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Abstract

The skills shortage in the mining industry is a critical challenge, particularly for organisations seeking
geotechnical expertise, and can be attributed to several interrelated factors. Firstly, the number of universities
offering specialised technical programs in specific areas, such as geotechnical engineering, mining
engineering, and geology, has reduced over recent years. This is primarily due to a lack of awareness/interest
by a new generation who demand meaningful and flexible work arrangements in combination with career
development opportunities over traditional remunerative benefits. Compounding this issue is the fact that
regulatory frameworks governing mining operations have become increasingly stringent, while the risk
tolerance of mining executives has declined in response to diminishing public tolerance for industrial
accidents. Consequently, the stress experienced by geotechnical professionals is often high, causing some to
leave the discipline for other opportunities.

Another reason for the skills shortage is the fact that larger geotechnical teams are becoming a necessity to
meet the growing demands of the technologies that are being implemented to manage geotechnical risks.
For example, the advent of slope stability radars ushered in a new era of monitoring within the mining
industry, but introduced an additional set of demands that had to be met by the geotechnical community to
ensure the effectiveness of these tools. Finally, a significant proportion of the mining workforce in specific
regions is anticipated to retire over the next 5—10 years putting further pressure on the industry (Stutt 2023).

Together, these factors have intensified the industry’s struggle to secure the necessary technical expertise,
meaning that company-specific development programs which offer a comprehensive learning experience for
professionals have become more important than ever before. This paper will discuss a process for creating a
geotechnical capabilities development program that can be applied to any mining organisation. It is hoped
that by making this information publicly available, companies will adopt this process, or a similar process,
thereby increasing the likelihood of a capable and thriving geotechnical community.
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1 Context

The mining industry is a critical driver of global economic growth and is essential for the transition toward a
more sustainable and renewable future. It relies heavily on technical professionals to ensure the safety and
efficiency of operations. Geotechnical engineering, a discipline focused on managing the stability of
excavations, is essential for managing hazards such as rockbursts and falls of ground. Despite its importance,
the industry faces a skills shortage, driven by several factors including a poor industry perception created by
environmentalists and mainstream media, a lack of awareness/interest, a reduction in academic programs
and risk tolerance, as well as regulatory complexity and an aging workforce.
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Vale Base Metals (VBM) has been directly affected by this skills shortage across its 7 underground mines and
4 surface mines in Canada, Brazil, and Indonesia. This skills shortage has been enhanced by economic and
operational challenges. Consequently, geotechnical professionals must adapt to a business environment
where technical expertise is complemented by business acumen and collaborative efforts. To address this
challenge, the Ground Control Capabilities Advancement Program (GCCAP) was developed for the business
to achieve the following goal:

e create a more resilient and flexible business

e enhance skills and develop teams

e turn ground control professionals into future business leaders
e make ground control more attractive

e allow better management of vendors and partners

e increase individual and team efficiency

e increase engagement

e provide mobility opportunities.

While this paper focuses on developing a capabilities advancement program for ground control professionals,
it is acknowledged that this is just one component of a broader, integrated approach to managing
geotechnical risk. Organisations are also encouraged to implement a ground control management system
(GCMS) that connects a people-focused framework with a future vision, while also integrating technology,
decision-making, and assurance frameworks into a unified system. The VBM GCMS is illustrated in Figure 1.

We will use data driven decisions to Our

'WE WILL USE DATA DRIVEN DECISION MAKING
TO MANAGE OUR MINES IN ALL CONDITIONS,
ENSURING GEOTECHNICAL RISKS ARE
CONTROLLED AND MINING PLANS OPTIMIZED

achieve Our Vision.

Executes frameworks under a

unified system to realize benefits. Ground Control Management System: Quality & Assurance for Enterprise Value

Details 5 specific frameworks to
transform Energy Transition Metals.

People Decision-Making Technology Project Assurance Operation Assurance
Framework Framework Framework Framework Framework

Sets minimum requirements. Standards, Procedures & Guidelines

Culture combined with leadership

commitment is the foundation for Culture & Leadership Commitment
systemsuccess.

