidehnes No No Application No Rule based Some details  No
dependent strategy
MENELAS Guidelines No No Application No Concepts Graphs  Insufficient No
dependent (€CG) details
SENSUS does not Yes Yes Application semi No Bottom up Some details  Yes
mention any independent
preference
Cyc methodology Evolving No Yes Application No Not clear Some details  No
prototype independent
UPON Evolving No Yes Application Yes Middle out Some details  No
prototype independent strategy
101 method Evolving No Yes Application No Developer's Some details  No
prototype independent consent
On-To-Knowledge Evolving No No Application Yes Middle out Some details  No
prototype dependent strategy

FIGURE 4: COMPARISON OF MIEETHODOLOGIES FOR ONTOLOGIES ENGINEERING (IQBAL ET AL., 2013)
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The first parameter is the type of development; in the case of this research, although there is an idea
on how the ontology can help to solve the main research question and objective, some requirements
or data are not clear or sufficient at the moment, as it is necessary to conduct a series of interviews,
so an evolving prototype is more suitable.

The second criterion is the willingness to work collaboratively, and in this case, this does not apply,
as the research and modeling will be done individually, and the final product will be an initial version.
However, in the future, it would be ideal for this type of model to be friendly to the collaboration of
other professionals. Another important criterion and fundamental part of the main objective of the
research is the reusability of the ontologies, so it is necessary that this criterion is fulfilled.

In order to achieve independence, it is necessary to find a methodology that allows the disassociation
between the application and its reason for being. Since a life cycle assessment is out of the scope of
this research, this criterion is not applicable.

Since the identification of concepts is one of the main objectives of this research, it is imperative that
the methodology to be used allows for and is specific in different strategies or activities for this
purpose. Another fundamental aspect for the development of this ontology is to be very clear about
the details of the methodology to be followed, firstly because it must be easy to understand for other
users and secondly, because it will be a model made from scratch and without much experience in
the development of one. Finally, the interoperability support, which is not included in this research,
is not necessary.

TABLE 5: CRITERIA FOR THESIS RESEARCH MIETHODOLOGY

Criteria for analysis Criteria Needed

Type of development Evolving prototype

Support for collaborative construction Does not apply

Support for Reusability Preferred

Support for interoperability Does not apply

Degree of application dependency Independent

Life Cycle recommendation Preferred, but does not apply
Strategies for defining Concepts Top down / middle out
Details of methodology Necessary

The Methontology approach was deemed most suitable due to its ability to provide in-depth
information. Despite some criticism regarding the maturity of all methodologies (Igbal et al. 2013),
Methontology stands out for its inclusion of support activities, which are vital for knowledge
acquisition, evaluation, integration, and documentation. These activities run concurrently with
development activities, as illustrated in Figure 5.
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FIGURE 5: METHONTOLOGY APPROACH (FERNAMDEZ-LOPEZ & GOMEZ-PEREZ,2002)

According to the Methontology (Fernandez-Lopez & Goémez-Pérez, 2002) activities should be
divided into two parts. The first part is the development activities which are as follows:

1. Specification: why the ontology is being built.

2. Conceptualization: This is the structure based on the domain knowledge to form the ontology;
the domain knowledge is taken mainly by the interview data collection and supported by the
news articles and literature review.

3. Formalization: This is the activity where the conceptual model is transformed into a formal
model.

4. Implementation: The formal model is then constructed based on a computational language.

5. Maintenance: This is the monitoring of a model to correct, change or update the model so
that it continues to fulfill its purpose.

To provide further clarity, this approach proposes that when developing a model or prototype, the
initial step involves specifying the ontology. Next or in parallel, one should gather relevant data or
knowledge pertaining to the ontology's specific field. Once this stage is complete, the
conceptualization phase can commence, which will be succeeded by formalization and
implementation. The scope of this research is limited by the first four support activities, meaning that
configuration management will not be considered for this model.

2.4.2 Ontology Specification

The first step in developing an ontology is the specification, according to Zheng et al. (2021), to ask
three fundamental questions to specify the goal of the ontology:

TABLE 6: ONTOLOGY QUESTIONS

Ontology fundamental questions

What is the objective of the ontology?  Use the information gathered on activities, resources, and events that may

generate external risks in different areas of the country as lessons learned.



What is the scope of the ontology? Understand the correlations between activities events and resources that lead

to unidentified risks in the construction of tailings dams

What are the users of the ontology? The users are the contractors during the tendering stage, and also after the

projects have been completed to apply lessons learned.

In order to address the initial three inquiries, the approach is to establish the foundation of the
ontology through the formulation of competency questions. Competency questions serve as a means
to evaluate the comprehensiveness of the ontology and its ability to provide relevant information in
response to these questions (Noy & McGuinness, 2002). Specifically, the three competency questions
outlined aim to address the potential risks or occurrences associated with conducting an activity or
utilizing specific resources in the construction of tailings dams within a particular area or project
through the contractor's perspective since it should be the user of it. This aligns with the primary
objective of the research. These competency questions should be answerable using data derived from
literature reviews, news articles, or interview findings.

TABLE 7: LisT oF CQS

Competency Questions

1. What are the possible risks or events that could trigger the resources needed for building a
tailings dam?
2.  Which external stakeholders are involved in certain activities depending on the location?

3.  What are the direct and indirect risks of the most common activities in the construction of a

tailings dam?

Displayed below is a visual representation of the ontology creation process, in which the qualitative
data gathered during the initial research phase is utilized in the first two steps: the Initiation phase
and requirements specification. Since the research pertains to the absence of similar tools, the third
step, which involves reusing existing information or models, will be omitted. This allows the research
to proceed to the second phase, which focuses on modeling and implementation, which is part of the
formalization process.
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FIGURE 6: PROPOSED METHOD FOR DEVELOPING ONTOLOGY-BASED KNOWLEDGE MANAGEMENT SYSTEMS (WSEAS,2011)

2.4.3 Ontology Conceptualization

In model conceptualization, the information collected is transformed in a structured way according
to methontology; one of the first steps to take is to create a glossary of terms in which concepts,
relationships and properties are included. At the same time, the literature review and news articles
helped to identify concepts within a semantic triple structure or RDF triple (the foundation of the
ontology) classes within the ontology domain, while the interview findings were a major source for
creating the relationships between subject and object, through the predicate of the RDF semantics as
well as in specifically identifying the concepts of the literature review, meaning the definition of the
properties. In other words, the ontology conceptualization is a product of the codes retrieved from the
interview findings in an organized RDF semantic structure, enumerating the selected terms.

2.4.4 Ontology Formalization

The model was formalized using OWL (Web Ontology Language) since it is the language supported
by the Protégé software. This software makes it easy for beginners to quickly edit the knowledge
graph information. After conceptualizing the model or classes, the formalization process involves
defining the classes and properties of the model to provide more information about a concept. It also
entails establishing relationships and constraints between the concepts to create a computational
model. This computational model allows for the logical automation and inferences of the conceptual
information, which can be implemented in specific cases within the domain and range of the
technology. The formalization process heavily relied on the relationships identified in interviews.

2.4.5 Implementation of the Ontology

To address the competency questions and test the model created in Protégé as part of the validation
and implementation process, a hypothetical scenario was developed involving a tailings dam project
in northern Mexico. This region faces water scarcity for several months, is home to numerous ejido
(rural) communities, and is also affected by organized crime that may hinder the project's execution,
as well as the necessary resources and activities for constructing the tailings dam. The specific
location of the hypothetical mine is depicted in the attached images. This location was chosen due to
the region's abundance of silver and the presence of small to medium-sized mines. The precise
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coordinates of the case study are 25°12'10"N, 106°33'16"W, with an elevation of 1,717m located in
the northwestern region of the State of Durango and close to the state of Sinaloa.
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The mine is situated in a mountainous area, specifically in the Sierra Madre Occidental. This area is
characterized by multiple mountain ranges, making road travel extremely time-consuming. The
journey involves passing through steep slopes, curves, and ejido plots from the nearest towns, which
are as follows:

TABLE 8: DISTANCE BETWEEN MAJOR CITIES AND CASE STUDY LOCATION

City Distance in km. Travel time to the Mine ‘’La Nena’’ in hours
Durango, Durango 380 7:40
Culiacan, Sinaloa 203 7:15
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To provide more context about the location of the case study, the model will utilize the different
classes that are part of the hypothetical case study, as mapped in Figures 9 and 10. The Results
section includes a complete list of these classes and their relationships according to the term pool.
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2.4.6 Ontology Verification and Criteria-based Evaluation

The evaluation of an ontology, as outlined by Fernandez-Lépez et al. (1997), involves two key steps:
verification and validation. Verification ensures the correctness of the model within its logical
axioms, such as class relations, and is typically carried out using associated software (Reasoner).
Conversely, validation ensures that the model accurately represents the intended system, confirming
that its content and purpose align with its objectives and scope. There are several methods for
validating knowledge graphs; according to the author Zheng et al. (2021), the approaches for
evaluating them can be the following:

e Automated consistency checking: This evaluates the model's description logic and checks for
consistency or conflicts between classes.

e C(riteria-based evaluation: This evaluates whether the ontology's content is sufficiently clear
and can be reused for another purpose.

e Answering competency questions.

For verification, Protégé includes several built-in reasoners to evaluate an ontology model. The most
commonly used reasoners are the Pellet and the Hermit reasoners (Farghaly et al., 2024b). In this case
the Hermit reasoner was used. The Hermit reasoning can determine whether or not the ontology is
consistent and identify subsumption relationships between classes based on the hypertableau calculus
which allows the reasoner to avoid some non-deterministic behavior of other reasoners like the Pellet
reasoner (HerMiT: An OWL 2 Reasoner, n.d.), also, using direct semantics can test the logical
structure of complex ontologies (HerMiT Reasoner: Home, n.d.).

2.4.7 Criteria-based Evaluation

To evaluate the criteria, it was decided to use both an application-based and a manual inspection
approach. The application-based method uses information from the model to evaluate the knowledge
graph. Specific competency questions are created to determine the scope and robustness of the model.
On the other hand, the manual approach involves manually assessing whether the model meets the
specification criteria of the knowledge graph (Hooi et al., 2015). Experts answer criteria such as
coverage, consistency, clarity, and scalability, while their feedback is used to improve the model. For
both processes and to validate the model, four participants were asked to conduct additional meetings
via video calls.

2.5 KNOWLEDGE GRAPH VALIDATION

The validation of the knowledge graph involved two processes. The first process checked the
coherence and completeness of the model. This was done through an analysis of the participants,
showcasing the domain and functionality of the model during the implementation phase. The next
step is to develop specific competency questions once the model is finalized and based on the
participants' requirements. This tests whether the model can answer them by implementing it in a
hypothetical case. The aim is to ensure that the model fulfills its main objective and to identify any
gaps, relationships, or classes that need to be included for it to be a successful model.
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o Completeness and coherence: The knowledge graph is complete when it contains all
relevant information about a particular topic, making it useful for end users. This is
achieved by analyzing the classes and relationships within the graph, ensuring that the
model covers the necessary content to address the objectives of the domain, such as external
risks in the construction of tailings dams. On the other hand, coherence involves checking
for any contradictions between relationships and ensuring that the relationships themselves
are logically sound in the subject-predicate-object structure, which is done manually.

o Competency Questions development: To establish the model's competence, it is necessary to
verify that the information in the model makes sense and is sufficient to demonstrate whether
the model can effectively fulfill its overall purpose. For this purpose, specific competency
questions were developed based on the requirements and input from the participants of the
validation meetings. These competency questions can vary based on each participant's
experience, so this validation method avoids bias toward a single perspective.

o Answering Competency Questions: After developing the competency questions, GRAPH DB
software was then used to query them. First, we uploaded the knowledge graph created in
Protégé was uploaded to the software as a TTL file. Then, we queried the SCQs using the
SPARQL language to obtain the answers in table format. However, due to our limited
expertise in SPARQL and GRAPH DB, there was a one-day delay in providing the answers
to the participants, exacerbated by the time difference between Mexico and the Netherlands.
It is important to notice that the participants’ feedback on whether the model effectively
answered the SCQs was used to make further improvements and ensure the model's
robustness.

2.6 SUMMARY OF PROPOSED METHODOLOGY

In summary, the proposed methodology seeks to bridge the gap between conventional techniques and
digital technologies, creating a unified knowledge generation and sharing platform. By doing so, it
aims to harness the collective expertise of stakeholders, promoting a shared understanding and
enabling more informed decision-making towards the construction of tailings dams. The proposed
methodology incorporates information from literature reviews, news articles, and interviews with
specialists to address SQ1 and a knowledge graph to address SQ2. This approach contains the
essential components addressing the primary research question. For the process of creating the
knowledge graph, different data-gathering methods will be used to create a complete model, including
terms and relationships, as shown in the following figure.
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LITERATURE REVIEW

In the literature review, the focus was on
different "“TYPES OF RISKS" within the
industry, particularly in tailing dam
construction, and the external
STAKEHOLDERS associated with them.
Specifically regarding tailing dam projects,
the review identified key factors such as
specific "RISKS", "RESOURCES", and
"ACTIVITIES".

HYPOTHETICAL CASE
STUDY

The hypothetical case was used to fulfill two objectives. The
first objective was to populate stakeholders and resource
suppliers reguired for the model to apply it to the validation
stage, particularly for the participants specific competency
question. The second objective was to facilitate criteria-
based evaluation with the participants using a case study.
This approach makes the purpose of the model, its
limitations, and its applicability clearer.

Based on 20 news articles, the term "EVENT"
was primarily searched. The study also loocked
at the types of risks and stakeholders
involved, considering them as classes and
more importantly as the lead-up to events
relationships. Furthermore, the research aimed
to identify the motives behind the risks,
highlighting financial, social, or rescurce-
related drivers.

)
S50a] INTERVIEWS

Due to the fact that the collection of information in the interviews
was in a direct and organic way, the main findings were activities,
resources, risks, but above all the types of “RELATIONSHIPS” they
hawve with each other The findings from the interviews relate to
findings frem articles and literature reviews since the guestions
were made based on them.

Ontology Model (Terms & Relationships)

FIGURE 11: FUNNEL DIAGRAM DATA GATHERING= IMODEL

In order to better understand the evaluation of knowledge graphically, the following diagram has been
designed, which includes the processes of verification and validation, the latter by implementing the
model to the previously mentioned hypothetical case.
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Automated consistency and
logical correctness checking of
Model.
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Criteria-based evaluation,
involving four participants
previously interviewed.
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FIGURE 12: EVALUATION OF MODEL (VERIFICATION & VALIDATION)

25



CHAPTER 3

LITERATURE
REVIEW

26




3 LITERATURE REVIEW

The literature review examines the external risks and impacts encountered by infrastructure projects
with conditions similar to those of a tailings dam project. This was done in order to gain a global
understanding of what happens in projects with similar characteristics. It began with a broad study of
infrastructure projects worldwide, then narrowed down to hydraulic projects, and finally focused on
construction projects within the mining industry. This section also identified how external factors
such as resources and external stakeholders play an important role in the current mining industry, the
types of risks that are commonly encountered during the construction of these types of projects, and
the key drivers to consider in the construction of tailings dams, as shown in Figure 13.

Literature review
in external risks

External risks in global
infraestructure projects

02.

05.

FIGURE 13: LITERATURE REVIEW STEPS FOR IDENTIFYING THE MOST COMMON RISKS IN THE MINING INDUSTRY

The literature review's second section discusses the importance of risk identification during the tender
stage. This is essential for minimizing the impact of events during construction. Additionally, the
section aims to list the methods or techniques commonly used by contractors. In the final section of
the literature review, an examination was conducted on how knowledge-based models, specifically
those based on ontologies, can improve the efficiency and comprehensiveness of the risk
identification process through automation and by leveraging machine learning models.

Since there is not so much specific information in the literature, mainly on external risks in the mining
industry, it was decided to follow an integrative literature review to have a holistic view to build the
ontology. Initially, it was decided to use keywords in the searches such as uncertainties or
classification of risks, and then, as shown in Figure 13 above, the search went from the general to
the specific in terms of external risks, starting with global infrastructure projects, then water
infrastructure, mining industry, and finally tailings dams. Finally, a review of risk identification in
the bidding process from the contractor's point of view and how ontological models have been applied
to risk management. The period of time given for the literature review was initially one month,
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collecting data on risks and studies on ontologies applied to risks; however, as the information was
gathered, the panorama opened up to a specific type of project, tailing dams, which required one more
month to complete the literature review.

3.1 EXTERNAL RISKS IN INFRASTRUCTURE PROJECTS

Risk is an uncertain event that can have positive or negative outcomes. Positive risks represent
opportunities, while negative risks are threats that can cause inconvenience or harm. Risk
management involves identifying, measuring, and treating risks in the most efficient way possible
(Renault & Agumba, 2016).

There are different types of risk and different ways in which risks affect stakeholders, so several
risk groups and subgroups have been developed to better understand how they are formed and their
effects. Based on the sources concerned with the stakeholders, Zou et al. (2007) have grouped risks
into various categories: time-associated, environmentally-associated, cost-associated, and safety-
associated.

Mikes and Kaplan (2012) have identified three categories of risk based purely on the approach that
must be taken to establish an effective risk management system.

e The first category refers to foreseeable risks, which originate from internal sources and can
be controlled, eliminated, or avoided.

e The second category is strategic risks, which companies accept as part of a trade-off where
the perceived benefits outweigh the risks. These risks cannot be managed through a rule-
based control system but rather by reducing the probability of their occurrence. The higher
the likelihood of the risk, the greater the expected benefits should be.

e The third category covers external risks, which are events beyond the control of the
stakeholders. These risks require a different approach and should be managed by identifying
and mitigating their impact. Although these risks may seem obvious, the absence of a formal
tool to analyze and address them often means they are not discussed until it is too late.

Several factors can affect the success of a construction project. These include the project's custom
nature, which makes it nonhomogeneous and non-serial in production. Additionally, construction
occurs in a complex and uncertain environment, with various stakeholders who may not always
agree. The previous factors can lead to increased risks, highlighting the need for swift and clear risk
identification for decision-makers (De Azevedo et al., 2014).

Since infrastructure projects impact people's daily lives, external stakeholders, such as local
communities and various governmental institutions, are keenly interested. A key factor contributing
to the failure of construction projects to meet their estimated timelines and budgets is the level of risk
involved. As more parties become involved in these projects, including contractors, subcontractors,
owner designers, and external stakeholders, the need to distribute responsibilities and mitigate risks
becomes increasingly important. While this new approach can help to reduce risk, it can also make
projects more complex and dynamic

While managing infrastructure projects, the focus is primarily on managing work content, timelines,
resources, and costs. However, risk management is often overlooked. The project team usually
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identifies the most significant risks of the entire project and prepares measures to mitigate their
consequences. Unfortunately, contractors often lack the time and motivation to conduct a more
comprehensive assessment of the risks associated with individual components of the project. These
components can cause risk events that negatively impact the project's progress, particularly regarding
execution time and costs. (Rihar et al., 2019)

An extensive search was made for global infrastructure projects where the above has occurred, i.e.,
external events or conflicts that have impacted a project due to project assessment, their impact, and
lessons learned.

In their 2017 study, Shen et al. examined the reasons behind contractors' claims in construction
projects in developing countries such as Pakistan, Fiji, Iran, and Zambia. They looked at the impact
of various factors, including economic, political, social, and legal issues, as well as the behavior of
the client. They found that external risks associated with organizational behavior were a major cause
of claims, highlighting the need for cooperation among project participants to mitigate these risks.

The study revealed several events that negatively affected projects, such as conflicts between
countries leading to a shortage of explosives, roadblocks that hindered the delivery of necessary
materials, organized crime, worker strikes due to political and legal issues, lack of temporary access
agreements, and blockades by surrounding communities. However, the study also showed that
adopting a partnering strategy to jointly mitigate the impacts of external risks was more effective in
dealing with contractual problems and reducing conflicts than litigation (Shen et al., 2017).

The authors suggested several strategies to mitigate the risks mentioned above. First, timely
information collection from the complex project environment would help prevent and respond to
external risks. Second, promoting partnering among project participants based on equitable risk
allocation, trust, and open communication would reduce uncertainties in project implementation and
conflicts from opportunistic behavior. Finally, clearly defining the project scope of work and
technical specifications would help identify risks.

In Korea, a study was conducted to identify the causes, impacts, and resolutions of external conflicts
in 22 mega-projects; the authors Lee et al. (2017b) analyzed social and environmental events that
caused delays and increases in project costs. Two projects, the Sapaco Mountain Tunnel project and
the Miryang Transmission Tower, were particularly affected during the construction phase. In the
case of the Sapaco Tunnel, construction work was halted after six months due to strong opposition
from a religious organization. Ultimately, the project was completed two years behind schedule and
suffered significant financial losses. On the other hand, the Miryang Tower project was delayed for
seven years due to objections from the surrounding population regarding its feasibility studies. The
study found that conflicts arising from environmental concerns usually escalate during the
construction stage rather than the planning stage of a project. Social issues, on the other hand, tend to
arise due to increased opposition from local residents who were initially minor shareholders or
socially weaker. While most social conflicts are initiated at the planning stage, they often gain
momentum over time due to a lack of attention to external risks, leading to greater consequences
during the construction stage if not addressed in a timely manner.

Assaf and Al-Hejji (2006) researched the most common causes of delays in construction projects in
Saudi Arabia. The study found that the most significant external factors causing delays in construction
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projects were labor shortages, an unskilled workforce, delays in material delivery, and inclement
weather. Changes in government regulations and laws and social and cultural factors were found to
be the least significant factors impacting construction projects in Saudi Arabia.

On the other hand, according to Zou et al. (2007b), the bureaucratic and excessively procedural
approval processes in Chinese government agencies pose a significant risk to projects. The study
found that the primary concerns of government agencies are project cost, time, and environmental
sustainability. Additionally, the study identified several other key risks, including the inability of
suppliers to deliver materials on time, the lack of available utilities on site, and the shortage of skilled
laborers and professionals. Surprisingly, these risks were not identified as key and significant factors
in the early stages of the projects. The authors recommend that contractors develop a solid
construction plan that effectively distributes staff and utilities. They also suggest keeping a close eye
on the construction progress, ensuring that there are enough professionals, managers, skilled laborers,
and utilities available to work on the project.

3.1.1 External Risks and Impacts in Hydraulic Infrastructure Projects

Large-scale construction projects, particularly hydraulic infrastructure projects, have negatively
impacted surrounding communities in various parts of the world. Andrade Navia and Olaya Amaya
(2021) have identified several social impacts that hydroelectric plants have on nearby communities,
such as health emergencies caused by water contamination and changes in the water ecosystem, loss
of cultural, traditional, or spiritual heritage, forced displacement of communities, and restricted access
to natural resources. On the other hand, the most significant environmental impacts are the
hydrological changes that occur due to the construction and operation of the plants, which alter the
natural river banks, affect the fauna and flora, and deteriorate water quality due to sedimentation and
changes in the water flow. In the past, the social and environmental impacts of dam projects have
often been underestimated. However, with increasing social awareness, communities have become
more informed about these impacts, leading to a rise in conflicts in recent years when such projects
are proposed.

Due to the increasing social awareness, construction projects have become more complex, increasing
the social and environmental risks associated with them. In a study by Gémez et al. (2014c), it was
suggested that communities now have greater access to information, which allows them to make
better decisions about new projects. For instance, the Amazonian struggle against megaprojects was
largely driven by a media strategy with strong scientific content. This enabled information about the
plans and impacts of the megaprojects to reach even the most remote areas of the jungle. The diverse
social groups that oppose megaprojects bring together a wide range of knowledge and expertise,
resulting in a complex web of ideas and actions. This complexity is due to the different discourses
and collective actions that these groups engage in.

3.1.2 External Risks and Impacts in the Mining Industry.

Mining companies frequently extract resources from ecologically and socially vulnerable areas.
These areas are typically home to communities, including indigenous ones, who rely on these
resources for their livelihoods. Unfortunately, these communities often experience a wide range of
impacts, creating conflicts and resistance to these projects that can go from sporadic to sustained
collective action by social movements with organized networks. Communities may take action

30



against mining projects, including canceling a mining project or increasing their bargaining power in
negotiations by blockading a mine construction site to increase compensation benefits (Conde &
Billon, 2017b). The author refers to the following graph showing the increase of conflicts in the
mining industry in recent years, which clearly shows an exponential increase from 2000 to 2016.
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FIGURE 14: NUMBER OF NEW MINING CONFLICTS (CONDE & BiLLON, 2017A)

The research suggests that specific factors can increase the likelihood of social events or conflicts.
Among these factors is the mining company's inability to fulfill social agreements with communities
and provide compensation for the use of necessary resources and land. Additionally, conflicts are
more prevalent in communities with territorial cohesion or the ability to unite, such as the Ejido in
Mexico, according to the authors' findings. One of the biggest environmental challenges faced by the
international mining industry is the management of waste treatment and disposal, particularly tailings
dams (Dong et al., 2019).

Governments approach the industry in two conflicting ways. On one hand, they aim to boost their
country's economic resources by creating policies that make these projects more profitable than those
of other countries. On the other hand, they also regulate the industry's political, environmental, social,
and economic aspects to minimize the negative impact on external stakeholders, including the
surrounding communities and the environment. The effectiveness of public management is measured
by how well it achieves these goals. (Hodge et al., 2022). This very duality makes the social and
environmental performance of mining construction projects a wicked problem. Therefore, these
external risk factors have a significant weight when assessing the possible impacts on construction
projects in the mining sector.

The mining industry is notoriously risky, and construction projects in this field are particularly
vulnerable to two types of risks. The first type of risk is internal, relating to health and safety concerns
that are inherent in the nature of the industry. Digging below ground level, using explosives, and
operating heavy machinery to create infrastructure are all constant hazards. The second type of risk
is external and can be categorized under the acronym PESTLE, which stands for Political,
Environmental, Social, Technological, Legal, and Environmental factors. These risks can have
negative consequences, but they can also present opportunities.

It is important to mention that the external risk mentioned will always be controversial and even
biased depending on the stakeholders since they are mainly identified through empirical elements and
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are long-term, which translates into a lack of trust among those involved. Especially when the
performance of mining companies is not only measured by business KPIs but also by the surrounding
environment, such as NGOs, surrounding communities, local and federal government.

According to the World Economic Forum, “Creating real benefits for communities near mine sites
will be key for successful new projects. Obtaining the ‘license to operate’ from local communities
has been a challenge for the mining industry in recent years.” (Seven Trends That Will Shape the
Future of Mining and Metals, 2020). As mining companies digitize and automate, deciding which
data to share with stakeholders will be a key discussion point. Governments will want subsidiary
structures disclosed to counter tax erosion, while consumers want more transparency in the value
chain. Investors will use non-financial data to assess risk, and civil society will push beyond the
mandatory EITI Standard. Communities want data on externalities that affect them. Collaboration is
essential to determine what data to disclose and how to standardize it. (Seven Trends That Will Shape
the Future of Mining and Metals, 2020)

3.1.3 Key Drivers to Consider in the Construction of Tailings Dams

When embarking on a construction project, it is essential to take into account a multitude of factors.
In Lammers' (2016) research, several key drivers were identified as important considerations when
determining the type of tailings dam to construct. The author highlights the criticality of factoring in
environmental risks, including land, water, and air pollution, as well as social issues, land use, public
health, political climate, and regulatory requirements, when designing a tailings dam. It's crucial to
keep these factors in mind, regardless of the type of dam being constructed, for a successful project
outcome.