6 behaviors in addition to Vale's key
behaviors underpin culture

Make Data Driven Balance Cost & . T ) —— o2
Respect People Decisions Benefit Continuously Improve Simplify F

Figure1 The Vale Base Metals ground control management system

2 Ground control management system

The VBM GCMS was developed as a comprehensive system to address geotechnical risk management within
the business and is composed of 5 frameworks: people, decision-making, technology, project assurance and
operations assurance.
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These frameworks are built on a foundation of standards, procedures, and guidelines, underpinned by leadership
commitment and a culture driven by key behaviours, as illustrated in Figure 1. The key behaviours include:

e respect people

e make data-driven decisions
e balance cost and benefit

e continuously improve

e simplify solutions

e embrace feedback.

By integrating these frameworks, the GCMS aims to create a cohesive and effective approach to managing
geotechnical risks, ensuring that all aspects of the business are aligned and working towards common goals.

3 People framework

Integral to the GCMS is the people framework, which was developed primarily to support the geotechnical
community within VBM. As shown in Figure 2, the people framework encompasses a range of initiatives designed
to improve communication, roles and responsibilities, capabilities, career progression, and collaboration.

Key Roles & Responsibilities Management &

Enable empowerment, Communication Principles

accountability, & Ensure responsibilities,
responsibility of key processes, & behaviours are
stakeholders understood

Skills & Capability
Role Profiles & Core Advancement Program

Functions Understand the capabilities

Define roles & create within the business today &
technical career pathways build the skill sets of
tomorrow

Career Progression .
g Collaborative Forums

Unlock professional pathways,
offer company incentives,
develop successors.

Transfer knowledge & best
practices

Figure2 The components of the people framework for the Vale Base Metals ground control management
system

The people framework is designed to embed initiatives that drive growth, stability, and adaptability directly
into operations and capital projects. By aligning the people framework with the GCMS, it ensures that skills
development is not treated in isolation but as a core element of a unified strategy for managing geotechnical
risk and improving business performance.

A major deliverable of the people framework is to create a comprehensive GCCAP that aligns with corporate
goals, to ensure capabilities within the business today are understood and to build the skill sets of tomorrow.
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Before embarking on the creation of a GCCAP, it is essential to define what constitutes a good development
program. A good development program should:

e address the growing skills gap for both present day and future capabilities

e ensure the program is suitable for all ground control professionals across all levels, regions and
mines of the organisation

e balance the technical career minded and those who aspire to become managers; developing
technical, business and soft skills

¢ identify both active and passive learning opportunities for ground control professionals throughout
their career.

4 Skills gap

The skills gap in the mining industry is a multi-faceted issue. A major factor is the lack of awareness/interest
by a younger generation that is driven by meaningful and flexible work arrangements in combination with
career development opportunities, refer to Figure 3. Unfortunately, this has resulted in a noticeable
reduction in the number of academic programs and therefore a reduction in the size of the talent pool.
Additionally, the ongoing retirement of professionals from the mining workforce has led to a loss of
institutional knowledge without adequate transfer to younger workers. Furthermore, the rapid evolution of
technologies and increasing regulatory requirements necessitate continuous professional development,
which many organisations lack the resources to support. These factors collectively contribute to a growing
gap in the skills and knowledge required for effective geotechnical risk management.

Mining is not attractive to young talent.

Share of respondents, ages 15 to 30, who would consider working in the following sectors, %

Construction 26
Manufacturing 31
asporalon s
Financial services 34 18 on
Arts and culture 28 21 14 ‘
High tech 31 22 B
Healthcare 31 19 16 ‘

Note: Tot

Figure 3 Survey results on individuals' willingness to work in various sectors (Mining Industry Human
Resources Council 2021)