Among the key drivers to consider in the construction of tailings dams, are the possible risks or
impacts that can be created, either in the construction stage or in the operation stage; for this, Denyo
and Agyekum (2021) conducted a survey to determine the most significant social and environmental
impacts in the area as perceived by the surrounding communities. According to the survey conducted,
the top concern among the communities was the loss of farmland. The second most important concern
was the lack of job opportunities or the need for new jobs for the rural inhabitants. Additionally, the
survey revealed that there was a noticeable impact on air pollution caused by soil particles from the
tailings dams. The construction of the project led to the destruction of settlements, resulting in
significant negative impacts on the community. Finally, the construction of the dam had severe
environmental consequences, such as the destruction of the wetland and terrestrial habitat, which
disrupted the habitat of various living organisms.

3.2 RISK IDENTIFICATION DURING THE BIDDING PROCESS OF CONSTRUCTION PROJECTS

Traditionally, contractors in civil engineering projects have employed a high markup to account for
potential risks during the tendering/bidding stage. However, this approach is not only inefficient,
as the goal of the bidding process is to secure the most competitive price, but it also fails to
acknowledge identified uncertainties. In contrast, the mining industry, which is rife with
uncertainties, expects contractors to bear such risks, as noted in the preliminary interviews. In
construction, it is crucial to establish a realistic estimate of the final cost and duration of the project
as early as possible. Thus, at this stage, all potential risks that could impact these estimates should
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be identified; as stated by Bahamid and Doh (2017), the risk identification procedure involves
continuously analyzing and categorizing the initial importance of risks and the interrelationships
that exist between them (Bahamid & Doh, 2017).

The bidding process is usually brief, and contractors primarily focus on studying the project, its
technical specifications, and the primary activities to create a budget that covers the project's needs.
However, they tend to overlook identifying risks, which the client must have studied for a more
extended period, resulting in a disparity in risk management. Therefore, contractors should identify
and manage risks in the same process. If risks are identified and managed early on in the project, their
impact on the project's final outcome will be less, as the cost of implementing changes is less in the
initial stages, as shown in Figure 15 (Hlaing et al., 2008).
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FIGURE 15: RISK-INFLUENCE CURVE FROM HLAING ET AL., 2008

Irrespective of the various stakeholders in a construction project, the contractor, particularly in
developing countries, is the party most susceptible to the array of risks that may emerge throughout
the project's life cycle. Globally, there exists a plethora of contract types that apportion responsibility
differently, yet typically, projects are awarded to a general contractor, a specialist in the field who
serves as the coordinator of the various tasks aimed at achieving a set goal.

3.3 RISK IDENTIFICATION TECHNIQUES IN THE CONSTRUCTION INDUSTRY

The identification of potential risks in construction is a process that heavily relies on historical data,
experience, and insight, as noted by various authors such as Al-Tabtabai & Diekmann (1992), Bajaj
et al. (1997), and Hlaing et al. (2008). In view of this, the industry employs numerous methodologies
and approaches that have been identified by scholars across the globe, including Bajaj et al. (1997),
Hlaing et al. (2008), and Tharanga (2020) in countries such as Singapore, Australia, South Africa, the
UK, Ghana, and Brazil.
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The most frequently utilized techniques, according to the previously mentioned authors, in this
domain include Checklists, scenario building, expert judgment, brainstorming, Delphi technique, and
diagram analysis, encompassing SWOT, flow charts, influence, root cause, and risk breakdown.

According to Bahamid and Doh (2017), the most common risk identification techniques in developing
countries include the following approaches:

1. Checklists: By using this technique, project managers can consider risks that have occurred in
previous projects.

2. Brainstorming: A brainstorming session is held among key stakeholders to gather information
for the checklists.

3. Past experiences and expert interviews: These techniques rely on historical data to avoid
repeating past mistakes and learn from previous projects.

Another study conducted by Nawaz et al. (2019) mentions that the most commonly employed
techniques for risk identification are those depicted in the subsequent figure.

Techniques M R
1. Interviews 2.50 3
2. Scenario analysis 233 11
3. Delphi technique 240 8
4. Expert judgment 243 7
5. Root cause analysis 2.37 10
6. Risk review meetings 251 2
7. Cause and effect diagrams analysis 245 5
8. Checklists analysis 2.4 6
9. Nominal group techniques 231 12
10. SWOT analysis 240 8
11. Lesson learned from the past project 254 1
12. System or process flow charts 233 11
13. Brainstorming 238 9
14. Mind mapping 249 4

Note: M = Mean, R = Rank.

FIGURE 16: LIST OF MOST USED RISK IDENTIFICATION TECHNIQUES IN CONSTRUCTION PROJECTS (NAWAZ ET AL.,2019)

These techniques are based on subjective information, which can be challenging to manage,
especially in developing countries with limited risk management plans. When information is not fully
available, this can complicate decision-making processes, especially when dealing with Unknown
Known risks, which often go unnoticed due to forgetfulness, negligence, or repression (Perera &
Higgins, 2017). Although they can be detected through intuition or empirical knowledge, they are not
always accounted for in formal risk management models due to a lack of information; this type of
risk is commonly referred to as things you are not aware of but understand, or in other words, risks
that some people know about but others do not.

As mentioned by Hlaing et al. (2008), risk identification is paramount in risk management. If a risk
is not identified, it cannot be analyzed, and its severity and probability of occurrence cannot be
quantified, so a mitigation plan cannot be developed. Therefore, it can be implied that identifying
those risks is a key step from Unknown known risk to Known Known risk, as shown in Figure 17.
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FIGURE 17: DIFFERENT TYPES OF RISK, FROM UNKNOWABLE TO KNOWN (PERERA & HIGGINS, 2017).

3.4 ONTOLOGIES TO IDENTIFY RIskS (KNOWLEDGE GRAPH MODELS)

Research has shown that effective risk management often involves drawing from experience and
knowledge gained in similar projects. Knowledge reuse is a key focus of research in construction risk
management; However, current risk management tools do not account for causal relationships
between risks. Yildiz et al. (2014) emphasize the importance of considering the independencies
among risk-related factors. However, this is ignored by the most common tools to identify risk, such
as risk checklists. While many risk management systems model interdependencies in a relational
database system, semantic relations are not always clearly expressed within traditional relational
databases. Representing and identifying the semantics of the field dependencies between complex
table structures can be time-consuming, and any changes to interdependence may require recreating
the network from the beginning due to complex interaction structures. Therefore, it is necessary to
explicitly represent interdependencies among risks and risk factors semantically in a model. Ontology
is the formal representation of knowledge in a domain, which allows for semantic reuse of knowledge.
(Ding et al., 2016).

As stated by Liu and Zaraté (2014), ontology modeling is the act of collecting and organizing shared
knowledge rather than individual opinions. Ontology not only presents information to humans but
also analyzes and draws conclusions from it. This is why ontology can offer an impartial, thorough
understanding of all stakeholder perspectives and external and internal risks. Furthermore, it offers
stakeholders complete visibility of the entire landscape.

Ontologies are a widely recognized means of representing knowledge, providing a clear definition of
the domain knowledge shared across multiple systems. Comprised of two fundamental elements,
ontologies include classes that signify concepts within the domain of interest, as well as relationships
that demonstrate the semantic associations between various concepts (Hassan & Le, 2023).
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When there are multiple variables in an environment, identifying risks can become complex,
especially if those variables are dynamic and complex themselves, like social issues. In such
scenarios, it is crucial to map the implicit and empirical information and put it in an explicit context
that shows the relationships between those risks, external agents, and the activities to be carried out
in a holistic context. To achieve this, a knowledge model such as ontologies can be used. These
models leverage semantic technologies and domain-specific knowledge to provide a comprehensive
understanding of risks associated with construction projects.

Risk management in construction projects relies on the expertise of professionals, the experience of
stakeholders, and information from various sources. These sources include historical project data,
checklists, and other risk identification techniques. A knowledge-based model could capture all this
information and knowledge from past projects and reuse them for new projects to improve the
decision-making process. By collecting this data and connecting them through semantic relationships,
unseen connections can be discovered (Isah & Kim, 2023b).

3.5 POINT OF DEPARTURE / SUMMARY

Upon reviewing the literature, it is evident that early identification of various risks is of paramount
importance in project management, especially in the context of construction projects. Traditional risk
management techniques often lack the flexibility to effectively address the external risks prevalent in
the mining industry, where social dynamics play a significant role. To address this issue, the use of
ontologies has been proposed as a solution to enhance risk management practices. By leveraging
semantics to establish connections and visualize risks in relation to other factors, ontologies facilitate
the documentation of implicit knowledge and enable its reuse and application across diverse projects
and domains. Moreover, identifying common risks in the mining industry, including those associated
with projects such as tailings dams, serves as a foundation for the subsequent interview questions.

The literature review also revealed that infrastructure projects are most commonly impacted by
external risks associated with organizations and social, political, or legal events. Additionally, actions
by external stakeholders, particularly communities, have resulted in opposition to projects due to
social or environmental concerns. Significant external risks also include changes in government
regulations, bureaucratic delays, and a lack of available resources in these areas.

In hydraulic projects, major risks include water contamination, changes to water bodies, and negative
environmental impacts. The rise in social awareness indirectly contributes to these risks, as
communities are now able to oppose projects or seek higher compensation due to easier access to
information. Consequently, there has been an increase in social conflicts in construction projects,
particularly in the mining industry. Specifically, in the construction of tailings dams, external risks
include environmental contamination, loss of land for cultivation or habitation by communities, and
water usage.

36



CHAPTER 4
CASE STUDY

RESULTS

37




4 CASE STUDY RESULTS

This chapter is structured into two sections. The first section contains news results specifically related
to projects in the mining industry in Mexico. Alongside the findings of the interviews, these results
will be utilized to formulate the design of the knowledge graph aimed at identifying events that can
significantly impact the mining industry. The second section presents the findings of the interviews
and the keywords used to understand the specific risks of the mining industry.

4.1 EXTERNAL EVENTS REGARDING THE MINING INDUSTRY IN MEXICO

As previously discussed, the mining industry and its construction projects are highly intricate due to
the geographic location and resources required for operation. One of the external factors that cannot
be controlled beforehand are the rural communities, also known as ejidatarios in Mexico. The ejidos
and agrarian communities are the form of land tenure that covers the largest area in the Mexican
countryside; they offer an important agricultural production, and in their soils are most of the
mountains, forest areas, mangroves, coasts, water, mines, and various natural attractions (Morett-
Sanchez et al., n.d.). The Ejidos is a form of land ownership among a group of inhabitants in a rural
area that dates back to 1915 after the Mexican revolution. Its legal framework is supported by the
Mexican Agrarian Law, particularly in articles 9, 10, and 11, which state that an ejido possesses legal
personality and its own assets over the land. The only restriction is that it does not conflict with the
activities outlined in the Mexican constitution and penal regulations. Therefore, in the case of mining,
even if all environmental and social permits have been obtained from the Mexican government and
construction companies comply with regulations, they must still obtain ejidal consent to conduct work
on their lands, even if they have established a land provision agreement.

Various instances were discovered, particularly in recent times, where social tensions arose between
rural communities and the mining industry. In these situations, external risks that were deemed low
probability risks due to the lack of power of external stakeholders led to project interruption or mine
operation stoppage that lasted even for months. The root causes of these conflicts are part of a
complex network of external risks that were either not identified or deliberately omitted, but they are
causes that have a significant impact on the project's life if they occur.

The following table lists the news articles with their year of publication and why these events
happened, which will be explained in the chapter divided by motives.

TABLE 9: LIST OF ARTICLES NEWS ANALYZED

Year

Author(s), Title, Newspaper Published Risks
Maldonado, S. (2024, March 29). Minera San Agustin reanuda

labores; agradece al Estado por proteger

empleos. www.elsiglodedurango.com.mx. https://www.elsigloded 2024 Social risk ( financially driven)

urango.com.mx/noticia/2024/minera-reanuda-labores-agradece-al-
estado-por-proteger-empleos.html
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De Durango, E. U. /. E. S. (n.d.). Ejidatarios recibiran 2 patrullas y
despensas por acuerdo con empresa minera. El Sol De Durango |
Noticias Locales, Policiacas, Sobre México, Durango Y El Mundo.
https://www.elsoldedurango.com.mx/local/ejidatarios-recibiran-2-
patrullas-y-despensas-por-acuerdo-con-empresa-minera-
11455733.html

Bessi, R. (2023, September 6). Oaxaca: Comunidades denuncian
colusiéon de la Procuraduria Agraria con proyecto minero. Avispa
Midia. https://avispa.org/oaxaca-comunidades-denuncian-
colusion-de-la-procuraduria-agraria-con-proyecto-minero/

Corresponsal, S. O. A. (2022, September 6). Ejidatarios bloquean
mina de Carrizalillo por incumplimiento de contrato. La
Jornada. https://www.jornada.com.mx/notas/2022/09/06/estados/ej
idatarios-bloquean-mina-de-carrizalillo-por-incumplimiento-de-
contrato/

https://www.elsiglodedurango.com.mx/noticia/2021/persiste-
desacuerdo-entre-la-mina-y-ejidatarios-de-la-parrilla.html

Medina, M. (2021, December 28). Ejidatarios toman Minera
Capstone por incumplimiento en acuerdos. Imagen Zacatecas.
https://imagenzac.com.mx/capital/ejidatarios-toman-minera-
capstone-por-incumplimiento-en-acuerdos/

https://www .jornada.com.mx/notas/2021/01/17/estados/ejidatarios
-bloquean-mina-de-manganeso-en-hidalgo/

De Durango, M. R. |. E. S. (n.d.). Problema con mina en San José
de Avino enfrenta al pueblo de Panuco de Coronado. El Sol De
Durango | Noticias Locales, Policiacas, Sobre México, Durango Y
El Mundo.
https://www.elsoldedurango.com.mx/local/municipios/problema-
con-la-mina-en-san-jose-de-avino-enfrenta-al-pueblo-de-panuco-
de-coronado-durango-10042833.html

Ollaquindia, R. O. (2014, February). Ante falta de respuesta,
ejidatarios continian protesta en inmediaciones de la mina Camino
Rojo. La Jormada Zacatecas. Retrieved April 1, 2024, from
https:/ljz.mx/02/02/2014/ante-falta-de-respuesta-ejidatarios-
continuan-protesta-en-inmediaciones-de-la-mina-camino-rojo/

Rocha, C. (2016, December 30). El estado de Puebla mantiene
cuatro conflictos mineros, segin el OCMAL. La Jornada De
Oriente.  https://www.lajornadadeoriente.com.mx/puebla/estado-
puebla-mantiene-cuatro-conflictos-mineros-segun-ocmal/

Huicholes en pie de guerra. (n.d.). vanguardia.com.mx.
https://vanguardia.com.mx/noticias/nacional/2860836-huicholes-
en-pie-de-guerra-NXVG2860836

Corresponsal, C. G. L. (2023, October 21). Defensores del rio
Sonora cierran acceso a mina de Cananea. La Jornada.
https://www .jornada.com.mx/noticia/2023/10/2 1/estados/defensor
es-del-rio-sonora-cierran-acceso-a-mina-de-cananea-8669

Mayorga, P. (n.d.). Inseguridad generada por el narco obliga al
cierre de minera en la Sierra Tarahumara. Proceso.
https://www.proceso.com.mx/nacional/2018/5/25/inseguridad-
generada-por-el-narco-obliga-al-cierre-de-minera-en-la-sierra-
tarahumara-205723.html
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Exigen cerrar mina en Solosuchiapa. (2019, February 26). Cuarto
Poder Chiapas. https:/www.cuartopoder.mx/chiapas/exigen- 2019 Social risk
cerrar-mina-en-solosuchiapa/277210

Mariscal, A. (2016, November 10). En Chiapas piden cierre
definitivo de minas a cielo abierto. Chiapasparalelo.
https://www.chiapasparalelo.com/noticias/chiapas/2016/1 1/habita
ntes-de-chiapas-piden-cierre-definitivo-de-minas-a-cielo-abierto/

2016 Environmental risks

Sanchez, A. (2020, February 21). Bloqueos a minas opacan
extraccion de oro y plata en Meéxico. El Financiero.
https://www.elfinanciero.com.mx/empresas/bloqueos-a-minas-
opacan-extraccion-de-oro-y-plata-en-mexico/

2019 Social Risks

De Zacatecas, R. G./. E. S. (n.d.). Candidato a alcalde bloquea mina
en Sombrerete; Grupo México interpone denuncia penal. El Sol De
Zacatecas | Noticias Locales, Policiacas, Sobre México, Zacatecas
Y El Mundo. https://www.elsoldezacatecas.com.mx/elecciones-
2024/candidato-a-alcalde-bloquea-mina-en-sombrerete-grupo-
mexico-interpone-denuncia-penal-11810449.html

2024 Political Risks

De Morelia, D. M. |. E. S. (n.d.). ArcelorMittal da su postura ante

bloqueo en la Mina Las Truchas. El Sol De Morelia | Noticias

Locales, Policiacas, Sobre México, Michoacan Y El Mundo. 2023 Environmental risks
https://www.elsoldemorelia.com.mx/local/arcelormittal-da-su-
postura-ante-bloqueo-en-la-mina-las-truchas-11112799.html

Canedo, F. P. (2024, May 7). Rechazan mineros bloqueos.
www.elsiglodetorreon.com.mx.

https://www.elsiglodetorreon.com.mx/noticia/2024/rechazan- 2024 Financial Risk
mineros-bloqueos.html

Martinez, J. C. (2021, January 17). Minera denuncia pasividad de

Fiscalia de Sinaloa en investigacion de bloqueos que la mantienen

cerrada. El Universal. 2021 Social Risks

https://www.eluniversal.com.mx/estados/minera-denuncia-
pasividad-de-fiscalia-de-sinaloa-en-investigacion-de-bloqueos-
que-la/

The primary factors that have triggered these events are financial, a combination of financial and
environmental factors, and environmental and social risks, including organized crime. The following
case studies, categorized by the primary reason for the conflicts, will illustrate these factors.

4.1.1 Financially-driven Events

Social events always have a different background or motive, and the consequences are social
movements or demonstrations of the population. A series of news articles in Mexico was compiled
to analyze the causes of social events that have escalated to become news. Usually, the events that
gain enough social force to gain visibility are the ones that appear in the news and, therefore, have a
greater impact on the projects.

In Durango, Mexico, recently, in a mine owned by Argonaut Company, the operations and
construction of secondary infrastructure faced an inactivity period due to blockades and
demonstrations by ejidatarios. By September 2023, the ejidatarios' complaints went through the legal
process and courts, where the Argonaut Gold mining group was found innocent and cleared of any
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wrongdoing. the conflict began when a family claimed that the payment they had agreed upon for the
use of a plot of land was not enough, even though it had already been paid and agreed upon from the
beginning. The family argued that the mine was extracting far more value from the land than they
had originally agreed upon, which led to blockades by the population that lasted for about six months
(Maldonado, 2024).

The conflict was resolved by fulfilling three of the family's requests, the first being the allocation of
two extra patrols for the protection of the ejidal population, an increase in the amount of the subsidies
granted, and the paving of a stretch of road (E. U. /. E. S. De Durango, n.d.). Although the demands
have a lower cost, the work was stopped for 6 months, which resulted in much higher lost costs. The
social problems in this case went further even though the mining company and the civil engineering
subcontractors were not at fault. Even though the court had ordered the ejidatarios to stop taking over
the access roads to the mine, they did so.

Another event in the same state was that a group of approximately thirty people blocked the accesses
to the Roble de Velardefia mine, as the union demanded profit payments; however, the mining
company presented its annual report where it mentioned that it had not made any profits. The union
then blocked the entrance and the mine's workers and contractors demanded that the state help them
resolve the blockade, as it is illegal and unfounded. Between the union and the staff there was even a
small encounter where there was some aggression and threats from the protesters (Canedo, 2024).

In another state, Zacatecas recently had two events of social conflicts in different projects, the
ejidatarios of Hacienda Nueva in Zacatecas took over the main entrance of Capstone Gold mining
company due to their dissatisfaction with the mutual agreements for the benefit of the community.
These agreements included providing work opportunities to the community, fixing roads and
highways, and compensating for any contamination. The ejidatarios demanded that more people from
the community be hired and fewer outsiders, better road repairs, and they were unhappy with the
passage of machinery destined for secondary works of the operation because they caused damage.
The main trigger for the takeover was that the mine made an electrical connection from a substation
that passed through ejidos without providing the same benefits of connection to the ejidatarios
(Medina, 2021). Certain rural dirt roads, lacking in concrete or steel infrastructure, were affected by
the passage of new machinery. This is due to the increased stresses posed by heavy equipment, oil
spillages, and even rainfall. Furthermore, upon discovering that a mining company had installed a
temporary power line, people chose sides and demanded the same benefit.

The other protest in Zacatecas, was against the Goldcorp company. The agrarian inhabitants
demanded to renegotiate the "Goods other than land" payments, which are extra payments requested
by the ejidatarios in addition to the rent of their plots. The company wanted to start the construction
of a new tailings dam, but the inhabitants noticed that there were monetary resources available for
this. As a result, they decided to request an additional twelve million pesos for the common good of
society (Ollaquindia, 2014).

It is common practice in Mexico for ejidatarios to renegotiate financial support when they believe
they have more bargaining power. This serves as an example of how a social event could lead to the
postponement of mining dam construction projects, even if the projects have complied with
regulations and pre-existing agreements with society. The new regulation in Mexico provides more
bargaining power to these communities, and the more information they possess about past projects,
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the higher their demands become. In Durango, in another project owned by the company First
Majestic, the local community decided to halt their work. This decision was made due to a lack of
agreement between the company and the communities. The ejidatarios have had a change of opinion
and wished to modify the social responsibility contracts. These contracts involve the support offered
by companies to improve the quality of life of the communities surrounding the mining projects
(Barrientos, 2021b).

4.1.2 Financially and Resource-driven Events

In the state of Guerrero in Mexico, ejido communities blocked access to the mine of the Canadian
company Equinox Gold due to social non-compliance. Specifically, the ejidatarios comment that one
of the clauses of the contract refers to the fact that the mining company must give preference to the
rental of equipment, machinery and complementary services used for the operation and construction
of secondary works, which has not been fully complied with due to the fact that foreign construction
companies from other states of the republic have been contracted. The inhabitants of the area have
closed the access roads for vehicles transporting fuel and supplies for the mine works. Due to the
drought, the ejidatarios complain of scarce water and request mining company relief irrigation for
agricultural areas (Corresponsal, 2022).

4.1.3 Resources-driven Events

In southern Mexico, in Chiapas, thousands of demonstrators closed roads and access routes to the
Santa Fe mine. They also went to the municipal town hall to demand the cancellation of the mining
concession. They argued that there is significant water contamination and demonstrated that nature
was being destroyed. They also pointed out that the surrounding villages were suffering damage due
to the mine's activity (Exigen Cerrar Mina En Solosuchiapa, 2019). In Chiapas as well, ejido
communities from two different municipalities marched and demonstrated for the definitive closure
of 5 mines. The reason according to the demonstrators is environmental pollution, specifically 3 rivers
that supply water to the municipalities. The mines have not been operating for months, but the
companies had hoped that the concessions would be returned to them.

The Las Truchas mine in Michoacan was blocked by inhabitants of neighbouring communities
because access to the river next to it was limited. This was due to the fact that the mining company
was doing some renovations in order to continue with the operation of the mine. The ejidatarios
complained and requested that an alternative route to access the water body be extended; however,
since the river is federal property, the mining company needed permission from the authorities to
create one (De Morelia, n.d.). In this case, the main reason why the communities protested was
because they wanted to have better access to a body of water next to the mine, but the company,
although it agreed to build an alternative road, needed state and federal permits to do so, and although
the communities were informed, the blocking of access continued (Mariscal, 2016).

In 2010, the federal government granted a concession for a mine in Cerro Quemado, San Luis Potosi.
The project faced opposition due to concerns about water supply, environmental impact, potential
loss of cultural heritage, and protests from indigenous communities arguing that the land and soil was
sacred to them (Huicholes En Pie De Guerra, n.d.). One of the interviewees mentioned this project,
suggesting that the lack of communication between the indigenous communities and certain external
stakeholders was inadequate. This lack of communication led to problems and irrational fears, despite
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the fact that the project was not going to affect the cultural heritage of the Wixaritari, the indigenous
community in question.

Since 1980, there have been 37 social conflicts related to mining activity in the state of Puebla. One
of the most significant conflicts was caused by the Autlan mining company, which destroyed two
water deposits supplying three communities through the use of authorized explosives. More recently,
in 2012, the Frisco mining company's project was halted because local inhabitants discovered that the
construction and operation of tunnels would consume around 190 liters of water per second (Rocha,
2016).

In Panuco, Colorado, the local residents are protesting against the construction of a tailings dam. The
construction has changed the course of the water, contaminating their land. These protests have
resulted in violent clashes between the residents, as some of them are employees of the mining
company. The tailings dam is necessary to comply with environmental regulations. Therefore, if the
dam is not completed, the mining company has stated that they will be forced to shut down the
operation, leaving hundreds of people unemployed (M. R. |. E. S. De Durango, n.d.).

Water is a crucial resource for rural areas that lack large infrastructures to supply them. In these areas,
water supply depends on natural wells or even rivers that flow into the region. However, water is also
essential for mining and the construction of tailings dams. This creates a major problem when water
is scarce, as it is a natural resource that can become scarce at any time, and its flow is neither
continuous nor predictable.

4.1.4 Socially-driven Events

Fortuna Silver Mines has been building a gold and silver mine in Oaxaca since 2009. However, local
communities have been protesting against the project, particularly the planned construction of
ventilation shafts. Despite the company having valid concessions for these lands, the communities
have opposed these works. The mining company has concessions for the land where they are
excavating underground, but conflicts arise when they need to do secondary construction work on the
land, as the ejidatarios do not respect the agreements and protest (Bessi, 2023).

In Hidalgo state, local residents have blocked access to a manganese mine for three main reasons.
First, the use of dynamite weakened the walls of some houses and classrooms of a secondary school,
according to the residents. Second, the ejidatarios needed to used a portion of the land to dispose of
used tires from heavy machinery, which, combined with the area's rainfall and high temperatures, led
to a proliferation of mosquitoes that transmit dengue fever. Third, the company needed to build a new
dam, but due to a lack of resources, they had to settle for creating dykes to prevent the overflow of
contaminated water, which did not effectively do the job (Montoya, 2021b). The use of dynamite for
mining or road construction, as well as building dams, has had a detrimental effect on the homes of
the neighboring communities. Despite the requirement for a special permit from SEDENA and
environmental institutions to use explosives, it was unexpected that the resulting explosions would
cause damage to the property of local residents.

A big blockade was formed in the five entrances of the mine by 300 former workers and members of
a community near the Buenavista mine in Cananea, Sonora. They protested against the unjustified
dismissals of some workers fifteen years ago and are demanding payment of reinstatement fees and
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medical insurance. The blockades have been strategically placed on ejido plots and secondary roads
leading to the mines to avoid confrontations; however, they have affected the passage of more than
six thousand workers. The union and strike leader stated that they were not going to allow supplies
into the mine. Their goal is to strand all the contractors and suppliers in their towns and communities
in order to apply pressure and increase their bargaining power (C. G. L. Corresponsal, 2023).

In 2019, one of the biggest news companies wrote an article regarding the continuous social problems
that big mining companies had in that year. The news covers five social blockades in big mines all
over Mexico. One of the mines mentioned lasted 130 days without activity, allegedly because the
company Newmont-Goldcorp disregarded the community and did not fulfill some of their
commitments. In another mine in Coahuila, there was a blockade at the Silver Bull mine because
workers were demanding payments. Another mine in Oaxaca was stopped because parents were
demanding support for housing and schools. In another case in Zacatecas, there was also a stoppage
because the community of Boquillas wanted new agreements for housing support to be fulfilled
(Sanchez, 2020).

One social factor that also creates social risks in this industry is the involvement of political actors as
is the case of the mine San Martin, where a candidate for mayor of the town, blocked the entrances
to the mine, in conjunction with a small truckers' union, as this candidate is also the leader of the
union. The blockade lasted more than a week. The mining company filed a criminal complaint against
the candidate, while the state government called on the mining company and the candidate to reach a
mutually beneficial agreement (De Zacatecas, n.d.).

4.1.5 Organized Crime as a Social Risk

In the mining industry, organized crime poses a significant threat. Mines are often located in remote,
mountainous areas, making it difficult for the government to control them. This allows criminal
groups to operate freely, extorting money from nearby communities and companies. For example,
Americas Gold and Silver has been facing challenges since 2020, with armed groups stealing over
forty tons of material from the mine. Additionally, a local union has blocked access to the mine and
even attacked vehicles transporting materials and personnel. Despite multiple attempts to negotiate
with the union and armed groups, the company has been unable to reach an agreement and is now
seeking assistance as they have exhausted all other options (Martinez, 2021).

4.2 INTERVIEW FINDINGS

In accordance with the methodology outlined, eight interviews were conducted to collect data and
define the terminology for the Protégé model. The interviews were recorded, transcribed, and stored
on the TU Delft server using Microsoft Teams. They were then translated into English from Spanish
and coded using Atlas.T1 software, resulting in the creation of 150 codes and quotations. These codes
and quotations were used to build a term pool, which in turn was used to create the knowledge graph.
The complete codes and the frequency with which they were mentioned can be found in Appendix
A. Below are some quotes from the interviewees and some formulated codes.
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TABLE 10: #1 C-2 PROOF QUOTE AND CODES (FROM ATLAS.TI)

Interviewees Proof Quotes

Codes

There may be some threat in this case of, I don't know, for
example, there are certain points in Mexico where there is
organized crime there may be some issue of, I tell you openly,
of a quota, a quota that has to be paid, so that expense, well no,
it was not considered, in the issue of property or physical
security for all the workers and for the project.-

Stakeholders: Organized Crime Groups
Social Risk: Extraordinary fees to Criminal
groups

Social Risk: Delinquency

Relationship: The mitigation strategy to
delinquency involving organized crime
groups is paying an extraordinary fee.

TABLE 11: #2 MC-2 PROOF QUOTES AND CODES (FROM ATLAS. T1)

Interviewees Proof Quotes Codes
Yes, look, in some places and here it has also happened that e  Stakeholders: Rural Communities
sometimes communities are very close to the operations, and e  Resource: Machinery and transportation
as we need to use machinery, trucks, they make a lot of noise, trucks
raise a lot of dust, pollution that bothers these people, and e Activity Risk: Dust pollution
that are also important {Jomts that we have to resgect and of Activity Risk: Noise pollution
course improve so that it does not affect, at least in the ) ) )
Community, either with noise, pollution, etc. Relationship: The use of machinery and
trucks creates dust and noise pollution that
affects communities.
First in a certain mine, we did some blasting, but it was very e Activity: Blasting
close to the surface. e  Activity Risk: Damaging Surrounding
So, that generation of energy, of that magnitude, from the Buildings
blasting broke some glass, some windows of some nearby Resource: Explosives
houses and we had problems. . . . .
.. ® Relationship: Blasting NEEDS explosive
So because of the energy that was dissipated, the energy as RESOURCE
reached some houeses and broke several windows, but at S o . . .
e Relationship: There is a risk coming

those points we supported the people, we reconstructed the
damage that we generated and of course in the blasting
control we had to use a softer explosives, which did not cause

damage in the process.

directly from the blasting activity, which is
damaging the surrounding buildings of the
communities.

TABLE 12: C-4 PROOF QUOTES AND cODES ( FROM ATLAS.TI)

Interviewees Proof Quotes Codes
Well, first what we would have to see is that before the mining e Stakeholders: SEMARNAT
projects have to be developed they must be authorized by the e  Stakeholders: Rural communities
Secretary of Environment in the federal area, from there ° Act1'v1ty B‘Ski Dust pollution '
proceed to them to bid such works and already being notified *  Social Risk: Communal Complains
q . e  Legal conflict: Permits
that you are going to enter to develop such construction or . .
his rei K of di ks, E iall e  Stakeholders: Organized Crime groups
t‘ is remj'”o.rcement so to spea o.f ifferent works, spec:u.z ly e Stakeholders: Unions
in the tailings dams, there are times when the communities e Mitigation strategy or Social Risk:
sometimes get upset because of some situation, either Extraordinary fees to organized crime
environmental or because of the dust generated by the groups or Unions
activities e  Social Risk: Defiance of Law
during the construction process and they are right, they are *  Social Risk: Union Conflicts
right, so you have to be very careful.
AS a builder you must carry out your activities in accordance
Relationships:

with the official norms and guidelines requested by the
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contracting company in order to develop and carry out the
works; practically that is it.

The other very recurrent one, I do not know if I can
comment on it, but lately, here in Mexico, organized crime
sometimes requests quotas to be able to work, many times this
happens and frankly these quotas are disguised through
unions.

The unions also sometimes cause a series of problems
because even if you sign agreements with them, they feel
absolutely fiee, violating all Mexican laws and regulations to
increase these quotas and this affects everything that has
been quoted and budgeted and that you have within that
project

Except that, for example, they tell you that you should use
local labor as much as possible, even if they are working
within the client 'scompany.

However, there are times when it does impact you because
indirectly you stop handling a possible amount of foreign
transportation, that is, because you are going to,

, they themselves leave the job and then it impacts
you that you have to hire foreign people, and that is what
impacts you.

And you have to start or the company has to have the
necessary resources to start mobilization.

what do I mean?

Mobilization is the transfer of the necessary equipment,
which is usually large construction equipment.

Tractors, excavators, motor graders and sending the right
people to the site where the work is going to be executed, to
try to find campings sites especially and where you are going
to supply certain issues such as spare parts, details that you
require within the work, then also sending the mobile

In general there is one, the first one, even if you comply with
all the federal regulations for the transportation of heavy

machinery on federal roads, unfortunately in Mexico we still
have a federal highway police that commits a lot of crimes, 1
mean they ask for resources unduly, that is one of them. The
other is the theft of machinery, that is why you must have all

As in the literature review and news is
mentioned, communal complains to
governmental institutions may lead to
permits conflicts. ( Can lead to event, Has
Social Risk)

Some activities have inherent risks within
society (Has activity Risk) ( Has
Stakeholders)

Some Risks can be mitigated through
“Quotas or Fees” ( Has Mitigation
strategy)

Resource: Labour

Activity: Labour Mobilisation

Has Social Risk: Communities desire to
Replace Contractor

Relationships:

Activity: Transportation of Machinery to
site
Resource
Breakdown
Has Mitigation Strategy: Buying Spare
parts in advance

Resource: Machinery and Transportation
trucks

Risk: Heavy Machinery

Relationships:

To buy spare parts in advance, it is
advisable to find specialized works hops
nearby where you can order those parts, so
these  workshops become  external
stakeholders as well (Has stakeholders)
(Has Mitigation Strategy)

The activity transportation of machinery to
site has the relationship of (Needs
Resource) to conducted, such as
Machinery and transportation trucks
Stakeholder: State Highway patrols

Social Risk: Defiance of law

Social Risk: Corruption

Social Event: Theft of machinery

Resource: Machinery and transportation
trucks
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the equipment, vehicles and heavy machinery insured in case
of this eventuality, practically these two issues.

Ah, water is very important because there are few reservoirs
generally in the mining areas,

Sometimes the client has conflicts with the communities
where they are located and the communities themselves, in
order to pressure the client, in this case, obstruct the
contractor. We have had to consider that in the indirect costs
of saying: We are going to consider, out of all the direct costs
you have, to consider 15 days, for example, of periods of
strikes or stoppages, and you have to consider that because
the client in their contracts they totally disassociate

Relationships

While transporting machinery, state highway patrol
may incur in corruption or defiance of law (Has
Social Risk), the other risk or event is the theft of
Machinery (Can lead to Event) which can happen if
you don’t comply with the fees of the patrols or
organized crime groups.

e  Resource : Water
e  Resource Risk: Insufficient water supply

Relationships:

Water is one of the most important resources in the
construction of tailing dams; because Mexico is an
arid country, there is always the risk of not having
enough supply of water, so the mitigation strategy is
to carry water from other recollection points. (Has
resource Risk) (Has Mitigation Strategy)

e  Stakeholders: Client

e  Stakeholders: Rural Communities

e  Social Event: Strikes

e Social Events: Problems with ejidatarios
Relationships:

If the client does not have a proper communication
strategy with communities which is a social risk, can

lead to events like problem with the ejidatarios,
strikes or roadblocks. ( Has Social Risk) ( Has
Stakeholders) ( Can lead to Event)

themselves from these anomalous situations. This has
happened to us, not once, I think 7 or 8 times has happened
to us

The previous excerpt provides evidence from quotes, codes, and relationships obtained during the
interviews with participants. Different colors separate the various codes and relationships to which
the comments and answers refer.

The interviewees' responses focused on the perceived risks faced by contractors and mining
companies when building tailing dams in Mexico. The interviews were conducted in an organic
manner, and nouns and verbs were collected and coded to create a glossary with different relationships
between them. However, it was decided to include only three examples of such findings to avoid
information overload.

The codes represented words and implicit relations, which constituted raw data and a conceptual
model in a semi-structured form. In the next chapter, it will be shown how the information from
Appendix A was transferred to a term pool with established relations and annotations within the
Protégé software, since not all the codes were specifically used in the construction of the knowledge
graph, firstly, because some risks such as weather incidents were outside the scope of the ontology,
or in some cases the mining companies focused on responding to other factors such as technical
factors when planning a project; while in other cases certain terms such as machinery and trucks were
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included in the same class or all the civil works and earthworks necessary, this was to ensure that the
model was consistent.

Although the contractors' responses regarding the activities and resources needed for building a
tailings dam were similar, some specified recent problems they had encountered, which varied based
on their experiences. Some interviewees provided specific cases of events resulting from these risks,
while others only mentioned risk mitigation strategies. These problems, which can be translated into
external risks, specifically focus on the aforementioned activities and resources. On the other hand,
the interviewees from the mining company focused more on the social risks and external stakeholders
involved in the project's development, from planning to construction, in a general manner.

One of the main findings from the interviews was an increase in the time required to address social
issues in recent years. This was attributed to increased access to information in rural communities,
changes in the mining law in Mexico, and the growing presence of criminal groups. These factors
have led to an increase in the bargaining power of stakeholders, resulting in greater social complexity
and associated risks in the industry, as stated in the following proof quote.

Proof Quote of interviewee MC-3

“Well, look, fundamentally the mining industry has been evolving, the relationship with external factors that we have
had, political risks, social, labor, legal risks have been evolving and they are becoming more and more complex.People
are becoming more and more educated.

Regulations have become more demanding and, therefore, the mining industry has had to evolve to a change in which
we have to take into account the communities, the environment and in the last 30 years this political risk has been
increasing.

The labor risk has been increasing, so these are factors that have to be taken into account when you are going to develop
a project, fundamentally that giving you the opportunity to develop the project or to build a new project requires much
more effort at this time than it did 30 or 40 years ago, for example, in the water administration, in the risk of the
communities, and the labor risk became very, very important in the last 10 years.

Before, as a CEO in the past, you used 80% of your time for operations and 20% for financial administrative aspects;
now you use 80% to solve social issues and 20%  for operations and finance.
So, this issue is evolving”

4.3 SUMMARY

Based on the analysis of 20 articles, it is clear that roadblocks, work stoppages, and strikes are the
most common occurrences and external risks in Mexico's mining sector. The primary participants in
these events are unions, ejidatarios, and, in rare cases, organized crime groups. These events are
typically caused by financial issues, including disputes over agreements between mining companies
and local communities and disputes over the use of natural resources. Reports indicate that these
situations are often resolved through monetary payments, corruption, or coercion, although not all
cases are resolved favorably for the success of the project.

The interviews also confirmed and largely aligned with the information presented in the news articles
and literature review regarding the most prevalent external risks encountered by the mining industry.
The participants referred to specific examples from their own experiences, which were reflected in
direct quotes and codes. To answer SQ1, the most common external risks can be categorized into

48



Activity, Resource, and Social Risks. The events identified in the news articles were influenced by
financial, resource, and social factors, individually or in combination. Below are the most common
external risks based on the insights obtained from the key interviews.

TABLE 13: M OST COMMON EXTERNAL RISKS IN THE MINING INDUSTRY

Activity Risks
Damaging community plots

Damaging Roads or power lines
Damaging surrounding buildings
Dust pollution

Exploiting Unlicensed Quarries

Material Spillage

Noise Pollution

Resources Risk
Heavy Machinery breakdown

Incompetence of local labor

Inflation of local prices
Insufficient hauling trucks
Insufficient water supply
Lack of aggregates in quarries

Lack of construction materials in the
zone
No concrete plants nearby

Social Risk

Communities desire to replace
contractor
Communal complains

Communities refuse to sign permits

Communities desire to control
resources
Corruption

Defiance of law
Delinquency
Miscommunication with

communities
Union conflicts

In conclusion, the contractors' perspective on risks revolves around specific cases where conducting
an activity or procuring a resource involves unique external risks that only manifest at the time of
execution, cases that, although they knew could happen, it was difficult to foresee if they were not
presented explicitly or as lessons learned, especially at the time of the bidding process and
procurement. The primary stakeholders include rural communities, government institutions, and, at

times, the client itself in the communication process with rural communities. In Mexico, the mining
company engages with these stakeholders through its community and government relations
departments. It is important to note that not all risks are consistent; rather, they depend on various

factors, such as the regional differences in the acquisition of certain resources and the social dynamics

in the surrounding areas.
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CHAPTER 5
DEVELOPING THE
KNOWLEDGE GRAPH
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5 KNOWLEDGE GRAPH RESULTS

This chapter will outline the process of building the model using the established methodology. The
first section will focus on conceptualizing the ontology, showing examples of how the interview key
findings were included in the knowledge graph and how the classes and relationships were structured
using some examples, quotes, and graphs using the OntoGraf tab.

The second part shows how the model was formalized by using the developed model and the specific
information gleaned from interview participants to refine the general layout of the knowledge graph
using the OWL language, define the taxonomy of the classes, and establish their object properties
using Protégé software.

5.1 CONCEPTUALIZATION OF THE ONTOLOGY

After gathering the necessary data to create the term pool, the next step is to establish connections
between the classes, which is crucial for shaping the model's semantics and ensuring its logic and
functionality. During interviews, the information and knowledge provided by the interviewees were
used to define these relationships. This process can be complex without the right tools since linking
the classes may result in a confusing and time-consuming task. Ontologies, specifically the Protégé
software, enable the creation of object properties between classes based on RDF triples (semantic
triples). This involves creating connections between subjects and objects using predicates and
organizing them logically and automatically into a knowledge graph. In this context, the subjects and
objects are all the classes listed in Appendix B, while the predicates are the object properties, forming
a comprehensive knowledge graph.

While the primary focus of analyzing this object's properties was to identify risks associated with
building tailings dams, the stakeholders involved were also considered, as well as the mitigating
factors and potential events stemming from these risks. The central foundation of the model was to
focus on and analyze the activities required to build these projects, connecting them to potential risks.
Next, the resources required to carry out these activities and the associated risks were outlined.
Finally, the risks posed by various stakeholders were assessed, categorizing them into the following
three distinct object properties linked to risks:

e Has Activity Risk
e Has Resource Risk
e Has Social Risk

To clearly illustrate the process of model building, some quotes from the interviews will be shown
from where the different classes and relationships were created to build the model. After conducting
a literature review, analyzing news articles, and formulating specific questions to explore likely
events, mitigation strategies, activities, resources, and risks to uncover relationships between different
terms.

5.1.1 Classes

The model's classes were derived directly from interviews and divided into subsections. This section
displays the quotes that influenced the decision to include specific nouns or verbs in the knowledge
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graph. Each subsection provides a brief explanation for one class to avoid redundancy, but the same
process applies to the other classes; a more detailed explanation of each class can be found in
Appendix B under the Annotations column. The main criterion for selecting the classes was the
number of frequencies mentioned in the interviews or the emphasis given by the participants to the
coded nouns or verbs. The tables and subsections below display the chosen classes and quotes from
the interviews where they are referenced. The words translated into codes and then into classes are
highlighted in red.

5.1.1.1 Activities

The activities were selected based on the contractors' perception of the risks. According to the
interviews, participants mentioned that risks arise once the construction of the tailings dams has
begun. The first criterion for selecting activities was the number of mentions in the interviews and
the emphasis and context in which they were mentioned based on the predetermined questions.

For example, the transportation of materials to the site was mentioned 21 times in the interviews as
shown in Appendix A. This activity also includes related activities, such as predecessor activities
like quarrying or acquiring aggregates, and successive activities like earthworks. This activity is
typically carried out using dump trucks owned by trade unions, and it takes place on rural routes
where there are communities, which can also pose external risks.

TABLE 14: SELECTED ACTIVITIES AND QUOTES FROM INTERVIEWS

4-.

Activities
Blasting

Building secondary
roads

Earthworks

Hammering

Labour mobilization

Material crushing

Quarrying

Transportation of
machinery to site

Quotes

But what happens, when you are exploiting that cut, those bases, that rock, you make
detonations, explosives, whatever you want and you start crushing. C-5

Then, because of the issue of accesses, if at the beginning you have to start with a
bridge because there is a river or something, you have to go further ahead and the issue
of heavy machinery is whether there are accesses or you have to build them. C-5

The issue of the union, of transporters, for the earthworks, that you need to move
materials and that is the biggest concept that is the movement and it is the first thing,
is the issue of the transportation union. C-5

Two projects, one project that we did 80,000 square meters of earthworks, where
unfortunately the soil mechanics where they did the borings was a type 1 and type 2
material and when we were doing the earthworks, very hard type 3 rock appeared and
we had to use almost 10 excavators with hammers that we had not considered. C-1
We first handle a phase of, well we call it preliminary works in what we are doing,
first organizing the planning of the logistics of the arrival of the equipment.
Likewise, seeing the arrival of the personnel, the technical personnel starts to do the
work in order to detonate the good start of the work. C-3

the client hires the engineering firm as supervisor and they realized that during the
process they had to change the diameters of a material that we had not considered.
Ah, and the process of taking from a larger diameter of rock to a smaller diameter and
it was clean rock, let's put it that way, we did not have the machinery at that time on
site, which yes, there was because of the engineering firm where we had to stop for
approximately 3 weeks. C-4

Well, now that you have your market study and everything, you have already located
the land where you are going to be able to buy or exploit the materials necessary
materials such as gravel, sand, gravel, tepetate. C-1

Yes, especially, well in the machinery, well, the issue of security

is very important, physical security in the transfers at the beginning, there is always a
very strong mobilization of machinery.

And in that mobilization we need to carry it out safely. C-2
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9-.

10-.

Transportation of
materials to site

Civil Works

5.1.1.2 Resources

We are handling this as something preliminary, the arrival of the Campers, the arrival
of the supplies, the procurement of the materials, and to formalize an agreement with
the people who are going to give us the service of transportation and Haulings. C-3

First of all, the planning of how you are going to attack your project, not initially,
because any project starts with earthworks, once you have the necessary earthworks,
platforms or excavations, then you move on to the civil works stage where you start
making your foundations, the structures and whatever is necessary. C-1

As with activities, resources were chosen as classes because obtaining these resources involves

external risks. This is mainly because tailings dams are constructed near mine operating plants, which

are often located in remote areas with few suppliers or sources of natural resources. Furthermore,

these suppliers or sources are often controlled by rural communities, trade unions, or organized crime
groups, leading to additional social risks.

The resource of water, which was mentioned 25 times, is a clear example of the challenge in obtaining
this resource, either due to scarcity or because of rural communities' control over it. Additionally, a
law reformed in 2023 prioritized the use of water for community activities, making obtaining water
sometimes require sending water pipes from other locations, sometimes many kilometers away from
where the tailings dam is being built, which demands a significant amount of water for the earthworks.

Resources
Aggregates

Good quality materials

Machinery and

transportation trucks

Water

Explosives

Labour

Concrete

TABLE 15: SELECTED RESOURCES AND QUOTES FROM INTERVIEWS

Quotes

In our industry basically, it is to look for good supplies of filler and stone materials for
construction. C-3

So, there, in that matter, yes, yes.

It was somewhat complicated, we brought the stone from Oaxaca, the base from
Puebla, because there were no materials in the area, there were no materials that were
required. C-5

Mobilization is the transfer of the necessary equipment, which is usually large
construction equipment.

Tractors, excavators, motor graders and sending the right people to the site where the
work is going to be executed, to try to find campings sites especially and where you
are going to supply certain issues such as spare parts, details that you require within
the work, then also sending the mobile offices to the site, you are usually assigned, the
client assigns you a camping area and then in that area you install mobile dormitories
if necessary. C-4

Ah, water is very important because there are few reservoirs generally in the mining
areas, sometimes we have had to bring or carry, sorry, the required water to distances
of several kilometers from different wells. C-4

Yes, well, first in the use of explosives, in Mexico to be able to request a permit from
the secretary of national defense, which is the SEDENA from now on. You

have to bring the authorization, either from the client if you are in the polygon owned
by the client, or from the Ejido in case you have to make some access or road, that you
have to use explosives. C-4

Well, the personnel, you must have trained people, first the engineering staff that knows
what we are going to develop. Generally, it is based on civil engineers, although in my
company I also have architects who understand perfectly well what earthworks are.. C-
4

Obviously the initial machinery would be tractors, motor graders, compactors,
backhoes.
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That would be the initial to start with and later, depending on the project, you can
implement concrete plants depending on the region, because there are regions where
they do not exist, C-1

5.1.1.3 Stakeholders

It is crucial to consider stakeholders when evaluating external risks. These stakeholders can
significantly impact the project and are typically located near the project area or have a stake in the
project resources and activities.

Rural communities or ejidatarios are important external stakeholders, as emphasized by participants
58 times. This is because government institutions and mining companies have legal obligations and
social responsibilities to these communities, which are then passed on to the construction company.
The bargaining power of these rural communities has increased over time due to factors such as
enhanced legal protection and access to information. For instance, in order to obtain permits for
activities like explosive use or mining, the communities must provide their consent. Moreover, they
have control over natural resources such as water, quarries, and rural roads.

TABLE 16: SELECTED STAKEHOLDERS AND QUOTES FROM INTERVIEWS

Stakeholders

Client Mining
Company

Governmental
Institutions

Organized crime
groups

Rural communities
(Ejidatarios)
Unions

Mechanical
Workshops

Quotes

On one occasion, for example, in a mining company we were going to enter to work,
we already had the project, we had a quotation.

And these laws practically prevented the mining company from working on the project
to date.

I am saying that this happened 15 years ago and to date the law of uses and customs
totally prohibited the mining company to develop that work there and they have not
been able to solve that situation. C-4

In most of the projects nowadays, the permits before the environmental companies
(Institutions) are very important, that is the main thing that has to be arranged, to get
and have the corresponding environmental permit, whether it is the permits for the use
of soil change of the geographic area where you are working and the environmental
permits, which is the main thing that the Government asks for in order to be able to
carry out a construction project, and that is the most difficult thing together with the
area of ejido relations. MC-2

There is organized crime, the Community is going to threaten me with machetes, are
they going to extort me?

And once they extort me, do I pay them or do you pay them, or nobody pays them? I
think it is a co-responsibility, of the company to give the scope to the contractor and of
the contractor to ask for it, no? MC-1

Regularly, yes frequently in every project, especially in the mines, there are always the
communities that are linked to the client and that is where the problems arise. C-2

Yes, and you really have to go and look for the local unions and the people that are
necessary, right?

you know that here in Mexico there are many side interests? C-1

Starting the investigation of all the personnel, immediately it is in the mechanical
supply centers. C-4
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5.1.1.4 Events and Legal Conflicts

Social events or legal conflicts are the potential outcome when risks are not addressed promptly.
These events, as mentioned in interviews, are similar to those reported in news analysis. It's not
surprising, as they are the only options stakeholders involved in external risks have.

For example, strikes or work stoppages were grouped together under the concept of strikes in the

model, as they are essentially the same event. This was mentioned 26 times during the interviews.

The reason why this event can impact the contractor is that while mining companies are required to

hire local personnel for their operations, this obligation is transferred to the contractor. Therefore, any

social issue, regardless of the cause, has the potential to hinder progress and result in unnecessary

expenses and waste of time and money for the contractor.

1-.

TABLE 17: SELECTED EVENTS OR LEGAL CONFLICTS AND QUOTES FROM INTERVIEWS

Events or legal
conflicts

Problems with
ejidatarios

Roadblocks

Strikes

Water intake blockage

Theft of machinery

Harming personnel

Quotes

That's right, we did have that social claim and since it was an indigenous community
in the Sierra de Jalisco area, that is, they are people that have their own system of laws,
uses and customs, they limited us a little with their general regulations, because even
though we already had a permit from Sedena or the State Government and all the
paperwork that we had to have, they still restricted our activities. C-3

Yes, yes, as you were saying, the community is always there to put pressure on the
company, the mine company.

But there have always been occasions of road blockades, they block us there where we
are hauling and if there is only one route, they block everything, and that is where it is
going to be, that is where the money ends up being spent, in stopping our ability to
work. C-2

Then in 2009 there was a stoppage where they took over the project, they stopped the
construction of the mine, but not only the people of the Community took it over, they
were also involved with the people of the other neighboring Communities, and when
the mine and the Federal Government decided to evict the people, they went and hid in
the neighboring Community and for the Federal Authority went inside the communities
and made a mess, because for them there are no limits from community to community,
So, I believe that this was an inadequate approach to the crisis because it was definitely
a crisis and a way had to be found to resolve it.

It was not easy because there were threats, violence and so on.

It was a very, very complicated context. MC-1

Yes, yes, you can have your construction permits and everything in order according to
the governmental regulations and the people of the Community have stopped us, they
blocked our water intakes, they have blocked our drains, they have closed our roads
and they do not allow them to travel on their streets, so it is quite a strong problem that
you have to give them something in return. C-1

Yes, yes, yes, yes.

We have had machinery stolen in the course of the work site, in the transfers, right now
no more and no less, about two months ago a motor grader and a vibrocompactor were
stolen from the highway from Guadalajara to Morelia and the driver at night went out
to a stretch of a free highway, to cut the road to Mexico City and was assaulted,
fortunately the equipment was recovered in about a month and a half, but we have had
problems like these. C-3

Yes, look, well, yes, yes, yes. The

norm has changed, and it has been deficient, because actually the ejidatarios many
times and in many areas in many states have become more difficult.

Then, they even kidnap and hurt someone.