At VBM, the skills gap has been identified as a key challenge, both internally and by its Underground
Geotechnical Review Board, across multiple operations. Recognising the strategic importance of addressing
this issue, VBM has also identified the broader value of investing in employee skills. Deloitte (2022) discusses
this value in detail and stipulates that organisations which prioritise and invest in skills are 57% more likely
to anticipate and respond effectively to change, 107% more likely to allocate talent efficiently, 98% more
likely to retain high performers, and 52% more likely to innovate.
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To address this gap and realise the associated benefits, VBM developed the GCCAP. The program includes a
skills referential, self-assessment tool, upskilling toolbox, and an online learning platform offering modules
in a variety of formats to suit different learning preferences. Several other companies have also recently
launched similar initiatives. For example, Rio Tinto recently launched a geotechnical capability development
program in partnership with the Mongolian University of Science and Technology and The University of
Queensland (Rio Tinto 2021). Similarly, Harmony Gold launched a pilot training program in partnership with
the University of Pretoria, aimed at offering training tailored to a level comprehensible to all employees.
This training program embraces the 70-20-10% approach discussed by Lombardo & Eichinger (1996).
Furthermore, Holcim launched a global learning and development program for its employees to develop skills
and qualifications autonomously in various languages and formats (Holcim 2025). Finally, BHP Billiton has
launched multiple initiatives to address skills shortages, including its Mining School of Excellence (MSoE) the
Future Fit/Future Tail Academy, and the BHP School of Rock (Creagh 2019).

5 Learning taxonomy

The VBM GCCAP has a defined learning taxonomy which is split into 3 areas; capabilities, skills and knowledge
areas — as shown in Figure 4. Capabilities are a combination of people, processes, and technologies that
define what a company does to fulfill business strategy and satisfy stakeholders. A skill is a learned ability
that enables someone to accomplish a specific task effectively. It is possible for someone to be technically
skilled to do a job, or possess soft skills that impact interpersonal relationships. Finally, a knowledge area can
be taught in the classroom theoretically as a passive learning module, or on the job as an active learning
module. An organisation’s capabilities are made up of skills which are in turn made up of knowledge areas.

CAPABILITIES

Figure 4 Learning taxonomy

6 Organisational baselining

To build a capabilities advancement program for any organisation, it is first necessary to understand the
community that would benefit from such a program. Therefore, a community mapping exercise is required
to understand the organisation’s ecosystem. Refer to Figure 5 for the results of a community mapping
exercise at VBM.
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Figure 5 Community mapping exercise example

It can be seen from Figure 5 that there are a wide variety of role titles. This is not uncommon for a large,
global organisation which operates in multiple jurisdictions, and to build a GCCAP, these roles need to be
grouped to simplify the process.

7 Deliverable-based skills mapping

Once the community has been identified, it is necessary to define all deliverables that a professional must
carry out to manage geotechnical risks successfully. Clearly defined deliverables provide a structured
framework that guides work and ensures the GCCAP is aligned with the overall objectives of the business.

Over the course of several workshops, the deliverables of the ground control community at VBM were
identified, as well as the interfaces for various deliverables. These deliverables and their interfaces were then
mapped to various technical, business, and soft skills that were deemed important by workshop participants.

For the VBM GCCAP, geotechnical skills were defined as skills that ground control professionals use as part
of their everyday jobs, to achieve tangible geotechnical related objectives or provide decision-making
knowledge to others. Business skills were defined as skills that ground control professionals must know to
practice ground control activities in the broader context of the organisation and to be able to embrace
trade-offs and achieve business objectives. Finally, soft skills were defined as skills that ground control
professionals need to know to work effectively and harmoniously with others inside and outside the
organisation.

The geotechnical, business, and soft skills were aggregated to form a comprehensive list. This list was
subsequently cross-referenced with a skills inventory derived from external research, which encompassed a
wide array of sources, including job descriptions, databases, and relevant publications. By integrating diverse
sources, the final list of skills made was comprehensive and aligned with industry standards and expectations.

Subsequent work sessions were then conducted to anticipate future changes and determine the horizon at
which these changes might occur. These sessions also focused on how work may be performed in the future,
what the ground control professional of the future may look like, and consequently, what skills will be
required to meet these evolving demands. Refer to Figure 6 for the future visions created for the
management of geotechnical hazards at VBM for underground and open pit assets.
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Figure 6 lllustrations of the technology roadmaps for (a) underground mines and (b) open pit mines at
Vale Base Metals

Based on the visions above, the following future shifts in geotechnical work have been anticipated at VBM:
e a pivot away from in-field to remote operations with an emphasis on analysis and decisions
e the broad expansion of data collection and utilisation
e afocus on data-driven decision-making in real time
e the use of advanced tools and dynamic scenario-based models to balance uncertainty
e areward-adjusted view of risk to support integrated planning
e collaboration continues to be critical for technical excellence.