So I think that the norm is one thing, but it is not really respected 100%, the ejidatarios
are owners of their lands, we know that, we try to do the best for everyone in the
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negotiation, but there comes a time when these people do not get what they ask for,
what they need, they are asking and asking and asking and asking and it is a very
difficult situation because they can end up damaging or harming the production of a
company.
That is the most difficult thing that can happen in an agreement between the ejido and
the company. MC-2

7-. Land conflicts That's right, because you know that here, in Mexico, when we have projects in sight,
there are a lot of louts that start buying the land before the projects come out and then
that is another legal problem, because when the ejidatarios find out, they become more
problematic in strikes, in work stoppages or situations that have happened here in
Mexico, like in the airport, the macheteros and all that. C-1

8-. Permit conflicts We have had both legal and social problems, we have had work stopped for up to a
year due to construction permits and political problems.

Directly from the Government they have stopped and another socially that the
Community does not agree with the works that you are doing and they riot and ask you
for works in exchange or improvements to the Community that neither the client nor
you have considered and it is quite a strong problem .C-1

5.1.1.5 Risks

As previously mentioned, risk classes were categorized into three main categories. This was mainly
based on feedback from contractors, who indicated that once activities begin, certain risks and
resource-related issues can arise. We also included a separate category for social risks in the model
to account for indirect factors that stakeholders can introduce.

5.1.1.6  Activity Risks

The activities selected carry inherent risks. Some risks are specific to certain activities, for example,
noise pollution from blasting, while others, like dust pollution, are shared among different activities
such as crushing and quarrying.

One common issue is damage to access points, community roads, or power lines. During interviews,
this was mentioned 16 times. The damage is mainly caused by the frequent movement of heavy
machinery and dump trucks used to transport materials to the site. The roads are typically made of
untreated earth without concrete reinforcement, and the power lines are overhead on poles with a
small surface area, making them susceptible to damage from the passage of heavy vehicles.

TABLE 18: SELECTED ACTIVITY RISKS AND QUOTES FROM INTERVIEWS

# Activity Risks Quotes

1-. Dust pollution So, the bank of materials, that is another factor, a lot of dust was emitted, we were
shredding materials as a primary or secondary, so all the dust that was generated, it covered
or reached the trees. C-2

2-. Material spillage Let me give you an example, the communities would ask us: hey, a dump truck is passing
by here and it dropped a little sand; or a little concentrated material or whatever material
we were using, so they would tell us: I need you to sweep it immediately and then we
would do it, right?

So sometimes it was a problem to do it directly and not to notify the mine, and sometimes,
if we notified the mine, it would take up to two days, it would take up to two days for the
response. and that generated a social problem, no? C-2

3-. Noise pollution Yes, look, in some places and here it has also happened that sometimes communities are
very close to the operations, and as we need to use machinery, trucks, they make a lot of
noise, raise a lot of dust, pollution that bothers these people, and that are also important
points that we have to respect and of course improve so that it does not affect, at least in
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4-. Damaging
surrounding buildings

5-. Exploiting unlicensed
quarries
6-. Damaging roads or

power lines

7-. Damaging community
plots

5.1.1.7 Resource Risks

the Community, either with noise, pollution, etc. We have to review all those points so that
we do not have problems with that. MC-2

First in a certain mine, we did some blasting, but it was very close to the surface.

So, that generation of energy, of that magnitude, from the blasting broke some glass, some
windows of some nearby houses and we had problems. So it is because of the energy that
was dissipated, the energy reached some houeses and broke several windows, but at those
points we supported the people, we reconstructed the damage that we generated and of
course in the blasting control we had to use a softer explosives, which did not cause
damage in the process. MC-2

Well yes, we also have projects in Monterrey, we have projects in those regions of the
country and because of the water issue, basically we have very limited water and
sometimes we lack water as well. Also, it will be the issue of the exploitation of banks
(quarrying) close to the urban areas.

We are having the problem of the dust and the environmental pollution that these generate
and sometimes we can also see that these people who are involved in the unions, suddenly
exploit quarries that sometimes do not have, well, the corresponding permits with the
ecology norms and that is what we sometimes complain about. C-3

We drove a big tractor to a small road.

Well, it had concrete, but well, it was a local road, a 15 cm concrete, without a structure
underneath that concrete, so that, it would support, is the weight?

Well, you can imagine the concrete, it was damaged, it broke and yes, there were
altercations and well, you always have to do this social work, that is to say, to reach an
agreement, you tell them. C-5

Then what happened to us that, well, a stone fell outside our bank, a stone went to the other
plot.

We already had our correct delimitation, but the material went, even with the protection
of the slope, it went and then the owner of the plot took advantage of it, she said it was a
serious affectation to her plot, which were just some stones, so a whole legal process was
set up and well, especially with the client, it did not affected us directly, but in that case it
happened that way. C-2

The model included resource risks due to the challenges of obtaining materials in rural areas. These
areas typically focus on agriculture and mining and do not have a skilled workforce or easy access to
construction materials. The mining law reforms now require mining companies to hire a certain
percentage of local labor, and they comply by providing training. However, when it comes to building
tailings dams, most of the work involves heavy machinery and specialized construction, which is
unfamiliar to rural communities. This incompetence of labor poses a significant risk for the contractor,
as it has been documented 14 times.

TABLE 19: SELECTED RESOURCES RISKS AND QUOTES FROM INTERVIEWS

# Resources Risks

1-. Heavy machinery
breakdown

2-. Inflation of local
prices

Quotes

To have a stock of the most important things, for example, cutting parts, which is what
wears out the most.

But in the mechanical area, you also have to know where you are going to supply a
particular part,

how long it takes to have that physical response and generally we as a company, to
avoid that kind of risk, so we have one or two extra machines to take over, while the
repair of the downed machine is being done. C-4

But when we made the offer, the study was done, we had prices relatively, maybe
double those of Mexico City, but as the work progressed, it became more expensive.

Everythyng became more expensive, even the workers' food and your own food
doubled to 50% or 60%.
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5-.

6-.

No concrete plants
nearby

Lack of aggregates in
quarry

Lack of materials in
zone

Insufficient water
supply

Insufficient hauling
trucks

Incompetence of local
labour

So, what happens?
There is the construction boom, there is a lot of construction, a lot of construction.

It becomes very expensive, people abuse it and when they start to finish the work,
prices start to go down again, so it is supply and demand and you cannot control how
much you can raise your prices. C-1

Obviously the initial machinery would be tractors, motor graders, compactors,
backhoes.

That would be the initial to start with and later, depending on the project, you can
implement concrete plants depending on the region, because there are regions where
they do not exist, C-1

Yes, | am also telling you to make sure of the material banks, of the capacity of
exploitation of the banks, because suddenly, you arrive at a bank and they already have
it very exploited and they are not able to give you the amount of material required for
the project, so depending on the volume of stone materials is to see the feasibility or to
see that the material banks will have the capacity to give you the volume required for
the work program that you want to implement. C-3

We usually organize our projects in two stages, which could be preliminary or pre-
project, where we usually call, we try to find information about the site, and when we
see formality or that the project is going to materialize we go to the site and we do local
marketing, we look for local unions, we usually look for 2 or 3 different people from
different unions to see the working conditions, we go and visit material banks near the
construction site, where we try to see if they are owners, if they are in ejidos, especially
if they are controlled by these people from the unions, and we try to see the quality of
the material, see the quantity we require to avoid the possibility of not having enough
material. C-3

Yes there were changes in this, the client told us, there is no water ,there is no water
here in the locality there is no water nearby.

So you need to consider this in your quotation. C-2

There have been times when there have been up to three construction sites of different
companies at the same time.

So, neither the bank nor the transporters are able to keep up, nor is the bank enough, so
no, practically, even though we do not know each other, we are fighting among the 3
builders. C-5

As for the union personnel, well, we have had to deal with local personnel, we have
struggled, we have struggled with the fact that sometimes there is no locally qualified
labor, sometimes there is, sometimes there is not. C-2

5.1.1.8 Social Risks

Social risks are different from other types of risks because they involve two main areas: resources
and activities. These areas help us understand how likely the risks are to happen. Social risks become
important when a stakeholder creates a risk based on their own views or decisions, regardless of what
the contractor does.

For example, unions and ejido communities may want to control resources because they are afraid of
change, have limited resources like water, or want to make more money from selling materials. Both
groups want to benefit more, following the law of supply and demand. When they notice more
activity, especially from outsiders, these marginalized groups start taking action. Even though this
risk was not repeated often, it was highlighted by the participants.
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3-.

4-.

5-.

Social Risks

Miscommunication
with communities

Communal complains

Community desire to
control resources

Corruption

Delinquency

Communities desire to
replace contractors

Defiance of law

Union Conflicts

TABLE 20: SELECTED SOCIAL RISKS AND QUOTES FROM INTERVIEWS

Quotes

Yes, yes, in other mines I have had some issues, where people do stoppages or
roadblocks, one of them was because the way the human resources manager handled
the negotiations because the ejidatarios did not like how those negotiations were
handled, because according to them it was not very fair, whether it was fair or not, they
should also understand that we also require a certain benefit, not just give them
satisfaction, right? MC-2

Yes, look, right now in the current mine there is a town that is at the top of the site
(mine), you go to the northern part of the mine and there is a town that has many
workers who work here in the company, before, the main road went through the
industrial areas of the mine, and due to some risk that we wanted to avoid, we built a
road outside the mine, made of earthworks only.

Ah, but some of their personal use trucks that apparently required a better road,
although the road is very accessible, they requested it for several days, they did not
striked or did a stoppage, but they did have several complaints that the road had to be
improved, and finally, we had to give them that requirement so they would not take
other actions. MC-2

Yes, also here, for example, here in the stream bed we have several permits to remove
gravel and sand material, some ejidatarios, well they take over certain parts and do not
allow us to quarry that material, we have to reach another agreement so that they give
us permission, although with the authority we already have that permission, well with
the ejidatarios we also have to respect their area of properties, right? MC-2

Yes, yes there are.

In general there is one, the first one, even if you comply with all the federal regulations
for the transportation of heavy machinery on federal roads, unfortunately in Mexico
we still have a federal highway police that commits a lot of crimes, I mean they ask for
resources unduly, that is one of them. C-4

Another problem is the unions here in Mexico, which are by region and which
unfortunately are now in the hands of groups that are very closeminded, and they ask
you almost for an extraordinary and unlawful fee ( derecho de piso) so that you can
work peacefully and they do not bother you and do not kidnap your engineers, your
residents, so you have to have a deal with them. C-1

For example, we had a contractor that did the welding of the Geomembrane for the
tailings dam and a local supplier said, I am going to do it, he trained himself, bought
his equipment, did everything he had to do, the truth is, I don't know how he did it, I
was not there. And he said, look, I already have the training, the certification, I have
the machines and I have the personnel, get your contractor out, I am going to do the
work because | have already spent some money on it.

And so, obviously at the end of the day we had to make the change, because our
sourcing priority starts locally. MC-1

Look, if we look at how we work in Mexico, most of them do not even comply with
the law, it is a reality and if apart from that the law does not even establish something
properly, that is, with the proper scope, we leave an open risk in the industry, right?
MC-1

Sometimes the strategy is that in the selection of the union or the people we work with
at the site, they are not the strongest or the most consolidated and that is why I tell you
we usually go to the site to make sure we work with people who are owners of the
dump trucks or with people who actually earn money from the service of the dump
trucks, that gives us a lot of certainty when we find a service provider that has a vehicle
fleet, that is, dump trucks to provide the service, we know they are honest people, that
is why they are honest, right?

And we try to distance ourselves from those who try to live off the service of the
owners and the workers. Yes, it has given us problems,
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9-.

Communities refuse to
sign permits

Likewise, there are areas where, even in Mexico City, even if you choose a person,
sometimes the law of the strongest prevails, more structured unions, which eat up the
smaller unions. C-3

No, because for explosives, generally, a Letter of Prior Authorization is issued;
otherwise, the permit is not issued.

-By the communities, right?
Yes,you cannot get a permit without a letter from El Ejido signed. C-2

5.1.1.9 Risk Mitigation Strategies

The initial plan did not include integrating the knowledge graph with this category of classes, as it
was considered to be outside the domain. However, when participants discussed risks and events,
they often mentioned the measures they had in place to avoid or mitigate them.

In Mexico, it is unfortunately common practice to impose extraordinary fees on different
stakeholders, and in some cases, these fees are obligatory. These fees are not considered as part of
corruption but rather as a monetary transfer to protect the common good of the project, machinery, or
even the welfare of the staff. This class was divided into three categories based on the stakeholders
involved, as the motives behind these fees varied according to the risks. This strategy was cited
multiple times and was used as an example to illustrate the social landscape of the case study in
Mexico.

6-.

TABLE 21: SELECTED MITIGATION STRATEGIES AND QUOTES FROM INTERVIEWS

Risk mitigation
strategies

Buying spare parts in
advance

Change supplier of
resource

Contracting more
unions

Extraordinary fees to
communities

Extraordinary fees to
criminal groups

Extraordinary works
requested by
ejidatarios

Quotes

That it is very important that the machinery is at 100% that we lacked from the previous
work in terms of the mechanical engineering staff.

If we missed, what we missed, was it two or three days to get some special piece of
machinery, to have enough stock and above all to select capable mechanical personnel
to avoid downtime of machinery on standby. C-4

Mhm then when the work starts and without knowing, the second one starts and the
third one starts and the third one starts and we fight for the material, fortunately for us,
unfortunately for others, a second bank opens on one side of that bank, a second bank.
(0]

Mhm then when the work starts and without knowing, the second one starts and the
third one starts and the third one starts and we fight for the material, fortunately for us,
unfortunately for others, a second bank opens on one side of that bank, a second bank.
C-5

That's right, by rule and by regulation, also depending on the region, the union asks for
a percentage of more or less 60% of the labor force.

It has to be local to the community, but often, the problem we have is that they are
people who are not specialized or dedicated to the field, and it doesn't really work for
you, right?

So we had to give them more money to allow you to bring your specialized people. C-
1

There may be some threat in this case of, I don't know, for example, there are certain
points in Mexico where there is organized crime, there may be some issue of, I tell you
openly, of a quota, a quota that has to be paid, so that expense, well no, it was not
considered, in the issue of property or physical security for all the workers and for the
project. C-2

By agreements, by agreements, the last one that happened to us was by long-term
agreements, they blocked an access, because they wanted the improvement of a road,
a road of theirs from the same community that they had promised them and since we
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were already there, well, we did a part and that was it, but in the end they wanted
everything, the whole road, right?
So they wanted concrete in everything, in all their, in all the street and that was one of
the reasons that are the agreements with communities and social commitments that the
client himself has. C-2

7-. Hauling water tanks And that for me is particular in Monterrey, yes, yes, yes, yes, it is something that now
we have even reinforced, we have sent water tanks from Guadalajara to have water
supplies and I mean now we have a good work, now in this project, what we have
already implemented, due to other previous experiences in Monterrey, we have already
found a formula to be able to get in price with the locals. C-3

8-. Removing spillage The way we solve it was hiring more local personnel as road agents or bandoleros as

from roads we call them in Mexico, | had to immediately send a sweeper with water to avoid
pollution and the schedule was delimited. C-4

9-. Restriction on work Well, sometimes the social issue of the environmentalists, the ecology issue, there are

shifts areas in the Republic where there is a lot of surveillance and a lot of observation of the

environmental issues, for example not to generate dust, not to be able to use certain
equipment because of the noise, because of the proximity to residential areas that,
suddenly they restrict the working hours so as not to interfere with the people's resting

time. C-3
10-.  Hiring security The other is the theft of machinery, that is why you must have all the equipment,
vehicles and heavy machinery insured in case of this eventuality, practically these two
issues. C-4
11-.  Installing concrete Obviously the initial machinery would be tractors, motor graders, compactors,
plant at site backhoes.

That would be the initial to start with and later, depending on the project, you can
implement concrete plants depending on the region, because there are regions where
they do not exist, C-1

12-.  Dust suppression I don't know why they have not designed this type of machinery for dust mitigation.
You have to engineer it for that mitigation.
We had to put on the belt where the crushed material comes out. So to speak, I
had to design a little roof without touching the shredding equipment because if you
don't lose guarantees, if you lose everything, if not at the end of the belt I had to put a
flute.
We call it a flute because it is a tube with perforations, like a flute.

And injecting water so that when the material falls, it does not generate that pollution
and that helped us a lot in dust mitigation. C-4

13-.  Ensuring quarry In a bidding process in which we are participating right now, which is in Zitacuaro,
permits Michoacan, we did the research, we went, we went to the material banks, we have to
take into account the permits, as I was telling you, but we have to take into account the
unions, that is another one, a union of workers is always an issue to be treated with
tongs because in that project, for example, it happened to us that all the material banks
in the zone are unionized and all of them, let's say that they do not have a permit, they
do not have an official permit, what they have is a permit of uses and customs, that is,
it is based on, let's say, a format, nothing more than a meeting that they hold, because
they are indigenous communities, they hold a meeting and before the Government, that
is their permit, right? C-2
14-.  Extraordinary fees to Another problem is the unions here in Mexico, which are by region and which
unions unfortunately are now in the hands of groups that are very closeminded, and they ask
you almost for an extraordinary and unlawful fee ( derecho de piso) so that you can
work peacefully and they do not bother you and do not kidnap your engineers, your
residents, so you have to have a deal with them. C-I

5.1.2 Relationships

To ensure clear and concise representation, it was opted to include 8 direct relationships, avoiding
redundancies and aiming to maintain a balance of information and clarity within the model. As with
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classes, the following table will display a quote to illustrate the information source influencing the
decision to include these relationships in the model. This will be followed by a brief explanation of
the concepts and a graph connecting the classes in the current model.

#

1-.

2-.

3-.

4-.

5-.

6-.

Relationship

Needs resource

Has risk

Has activity risk

Has resource risk

Has social risk

Has stakeholder

TABLE 22: SELECTED RELATIONSHIPS AND QUOTES FROM INTERVIEWS

Quotes

Well, the work itself, we already know how to carry it out, that is why I tell you, a
construction process is carried out, but you have to see both the water supplies as we
mentioned before and also the human resources team if there is one in the zone or in the
area, start investigating both for the engineering staff and the staff of the rest of the
personnel. C-4

In fact, risk management rather than we saw risks, for example, in the water
administration, in the risk of the communities, and the labor risk became very, very
important in the last 10 years.

The reality is that, as conditions have evolved, my vision is that at some point a risk
assessment will have to be made for new projects, especially if you are investing, 300 or
500 million dollars, investors and companies that are willing to invest, will have to
identify the risks that will have to be evaluated, right now in Mexico there are at least 10
projects that are already being explored but they are stopped precisely because of the
evaluation of how they are going to do it and with what permit they are going to do it.
Right now the most important risk that we have is that we do not have permits or to
generate a permit for a new project, they do not give it to you for the mining industry, it
is very limited, so even if you have already explored a project as there is a case here near
Durango called Vizsla in Cosala. MC-3

Also, it will be the issue of the exploitation of banks (quarrying) close to the urban areas.

We are having the problem of the dust and the environmental pollution that these
generate and sometimes we can also see that these people who are involved in the unions,
suddenly exploit quarries that sometimes do not have, well, the corresponding permits
with the ecology norms and that is what we sometimes complain about. C-2

Starting the investigation of all the personnel, immediately it is in the mechanical supply
centers.

This is very important and I am sorry, it is redundant and [ have seen many companies
that do not take this into account and sometimes have machinery stopped for weeks.

So you have to foresee those risks to avoid them, as I mentioned before.

To have a stock of the most important things, for example, cutting parts, which is what
wears out the most. But in the mechanical area, you also have to know where

you are going to supply a particular part, how long it takes to have that physical response
and generally we as a company, to avoid that kind of risk, so we have one or two extra
machines to take over, while the repair of the downed machine is being done. C-4

Look, I think we are facing a more interconnected

society, where whatever you do or do not do, not only has an impact locally, but also on
the reputation and therefore also has repercussions on your economic projections, with
your investors and your other stakeholders of interest and both socially and
environmentally.

I believe that this is the great challenge, because this communication, precisely, has
allowed that beyond the interaction and also from the political point of view, agendas
are established that could promote or stand in your way for the construction of your
project.

Yes, yes, I believe that the construction process from the preparation of the construction
and the construction has the fine thread that will help you to have fewer social and
environmental problems in your operation and that you can really focus on extracting
the mineral or whatever you are looking for. MC-1

The other problem it had, is just what I was telling you, it did not adequately take into
account the surrounding communities, those that are not necessarily in the project and
other third party agents. I think the world we live in today is very interesting, because it
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7-.

8-.

51.21

Can lead to event

Has mitigation

strategy

Needs Resource

forces us to be much more careful, much more aware and proactively involve all
interested parties before you have a problem and even if in the process you have a
problem because we are not exempt, you also have to have your strategies for how to
present it to all stakeholders, in which times and in which ways. Finally, there are
communities that have manifested themselves and in fact, currently all these years that I
have been here, the complaints and claims about the operation and what came from the
process of the construction of the project, today they come mainly from the surrounding
communities, because with the host community we have a constant relationship, but with
the others, that relationship has had its ups and downs and I think the main reason was
the wrong start that generted distrust in the environment,

MC-1

For example, if you are going to install a new tailings dam, you have to have a lot of
negotiation capacity to negotiate with the surrounding communities because if they
oppose the authority, they will never give you the permit. Do you understand me?

So, there are common factors or facts that complicate the process, which is a little bit
going back to what I was telling you in the past. MC-3

So what we had to do was to use a water pipe to mitigate that, not that problem, but you
have to do it.

What do I tell you at the end of the day?

You don't consider it, but we are learning.

These are the lessons learned, all those fine details and to avoid in the future, which is

the important thing, to avoid in future works that you have these types of claims or
complaints. C-4

The relationship needs resources is straightforward. Each selected activity requires resources to be
completed. For example, activities such as blasting require explosives, while earthworks and civil
works in the tailings dam require labor, water, materials, and heavy machinery. The image below
illustrates these relationships, showing how activities are linked to the resources they need. For
instance, it demonstrates the activity of blasting, which needs the resource of explosives to be done.

* @ owl:Thing

4

[" » Resource ] [' Blasting ]
+ =~ .‘
~ 1 Explosives
v = has individual
v = has subclass
v = NeedsResource(Subclass all)
v NeedsResource(Subclass some)

FIGURE 18: NEEDS RESOURCE GRAPHIC RELATIONSHIP
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5.1.2.2 Has Risk

The "Has Risk" relationship is used to connect activities and resources (domain) to the three selected
types of risks (range). The accompanying image illustrates this connection and specifies the chosen
risks. It sets the stage for other relationships and serves as a precursor connection.

{' Activity ] [' Resource ] [' owl:Thing J

Risks

*® ActivityRisk l *® ResourceRisk J [' SocialRisk
v = has individual
v = has subclass
v = HasRisk(Subclass some)

FIGURE 19: HAS RISK GRAPHIC RELATIONSHIP

5.1.2.3 Has Activity Risk

The domain of this object properties is activities, and the range is the previously mentioned activity
risks. As the participating contractors mentioned, according to their perspective, the risks they face
start once they carry out an activity. Therefore, such a subclass of risks was decided. In this case, it
displays the graphical connections of the material crushing activity and its associated risks, such as
dust and noise pollution.

- Activity
|*® Risks
- ActivityRisk

MaterialCrushin
9

L' NoisePolluion | L' DustPollution

v == has indvidual

v = has subclass

v = HasActmtyRisk (Domain>Range)
v = HasActmityRisk(Subclass all)

v = HasRisk(Subclass some)

FIGURE 20: HAS ACTIVITY RISK GRAPHIC RELATIONSHIP

5.1.2.4 Has Resource Risk

The resource risk relationship has the domain of resources and the range of resource risks. Resource
risks can include issues such as the risk of water scarcity, lack of nearby resources, or the breakdown
of specialized machinery used for earthworks or material crushing. This relationship is exemplified
by the connection between three resources: machinery and transportation trucks, water and concrete,
and the resource risks identified in interviews.
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FIGURE 21: HAS RESOURCE RISK GRAPHIC RELATIONSHIP

5.1.2.5 Has Social Risk

Social risks, which are generated by various stakeholders, can impact an operation, the collection of
resources, or general protection, and in some cases, even if the contractor is not directly involved.
This category was included based on feedback from interviews, particularly from participants in the
mining industry who placed greater emphasis on these types of risks. As highlighted by participant
MC-1, social risks are closely linked to stakeholders, which is another relationship that has been
incorporated into the knowledge graph. The figure below shows this relationship with two activities,
such as quarrying and transportation of machinery to the site, and two resources, such as aggregates
and labor.

Proof Quote of Interviewee MC-1

“But at the end, for example, when you identify your social risks, well, that is going to derive in a relationship plan. And
in this relationship plan you are going to be establishing the type of communication, the frequency of agreements you
can have with different stakeholders, which may not even be, well, not only the type of communication, but also the type
of agreements you can have with the different stakeholders.stakeholders, which can be not only individuals, but also
municipalities or organizations or the local, state or even federal government.”
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v = has indmvdual
v = has subclass
v = HasRisk(Subclass some)

v = HasSocialRisk(Subclass all)

FIGURE 22: HAS SOCIAL RISK GRAPHIC RELATIONSHIP

5.1.2.6 Has Stakeholder

In this research, the focus is on external risks, which involve different stakeholders. Thus, the relation
Has Stakeholder was chosen. This object property applies to four classes as its domain: Activity,
Resource, Risk, or Social Event. Consequently, this class and relation are present in nearly all
connections within the model. To illustrate, various examples of activities, resources, and social risks
were chosen to showcase their relationships with the included stakeholders. As depicted in the image,
an increase in relationships directly correlates with the expansion of the knowledge graph.

[f®rmosce | [‘®ocmnms |
Fore] !
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v = has subclass
= HasRisk(Subclass some
v = HasStakeholder(Subclass all)
v = HasStakeholder(Subclass some)

FIGURE 23: HAS STAKEHOLDER GRAPHIC RELATIONSHIP
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5.1.2.7 Can lead to Event

The construction of tailings dams carries inherent risks that can lead to two potential outcomes. If
these risks are not adequately prevented or mitigated, they may result in social or legal conflicts. This
connection directly ties the risks to the eventual consequences. In this context, the example
demonstrates how social risks can lead to various social events.

" ® SoowEvent

N =A==

—»

IQWM
¥ 4
| 6 e .
0o
, o

* ® CommunaCompim
"

u.c = J

v = CanleadToEvent(Subclass all)
v === has indwmdual

v == has subclass

FIGURE 24: CAN LEAD TO EVENT GRAPHIC RELATIONSHIP

5.1.2.8 Has Mitigation Strategy

The next relationship to explore and describe is the Has mitigation strategy. One possible outcome of
the presented risks is their mitigation in various ways by the contractor. While these strategies can
help mitigate the risks, some may require a financial investment from the builder. Therefore, it is
important to be clear about potential risks and how to mitigate them from the bidding process stage
in order to make informed decisions about budget allocation for the client. The image below displays
some mitigation strategies for various risks, legal conflicts, and social events.
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FIGURE 25: HAS MITIGATION STRATEGY GRAPHIC RELATIONSHIP

5.2 FORMALIZATION OF ONTOLOGY

The following excerpt provides evidence from quotes, codes, and relationships obtained during the
interview with Participant C-1 as an example of how the formalization of the model was done.
Different colors separate the various codes and relationships to which the comments and answers
refer. Figure 26 displays a portion of the model, using only the information gathered from these
quotes, while Figure 27 illustrates each relationship between the classes, color-coded for clarity.