Once identified, the skills were systematically organised into groups, which were then categorised by themes
to create a detailed skills map. Refer to Figures 7 to 9 for the resultant geotechnical, business, and soft skills
respectively; these were identified for the ground control community within VBM.
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Figure 7 Geotechnical skills map for Vale Base Metals
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Figure 9 Soft skills map for Vale Base Metals

8 Role profiles

Using the results of the deliverable-based skills mapping exercise, role profiles were then defined consisting
of jobs that have similar deliverables and skills. At VBM, 117 jobs were categorised into 6 role profiles
including independent qualified individuals, operations (ground control management), operations (ground
control), operations (hydrogeology and hydrology), operations (technologists and technicians) and capital
projects (ground control).

Refer to Figures 10 to 15 for details regarding the role profiles created at VBM. It is hoped that these profiles
can be used as a template for other organisations that wish to create their own role profiles.

8 SSIM 2025, Vancouver, Canada



| Role Profile 1: Independent Qualified Individual

Strategic risk management

11-,-/_;-.

Ground Control Capabilities Advancement Program &

Key Responsi es

Independent Qualified Individuals (IQls) within the Geotechnical Office assume a leadership role within the ground control community by providing technical
assurance, establishing standards and governance, spearheading technological advancements, advancing the capability of all ground control professionals, and
participating in significant incident investigations.

Roles Clusters

Geotech Office 1
« Practice Leader
Geotech Office 2
+ Principal Underground

«  Principal-Open Pit

T
Ground‘ControI

Technical Assurance

Technical Review for Capital Projects
Review Design Changes (Major)

Life of Mine Plan Reviews
Operations Checks

GRB (Geotechnical Review Board)
Integrated Ops Assessments

Governance and Standards
Standards

Policies

Guidelines

Procedures

* Minimum Measurements

Key Outputs

Technology Implementation

+ Technology Roadmap

+ Business Case Development

+ Technology Project Management

Capability Development/Mentorship
+  Skills Refinement

+ Development Processes

+ Improvement Tool-box

+ Mentorship, Training, Sharing

Incident Investigation
+ Investigation

* Recommendations

+ Lessons Learned

Business

«  Ground Control « Data Management « Financial Projections + Problem Solving
Management System + Ground Support Design + Planning & Technical

* Modeling & Calibration + Excavationand Slope Design Services

* Model Input Parameters ~ + Incident Response Planning * ProjectManagement &

+ Hazard Management & Action Productivity

+ Characterization «  Verification & * Technology & Innovation

+ Monitoring Design &
Implementation

Figure 10 Vale Base Metals independent qualified individual role profile

Communication

Mining & Plant Operations

| Role Profile 2: Operations (Ground Control Management)

Projects Group

Operations

Mine Technical Services

Business (Ops, ProjectG,

Tech Sic, Mine Planning)
GC Community
Leadership Team

Operations
Sites Geotech

Soft
Behaviors
Communication
Teamwork
Leadership
Operating in a Group

Main Interfaces

Technology Group
Contractors/Vendors
Ground Control Community
Regulatory Bodies
Managers

JHSC/ Health and Safety
Site Management

Site Ground Control

Ground Control Management professionals lead ground control teams. They are responsible for staffing, budgeting, managing contractors and vendors, controlling
quality and enforcing proper compliance to geotechnical and mining standards.