TABLE 23: C-1 PROOF QUOTES, CODES AND RELATIONSHIPS

Interviewees Proof Quotes from Participant C-1 | Codes

Well, look. I've run into problems with ejidatarios. . Stakeholders: Communities

When looking for land from developers for any type of e Social Risk: inadequate communication strategy
industrial work, whether private or federal, the first issue with communities.

we run into is with the ¢jidatarios, because of the power e Social Event: Problem with ejidatarios

to bring together all that society so that they can sell you
the land, that is one of the basic problems here in Mexico,

when you are not in a region that already has Relationships:

authorization, industrial parks, oh or within the city, then e [Ejidatarios (rural communities) can create a risk
the first issue is the cjidatarios, you have to hire a person if an inadequate communications strategy is not
who can negotiate the price of the land, it is with the followed. ( Has Social Risk)

ejidatarios, with the Community and that is a problem

because it can take several years.

Well, in social matters, many times the neighboring e  Activity Risk: Damaging Surrounding Buildings
landowners ask you, or they give you a lot of objections e  Activity Risk: Damaging Roads

because they say that their buildings are damaged when e Activity Risk: Damaging community plots

you are carrying out your work or you affect their roads, e  Stakeholders: Unions

their accesses to their lands.
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And they want to take advantage of everything, right?

Another problem is the unions here in Mexico, which are
by region and which unfortunately are now in the hands
of groups that are very closeminded, and they ask you
almost for an extraordinary and unlawful fee ( derecho
de piso) so that you can work peacefully and they do not
bother you and do not kidnap your engineers, your
residents, so you have to have a deal with them.

Basically, you have to give them the union fees and work
with their machinery and their transport trucks.

Mitigation strategy: Extraordinary fees to
criminal groups or communities.

Social Risk: Delinquency

Social Risk: Union Conflict

Resource: Machinery and transport truck

Relationships:
e Doing certain activities can create specific risks.

(Has Activity Risk)

Unions are stakeholders that can be involved in

social Risk (Has Social Risk)

Some social risks have a mitigation strategy of

providing extraordinary fees to communities,

organized crime groups, or Unions. (Has

Mitigation Strategy).

Some activities need resources like machinery

and transport trucks, and stakeholders may be

involved in obtaining these resources as well.

(Needs Resource, Has Stakeholders)

Well, look, Eh? e  Resources: Good quality materials
Normally when you make these visits, well, you try to go e Resources; Labour
to the right people who have control of the area, both e  Resources: Transportation trucks
material and labour. transportation, and all that, and e Activity: Transportation of materials to site
from the beginning you reach an agreement, on a quota, e  Stakeholders: Unions (since they have the
either for the entire project or a weekly or biweekly quota control of this activities and resources.
depending on how the negotiation is done. e Social Risk: Communities desire to control
resources

Relationships:

e Unions usually have the control of transportation
and resources in rural areas, this creates social
risks for the transportation of materials as well as
collecting material, and hiring labour. ( Has
Social Risk)

e These stakeholders wusually ask for some
extraordinary fees to let contractors work
without union conflict. ( Has mitigation strategy)

Well, now that you have your market study and e Activity: Quarrying
everything, you have already located the land where you e  Resources: Aggregates
are going to be able to buy. e  Resources: Machinery and transportation truck
Or exploit the materials necessary materials such as *  Resources: Concrete
. o e  Resource Risk: No concrete plants nearby
gravel, sand, gravel, tepetate, obviously the initial
machinery would be tractors, motor graders, compactors,
Relationships:

backhoes.

That would be the initial to start with and later,
depending on the project, you can implement concrete
plants depending on the region, because there are
regions where they do not exist.

So, you have to look at the whole situation and look for
the mines or rent?

And to buy, even the ejidatarios is the exploitation of the
land.

Concrete is needed as a resource, and there is a
risk that there are no plants nearby.( Has
Resource Risk)
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FIGURE 26: C-1 EXAMPLE OF BUILDING MODEL

type filter text

v = CanlLeadToEvent(Subclass all)

v = has individual

v = has subclass

v = HasActivityRisk(Subclass all)

v = HasMitigationStrategy(Subclass all)
v = HasResourceRisk(Subclass all)
v~ HasSocialRisk(Subclass all)

v HasStakeholder(Subclass all)

v = HasStakeholder(Subclass some)

‘ v = NeedsResource(Subclass all)

FIGURE 27: C-1 OBJECT PROPERTIES EXAMPLE
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6 IMPLEMENTATION OF THE ONTOLOGY.

The implementation of the model and incorporation of data from a hypothetical case study will
culminate in the completion of the knowledge graph development process. This chapter also includes
the verification and validation process of the model as per the methodology outlined in Chapter 2.
The verification of the model was done in two parts: first, by using the Hermit reasoner to check the
model's consistency automatically, and second, through a criteria-based evaluation. The validation
process is divided into three parts: first, checking for completeness and coherence of the model;
second, developing specific competency questions and answering them.

The methodology section details the practical application of the knowledge graph, including
specifying suppliers and stakeholders and validating the model with specialists. To accomplish this,
a hypothetical case study in northern Mexico was developed to simulate the construction of a tailings
dam at a silver mine. This case study was necessary since access to an actual project and its
information during this thesis's research and development stage was limited. This helped create more
relations and classes to populate the model.

Valley of Topia River

El Ciruelito 1 . OAvmo
Silver mine "La Nena"” —~
) .Union B

'\‘,/
La Galancita °

Union A Q 3 RC B 0ocC-2

(j Municipality 1 7
Q RCC :
° Municipality.-2

Quarry-1
Topia RC A

)
Canelas River _ Canelas Y ™
¢un|on c VY

Quarry-2
Coluta Pino Alto
RC D

El Madroio

El Recodo

L4

El Bajio

Municipality 3

Q@

7N
N
Union D

Quarry-3
[ Vascogil
\d

Las Quebradas

La Vainiliita
Chacala

Q@

Tamazula River

FIGURE 28: HYPOTHETICAL CASE STUDY
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To provide more context about the location of the case study, the model utilizes the following classes
for the term pool that are part of the hypothetical case study. These terms have been included in the
knowledge graph.

TABLE 24: LIST OF CLASSES BELONGING TO CASE STUDY

Type of class Class and color code Color code Name
Resource Waterbody Blue Canelas River
Resource Waterbody Blue Valley of Topia River
Resource Waterbody Blue Tamazula River
Resource Quarry Green Quarry-1
Resource Quarry Green Quarry-2
Resource Quarry Green Quarry-3
Resource Machine Workshop White MC-1
Resource Machine Workshop White MC-2

Stakeholder Union Purple Union A
Stakeholder Union Purple Union B
Stakeholder Union Purple Union C
Stakeholder Union Purple Union D
Stakeholder Government Orange Municipality 1
Stakeholder Government Orange Municipality 2
Stakeholder Rural Community (Ejido) Yellow RC A
Stakeholder Rural Community (Ejido) Yellow RCB
Stakeholder Rural Community (Ejido) Yellow RCC
Stakeholder Rural Community (Ejido) Yellow RCD
Stakeholder Rural Community (Ejido) Yellow RCD
Stakeholder Organized crime group Red OC-1
Stakeholder Organized crime group Red 0C-2

6.1 DEVELOPING THE KNOWLEDGE GRAPH: APPLYING ONTOLOGIES IN PROTEGE

After conducting interviews, gathering news, and drawing from experience in the construction
industry in Mexico, as well as incorporating stakeholders from a hypothetical case study, a term pool
with object properties (relationships) was developed to illustrate the classes and connections between
them used in creating the knowledge graph. Using the Protégé software, relations (object properties)
were established between the identified classes and to document the model as explained in the
Methontology subchapter properly, annotations explaining each concept employed (classes) for
visualizing the semantics of this information. In total and answering SQ2, eight relations (object
properties) and 104 classes, meaning that 374 correlations were created between activities, events
resources, risks, events and stakeholders in constructing a tailings dam as shown in the Ontology
metrics figure below.
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Ontology metrics: [eaji=ic

Metrics
Axiom 580
Logical axiom count 374
Declaration axioms count 12
Class count 104
Object property count

Data property count
Individual count
Annotation Property count

- O O ©

FIGURE 29: ONTOLOGY METRICS

To improve readability, Table 25 shows only a part of the term pool, featuring at least one Child
Class (Subclass) of each entity type, along with their relationships and class-specific comments. The
complete term pool utilized in the model can be found in Appendix B (- COMPLETE TERMPOOL
FOR CONSTRUCTING THE KNOWLEDGE GRAPH).

TABLE 25: EXTRACT FROM THE TERM POOL AND RELATIONSHIPS FOR THE DEVELOPMENT OF THE KNOWLEDGE GRAPH

Classes: Object Properties (Relations) Annotations

Activities:

Quarrying Activity "Quarrying is a basic but complicated activity in the areas
HasActivityRisk only where the mines are normally located. This is because
DamagingCommunityPlots there are few quarries. In addition, these quarries
HasActivityRisk only sometimes do not have the necessary permits from
ExploitingUnlicensedQuarries SEMARNAT (Environmental Institution), and the owners
HasSocialRisk only CommunalComplains (Ejidatarios) normally hide behind the law of Usos y
HasStakeholder only Union Costumbres (Uses and Customs)."

NeedsResource only Aggregates
NeedsResource only
MachineryAndTransportationTrucks

Quarry Three Quarrying "This Quarry and the stakeholders that are involved, are
HasStakeholder only EjidoE shown in the Hypothetical Case Study"
HasStakeholder only Municipality Three
HasStakeholder only
OrganizedCrimeGoupOne
HasStakeholder only UnionD
Transportation of Activity "The tailings dams are primarily composed of aggregates,
machinery to Site HasActivityRisk only requiring a large amount of heavy machinery for
DamagingRoadsorPowerLines earthworks, such as backhoes, tractors, irrigation tankers,
HasSocialRisk only Corruption and motor graders."
HasSocialRisk only Delinquency
HasStakeholder only
OrganizedCrimeGroups

HasStakeholder only StateHighwayPatrols
NeedsResource only
MachineryAndTransportationTrucks

Resources:

Aggregates Resource "Aggregates are crucial for earthworks. Suppliers must be
HasResourceRisk only quarries with Semarnat permits, and the aggregates are
InflationOfLocalPrices transported to the site using dump trucks."

HasResourceRisk only
LackOfAggregatesInQuarry
HasSocialRisk only
CommunityDesireToControlResources
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Water

Tamazula River

Explosives

Activity Risks:

Dust pollution

Resource Risk:

Incompetence of Local
Labour

Social Risk:

Community desire to
control resources

Social Events:

Resource

HasResourceRisk only
InsufficientWaterSupply
HasSocialRisk only
CommunityDesireToControlResources
HasStakeholder only Semarnat

Water

HasStakeholder only EjidoE
HasStakeholder only MunicipalityThree
HasStakeholder only UnionD

Resource

HasSocialRisk only
CommunitiesRefuseToSignPermits
HasSocialRisk only Corruption
HasSocialRisk only Delinquency
HasStakeholder only
OrganizedCrimeGroups
HasStakeholder only RuralCommunities
HasStakeholder only Sedena
HasStakeholder only Semarnat

ActivityRisk

CanLeadToEvent only Roadblocks
HasMitigationStrategy only
DustSuppression

HasMitigationStrategy only

Extraordinary WorksRequestedByEjidatarios
HasStakeholder only RuralCommunities

ResourceRisk

HasMitigationStrategy only
ExtraordinaryFeesToCommunities
HasStakeholder only ClientMiningCompany
HasStakeholder only RuralCommunities

SocialRisk

CanLeadToEvent only
ProblemsWithEjidatarios

CanLeadToEvent only WaterIntakeBlockage
HasStakeholder only RuralCommunities
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"Water is one of the most precious resources in rural
locations in Mexico, as depending on the season, the
scarcity of water increases. There are some parts of
Mexico where it only rains two months a year. Sometimes,
communities claim the water available is theirs, or even
some municipalities may impose some restriction on the
usage of water for construction, as is the case of
Monterrey, where in some periods they can not use potable
water for construction purposes."

"This river is located and shown in the Hypothetical Case
Study"

"The use of explosives is restricted by SEDENA
(Mllitary) in Mexico, in order to get a permit for acquiring
and using explosives, SEDENA requires a signed permit
of the surrounding communities. Also, it is a resource
appreciated by Criminal groups, so stealing it or
demanding some explosives is common in Mexico by
these groups. Since it needs special permits, corruption is
also an inherent social risk"

"Like Noise Pollution, certain activities generate dust.
This can lead to complaints from ejidatarios and a major
event."

"In mining industry projects, the contractor must hire a
certain percentage of local personnel as per agreements
between the mining company and the ejido communities.
Often, these personnel may lack specialized skills or
motivation, resulting in reduced productivity. To address
this issue, some contractors opt to pay a fee to the
communities, akin to salary payments, in order to ensure
that only trained personnel are engaged."

"Due to the bargaining power of communities, there is a
risk that they may seek to control federal or natural
resources, such as water, federal land, or roads, even if
they do not own them, in order to exploit the client and the
contrasts."



Roadblocks

Risk Mitigation
Strategy:

Extraordinary Fees to
Union

Stakeholders:

Rural Communities

EjidoA

Legal Confflicts:

Permit Conflicts

SocialEvent

HasMitigationStrategy only
ExtraordinaryFeesToCommunities
HasMitigationStrategy only
ExtraordinaryFeesToOrganizedCrimeGroups
HasMitigationStrategy only
ExtraordinaryFeesToUnions
HasStakeholder only ClientMiningCompany
HasStakeholder only
OrganizedCrimeGroups

HasStakeholder only RuralCommunities
HasStakeholder only Union

RiskMitigationStrategy
HasStakeholder only Union

Stakeholders

RuralCommunities

LegalConflicts

HasMitigationStrategy only
ExtraordinaryFeesToCommunities
HasMitigationStrategy only

Extraordinary WorksRequestedByEjidatarios
HasStakeholder only MunicipalityOne
HasStakeholder only MunicipalityThree
HasStakeholder only MunicipalityTwo
HasStakeholder only Sedena
HasStakeholder only Semarnat

"Roadblocks in secondary roads or at the accesses to the

site are a common practice in the mining industry,
involving communities, Unions and Organized Crime
Groups"

"As with communities, some disputes with the union can
be resolved by giving a fee in return."

"Rural communities, known as Ejidos, are a form of land
ownership where many people reside. Some of the
residents, known as ejidatarios, are involved in agriculture
or the extraction of natural resources. However, some of
the land is not suitable for farming, which limits the
communities' ability to generate income. Despite this, this
stakeholders hold significant bargaining power, especially
following the new mining law reform, as they have the
authority to grant land exploitation permits to mining
companies and influence the use of natural resources. The
mining companies handle communication with the
ejidatarios, and these communities often view the mining
company contractors as outsiders or adversaries."

"This Ejido is located and shown in the Hypothetical Case
Study"

"Conflicts over permits is a legal event that can jeopardise
the continuity of the project.”

To build the model, information from the term pool in Protégé was utilized. Concepts from the entities
tab (indicated by the blue circle) were employed and connected using the object properties tab in the
software interface (shown in the green rectangle in Figure 30). Additionally, brief descriptions of
each class were provided in the Annotations tab (depicted in red) to document and elucidate them for
the end users or potential users of the model.
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FiGURE 30: EXPLANATION OF BUILDING THE MODEL IN PROTEGE

The model's final output can be visually displayed using the OntoGraf plug-in. This interactive
interface showcases all class correlations and allows users to reorganize classes and their relationships
in a structured manner. Below is an example of multiple classes and relations graphs to illustrate the
numerous relationships and classes in the model. Each relationship is differentiated using various
patterns and colors to enhance user visualization.

*® NoisePollution

[ 7 Earworks |
* @ LabourMobilisat
ion

254

MachinenyToSit.. | ————

FIGURE 31: EXAMPLE OF THE CORRELATION BETWEEN CLASSES (ONTOGRAF)
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6.2 ONTOLOGY VERIFICATION

Following the outlined methodology, the knowledge graph was verified in two key steps. The first
step is automated consistency checking using a reasoner. The second step involves a criteria-based
evaluation conducted through manual revision and validation meetings with the participants.

6.2.1 Verification using Reasoner

Several reasoners can be used in Protégé software by default or as a plug-in to verify the model.
However, the Hermit reasoner was chosen to check the model's consistency to ensure no conflicts
between the classes and the object properties assigned to each one. As shown in Figure 32, after
running the reasoner, the log shows no inconsistencies in the model. Thus, it can be inferred that the
model verification was successful.

Eile Edit View m Jools Refactor Window Help

< oo I

Activty
Starts a new reasoner and initializes a cache of reasoning results

Active ontology = including the inferred class hierarchy and the inferred types of
of indviduals

Annotation propertie o Y
Classes Obje o bet Annotations Usage
ELK 0.5.0 ANNOAtionSACIVIY EE s n s |
2 2. =% P ® HermuT 1.4.3 456
v @ owl.Thin None
v-@
@ Blasting
@ Building SecondaryRoads
@ CivilWorks
@ Earthworks
@ Hammering
INFO 02:23:31 Pre-computing inferences:
INFO 02:23:31 - class hierarchy
INFO 02:23:31 - object property hierarchy
INFO 02:23:31 - data property hierarchy
INFO 02:23:31 - class assertions
INFO 02:23:31 - object property assertions
INFO 02:23:31 - same individuals
INFO 02:23:31 Ontologies processed in 31 ms by HermiT
INFO 02:23:31

FIGURE 32: PROTEGE LOG, APPLYING REASONER TO MODEL

6.2.2 Criteria-Based Evaluation

The criteria-based evaluation involved conducting four validation meetings with previously
interviewed contractors using Teams. The interviews from these meetings were recorded.

TABLE 26: VALIDATION MEETING DETAILS

Validation meeting # ID of Participant Duration
1 C-2 1 hour 3 minutes
2 C-3 39 minutes
3 C-5 57 minutes
4 C-4 1 hour 2 minutes
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In the validation meetings, the model was presented to the participants. The purpose of the model,
along with the relationships between classes and object properties, was explained using various
examples with the help of Tab OntoGraf. These meetings usually lasted around 55 minutes since
each concept and its relationships were thoroughly explained.

Despite the model's limitations, such as its reliance on quantitative data and absence of real
stakeholders due to the hypothetical nature of the case, all participants acknowledged that the
activities, resources, and external risks associated with tailings dam construction were explicitly
identified and interconnected in a meaningful way.

TABLE 27: CRITERIA-BASED EVALUATION RESULTS

Criteria-based evaluation Feedback from participants

Coverage The participants agreed that the classes and relationships in the model covered
the possible external risks in the construction of tailing dams.

Consistency The logical consistency of the model made sense and no contradictions in
relationships or definitions were found.

Clarity The participants understood the model's purpose and functionality, regardless
of their position in the company.

Scalability Participants shared their opinions on how the knowledge graph could be easily
adjusted for various purposes. These included using it for decision-making on
project locations, incorporating it into kick-off meetings, and not limiting its
use to just the bidding process. They also discussed using it as a repository of
lessons learned for projects beyond tailing dams, leveraging the semantic core
of the model, and adapting it to other instances.

6.3 ONTOLOGY VALIDATION

The validation of the ontology starts with the evaluation of the completeness and coherence of the
model, followed by the development of competency questions based on the requirements of the
participants and finally, ensuring that the model can answer these questions in a complete, clear, and
accurate way.

6.3.1 Completeness and Coherence

During the validation meetings, we explained the model and showed and described each of the classes
and object properties. Participants asked questions and provided feedback, sometimes suggesting
additional relationships to make the model more comprehensive. The feedback that fell outside the
limitations of the model, such as quantitative data like material prices, distances and routes of resource
collection to the site, H&S risks, or the application of information on a real case, was not included.
However, the participants understood that while the model could contain such information, it was
beyond the scope of the knowledge graph. All four participants agreed that the model effectively
highlighted external risks associated with activities, resources, and stakeholders in the construction
of tailings dams.

Finally, several manual reviews were conducted to ensure the consistency of the model. Some
relationships that were incorrectly made due to human error were adjusted until the model was fully
consistent.
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6.3.2 Competency Questions Development

In the final and arguably most crucial step of the model validation stage, participants were asked to
provide input on the information they required regarding the hypothetical case study of constructing
a tailings dam in the silver mine "La Nena." Google Earth was used to display the case's location, the
stakeholders involved, and the resource collection sites. The following specific competency questions
were developed based on the participant's requirements.

TABLE 28: SPECIFIC COMPETENCY QUESTIONS

Participant Specific CQs
C-2 e  Which risks are involved in blasting and the use of
explosives?

e  What are the potential outcomes of an activity-related
material spill, and what measures can be taken to
mitigate the risk?

C-3 What are the risks associated with machinery and
transportation trucks, specifically in the case of
breakdowns and theft of machinery? What are the
mitigation strategies?

C-5 What are the risks and stakeholders involved in Quarrying
Quarry 1?
C-4 What are the risks associated with water collection, and

how do the stakeholders differ for each body of water?

The specific CQs were gathered and addressed using Graph DB software with the SPARQL query
language. However, this approach was limited by the lack of expertise in using this software. Hence,
the query for specific CQs was not done during the meetings, leading to a subsequent review by
participants to confirm the correctness and robustness of the answers. The competency questions were
developed only for the previously interviewed contractors, as the model focuses on them as the end
users.

6.3.3 Answering Competency Questions

The first participant, C-2, had two requirements; the first question was about the risks associated with
the blasting activity and the use of explosives. To provide a more comprehensive perspective on this
question, it was also decided to consider the stakeholders involved in each of these risks, the possible
events that could occur for each risk, and the mitigation strategy for each event or risk. The query and
the results are presented in a tabular format. To enhance visibility, the stakeholder column in Table
29 has been removed. The results of each query in a clearer format can be found in Appendix C. The
query identified the types of risk related to both activity and resources.

80



PREFIX =dfs: <http://www.w3.0xg/2000/01/sdf-3chanas>

PREFIX Owl: <hTtR://www.w3.0xrg/2002/07/cwls>

PREFIX : <http://sobasto-thasia.com/Iinal/>

SELECT DISTINCT ?7Activity 7Ralation 7Risk 7Rascurca 7RascurcaRizkRalation 7RascusrcaeRisk 7Evant
INitigationStratagy

WHERE {

i

# Dizact risks zelated To Blasting

:Blasting =df2:3u=bClassl0f 7zestsiction .

?reatriction owl:onPrcpesrty ZRalation .

7reatriction owl:allValuasFrom 7Risk .

FILTER (7Ralation IN (:HasketiwityRisk, :HasRescuscaRisk, :HasSocialRiak))
BIND(:Blasting RS ZActivrity)

CPTIONAL

7Ri3k =df3:3ubCl32307 TriskRestsiction .

I=iakRe iction owl:onPsoparty :CanleadToEwant .
7riskRastriction Owl:allValuesFrson 7Event .
BIND(:CanleadToEvant XS 7EventRalation)

CPTIONAL ¢

7Risk rdf3:3ubllass0f 7mitigaticnRestriction .
nitigationRestriction owl:onProparty :HasNitigationStrataegy -
73iT1gATiONRESTriCTioNn Owl:allValuesFrom 7MitigationsStrataegdy -
BIND(:HasMitigationStrategy AS 7NitigationRelation)

}

OPTIONAL {

7Evant rdf3:5ubllassOf ZewvantMitigationRastriction .

? Tigats iction owl:onPsoparty :HasNitigationStrategy -

7aventNitigationRestsiction Owl:allValuesFrom 7MitigationsStratagy .
BIND(:HasMitigationStrategy AS 7NitigationRelation)

}

CPTIONAL

7Ri3k =df3:3uDC132307 7atakeholderRastriction .
7atakencldasRestsiction owl:onPsopasty :HasStakeholdasr .
7atakenoldasRestsiction Owl:allValuasFrom ?Stakeboldes .
BIND(:HasStakeholdar XS 73takencldasRelation)

}

OPTIONAL {

7Event =Af2:2ublli330f ZevantStakxencldasRaatsiction .
7aventStakeholdarRestriction owl:onProparty :HasStakeholder .
7aventStakeholdarRestriction owl:allValuasFrom 7Stakeholder .
EIND(:HasStakenrcldaer XS 73takenhcldasRalation)

}

}

}

NIoN

i

# Risks related to tha rescurcas neadad dy Blasting

:Blasting =df3:3ubClassdf 7rescurceRastriction .

7rescurcaRastriction owl:onProparty :NeedsRescurce .
7reicusceRastriction owl:allValuesFson 7Rascusce .

# Fatching the =isks of Tha rasCurlCas neadad Dy Blasting

7Re30usrce =df32:3ubClas20f 7r-esRiakRastriction .

7reaRisXRestriction owl:onProparty 7RescurceRiskRalation
7reaRisXRestriction owl:allValuasFrom 7RascurcaRisk .

FILTER (7ReacurcaeRiskRelation IN (:HasdActivityRizk, :HasResocusceRiak, :HasSccoialRiaXx))
OPTIONAL {

7Re@scurceRisX rdf2:5ubClassCf ?rescurceRiskRestriction .
7rescurcaRisXRastriction owl:onProparty :CanleadToEwvent .
7rescusrcaRiskRastriction owl:allValuasFrom 7Evant .
BIND(:CanleadToEvant XS 7EventRalation)

OPTIONAL {

7RescuscaRisk =dfa:3wbClasslts 7 MitigationR ziction .
7rescurceMitigationRastriction owl:onProparty :HasMitigationStratagy -
7rescurceMitigationRastriction owl:allValuesFron ZMitigationsStratagy -
BIND(:HasMitigationStrategy AS 7NitigaticnRelation)

}

OPTIONAL {

7Event =df3:3ubllaz30f ZeventRascuscaMitigationRestsiction .
7eventRescurceMitigationRastriction Owl:onProparty :HasMitigationStrataegy -
7avantRascurceMitigationRastriction Owl:allValuesFron 7MitigationStrataegy -
BIND(:HasMitigationStrategy AS 7MitigationRalation)

}

CPTIONAL ¢

7ReacurcaRisk =df2:3ubClis30T 7seisusceStakencldesrRasatsiction .

? StaxercldarRastriction owl:onPropasrty :HasStakaholdars .

? Staxahol Restriction Owl:allValuesFrson 73takenholdas .
BEIND(:HasStakencldar AS 73takenhcldasRelation)

}

OPTIONAL {

7Event =df3:2ubll33307 ZevantRascurcaStakenoldarRastriction .