Roles Clusters

Ground Control Ops 2

Executive Manager (Geotechnics &

Hydrogeology)

Geotech & Hydrology Manager
* Rock Engineer Manager
Ground Control Ops 1

+ Manager Risks

+ Manager Performance

Manager Routines

Geotech Supervisor

Manager Long Range

]
Ground Control
|

Geotechnical Models and Design Parameters

* Delermine Geolechnical Domains & Properlies
* Rock Mass Model

*  Stress Tensor

«  Stability Assessment

*+ Geotechnical Data Gap Analysis
Monitoring & Response System

* Monitoring Plans

+ Install & Maintain Monitoring Eqt.
« Trigger Action Response Plan

* Monitoring Reporting

* Hazard Map

Major Incident Response

» Technical Investigation Report

* Develop Mitigation Strategies

+ Develop Reconditioning Plans

Key Outputs

Data Collection (infield to characterize rock mass)

«  Geolechnical Factual Reporls
+ Geotechnical Data Management System

+ Routine Geotechnical Mapping

+ Routine Geological & Structural Mapping

+ Routine Hydrogeological Data Collection
Ground Control Management Plans

+ Summation of all final outputs

Mine Design & Planning & Operations Support
Change Management

Reconditioning Plans

Ground Support Standards

Excavation Geometry & Sequence Constraint
Risk Management Strategies

Procedures

Surface Water Management Plans
Depressurization Plans

Business

+ Geologists

External Consultants

Mine Planning Engineers

Operations (Review)

Support Suppliers
+ Operations

Geotechnical Office

External Independent

Reviewers

Vendors

Remote Operating Centers

Main Interfaces

Remote Monitoring
Centers

Regulatory Bodies
Operations

Geology

Health & Safety
Geomechanics Study
Group

Contractors

Mine Management

+ Modeling & Calibration .
+ Characterization

Hazard Management
Ground Support Design

Financial Projections
Mining & Plant Operations «

+ Technology & Innovation
Problem Solving

+ Ground Control + Excavationand Slope Design + Planning & Technical
Management System + Incident Response Planning Services

* Monitoring Design & & Action + ProjectManagement &
Implementation * Verification and Productivity

+ Data Management

Communication

Exploration Execution

Figure 11 Vale Base Metals ground control management role profile
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+ Senior Engineers
Associated Skill Areas

| Role Profile 3: Operations (Ground Control)
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Ground Control Capabilities Advancement Program &

Key Responsi es

Site ground control practitioners characterize, design, and monitor mines excavations, openings, waste dumps, and stockpiles ensuring safe design through
geotechnical analyses. They collaborate with geologists, hydrogeologists, hydrologists, mining engineers, and operational teams to implement and optimize mine

designs and plans.

Roles Clusters

Ground Control 4

+ Principal Geotechnical
Engineer

« Chief Ground Control
Engineer

* Master Engineers

+ Specialist Geologist

« Chief Engineer-Backfill

* Manager-Geomechanical
Studies

+ Specialist Geotechnical
Engineer (PTVI)

Ground Control 3

+ Lead Ground Control

+ Senior Designer

« Senior Engineer- Backfill

Ground Control 2

+ Ground Control Engineer

+ Geotechnical Engineers

+ Junior Geotechnical
Engineer

* Specialist Engineers

« Senior Specialist Support
Engineers .

« Engineers

+ Intermediate Engineers

+ Specialist Geotechnical
Engineer (SA)

Parameters

+ Determine Geotechnical Domains &
Properties (incl Hydro)

Rock Mass Model

Stress Tensor
Stability Assessment

Geotechnical Data Gap Analysis
Mine Design & Planning & Operations

Change Management
Reconditioning Plans
Ground Support Standards
Excavation & Mining Sequence Constraint «
Recommendations

Key Outputs

Geotechnical Models and Design

Main Interfaces

Monitoring & Response System
+ Monitoring Plans
Install & Maintain Monitoring Eqt.
+ TriggerAction Response Plan
+ Monitoring Reporting
+ Hazard Map
Major Incident Response
+ Technical Investigation Report
+ Develop Mitigation Strategies
+ Develop Reconditioning Plans
Data Collection (infield to characterize rock
mass)
+ Geotechnical Factual Reports
Geotechnical Data Management System
Routine Geotechnical Mapping

Engineer

Senior Ground Control ~ «

Engineer

Senior Geotechnical

Engineers

Ground Control 1

Co-Op Student

* EIT Level 1, EIT Level 2, EIT
Level 3

« Trainee

Risk Management Strategies (strategic & «
tactical controls)
Procedures
Surface Water Management Plans .
Depressurization Plans

Routine Geological & Structural Mapping
Routine Hydrogeological Data Collection

Ground Control Management Plans

Summation of all final outputs

Geologists

External Consultants .