? StaxencldazR iction Owl: rerty :HasStakeholdars .
7eventRescuscasStaxaencldasRastriction owl:allValuesFron 73takenoldas .
BIND(:HasStaxeholdar XS 73takenholdasRelation)

}

}
}
}

QUERY 1:RIsKS OF BLASTING AND EXPLOSIVES (C-2 #1 SCQ)
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TABLE 29: C-2 QUERY #1 RESULTS WITHOUT STAKEHOLDERS

Activity B Relation [ Risk B Resource | ResourceRiskRelation B ResourceRisk [ MitigationStrategy
Blasting HasActivityRisk | D i T i ildi PermitsConflicts ExtraordinaryWorksRequestedByEjidatarios
Blasting HasActivityRisk | D i T i ildi ProblemsWithEjidatarios |ExtraordinaryWorksRequestedByEjidatarios
Blasting HasActivityRisk | DustPollution Roadblocks DustSuppression
Blasting HasActivityRisk [DustPollution Roadblocks ExtraordinaryWorksRequestedByEjidatarios
Blasting HasActivityRisk [NoisePollution ProblemsWithEjidatarios |RestrictionOnWorkShifts
Blasting HasSocialRisk [Misc icationWit iti ProblemsWithEjidatarios |ExtraordinaryFeesToCx
Blasting HasSocialRisk [Misc icationWith iti ProblemsWithEjidatarios |ExtraordinaryWorksRequestedByEjidatarios
Blasting HasSocialRisk [Misc icationWith iti Strikes ExtraordinaryFeesToUnions
Blasting H: ialRisk [Misc Strikes ExtraordinaryWorksRequestedByEjidatarios
Explosives HasSocialRisk C iti ToSignPermits |LandConflicts ExtraordinaryFeesToCx
Explosives HasSocialRisk C iti ToSignPermits [PermitsConflicts ExtraordinaryFeesToCx
Explosives HasSocialRisk Corruption LandConflicts ExtraordinaryFeesToC
Explosives HasSocialRisk Corruption LandConflicts ExtraordinaryWorksReq jidatario:
Explosives HasSocialRisk Corruption PermitsConflicts ExtraordinaryFeesToCx
Explosives HasSocialRisk Corruption PermitsConflicts ExtraordinaryWorksRequestedByEjidatarios
Explosives HasSocialRisk Delinquency HarmingPersonnel HiringSecurity
Explosives HasSocialRisk Delinquency TheftOfMachinery HiringSecurity

The second SQC was about the potential consequences if material spillage occurred during the
transportation of materials to the site. The query is shown below; the results can be found in Appendix
5: C-2 Query #2 Results. The results of both queries were considered satisfactory by participant C-
2, with the exception of the limitation of risks regarding H&S.

PREFIX 1/zdf-2chanas>
PREFIX owls>
PREFIX : ://zcbarto-thaslis.com/ al/>
PREFIX <REED:/ freww.w3.0xg/ 133 22-zdf-ayntax-nad>
SELECT DISTINCT ?7Activitysisk 7hctivityRiskRelation 7RalatedEntity 7Evant 7EventRalation
7RelatedEntity2
WHERE {
% Relations of MatarialSpillage
:MaterialSpillage rdf3:5ubllassOf Zrastrictionl .

7rastrictionl owl:onProparty ZActivityRiskRalation .
Zrastrictionl owl:allValuasFrom 7RelatedEntity .
BIND(:MaterialSpillaga AS ?Xhotivitysisk)

}

oNICN

2 Relations of ProdblamaWithEjidatarics
:ProDlanaVNithEjldatarios =df2:35ubClasa0s 7seatsiction2 .
7reatriction2 owl:onPsoparty 7EvantRalation .
?r@atriction? owl:allValuesFrom 7RelatedBEntity? .
BIND(:ProdlamaNithEjidatarics AS 7Evant)

}

QUERY 2: WHAT ARE THE POTENTIAL OUTCOMES OF AN ACTIVITY-RELATED MATERIAL SPILL, AND WHAT MEASURES CAN BE TAKEN TO MITIGATE THE

Risk? (C-2 #2 5CQ)

Participant C-3 wanted to understand the risks associated with machinery and transportation trucks,
particularly in the case of breakdowns and theft, and the potential mitigation strategies. For the
purpose of addressing the three queries, the initial step involved the examination of the risks linked
to the utilization of machinery and transportation trucks. By employing the UNION clause, the query
incorporated mitigation strategies for both machinery theft and the potential breakdown of heavy
machinery. Furthermore, the query successfully identified the stakeholders involved and pinpointed
prospective workshops where spare parts could be sourced in the event of machinery breakdown in
the case study, as shown in the following query and result table.
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PREFIX =dfa: <http://www.w3.0=xg/20C00/01/sdf-achanas>
PREFIX Owl: <http://www.wl.0xrg/2002/07/0wls>
PREFIX : <http://robasto-thasis.com/Zinal/>
PREFIX =df: <http://www.»3.0xrg/1595/02/22-sAf-ayntax-nss>
SELECT DISTINCT 7Raescurce 7Risk 7Evant MitigationStratagy 7Staxehcldar 7CasaStudyEntity
WHERE {
i

? Riasks related to MachinasyAndTranspostationTsucka
MachinasyAndTranapost onTrucks rd22:5udll3330f Zzaatsiction .
Zsaatriction owl:onPropasrty 7Relation .

Z=astriction Owl:allValuasFrsom 7RIsk .
BIND(:MachinaryAndTranaspostationTrucksa AS 7Rescuszca)

FILTER (7Relation I¥N (:HasRAotiwityRiask, :HasRescurcaRiak, :HaaSocialRiak))

3
oNIcN
i
2 Mitigation STrategles and atakeholdars for HeavyMachinasyBszaakdosn
:HaarwydachinasryBraakdcw»n =df2:5udClassls 7aitigationRestsiction .
7mitigationRastriction Owl:onProparty :HasNitigationStratagy -
7mitigationRastriction Owl:allValuesFrom ?MitigationStratagy -
BIND (:HeavyMachinaryBraakdown AS 7Riak)
COPTIONAL {
IMLTigationStrategy =df3:3ublli230f 7atakeboldesRastriction .
7atakeholdarRastriction owl:onProparcty :HasStaxeholdar .
7atakeholdarRestriction owl:allValuasFrom ?Stakeloldaer .
}

3
oNICw
{
? Subclazzes of MachanicalWoskahops
7Ca3aSTtudyEntity =Af2:3ubCl333CT :MachanicalWoskshops .
BIND (:MachanicalWorkshops AS 7Stakxeroldars)

3

oNICN

{
2 Nitigation atrateglas for TheftODMachirnary
:ThaftOZMachinary =df2:5ublla330f 7ZmitigationRastriction .
mitigationRastriction owl:onPropasrty :HaaNitigationStratagy -
mitigationRastriction Owl:allValuesFron 7MitigationStratagy -
BIND (:ThaeftOMachinary AS 7Ewveant)
BIND(:Dalinguancy AS 7Rizk)

3
oNICN
i

2 Stakeholdara for ThaftON&achinary
:2ublla330f 7ataxencldesRastsiction .
n owl:onProparty :EasStakeholdar .
7atakencldasRestrsiction owl:allValuaesFrom 7Stakenholdas .
BIND(:TheftOIMachinary AS 7Evaent)
BIND({:Dalinguancy AS ?Risk)

3

oNICw

{
2 Subclizzes of Crganizedlsinalscups
7CaseStudyEntity =df3:3udllass0f :OxganizadCrimalroupa .
BIND(:Organizedlrinalsoups XS 73takencldar)

3

}

QUERY 3: Risks OF MIACHINERY AND TRANSPORTATION TRUCKS, SPECIFIC CASE OF BREAKDOWN AND THEFT OF MACHINERY MITIGATION

STRATEGIES (C-3 SCQ)

TABLE 30: C-3 QUERY RESULTS

Resource Bl
MachineryAndTransportationTrucks |HeavyMachineryBreakdown
MachineryAndTransportationTrucks [InsufficientHaulingTrucks
MachineryAndTransportationTrucks |DefianceOfLaw
MachineryAndTransportationTrucks |Delinquency
MachineryAndTransportationTrucks |UnionConflict
HeavyMachineryBreakdown BuyingSparePartsInAdvance MechanicalWorkshops
MechanicalWorkshops |MechanicalWorkshopOne
MechanicalWorkshops |MechanicalWorkshoptwo

MitigationStrategy b Stakeholder aseStudyEntity

Delinquency TheftOfMachinery |ExtraordinaryFeesToOrganizedCrimeGroups
Delinguency TheftOfMachinery |HiringSecurity
Delinguency TheftOfMachinery OrganizedCrimeGroups

OrganizedCrimeGroups |OrganizedCrimeGoupOne
OrganizedCrimeGroups |OrganizedCrimeGroupTwo

Participant C-5 requirements were based on the case study: What are the risks and stakeholders
involved in Quarrying Quarry 1? In this case, the query was created to identify the types of risks and
specific risks associated with Quarry One, located west of the project area. The query also included
possible events linked to these risks and aimed to identify the stakeholders involved in these risks and
events specific to the quarry in question. The results can be found in Appendix 7: C-5 Query Results,
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which includes the specific stakeholders that may be involved in the risks and events of exploiting
Quarry One.

PREFIX zdfa: <RtLp://www.w3.0rg/2000/01/zdf-3chanas>
PREFIX Owl: <hTtD://www.wl.0xrg/2002/07/0wls>
PREFIX : <http://robasto-thasia.com/Iinal/>
PREFIX =df: <http://www.wl.0rg/1995/02/22-rdf-2yntax-nas>
SELECT DISTINCT 7Quarssying 7Ralation 7Risk 7Evant 75takeholdar ?CaseStudyStakehbolders
WHERE {
{
% Rizks related to Quarrylna
:QuarryCne =dfs:3ubClassdf 7restrsictionl .
?rastrictionl owl:onPsopasty 7Ralation .
?resatrictionl owl:allValuasFrom 7Risk .
BIND(:QuarsyOne XS ?Quarrying)
FILTER (7Relation I¥ (:HasRkctivityRisk, :HasRescurcaRizk, :HasSoclalRisk))
OPTIONAL {
TRiI3K rAf2:2ubCl32307 TriskStakenclderRaatrictionl .
7riskStakenoldasRastrictionl owl:onFropasty :HasStaxaeholder .
7risk3takenoldar®estrictionl owl:allValuwasFrom 75takenclder .
}
OPTIONAL
7Ri3K rdf3:5ubllass0? ZevantRastrictionl .
7evantRaestrictionl owl:onProparty :CanleadTcEvent .
7evantRastrictionl owl:allValuasFrom ZEvant .
}

?

oNIcN

.
% Specific stakeholders for Quarzylne
:CuarsyCoe =df2:2ubCla2207 7genarsalstaxencldesRastsictionl .
?generalsStakeholdarRestrictionl owl:onProparty :HasStaxeholder .
?ganeralstakenoldarRastrictionl owl:allValuesFron 7CaseStudyStakeholders .
BIND(:CuarryCoe AS 7Quarrying)

QUERY 4: WHAT ARE THE RISKS AND STAKEHOLDERS INVOLVED IN QUARRYING QUARRY 1? (C-5 SCQ)

Participant C-4 was interested in understanding the risks associated with water collection and how
different stakeholders are involved in each body of water in the case study. Two queries were made
to gain insights into the relationships, risks, and stakeholders related to the water resources and
various bodies of water in the case study. The first query sought to identify the risks of the water
resource, the potential events of those risks, and the mitigation strategies. The second query aimed to
determine the potential sources of water collection and which stakeholders could be involved in these
risks. Due to the large response size of the Graph DB, a GROUP clause was included for the risks
and event mitigation strategies, as well as for the stakeholders and water bodies.
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QUERY 5: WHAT ARE THE RISKS ASSOCIATED WITH WATER COLLECTION, AND HOW DO THE STAKEHOLDERS DIFFER FOR EACH BODY OF WATER? (C-4

PREFIX =dfa:
PREFIX Owl:

PREFIX =
PREFIX

<RETR://www.w3.0xg/2000/01 /sdf~-SCchanas>
<SRTER:/Swww.wd . Oxg/2002/0T7 /0wls>
<http://robasto-thasis.com/Tinal/>
=AT: <RTER:/Swww.w3 . 0xg/1333/02/22-sAf-ayntax—0a8>

SELECT DISTINCT 7Raescurce 7Raelation 7Risk (SROUP_CONCAT (DISTINCT 7RiskMitigationStrategys
saparator—", “) XS ZRisiMitigationStrategiaes)
") AS 7Stakeholdars) 7Evant (CROUP_COMNCAT (DISTINCT 7EvantMitigationStrataegy; Separatos=—~,
EvantMitigationStratagliaes) 7BEcdyOrWater (CROUF_CONCAT (DISTINCT 7EcdylIWataesStakenoldas;
sSaparator—", ) XS 7BodyOIWatesStakaencldarssa)
WHERE {
i
* Rizks zelated to Watas
:Water r=dfs:3udllassdf Zraestrictionl .
ictionl cowl:onProparty 2Ralation .
ictionl owl:allValuasFrom 7Risk .
BIND(:Water AS 7Rascusca)
FILTER (?Relation IN (:HasRhctiwityRiak,
OPFTIONAL {
FRiIsk =Af3:2uDl133307 FriskStakenhcldesRastzictionl o
IriskStakencldacrRestrsictionl owl:onPropasty :HasStakxencldaes .
IriskStakencldasRestsictionl owl:allValuasFroo 7Stakencldaes .
}
OFTIONAL {
7Risk rdf3:5ubllas30f ZevantRastrictionl .
7evantRastrictionl owl:onPropasty :CanlaadToEvent .
7evantRestsictionl owl:allValuaesFrom 7Evant .
OPTICNAL {
ZEvant =df3:5udllassds 7evantMitigationRaestsictionl .
ZevantMitigationRastrictionl Owl:onProperty :HaaMitigationStratagy -
ZevantMitigationRastrictionl Owl:allValuesFron ?EventMitigationsStratagy -

:HasResocurcaRisk, :HasSocillRisk))

3
}
OFTIONAL (
7Risk =dAf2:5udClass0f ZrislMitigationRastsictionl .
ZriakNitigationRestsictionl owl:onProparsty :HasMitigationStrategy -
7riakNitigationRestrsictionl owl:allValuasFrom ?RiakNMitigationStrategy -
i

3
oNIoN

F Cenesal stakencldess for Wates
:Watesr =df2:3ubCli2307 ZganeralsStakencldasRestsictionl .
ZgeneralsStakeholdarRestrictionl owl:onProparty :HasStaxeholdar -
Zraatrictionl owl:onProperty ?Relation .
7generalsStakencldasfestrictionl owl:allValuesFson 73takencldas .
BIND(:Water AS 7Rascusca)
FILTER (7Ralation IN (:HasStakeholdas))
3
oNIoN
i
3 Whara can the contractor collact Wataer and its atakeholdars
7EodyOIWatasr =dAf2:2uDblliz30 Wates .
OPFTIONAL {
7BoayCiNatar =df2:3udClassls 7nodyOiWatesStakenoldasRastsiction .
7bodyCrNatarStakenoldarRastriction Owl:onProparty :HasStaxeholdar -
7oodyCiNatarStakenoldarRastriction owl:allValuweaFron 7EcdydIWatesStakenoldas .
BIND(:Watasr AS 7Rescusrce)
}
3

}
GROUP BY 7Rascusce 7Ralation 7Risk 7Event 7BodyCIiVater

(CROUP_CONCAT (DISTINCT 7Stakxaehcldar; separatos—~,

~) as

sca)

TABLE 31: C-4 QUERY RESULTS PART 1

Resource Relation

Ms

RiskMitigationStrategie

Stakeholders

EventMitigationStrategies

Water HasResourceRisk |InsufficientWaterSupply |ChangeSupplierOfResou |Governmentallnstitutions, |ProblemsWithEjidatarios|ExtraordinaryFeesToCommuniti
rce, HaulingWaterTanks |MunicipalityOne, es,
MunicipalityThree, ExtraordinaryWorksRequestedB
MunicipalityTwo, yEjidatarios
RuralCommunities
Water HasResourceRisk |InsufficientWaterSupply |ChangeSupplierOfResou [Governmentallnstitutions, WaterintakeBlockage ChangeSupplierOfResource,
rce, HaulingWaterTanks |MunicipalityOne, ExtraordinaryFeesToCommuniti
MunicipalityThree, es
MunicipalityTwo,
RuralCommunities
Water HasSocialRisk  |CommunityDesireToCon RuralCommunities ProblemsWithEjidatarios|ExtraordinaryFeesToCommuniti
trolResources es,
Water HasSocialRisk  [CommunityDesireToCon RuralCommunities WaterlntakeBlockage ChangeSupplierOfResource,
trolResources ExtraordinaryFeesToCommuniti
Water HasStakeholder Semarnat

Like others, Participant C-4 agreed that the answers correctly diagnosed potential risks at various
water intakes. However, he also suggested including the distances from the water collection sites to
the project area and assessing the conditions and dimensions of the roads connecting the project to
the different water bodies. To show the results properly in this report, the table from the query was
divided into two parts; the full result table can be found in Appendix C.
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7 DISCUSSION

The discussion chapter reviews and discusses the research questions outlined in section 1.4. It then
proceeds, based on the research design shown in Figure 3, to discuss the results of these methods and
findings. This section will also analyze the feedback received from the participants of the validation
meetings, outlining the pros and cons of the model. The limitations of both the research and the
knowledge graph presented will be listed in the final section of this chapter.

7.1 MosT COMMON EXTERNAL RISKS IN THE MINING INDUSTRY

To accomplish the research objective of modeling an ontology of external risks in construction
projects within the mining industry, it was initially referred to relevant literature to gain an
understanding of the various types of uncertainties and the significance of identifying them, as
discussed by Hlaing et al. (2008). Additionally, it examined different approaches to risk classification
proposed by various researchers, with a particular focus on external risks within the PESTLE
framework, which is utilized to analyze and pinpoint external macro-environmental factors
influencing an organization (Kansongue et al., 2023).

A two-pronged approach was taken to identify the risks involved in constructing tailings dams. First,
looking at risks associated with similar construction projects and then at risks specific to the mining
industry. This combined approach aimed to provide a comprehensive overview of the risks involved
in tailings dam construction.

Given the limited information available on external risks in tailings dams, a literature review of
infrastructure projects as a general starting point was conducted. This was due to the similarities in
constants and variables, such as the remote project locations and the involvement of external
stakeholders and the risks they bring. This literature review was expanded to include Hydraulic
infrastructure project risks, such as water dams, as they share similarities in construction activities
and environmental and community impacts. The current global risks in the mining industry were also
investigated, focusing on the main factors generating these risks and their influence on stakeholders
like governments and social groups.

Lastly, key considerations were reviewed for the planning and construction of a tailings dam. To
better illustrate the progression from the general to the specific, we have included a diagram outlining
the steps mentioned above.
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FIGURE 33: LITERATURE REVIEW STEPS FOR IDENTIFYING THE MOST COMMON EXTERNAL RISKS IN THE MINING INDUSTRY

The difference between uncertainty and risk lies in the fact that uncertainty refers to a lack of
information or knowledge about a specific situation. In contrast, risk relates to the potential impact
of an event, whether positive or negative (Pmp, 2024). The study also considered events that have
had a negative impact on the mining industry in Mexico. Section 4.1 analyzed twenty news items
from reputable newspapers to understand the reasons behind social events involving stakeholders
such as rural communities (Ejidos), trade unions, and organized crime in various parts of the country.
The key drivers of these events were classified into four categories:

1. Financially driven events.
2. Events driven by a combination of financial and resource factors.
3. Resource-driven events.

4. Socially driven events.

An important insight from the interviews is that both contractors and mining companies have
observed a rise in social risks within the mining industry, which aligns with the significant increase
in mining conflicts reported by Conde and Billon (2017b). Some of these incidents have been
exacerbated by recent changes in mining law regulations. These changes have granted external project
stakeholders greater leverage to negotiate and even halt ongoing projects, even if all legal
requirements were previously met. As a result, stakeholders now have a more pronounced influence,
leading to increased social complexities and associated risks within the industry.

In the existing literature on specific risks in the construction of infrastructure projects, risks vary
considerably depending on the geopolitical environment of the country or area where they occur
because external risks are, in most cases, social risks, regardless of the motive, rooted in the social
perception of external stakeholders, while this case study specifically focuses on the risks involved
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in building tailings dams in a particular country, which can offer valuable insights for future studies
in developing countries like Mexico.

7.2  USING ONTOLOGIES TO MAP EXTERNAL RISKS IN THE CONSTRUCTION OF TAILINGS DAMS

To successfully address research question #2, which explores the correlation between activities,
events, and resources leading to external risks in tailings dam construction, the knowledge graph
presented was developed. This model also serves as a response to the main research question. The
process of developing the ontology model, once the data pool was available, was illustrative in order
to understand and analyze the potential consequences of each activity and resource, i.e. the semantics
of the model. Although Protégé has a user-friendly interface compared to other machine languages,
creating a model from scratch that extends beyond the limitations of the domain and scope itself is
complex. This complexity lies mainly in ensuring the robustness and correctness of the model, as the
more concepts and relationships it contains, the more complicated it is to verify. Nevertheless, the
use of the Hermit reasoner integrated into the software and the OntoGraf visualization tab helps to
mitigate potential contradictions. After completing the model, four validation meetings were
conducted, and the validation was successfully completed based on the proposed methodology, which
centered around answering specific competency questions.

The participants fully grasped the limitations and purpose of the model and also supported its potential
application to real-life projects. One of the main limitations in the validation stage was the use of
Graph Db and SPARQL for creating queries, as the lack of expertise in this tool and language required
greater effort. Finally, despite these challenges, new trends and Artificial Intelligence programs such
as Chat GPT can be utilized to find answers simply by attaching the file in Turtle Syntax and correctly
articulating the question. To demonstrate this, below it shows the ChatGPT answer in the plain text
regarding the relationships of the activity risk “material spillage.” Where the Al was able to recognize
the model effectively, explaining the previously mentioned activity risk and all its relationships
within the model. As depicted in Figure 34, the results of the risk material spillage relationships align
with the findings of Query 2.
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1. Restriction 1

o onProperty “HasMitigationStrategy’

o aliValuesFrom: " RemovingSel 1lagef rosRoads
2. Restriction 2

o onProperty: "Masstakeholder

Restriction 3
oNProperty “HasResowrceR]sk
o aliValuesFrom: " Problessdithe Jidatarios

4. Restriction &

o onProperty: "HasStakeholder

o AiValuesFrom: “RuralCommmities’

Additional Information:
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e It has a comment describing its context: “As the Unions are the ones in charge of transportation
of material, spillage can happen

FIGURE 34: EXAMPLE OF HOW Al CAN EXTRACT INFORMATION FROM AN ONTOLOGY

7.3 IMPLEMENTATION AND GENERALIZABILITY OF THE ONTOLOGY

In the validation process, participants were asked for their opinions on the model and for feedback
that could improve the model design or add variables to create a more comprehensive ontology. The
generalizability of the knowledge graph was also discussed, exploring more possible uses for it, as
the scope of this research was only to map external risks to improve decision-making at the bidding
stage of projects. Participant C-5 commented that, in addition to this use, there was also the possibility
of using it for kick-off meetings held before the start of the project and once the tender has been won.
The objective would be to educate all those involved in the project, such as engineers, safety, and
cost personnel, on the possible social and external implications that could occur during the
construction stage of the tailings dams.

The same participant also mentioned that such a model could be used by the client to review the social
feasibility of the projects, i.e., to map the external risks but from the client's perspective. Although it
sounds logical that it could be used in this way for permitting and mine operation risks, it would be
interesting to know the possible application of this model, as the risk management of mining
companies is usually very complete and with much information collected throughout the experience.
However, this same robust risk management of the client could mean that it is not necessary to use
knowledge graphs, as it could be redundant. Nevertheless, one of the possible applications of
knowledge graphs in the client's perspective would be to assess the feasibility of tailings dams by
focusing on the location of the dams, i.e., mapping the stakeholders, in this case, rural communities
in the different possible areas where the dam could be designed.
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After receiving an explanation of the model and having his CQs addressed, Participant C-2 remarked
that the model effectively covered most external risks, emphasizing the importance of considering all
relevant stakeholders. He also expressed satisfaction with the visualization of the OntoGraf tab and
the representation of object properties and relationships through color coding. The participant also
mentioned that he would have preferred the model to cover the risks related to H&S as well.

Participant C-3 provided positive feedback on using this model for project feasibility studies,
particularly for housing or commercial building developers. The participant noted that the model
would benefit decision-making, especially for smaller companies without access to comprehensive
decision-making tools. Comparing different options can be complex and confusing in the construction
environment, where information is often based on tacit knowledge rather than documented data.

Participant C-4 suggested that having quantitative information, such as distances between quarries
and the construction site or water collection points, could significantly improve decision-making.
This includes assessing the quality of materials from different quarries. C-4 gave an example that
even if quarry 1 were closer to the site but had lower quality materials, it would be more beneficial
to use the materials from quarry 2, even if it was further away. Additionally, C-4 highlighted the
importance of capturing and consolidating knowledge gained from past projects to apply it to new
projects, as this knowledge is often forgotten or overlooked.

In light of the previous comments, it can be inferred that the implementation of the knowledge graph
upon the main objective was successful. Nevertheless, to examine deeper and extract further value, it
would be advantageous to integrate quantitative data and account for internal risks. This could be
accomplished through a detailed examination of specific cases and the internal processes of the
contractors and mining companies. The knowledge graph could also focus on other fields of
construction management. With a conceptualized model, it could be adjusted to change object
relationships or classes after defining its scope and objective.

Incorporating ontologies in identifying construction risks allows for the reuse of empirical knowledge
shared among colleagues within a company. This enables the discovery of interdependencies between
risk factors as stated by Yildiz et al. (2014), particularly in the case of Unknown Known risks where
some staff may lack certain knowledge that their colleagues possess. Ontology modeling involves
consolidating and structuring collaborative knowledge (Liu & Zaraté, 2014), providing a more
efficient approach compared to traditional techniques such as checklists, brainstorming, and expert
interviews, which often demand significant time and effort from participants. Therefore, using
ontologies in risk management can significantly improve time efficiency, especially during the
tendering phase of a project. By identifying risks at this stage, we can proactively implement solutions
to mitigate their impact during the construction phase.

7.4 LIMITATIONS OF RESEARCH AND MODEL

This research had several limitations. Firstly, there was a lack of specific literature on external risks
in the mining industry, especially in tailings dam construction. The focus on risks of these projects is
mostly on technical risks, such as structural failure of the dam, due to the high impacts they can have
on the environment. The lack of access to specific projects to assess the real risks and stakeholders,
as well as quantitative data, limited the feasibility of the model response, creating the need to

91



formulate a hypothetical case. In addition, data collection became more challenging and time-
consuming, as it relied on interviews of different stakeholders from different companies. This time
constraint also meant that the focus of the model, especially on activities, was more general and could
not delve into more specific activities.

One of the main comments made by interviewees at the validation meetings was whether the model
could contain quantitative data on the case study, such as river and quarry distances and travel times
in order to get an idea of the costs involved in choosing where to take the resources; although Protégé
does have the capacity to relate quantitative data, due to time constraint and that it was a hypothetical
case study, it was not included. Another comment was whether it was possible to include the costs of
resources from different suppliers and even the properties of the aggregates to be exploited.

Since the model is a knowledge graph, any information that can be known can be included. However,
the constraint is to have the empirical information of the people involved in the projects. In order to
have a complete model of the risks, it would also have to include the intrinsic risks of the operation,
such as health and safety risks, construction process risks, and inherent costs.

The limitation of an ontology lies in the time and information provided. However, in specific cases
and over years, applying lessons learned, a model could be multiplied among its relationships and
classes, as long as sufficient time is devoted to it. As with any decision-making, the more information
available, the better and more effective the decision can be.

A final restriction of the model is that it needs a person with experience using the software so that it
can be shaped and modified with the information gathered from the end users. The more complex and
specific the model is, the more time is needed to make it, but also the more functional it will be.
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8 CONCLUSIONS

8.1 RESEARCH CONCLUSION

In this research, the primary aim was to explore how to model an ontology of external risks in the
construction of a tailings dam project using empirical knowledge and by following the Methontology
approach, specifically focusing on the support activity of knowledge acquisition through a
combination of literature review, news analysis, and the findings from interviews, the necessary
database was successfully constructed and implemented it within the model.

The use of a knowledge graph, as exemplified in this research, is not intended to function as the
exclusive tool for identifying risks, whether they are external or internal. Despite possessing
comprehensive operational or project-related technical specifications, external and particularly
social risks involve stakeholders situated in the project's operational milieu. Notably, according to
the interviewees, site visits are among the prevalent activities to gather specific information about
a project located in a rural area.

During the terminal phases of the bidding process, the contractor dispatches personnel to conduct
diagnostic or analytical assessments of potential suppliers and resource procurement sources
essential for the project's tasks. These visits typically entail the evaluation of distributor pricing and
identification of local union entities, communities, and governmental bodies necessitating
mediation to preclude prospective impediments. Nonetheless, the information derived from these
visits is commonly disseminated verbally and is contingent upon the individuals undertaking the
visits. This information may be overlooked or omitted if not effectively communicated to the
construction company's personnel.

Notwithstanding, a knowledge graph can function as a repository for such information, resembling
a database employing semantics to foster enhanced comprehension and explicate potential
interrelationships, thereby streamlining the comprehensive structuring and visualization of the data.
Moreover, this approach can supplant alternative methodologies for risk-informed decision-
making, such as SWOT analysis, Scenario Analysis, Sensitivity Analysis, or a Risk Matrix, by
amalgamating the distinct functionalities of these methodologies into a knowledge graph capable
of interlinking the information derived from these varied approaches.

8.2 ANSWERING RESEARCH QUESTIONS

8.2.1 Sub-Question #1: What are the most common external risks in the mining industry, and what

is the contractor’s perspective on them?

In the literature review, it was found that external risks related to social, political, legal, economic, or
environmental factors can create various risks depending on the project area or the social and political
environment in which the project will be developed. The research focused on three types of external
risks within construction projects and the mining industry: risks linked to carrying out an activity,
direct or indirect risks in the acquisition of resources for such activities, and the most important within
the mining industry, social risks. The specific events that affected the operations of the mining
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industry and/or related construction projects showed that the main reasons were the reactions of
different stakeholders due to various factors, including financial, resource-related, and social motives.

Financial reasons encompassed monetary demands from communities for work permits, land, and
mining companies' social responsibility programs. Resource-related reasons involved disputes
regarding the misuse of natural resources like water or land, pollution resulting from mine operations,
and issues arising from the involvement of external entities such as foreign contractors. Social
motives included instances where political actors intervened for personal gain, and community
leaders influenced communities to demand more money or infrastructure improvements to enhance
the quality of life.

The interviews revealed both similarities and differences in the perceptions of external risks from the
perspectives of clients and contractors in the industry. One significant similarity is the increased
bargaining power of stakeholders in recent years, leading to greater potential risks. Contractors
primarily view clients as a source of risk, especially in terms of communication with communities
and the transfer of risks outlined in the contract. This puts contractors in a challenging position with
limited options for managing this type of risk. On the other hand, clients primarily focused on mine
operations tend to prioritize construction projects less and see contractors as temporary outsiders.

During the interviews with contractors, a focus on the risks associated with activities and resources
was evident, with trade unions or organized groups identified as the most influential stakeholders in
these risks. In contrast, interviews with mining companies predominantly concentrated on social risks,
with ejidatarios and governmental institutions identified as the most influential stakeholders.One
notable difference is that mining companies practice external risk management on a daily basis,
whereas contractors, who are more focused on internal risks within their activities, tend to overlook
this process once construction begins. External risks are typically analyzed during the tender stage,
site visits, and at the kick-off meeting before construction commences.

In summary, the interviews provided specific insights into the types of external risks in the mining
industry and in the construction of tailings dams. Participants shared real examples of problems they
encountered and how they resolved them, in some cases incurring significant costs.

8.2.2 Sub-Question #2: What are the correlations between activities, events, and resources that

lead to risks in the construction of tailings dams?

To answer sub-question #2 of this research, the data collected from previous sub-questions, along
with the findings from the interviews, news, and experience in the construction industry, were utilized
to develop the knowledge graph discussed in the results section. To address this question, the classes
were divided as shown below:

TABLE 32: SUMMARY OF CLASSES

Classes # of Subclasses
Activities 13

Resources 10

Risk 3
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Activity-related risks 7

Resources-related risks 8
Social-related risks 9
Social Events 6
Legal conflicts 2
Risk mitigation strategies 14
Stakeholders 25

Y@ socialEvent " [*® Rriskmitigations [’ Risks J [‘ Resource ] l' Stakehokders ] ®@ Activity
trategy
P A ?

[' ActivityRisk ] [' ) SocialRisk ] [' ResourceRisk ]

FIGURE 35: CLASS HIERARCHY (UPPER LEVEL)

Eight object properties were used in the model to correlate all the classes mentioned, as shown in the
following table, resulting in 374 correlations between the classes and the object properties.

TABLE 33: SUMMARY OF OBJECT PROPERTIES

Object properties Domains Ranges

Needs resource Activities Resources

Has Stakeholder Activities, Resources,Risks, Social events Stakeholders

Can lead to event Risks Legal conflict or social event
Has mitigation strategy Legal conflicts,Risks, Social events Risk mitigation strategy

Has risk Activities or resources Risks

Has activity risk Activities Activities risks

Has resource risk Resources Resources risks

Has social risk Activity or resources Social risks

In conclusion, the model effectively complied with the evaluation processes described in the
methodology chapter, as shown in the following table.
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TABLE 34: SUMMARY OF MODEL EVALUATION

Evaluation Comments
Verification through reasoner No inferences were found using Hermit reasoner
Criteria based evaluation According to the participants, the coverage, consistency,

and clarity of the knowledge graph were completely
satisfactory. There were positive comments regarding the
scalability of the knowledge graph, mentioning how the
information in the graph could be adjusted for use in other

areas.

Completeness and coherence Participants confirmed the completeness of information in
the knowledge graph and manually verified the

consistency of relationships until it was accurate.

Answering competency questions According to the participants, the specific competency
questions developed in the validation meetings were
successfully answered within the limitations of the
knowledge graph. As with the completeness of the model
and criteria-based evaluation, some feedback was provided
that would enhance the model while also expanding its
domain for future applications in the construction of tailing

dams.

To understand these correlations more fully and visualize the whole knowledge graph, the reader can
refer to Appendix B or import the IRI from http://roberto-thesis.com/final/1.0 into the Protégé
software.

8.3 THEORETICAL CONTRIBUTIONS AND RESEARCH RECOMMENDATIONS

In the existing literature, there is a substantial amount of research on how to enhance risk management
and apply new analyses or tools in the construction and mining industry. Some ontologies have been
applied to risk management or processes in the construction industry. However, one of the key
objectives of this research is to bridge the gap between risk management, specifically external risks,
and the construction of tailings dams. This primary contribution is crucial as it illustrates how to build
an ontology that can be used for risk management in construction projects, specifically in industries
such as mining and, more specifically, in projects like tailings dams, to enhance decision-making in
the bidding process.

It also contributes to outlining the steps for gathering information from two different perspectives, in
this case, the client and the contractor, to integrate this knowledge into a model or graph. This
database can be self-mapped, updated, and tailored to various projects using the same established set
of meanings.
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When undertaking future research related to this study, it is advisable to utilize this or another
ontology, if it exists, as a foundation. This will enable its application to a specific real-life scenario
within a company, where project information can be collected more efficiently, especially if there is
documentation on lessons learned. It is essential to explore the use of quantitative data in order to
make more informed decisions based on the model.

8.4 PRACTICAL CONTRIBUTIONS AND IMPLICATIONS

Using ontologies in any field may initially seem complex but with a semantic structure aligned with
the model's objective and an individual proficient in using software, the process becomes more
manageable. As previously mentioned, having the necessary information for the term pool is vital in
creating the model. For instance, if a company possesses a comprehensive analysis of lessons learned
and documentation from each project, this foundational task is largely accomplished. However,
construction companies seeking to implement this type of modeling will need to designate a specific
role dedicated to maintaining the models and documentation. The individual responsible for these
activities should be well-informed about potential events or risks and have access to a site logbook
containing relevant information. Furthermore, the efficacy of a knowledge graph relies on consistent
upkeep; the more robust and updated it is, the better it can foresee potential risks. It is important to
note that one of the main objectives of ontologies is reusability. With the model's core, it can be
adapted and utilized more efficiently across various projects, ultimately saving time.

This research focused on external risks in the construction of tailings dams. However, based on the
semantics already established in the model, it could be used in the future as a basis to apply it to a
specific case or to add internal risks, including to other types of infrastructure or building projects.
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10 APPENDICES

10.1 ArPENDIX A-INTERVIEWS KEY CODES.

Activities Frequency o Activities Risks Frequency
o Bidding process 8 o Damaging buildings surrounding |3
o Blasting 6 o Damaging community plots 5
o Building secondary roads 9 o Affecting access to community plo|10
e Buying Land 9 o Damaging or affecting roads 6
o Transportation of aggregates to site |21 o Diverting bodies of water 3
e Civil works 2 e Environmental pollution 2
e Installing concrete plants 2 o Exploiting an unlicensed quarries 4
e Drainages 1 o Delimited work shifts 3
Drilling wells 3 o Noise pollution 4
o Earthworks 10 o Pollution of dust 7
e Environmental permits procedures 7 e Short periods to bid 4
e Foundations 1 o Spillage from transporting materig1
o Hammering 2
o Hauling water tanks 15
o Hiring personnel 10 o Environmental risks Frequency
o |dentification of risks 14 e Excessive rain 6
e Installing camping sites 1 e Impacting bodies of water 5
o Installing field offices 2 o Tailing spillages 2
e Labour movilization 8
e Maintenance program for equipment 4
e Material crushing 6 o Social conflicts or events Frequency
o Platforms 1 o Strikes 10
o Preliminary activities 11 o Theft of machinery 8
e Procurement of resources 7 o Work stoppages 16
o Quarrying 19 o Drain blockages 1
e Renting land 7 o Communities desire to replace co|7
o Renting Machinery 4 e Roadblocks 16
o Structures 1 o Problems with ejidatarios 29
o Tools to identify risks 5 o Water intake blockage 3
e Transportation of machinery 15
e Welding of geomembrane 2
o Legal conflicts or risks Frequency
o Land 17
o Permits 20
o Political 8
o Increase of regulations demand 2
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o Resources Frequency
Aggregates 20
Concrete 2
Concrete plants 1
Diesel (Fuel) 3
Energy 1
Explosives 7
Field offices 4
Food 5
Good quality materials 13
Heavy equipment workshops 4
Labour 25
Land acquisition 14
Machinery and transportation trucks 29
Steel 2
Water 25
Wood 3

o Resources Risk Frequency

o Tight budget 1

o Community desire to control resources 5

o Heavy machinery breakdown 2

o Imposition of rental machinery 1

e Incompetence of Labour 14

o Insufficient Machinery 3

o Lack materials in the zone 9

o Insufficient water supply 19

o Lack of aggregates in quarries 8

o Local inflation of prices 5

o Machinery transportation ( theft of machinery15

e Supply of diesel (fuel) 2

o Social Risk Frequency
Bargaining power of social groups 52
Communal conflicts 9
Communities are afraid of change 8
Communities have better access to information 3
Corruption 4
Defiance of the law 17
Delinquency including kidnapping, and assasination 14
Distant relationship between Client and communities 7
Extraordinary fees to criminal groups 6
Extraordinary fees to social groups 37
Extraordinary fees to Unions 19
Extraordinay works requested by ejidatarios 21

Inadequate communication strategy with communitig

Increase of political risks 4
Increment on prices 10
Management Change in government 8
Miscommunication between client and communities 13
Organized crime 10
Political agendas 13
o Stakeholders Frequency
e Client (Mining Company) 13
o Communities 58
o Governmental institutions 21
e Organized crime 12
o Political actors 12
e Unions 20
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10.2 APPENDIX B- COMPLETE TERMPOOL FOR CONSTRUCTING THE KNOWLEDGE GRAPH

Classes:

Activities:

Blasting

Building secondary
roads

Earthworks

Hammering

Labour mobilization

Material crushing

Object Properties (Relations)

Activity,

HasActivityRisk only DamagingSurroundingBuildings

HasActivityRisk only DustPollution
HasActivityRisk only NoisePollution
HasSocialRisk only
MiscommunicationWithCommunities
HasStakeholder only RuralCommunities
NeedsResource only Explosives

Activity

HasActivityRisk only CommunalComplains

HasActivityRisk only DamagingCommunityPlots
HasActivityRisk only DamagingRoadsorPowerLines

HasActivityRisk only DefianceOfLaw
HasActivityRisk only
MiscommunicationWithCommunities
HasStakeholder only RuralCommunities
NeedsResource only Labour
NeedsResource only
MachineryAndTransportationTrucks
NeedsResource only Water
NeedsResource only Aggregates
Activity

NeedsResource only Aggregates
NeedsResource only GoodQualityMaterials
NeedsResource only Labour
NeedsResource only
MachineryAndTransportationTrucks
NeedsResource only Water

Activity

HasActivityRisk only NoisePollution
NeedsResource only Labour
NeedsResource only
MachineryAndTransportationTrucks
Activity

HasSocialRisk only
CommuinitiesDesireToReplaceContractor
HasSocialRisk only Delinquency
HasSocialRisk only UnionConflict
HasStakeholder only OrganizedCrimeGroups
HasStakeholder only RuralCommunities
HasStakeholder only Union
NeedsResource only Labour
NeedsResource only
MachineryAndTransportationTrucks
Activity

HasActivityRisk only DustPollution
HasActivityRisk only NoisePollution
NeedsResource only Aggregates
NeedsResource only
MachineryAndTransportationTrucks
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Annotations

"Blasting is a common activity in the
building of tailing dams when hammering
is not sufficient. this involves explosives
and social risks"

"This activity refers to the creation of
temporary accesses to the project in the
construction process. Some of these
accesses usually pass through ejido
communities, which requires permits. The
accesses are usually made in order to
bring machinery to the site and to bring
the necessary resources to the site."

"Earthworks is practically the main
activity at site, it depends on the
competion of another activities and
having the resources ready."

"Depending on the soil, Hammering is
needed to creat the basin that the Tailings
dams need. THis involves heachy
machinery, which can create social risks"

"Mobilising personnel is a crucial
preliminary activity, especially in the
mining industry where work sites are
often remote from urban areas. The
necessary personnel usually include
machine operators, flaggers, masons,
engineers, safety personnel, and
surveyors."

"In order to achieve the grades and sizes
specified for the construction of tailings
dams, material crushing is necessary,
which requires specialized machinery for
rock crushing."



Quarrying

Quarry One

Quarry Two

Quarry Three

Transportation of
machinery to Site

Transportation of

materials to site

Civil Works

Resources:

Aggregates

Activity

HasActivityRisk only DamagingCommunityPlots
HasActivityRisk only ExploitingUnlicensedQuarries
HasSocialRisk only CommunalComplains
HasStakeholder only Union

NeedsResource only Aggregates

NeedsResource only
MachineryAndTransportationTrucks

Quarrying

HasStakeholder only EjidoC
HasStakeholder only MunicipalityOne
HasStakeholder only UnionA

Quarrying

HasStakeholder only EjidoD

HasStakeholder only MunicipalityTwo
HasStakeholder only OrganizedCrimeGroupTwo
HasStakeholder only UnionC

Quarrying

HasStakeholder only EjidoE

HasStakeholder only MunicipalityThree
HasStakeholder only OrganizedCrimeGoupOne
HasStakeholder only UnionD

Activity

HasActivityRisk only DamagingRoadsorPowerLines
HasSocialRisk only Corruption
HasSocialRisk only Delinquency
HasStakeholder only OrganizedCrimeGroups
HasStakeholder only StateHighwayPatrols
NeedsResource only
MachineryAndTransportationTrucks
Activity

HasActivityRisk only MaterialSpillage
HasSocialRisk only UnionConflict
HasStakeholder only Union
NeedsResource only Aggregates
NeedsResource only Concrete
NeedsResource only GoodQualityMaterials
NeedsResource only
MachineryAndTransportationTrucks
Activity

NeedsResource only Aggregates
NeedsResource only Concrete
NeedsResource only GoodQualityMaterials
NeedsResource only Labour
NeedsResource only Water

Resource

HasResourceRisk only InflationOfLocalPrices
HasResourceRisk only LackOfAggregatesinQuarry
HasSocialRisk only
CommunityDesireToControlResources

109

"Quarrying is a basic but complicated
activity in the areas where the mines are
normally located. This is because there
are few quarries. In addition, these
quarries sometimes do not have the
necessary permits from SEMARNAT
(Environmental Institution), and the
owners (Ejidatarios) normally hide behind
the law of Usos y Costumbres (Uses and
Customs)."

"This Quarry and the stakeholders that
are involved, are shown in the
Hypothetical Case Study"

"This Quarry and the stakeholders that
are involved, are shown in the
Hypothetical Case Study"

"This Quarry and the stakeholders that
are involved, are shown in the
Hypothetical Case Study"

"The tailings dams are primarily
composed of aggregates, requiring a large
amount of heavy machinery for
earthworks, such as backhoes, tractors,
irrigation tankers, and motor graders."

"It is crucial to consider the logistics of
transporting materials to project sites like
tailings dams. Adequate dump trucks are
required to transport aggregates from the
quarries, concrete, water, timber for
formwork and steel. In Mexico, this
activity is carried out by trade unions,
which  entails risks beyond the
contractor's reach."

"This activity includes all constructions of
concrete structures ( Foundations,
Platforms and Retention Walls)"

"Aggregates are crucial for earthworks.
Suppliers must be quarries with Semarnat
permits, and the aggregates are
transported to the site using dump
trucks."



Good quality materials

Machinery and
transportation trucks

Water

Tamazula River

Valley of Topia River

Canelas river

Explosives

Labour

Resource

HasResourceRisk only InflationOfLocalPrices
HasResourceRisk only LackOfMateriallnTheZone
HasSocialRisk only
CommunityDesireToControlResources

Resource

HasResourceRisk only HeavyMachineryBreakdown
HasResourceRisk only InsufficientHaulingTrucks
HasSocialRisk only DefianceOfLaw

HasSocialRisk only Delinquency

HasSocialRisk only UnionConflict
HasStakeholder only Union

Resource

HasResourceRisk only InsufficientWaterSupply
HasSocialRisk only
CommunityDesireToControlResources
HasStakeholder only Semarnat

Water

HasStakeholder only EjidoE
HasStakeholder only MunicipalityThree
HasStakeholder only UnionD

Water

HasStakeholder only EjidoB
HasStakeholder only MunicipalityOne
HasStakeholder only UnionB

Water

HasStakeholder only EjidoA
HasStakeholder only EjidoC
HasStakeholder only MunicipalityOne
HasStakeholder only UnionC

Resource

HasSocialRisk only CommunitiesRefuseToSignPermits
HasSocialRisk only Corruption

HasSocialRisk only Delinquency

HasStakeholder only OrganizedCrimeGroups
HasStakeholder only RuralCommunities
HasStakeholder only Sedena

HasStakeholder only Semarnat

Resource

HasResourceRisk only IncompetenceOfLocalLabour
HasSocialRisk only
CommuinitiesDesireToReplaceContractor
HasStakeholder only RuralCommunities
HasStakeholder only Union

110

"This resource refers to all materials
necessary for construction works other
than water, aggregates, and concrete,
such as good quality timber, reinforcing
steel, and any other necessary supplies.”

"This category encompasses two
resources: transport trucks and heavy
machinery. They are grouped together
due to similar risks and include the
necessary diesel or gasoline for
operation."

"Water is one of the most precious
resources in rural locations in Mexico, as
depending on the season, the scarcity of
water increases. There are some parts of
Mexico where it only rains two months a
year. Sometimes communities claim the
water available is theirs, or even some
municipality may impose some restriction
on the usage of water for construction, as
is the case of Monterrey, where in some
periods they can not use potable water
for construction purposes."

"This river is located and shown in the
Hypothetical Case Study"

"This river is located and shown in the
Hypothetical Case Study"

"This river is located and shown in the
Hypothetical Case Study"

"The use of explosives is restricted by
SEDENA (Mllitary) in Mexico, in order to
get a permit for acquiring and using
explosives, SDENA requires a signed
permit of the surrounding communities.
Also it is a resource apreciated by Criminal
groups, so stealing it or demanding some
explosive is common in mexico by these
groups. Since it need special permits,
corruption is also a inherent social risk"

"The management of construction
personnel is complex as it can lead to
social problems and risks, especially when
working in rural areas where social norms
may differ from those in urban areas. This
resource includes engineers, masons,
machine operators, etc."



Concrete

Activity Risks:

Dust pollution

Material spillage

Noise Pollution

Damaging Surrounding
Buildings

Damaging community
plots

Exploiting Unlicensed
quarries

Damaging roads or
power lines

Resource
HasResourceRisk only NoConcretePlantsNearby

ActivityRisk

CanlLeadToEvent only Roadblocks
HasMitigationStrategy only DustSuppression
HasMitigationStrategy only
ExtraordinaryWorksRequestedByEjidatarios
HasStakeholder only RuralCommunities

ActivityRisk

HasMitigationStrategy only
RemovingSpillageFromRoads

CanlLeadtoEvent only ProblemsWithEjidatarios
HasStakeholder only RuralCommunities
HasStakeholder only Union

ActivityRisk

CanlLeadToEvent only ProblemsWithEjidatarios
HasMitigationStrategy only RestrictionOnWorkShifts
HasStakeholder only RuralCommunities

ActivityRisk

CanlLeadToEvent only PermitsConflicts
CanLeadToEvent only ProblemsWithEjidatarios
HasMitigationStrategy only
ExtraordinaryWorksRequestedByEjidatarios
HasStakeholder only RuralCommunities

ActivityRisk

CanlLeadToEvent only LandConflicts
CanlLeadToEvent only ProblemsWithEjidatarios
HasMitigationStrategy only
ExtraordinaryFeesToCommunities
HasMitigationStrategy only
ExtraordinaryWorksRequestedByEjidatarios
HasStakeholder only RuralCommunities
ActivityRisk

CanLeadToEvent only PermitsConflicts
HasMitigationStrategy only EnsuringQuarryPermits
HasStakeholder only RuralCommunities
HasStakeholder only Semarnat

ActivityRisk

CanlLeadToEvent only ProblemsWithEjidatarios
HasMitigationStrategy only
ExtraordinaryWorksRequestedByEjidatarios
HasStakeholder only RuralCommunities
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"Concrete is used in civil construction. If
concrete plants are more than two hours
away from the site, an on-site plant must
be implemented to maintain concrete
characteristics."

"Like Noise Pollution, certain activities
generate dust. This can lead to complaints
from ejidatarios and a major event."

"As the Unions are the one in charge of
transportation of material, spillage can
happen"

"Noise pollution is a factor that can
create problems, because some activities
generate it, this risk may be more likely to
occur if there are communities close to
where the related activities are taking
place."

"During the blasting activity, nearby
houses of ejidatarios may be damaged,
such as windows or walls."

"Two Intervieweers claimed that while
quarrying material, some of the rocks fell
to a community plot, damaging their
property"

"Some quarries are owned by ejidatarios.
Because certain Ejidos are governed by
the Ley de Usos y Costumbres rather than
the legal framework of Mexico, some do
not have permits from Semarnat.
However, according to their law, they are
allowed to operate the quarries. However
if a contractor acquires aggregates from
such quarries, they could face legal
trouble."

"Rural roads can be damaged by heavy
machinery, as these roads are not
designed to handle such vehicles. In
Mexico, all electrical infrastructure is
overhead, so oversized vehicles



Resource Risk:

Heavy machinery
breakdown

Inflation of local prices

No concrete plants
nearby

Lack of aggregates in
quarry

Lack of material in zone

Insufficient water supply

ResourceRisk

HasMitigationStrategy only
BuyingSparePartsInAdvance
HasStakeholder only MechanicalWorkshops

ResourceRisk

HasMitigationStrategy only
ChangeSupplierOfResource
HasStakeholder only RuralCommunities

ResourceRisk
HasMitigationStrategy only
InstallingAConcretePlantAtSite

ResourceRisk
HasMitigationStrategy only
ChangeSupplierOfResource

ResourceRisk
HasMitigationStrategy only
ChangeSupplierOfResource

ResourceRisk

CanlLeadToEvent only ProblemsWithEjidatarios
CanlLeadToEvent only WaterIntakeBlockage
HasMitigationStrategy only
ChangeSupplierOfResource
HasMitigationStrategy only HaulingWaterTanks
HasStakeholder only Governmentallnstitutions
HasStakeholder only MunicipalityOne
HasStakeholder only MunicipalityThree
HasStakeholder only MunicipalityTwo
HasStakeholder only RuralCommunities
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transporting machinery can collide with
the lines."

"Due to the extended working hours that
machinery is exposed to during the
construction of tailings dams, there is
always a risk of breakdown or damage to
a part, which would render the machine
unusable until it is fixed. This could
potentially affect the contractor's ability
to carry out the necessary work.
Additionally, due to the remote location
of these projects, moving the machinery
to a workshop or the contractor's
headquarters involves transporting the
machinery over long distances."

"Following the law of supply and
demand, when suppliers or ejido
communities realise that a project is
starting, they often increase the prices of
inputs, such as timber, water, food,
lodging, diesel and aggregates."

"If there are no concrete plants nearby,
remote plants have to be placed. Once the
concrete comes out of production, there
is only about two hours to transport and
pour it on site. Otherwise, the concrete
may set or lose its properties."

"There is always a risk that a quarry may
not be providing enough material to meet
the needs of the client and the contractor.
This could be due to the quarry not
extracting enough aggregates, or because
there is high demand from other
projects."

"Due to the location of mining projects,
some materials or resources may need to
be brought in from elsewhere, which can
increase costs and reduce contractor
productivity."

"In Mexico, there are periods of drought,

where months pass without rain, which
can create problems such as depletion of
the aquifers and ejido communities or
municipalities limiting access to water for
contractors."



Insufficient Hauling
Trucks

Incompetence of Local
Labour

Social Risk:

Miscommunication with
Communities

Communal complains

Community desire to
control resources

Corruption

ResourceRisk
CanlLeadToEvent only Roadblocks
CanLeadToEvent only UnionConflict

HasMitigationStrategy only ContractingMoreUnions

HasStakeholder only Union

ResourceRisk

HasMitigationStrategy only
ExtraordinaryFeesToCommunities
HasStakeholder only ClientMiningCompany
HasStakeholder only RuralCommunities

SocialRisk

CanLeadToEvent only ProblemsWithEjidatarios
CanLeadToEvent only Strikes

HasStakeholder only ClientMiningCompany
HasStakeholder only RuralCommunities

SocialRisk

CanLeadToEvent only ProblemsWithEjidatarios
CanlLeadToEvent only Roadblocks
CanlLeadToEvent only Strikes

HasStakeholder only RuralCommunities

SocialRisk

CanlLeadToEvent only ProblemsWithEjidatarios
CanlLeadToEvent only WaterIntakeBlockage
HasStakeholder only RuralCommunities

SocialRisk

CanlLeadToEvent only LandConflicts
CanlLeadToEvent only PermitsConflicts
HasStakeholder only MunicipalityOne
HasStakeholder only MunicipalityThree
HasStakeholder only MunicipalityTwo
HasStakeholder only Sedena
HasStakeholder only Semarnat
HasStakeholder only StateHighwayPatrols
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"Hauling Trucks usually belongs to Unions,
when one Union does not have sufficient
trucks, you have to contract another
union to help"

"In mining industry projects, the
contractor must hire a certain percentage
of local personnel as per agreements
between the mining company and the
ejido  communities.  Often, these
personnel may lack specialized skills or
motivation, resulting  in reduced
productivity. To address this issue, some
contractors opt to pay a fee to the
communities, akin to salary payments, in
order to ensure that only trained
personnel are engaged."

"Usually, all the communication with the
rural communities is done by the Mining
company rather than the actual
contractor. This can create some
misunderstandings  while  gathering
resources or carrying out activities"

"The risk of communal complaints
involves formal complaints from the
community that can escalate into a major
issue if not addressed. This creates a
significant problem for the client, as they
are the ones interacting with the
communities, and reflects poorly on the
contractor."

"Due to the bargaining power of
communities, there is a risk that they may
seek to control federal or natural
resources, such as water, federal land, or
roads, even if they do not own them, in
order to exploit the client and the
contrasts."

"Corruption is unfortunately common in
Mexico, so the risk of corruption of the
authorities is part of the social risks to get
the necessary permits with governmental
institutions and patrols."



Delinquency

Community desire to
replace contractors

Defiance of Law

Union Conflicts

Communities refuse to
sign permits

Social Events:

Problems with
ejidatarios

Roadblocks

SocialRisk

CanlLeadToEvent only HarmingPersonnel
CanLeadToEvent only TheftOfMachinery
HasMitigationStrategy only HiringSecurity
HasStakeholder only OrganizedCrimeGroups
HasStakeholder only RuralCommunities

SocialRisk

CanlLeadToEvent only Strikes
HasStakeholder only RuralCommunities
HasStakeholder only Union

SocialRisk

CanlLeadToEvent only Roadblocks
CanlLeadToEvent only Strikes
HasStakeholder only RuralCommunities
HasStakeholder only StateHighwayPatrols
HasStakeholder only Union

SocialRisk

CanlLeadToEvent only Roadblocks
CanLeadToEvent only Strikes
HasMitigationStrategy only
ExtraordinaryFeesToUnions
HasStakeholder only Union

SocialRisk

CanlLeadToEvent only LandConflicts
CanlLeadToEvent only PermitsConflicts
HasMitigationStrategy only
ExtraordinaryFeesToCommunities
HasStakeholder only Governmentallnstitutions
HasStakeholder only RuralCommunities

SocialEvent

HasMitigationStrategy only
ExtraordinaryFeesToCommunities
HasMitigationStrategy only
ExtraordinaryWorksRequestedByEjidatarios
HasStakeholder only ClientMiningCompany
HasStakeholder only RuralCommunities

SocialEvent

HasMitigationStrategy only
ExtraordinaryFeesToCommunities
HasMitigationStrategy only
ExtraordinaryFeesToOrganizedCrimeGroups
HasMitigationStrategy only
ExtraordinaryFeesToUnions

HasStakeholder only ClientMiningCompany
HasStakeholder only OrganizedCrimeGroups
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"Delinquency as a risk means that one of
the stakeholders involved may do
something outside the law to take
advantage, such as harming personnel or
theft of machinery."

"In some activities and resources, both
communities and Union may want to
impose labour, for example welding, or
the machinery operators"

"Defiance of law means that some
stakeholders will operate outside of their
rights"

"Typically, unions engage in disputes over
contracts, leading to friction between
them. Therefore, utilizing more than one
union carries a risk of potential issues.
Additionally, as a significant stakeholder,
the contractor relies on them to transport
aggregates, making them capable of
demanding specific quotas or price
increases to sustain their collaboration."

"Under the new mining law regulation,
the surrounding communities must agree
to and sign permits allowing the use of
resources or activities in the mining
industry. Without this signature, other
government bodies will not grant the
necessary permits."

"Problems  with ejidatarios  (Rural
Communities) is an event that has not
escalated enough to create a movilization,
instead is a verbal event that includes the
Mining company because they are the
ones who carry the communication with
them. This can range from a formal
complaint to threats, which can affect the
contractor in the eyes of the mining
company."

"Roadblocks in secondary roads or at the
accesses to the site are a common
practice in the mining industry, involving
communities, Unions and Organized
Crime Groups"



Strikes

Water intake blockage

Theft of Machinery

HarmingPersonnel

Risk Mitigation Strategy:

Buying Spare parts in
advance

Change supplier of
resource

Contracting more Unions

HasStakeholder only RuralCommunities
HasStakeholder only Union

SocialEvent

HasMitigationStrategy only
ExtraordinaryFeesToUnions
HasMitigationStrategy only
ExtraordinaryWorksRequestedByEjidatarios
HasStakeholder only ClientMiningCompany
HasStakeholder only RuralCommunities
HasStakeholder only Union

SocialEvent

HasMitigationStrategy only
ChangeSupplierOfResource
HasMitigationStrategy only
ExtraordinaryFeesToCommunities
HasStakeholder only RuralCommunities
SocialEvent

HasMitigationStrategy only
ExtraordinaryFeesToOrganizedCrimeGroups
HasMitigationStrategy only HiringSecurity
HasStakeholder only OrganizedCrimeGroups

SocialEvent
HasMitigationStrategy only HiringSecurity
HasStakeholder only OrganizedCrimeGroups

RiskMitigationStrategy
HasStakeholder only MechanicalWorkshops

RiskMitigationStrategy

RiskMitigationStrategy
HasStakeholder only Union
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"Strikes and work stoppages may be done
by Unions or Rural Communities. If this
event happens it usually affects the
mining operations as well."

"Water intake blockages are usually a
strategy that rural communities use to
enhance their bargaining power or when
they have a conflict with contractors."

"Machinery theft is also one of the events
that is driven by social risks and organised
crime."

"Harming personnel means endangering
the integrity of workers, such as robbery,
kidnapping or extortion."

"In order to ensure that spare parts are in
stock, there are two options: keeping
them in the HeadQuarters or having them
in advance at specialized workshops or
shops. Typically, the parts need to be
ordered directly from the supplier, which
can result in a long wait time."

"Even if its a mitigation strategy,
changing from supplier in rural zone may
lead to other risks ( out of the scope of this
model) like the increase of time to bring
the supplies, which can translate to more
money and the involvement of more
stakeholders"

"If one union is not providing enough to
transport material to the site, contracting
with another union can help mitigate the
problem."



Extraordinary Fees to
communities

Extraordinary Fees to
Union

Extraordinary fees to
criminal groups

Extraordinary works
requested by ejidatarios

Hauling water tanks

Removing Spillage from
roads

Restriction on work shift

Hiring Security

Installing a concrete
plant at site

Dust supression

Ensuring Quarry Permits

Stakeholders:

ClientMiningCompany

RiskMitigationStrategy
HasStakeholder only RuralCommunities

RiskMitigationStrategy
HasStakeholder only Union

RiskMitigationStrategy
HasStakeholder only OrganizedCrimeGroups

RiskMitigationStrategy
HasStakeholder only RuralCommunities

RiskMitigationStrategy

RiskMitigationStrategy

RiskMitigationStrategy

RiskMitigationStrategy

RiskMitigationStrategy

RiskMitigationStrategy

RiskMitigationStrategy
HasStakeholder only Semarnat

Stakeholders
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“In  many cases, communities will
generate risks or events with the aim of
getting something in return. It is common
for these problems to be solved by means
of an extraordinary fee."

"As with communities, some disputes
with the union can be resolved by giving a
feein return."

"One way of keeping organised crime
groups under control is by means of fees
called " (Derecho de Piso)"."

"Sometimes, the rural communities
"Ejidatarios" request some extraordinary
construction works as a condition or a
remedy for their claims"

"If water is not available nearby, the only
possible option to continue to have water
is to transport water tankers from other
cities or water intakes where there is
sufficient water."

"If communites start complaining about
material spillage, hiring a cleaning crew
on a daily basis can help mitigate that risk"

"One way to mitigate noise pollution and
make communities more comfortable is
to reduce working hours where activities
generate this impact. Reducing the
amount of work only mitigates the risk of
community action, however it reduces
the contractor's productivity."

"Hiring security can be beneficial when
transporting machinery or for guarding
personnel in case they are threatened."

"Installing a remote concrete plant is an
additional cost, however this cost can be
foreseen from the tendering stage."

"Suppressive irrigation to control the dust
generated by certain activities is the only
way to mitigate this pollution."

"In addition to signing contracts with the
quarries, the contractor must ensure that
all permits are in order, regardless of
whether the mine operates without
them."

"The mining company is a significant
stakeholder as it not only hires
construction companies but also acts as a
mediator between rural communities and
the contractor. If an issue arises between
the contractor and any other
stakeholders, the client may also face
consequences beyond the project itself.



Governmental
Institutions

MunicipalityOne

MunicipalityTwo

MunicipalityThree

Sedena

Semarnat

State highway Patrol

OrganizedCrimeGroup

OrganizedCrimeGroupOn

e

OrganizedCrimeGroupTw

o)

Stakeholders

Governmentallnstitutions

Governmentallnstitutions

Governmentallnstitutions

Governmentallnstitutions

Governmentallnstitutions

Governmentallnstitutions

Stakeholders

OrganizedCrimeGroups

OrganizedCrimeGroups
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Therefore, contractors face severe
penalties if such events occur."

"Some governmental institutions are
involved in both the acquisition of
resources and in some activities. There
are permits that have to be applied for in
some cases, but there are also social risks
where these stakeholders can create
problems."

"This Municipality is located and shown in
the Hypothetical Case Study"

"This Municipality is located and shown in
the Hypothetical Case Study"

"This Municipality is located and shown in
the Hypothetical Case Study"

"SEDENA is the military institution in
Mexico, which gives the permits for the
use and acquiring explosives"

"SEMARNAT is Mexico's environmental
ministry, responsible for granting permits
for natural resources, such as water
intakes, quarries, and explosives."

"Some risks regarding the transportation
of machinery lies within the State Higway
patrols as a stakeholder.Since the
transportation of heavy machinery
requires permits due to the excessive
dimensions of the trailers that carry them,
some federal police officers try to extort
the drivers of the transport by citing non-
existent or inapplicable laws, due to
corruption."

"Currently, there are numerous criminal
groups in Mexico primarily engaged in
drug trafficking to the United States,
extortion, and kidnapping. These groups
tend to operate in the mountainous and
rural areas of Mexico, where it is more
challenging for the Federal Government
to restrict their activities. In these areas,
these groups also exert significant
influence over social control, thereby
granting them substantial leverage and
creating additional external risks."

"This Organized Crime group is located
and shown in the Hypothetical Case
Study"

"This Organized Crime group is located
and shown in the Hypothetical Case
Study"



Rural Communities

EjidoA
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EjidoE

Union

UnionA

UnionB

UnionC

UnionD

Mechanical Workshops

Mechanical Workshop
One

Mechanical Workshop
two

Stakeholders

RuralCommunities

RuralCommunities

RuralCommunities

RuralCommunities

RuralCommunities

Stakeholders

Union

Union

Union

Union

Stakeholders

MechanicalWorkshops

MechanicalWorkshops
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"Rural communities, known as Ejidos, are
a form of land ownership where many
people reside. Some of the residents,
known as ejidatarios, are involved in
agriculture or the extraction of natural
resources. However, some of the land is
not suitable for farming, which limits the
communities' ability to generate income.
Despite this, these stakeholders hold
significant bargaining power, especially
following the new mining law reform, as
they have the authority to grant land
exploitation permits to mining companies
and influence the wuse of natural
resources. The mining companies handle
communication with the ejidatarios, and
these communities often view the mining
company contractors as outsiders or
adversaries."

"This Ejido is located and shown in the
Hypothetical Case Study"

"This Ejido is located and shown in the
Hypothetical Case Study"

"This Ejido is located and shown in the
Hypothetical Case Study"

"This Ejido is located and shown in the
Hypothetical Case Study"

"This Ejido is located and shown in the
Hypothetical Case Study"

"In Mexico, the unions are in charge of
material transport and, therefore, own
their dump trucks. There are many
unions, but in rural areas, the unions have
more bargaining power because there are
few of them. Unions are also usually made
up of ejidatarios."

"This Union is located and shown in the
Hypothetical Case Study"

"This Union is located and shown in the
Hypothetical Case Study"

"This Union is located and shown in the
Hypothetical Case Study"

"This Union is located and shown in the
Hypothetical Case Study"

"This  stakeholder refers to the
workshops that may have the machinery
parts that are needed when they break
down. (It was requested by an
interviewee in the validation stage)."

"This Workshop is located and shown in
the Hypothetical Case Study"

"This Workshop is located and shown in
the Hypothetical Case Study"



Legal Conflicts:
Land Conflicts

Permit Conflicts

LegalConflicts

HasStakeholder only ClientMiningCompany
HasMitigationStrategy only
ExtraordinaryFeesToCommunities
HasMitigationStrategy only
ExtraordinaryWorksRequestedByEjidatarios
HasStakeholder only RuralCommunities

LegalConflicts

HasMitigationStrategy only
ExtraordinaryFeesToCommunities
HasMitigationStrategy only
ExtraordinaryWorksRequestedByEjidatarios
HasStakeholder only MunicipalityOne
HasStakeholder only MunicipalityThree
HasStakeholder only MunicipalityTwo
HasStakeholder only Sedena
HasStakeholder only Semarnat

"Some land use conflicts can also create a
legal issue, which should be avoided at all
costs, as resolving them can take months
or years."

"Conflicts over permits is a legal event
that can jeopardise the continuity of the
project."

APPENDIX 3: COMPLETE TERM POOL FOR THE DEVELOP OF THE KNOWLEDGE GRAPH
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10.3 ArPENDIX C— COMPLETE QUERIES RESULTS FOR VALIDATION.
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APPENDIX 4: COMPLETE C-2 QUERY #1 RESULTS

Activityrisk B ActivityRiskRelation B RelatedEntity1

d EventRelation

M RelatedEntity2

MaterialSpillage |CanLeadToEvent

ProblemsWithEjidatarios

MaterialSpillage |HasMitigationStrategy |RemovingSpillageFromRoads
MaterialSpillage |HasStakeholder RuralCommunities
MaterialSpillage |HasStakeholder Union

ProblemsWithEjidatarios

HasMitigationStrategy

ExtraordinaryFeesToCommunities

ProblemsWithEjidatarios

HasMitigationStrategy

ExtraordinaryWorksRequestedByEjidatarios

ProblemsWithEjidatarios

HasStakeholder

ClientMiningCompany

ProblemsWithEjidatarios

HasStakeholder

RuralCommunities

APPENDIX 5:C-2 QUERY #2 RESULTS
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MachineryAndTransportationTrucks

B Event

HeavyMachineryBreakdown

B MitigationStrategyd Stakeholder

B4 casestudyEntity [§8

MachineryAndTransportationTrucks

InsufficientHaulingTrucks

MachineryAndTransportationTrucks

DefianceOfLaw

MachineryAndTransportationTrucks

Delinquency

MachineryAndTransportationTrucks

UnionConflict

HeavyMachineryBreakdown

BuyingSparePartsin
Advance

MechanicalWorkshops

MechanicalWorkshops

MechanicalWorksho
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MechanicalWorkshops

MechanicalWorksho
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Delinquency

TheftOfMachinery

ExtraordinaryFeesTo
OrganizedCrimeGro
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TheftOfMachinery

HiringSecurity
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OrganizedCrimeGroups
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APPENDIX 6: C-3 QUERY RESULTS

Quarrying ﬂTypeOfRisk ﬂRisk

ﬂ Event

ﬂ Stakeholder

Ad CaseStudyStakeholders hd

QuarryOne  |HasActivityRisk  [DamagingCommunityPlots LandConflicts RuralCommunities

QuarryOne  |HasActivityRisk  [DamagingCommunityPlots ProblemsWithEjidatarios [RuralCommunities

QuarryOne  |HasActivityRisk  [ExploitingUnlicensedQuarries |PermitsConflicts RuralCommunities

QuarryOne  |HasActivityRisk  [ExploitingUnlicensedQuarries |PermitsConflicts Semarnat

QuarryOne |HasSocialRisk  [CommunalComplains ProblemsWithEjidatarios [RuralCommunities

QuarryOne |HasSocialRisk  [CommunalComplains Roadblocks RuralCommunities

QuarryOne |HasSocialRisk  [CommunalComplains Strikes RuralCommunities

QuarryOne EjidoC
QuarryOne MunicipalityOne
QuarryOne UnionA
QuarryOne Union

APPENDIX 7: C-5 QUERY RESULTS
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APPENDIX 8: C-4 QUERY RESULTS
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10.4 AppPENDIX D —HREC CONSENT FORM.

Delft University of Technology
HUMAN RESEARCH ETHICS
INFORMED CONSENT TEMPLATES AND GUIDE
(English Version: January 2022)

The following templates have been developed by the Human Research Ethics Committee
(HREC) to assist you in the design of your Informed Consent materials for non-medical research
involving human Research Subjects. It is important to adapt this template to the outline and
requirements of your particular study, using the notes and suggestions provided.

For additional information or specific expertise on preparing your Informed Consent materials
you can consult the following:

* The TU Delft Research Ethics webpages,

* Your faculty Data Steward, the TU Delft Privacy Team

® Our brief guide on Completing the HREC checklist

® Our Risk-Planning tool, Managing Risk in Human Research

If you have any questions about applying for HREC approval which are not dealt with on the
Research Ethics webpages, please contact HREC(@tudelft.nl

You can find Dutch versions of the Informed Consent templates in the Informed Consent section of
the Research Ethics webpages.

Informed Consent as a legal and ethical agreement

The key function of the Informed Consent (IC) process is that this is where you (the Responsible
Researcher) come to an agreement with your participants about what they will do for your research
and what you will do, both legally and ethically, to ensure their physical, emotional and reputational
security. It is key that they know exactly what — and particularly what potential risks — they are
agreeing to, and that this is clear in your agreement, and executed in practice.

Two types of Informed Consent

“Informed Consent” covers two distinct, if overlapping, elements of a participant’s agreement to
participate in scientific research. These are essentially: consent to participate in the research and
consent to the way in which any personal data will be processed and managed.

* Research Participation — obtaining a participant’s consent to participate is essential for any
research involving human “subjects™. It requires researchers to flag the potential physical,
emotional or other risks they might be exposed do by virtue of the research process or its
findings.

* Data Processing and Privacy - at the same time, under the European General Data Protection
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Regulation (2016) Informed Consent is the most common (but not only) legal basis for
collecting Personal Data (including both Personally Identifiable Information and/or
Personally Identifiable Research Data) from “human subjects”. Within the context of
scientific research specifically it is important that research participants (“human subjects™)
understand what potential risks they might face as a consequence of the collection of any
Personal Data, as well as what steps will be taken to mitigate those risks. The development
and execution of a robust Data Management Plan constitutes one of those mitigating steps.

Structure and content of your Informed Consent materials

Your Informed Consent materials can be considered as a legal and ethical contract between you and
the people who will be providing you with your research data. In most cases this agreement will
comprise of Participant Information and Explicit Consent points. The Participant Information is
normally a short, clear summary that informs your participant of anything that might affect their
willingness to participate in your research. The specific Explicit Consent points list specific points
with which your participants can choose to agree or disagree. Bear in mind, when you are giving
participants particular choices, that you will need to execute these agreements with precision.

Standard structure of Informed Consent materials

Participant Information® Your Participant Information should clearly ise what your h aims 10 do, what participants are
asked 1o do, what risks might arse - mdudmg ndenul'uzlm and what steps you will take o mitigate them
Remember to include not just the p LAha(l’IRD) you collect, but also how you
will store the Informed Consent forms and any p Iy id (PII) therein.
® See TEMPLATE |
Explicit Consent points ® 1, 44dition 10 the Participant nf itis best g (and alegal requi )10 include a

It of specific Consent Points with which your participants can agree or disagree.

® Bear in mind that where your participants disagree, you will need to have practical plans m place to comply
with these specific points.

® See TEMPLATE 2

Alternative approaches to Informed Consent

Depending on your research methods and goals, the standard approach outlined above may not
appropriate or possible. For example, if you are gathering your research data using an anonymous
online survey, the option of removing specific datasets may not be possible — and so this is not
something you can offer in your Informed Consent process. In such cases, the Participant Information
and Explicit Consent points are replaced by an Opening Statement with which participants
demonstrate their agreement by clicking the link to the survey (see TEMPLATE 1).

Alternative Informed Consent materials
Opening Statement  ® Where your participants are asked 10, for ! Jete an online survey, a signed Informed

Consent form is not an option. Instead, the Partxcipant Iutoumuou and Explicit Consent points might be
replaced by an Opening Statement. In this case a participant’s agreement with the terms and conditions of
your research can be signified by clicking through to the survey.

® Your Opening Statement should ensure that your participants are aware of what your research is about, and
what is expected of them before they click through to the survey.

® Make sure that your participants can keave the survey or skip questions in line with your Opening Statement —
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and that your Opening Statement is clear on this.
® Make it clear that by clicking through o the survey participants are agreeing to conditions.

Verbal Consent ® In some circ it might be y 10 use other Informed Consent approaches — such s verbal
andor of a Gatek
Debriefing Information® Where decey 18 required for your h, Infi d Consent has technically not been given. In such cases
you are advised to debeief your participants, explaining why they were deceived and how, and seek Informed
Consent again after the debrief.

Where it is not possible to seek Informed Consent at all - e.g.: because your method involves covert
observation, relies on existing datasets, or is collected from the public domain - steps to ensure the
safety of your participants are nevertheless required. For example, you can make sure that the party or
parties providing your data are permitted to do so, collect information on the original informed
consent process, or demonstrate that you understand how combining multiple datasets might lead to
unintended consequences and the steps you will take to avoid this.

Please contact your Faculty Data Steward or the TU Delft Privacy Team, or consult our Guidance
Notes on completing the HREC checklist for more information.

Executing Informed Consent agreements

Like any contract between parties, your Informed Consent agreement needs to be managed and
executed in perpetuity, so make sure that you have plans in place to honour the agreements you have
made - including what happens if you or another member of the research team moves elsewhere. Bear
in mind also what is and is not executable in practical terms. For example, if you are seeking approval
to use personal names with quotes in any publications, then it is unlikely that you can assure
anonymity of stored data. Equally, if you agree with participants to use actual names in any kind of
publication, it is best practice to obtain additional, specific approval from named participants prior to
publication.

It is critical here that the risks and mitigating steps you identify in your HREC checklist and Data
Management Plan are consistent with the agreement you make with your participants. It is your job as
the (Responsible) Researcher to ensure that your participants are made aware of any potential risks
which they may not themselves foresee. In relation to any Personal Data you may be gathering for
administrative purposes and/or as research data, it’s equally important that this agreement is in line
with how you will manage your data in practice.

To this end, you must make sure that the information across your HREC application documents is
consistent and aligned.

TEMPLATE 1: Participant Information/Opening Statement

You arc being invited to participate in a rescarch study titled Assessing the Robustness of Risk Identification in the
mining industry. This study 1s being done by Roberto Gamboa Andrade from the TU Delft.

The purpose of this rescarch study is to enhance nsk management for mining construction projects through the
contractors cyes during the bidding phase by developing an ontology-based framework, which will serve as an
information bridge between tailing dams activitics, their resources and the potentially external nisks. and will take
you approximately 30 mimnutes to complete. The data wall be used to complete the thesis rescarch in the MSc
Construction management and Engincenng programme which will be published in the student repository of TU Delft
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University. We will be asking you to answer a senes of questions about your construction experience in the mining
industry, specifically about unidentified nsks when carrying out the activitics necessary to complete tailing dams
projects.

As with any online activity the nisk of a breach 1s always possible. To the best of our ability your answers in this
study will remain confidential. We will minimize any nsks by anonymising all personally identifiable information
(PII) as well as personally identifiable rescarch data (PIRD) prior to the publication of the written report, as well as
storing such information in a secure space in the TU DELFT University cloud (OncDrive). Only specific data on
cvents, nsks and activitics collected in the interviews will be used in the publication of the project, therefore the
transcripts will not be published.

Your participation in this study is entircly voluntary and you can withdraw at any time. You are free to omit any
questions If you want to mamntain your anonymity within the study, you can request to remove any data that you do
not wish to disclose. We will ensure that the information you want to remove from the transcript is deleted within
two weeks after the interview.

Corresponding Rescarcher: Roberto Gamboa Andrade (rgamboaandrade@tudclft.com)

Responsible Rescarcher: Ranjith Kuttantharappel Soman (r.soman@tudelft. com)

TEMPLATE 2: Explicit Consent points

Please make sure that you select (and amend as necessary) any Explicit Consent points which are

relevant to your study and exclude those which do not apply. You should also add further points and

necessary to address your specific research situation

PLEASE TICK THE APPROPRIATE BOXES Yey

Noj

A: GENERAL AGREEMENT ~ RESEARCH GOALS, PARTICPANT TASKS AND
VOLUNTARY PARTICIPATION

1. I have read and understood the study information dated [26/03/2024], or it has been a
read to me. | have been able to ask questions about the study and my questions have been
answered to my satisfaction.

2. I consent voluntarily to be a participant in this study and understand that I can refuseto | “
answer questions and I can withdraw from the study at any time, without having to give a
reason.

3. I understand that taking part in the study involves:
® The interview and data will be captured by means of an audio-recorded interview, where information about the
construction activities along with their risks and external events will be sought.
® Also, during the interview, notes, video and audio will be taken 1o gather the necessary information.
® The interview will be transcribed using Microsoft Teams software and then analysed by coding using ATIAS ti
software. All personally identifiable information will be anomymised before being used in the written report.

4. I understand that I will not be compensated for my participation by. =

5. I understand that the study will end in the month of June -2024

APPENDIX 12:HREC CONSENT FORM PART 4

126




B: POTENTIAL RISKS OF PARTICIPATING (INCLUDING DATA
PROTECTION)

6. I understand that taking part in the study involves the following risks: Discomfort and
data/information leakage. I understand that these will be mitigated by ensuring that the
information will be stored in TU DELFT's One Drive cloud, as well as anonymized prior
to publication of the research, and if there is discomfort on the part of the interviewee, the
interviewee may request that the interview be stopped.

7. I understand that taking part in the study also involves collecting specific personally
identifiable information (PII) Age, occupation and associated personally identifiable
research data (PIRD) and years of experience in the construction sector with the potential
risk of my identity being revealed

8. I understand that some of this PIRD is considered as sensitive data within GDPR
legislation, specifically political views, which are beyond the scope of this research and
will not be discussed.

9. I understand that the following steps will be taken to minimise the threat of a data
breach, and protect my identity in the event of such a breach. Firstly, the information will
be stored in a secure space such as One Drive. Secondly, the information will be
anonymized after transcription and will remain so for the purposes of publication of the
thesis.

10. I understand that personal information collected about me that can identify me, such
as my name, age and years of experience will not be shared beyond the study team.

11. I understand that the (identifiable) personal data I provide will be destroyed by the end
of the month of July-2024.

C: RESEARCH PUBLICATION, DISSEMINATION AND APPLICATION

12. I understand that after the research study the de-identified information I provide will
be used for the student thesis repository,

13. I agree that my responses, views or other input can be quoted anonymously in research
outputs
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Signatures

Name of participant [printed) Signature Date
I, as researcher, have accurately read out the information sheet to the potential participant and, to the
best of my ability, ensured that the participant tands to what they are freely consenting.

Roberto Gamboa Andrade 26/03/2024
Researcher name [printed] Signature Date

Study contact details for further information: Roberto Gamboa Andrade, Phone number:
+31619931995. Rgamboaandrade@tudelft.nl
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