Mine Planning Engineers  «

Centers
Regulatory Bodies
Geology

+ Operations (Review) * Health & Safety

+ Support Suppliers + Geomechanics Study
+ Operations Group

+ Geotechnical Office « Contractors

Reviewers

Vendors

External Independent .

Mine Management

Remote Operating Centers

Remote Monitoring

'
Ground Control Business Soft
| |
Ground Control + Hazard Management + Financial Projections Productivity + Communication
Management System + Ground Support Design * Mining & PlantOperations + Technology & Innovation « Teamwork
+ Modeling & Calibration + Excavationand Slope Design * Planning & Technical * ProblemSolving « Leadership

+ Characterization

+ Incident Response Planning

Services

+ Monitoring Design & & Action
Implementation .

+ Data Management

Verification and .
Communication

* Exploration Execution

ProjectManagement &

Figure 12 Vale Base Metals ground control role profile

I Role Profile 4: Operations (Hydrogeology & Hydrology)

Operating in a Group
Self Development
Behaviors

e

1

Ground Control Capabilities Advancement Program =

Hydrology and Hydrogeology professionals plan and design water management systems, by collecting data, creating hydrological models, and monitoring water
movements. They contribute to minimizing environmental impact while ensuring sustainable and safe mining practices.

Roles Clusters

Hydro 4

 Principal Hydrogeologist

Hydro 3

« Senior Hydrology Engineer

« Senior Hydrology Designer

Hydro 2

+ Hydrology Supervisor/ Hydrology
Engineer

Hydro 1

* Junior Hydrology Engineer

1
Ground Control
1

Geotechnical Models and Design Parameters

* Delermine Geolechnical Domains & Properlies
(incl Hydro)

Rock Mass Model - For further discussion

ground water level contour)
* Geotechnical Data Gap Analysis
Monitoring & Response System
+ Monitoring Plans
+ Install & Maintain Monitoring Eqt.
« Trigger Action Response Plan
* Monitoring Reporting
* Hazard Map
Major Incident Response
+ Technical Investigation Report
« Develop Mitigation Strategies

Key Outputs

Dat

Stability Assessment (incl. pore pressure grids and «

Develop Reconditioning Plans

ta Collection (infield to characterize rock mass)
Geotechnical Factual Reports

Geotechnical Data Management System

Routine Hydrogeological Data Collection

Ground Control Management Plans

Summation of all final outputs

ne Design & Planning & Operations Support
Change Management

Risk Management Strategies (strategic & tactical
controls)

Procedures

Water Management Plans (surface and
underground)

Depressurization Plans

I
Business
|

Main Interfaces

Geologists Remote

External Consultants Centers

Mine Planning Engineers «

Monitoring

Regulatory Bodies

« Operations (Review) * Geology

« Support Suppliers * Health & Safety

+ Operations * Geomechanics Study

* Geotechnical Office Group

* External Independent + Contractors
Reviewers + Mine Management

+ Vendors +  Community

Remote Operating Centers

Soft

Modeling & Calibration .
Characterization .

Hazard Management
Ground Support Design

+ Financial Projections
* Mining & PlantOperations ¢

Productivity
Technology & Innovation

+  Ground Control
Management System

+ Monitoring Design &
Implementation

+ Data Management

+ Excavationand Slope Design

+ Incident Response Planning
& Action

+ Verification and
Communication

Planning & Technical
Services

Exploration Execution
Project Management &

+ ProblemSolving

Communication

Teamwork

Leadership
Operatingina
Self Developm:
Behaviors

Group
ent

Figure 13 Vale Base Metals hydrogeology and hydrology role profile
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I Role Profile 5: Operations (Technologists & Technicians)  cround control capabiities Advancement Program

Strategic risk management

1

*fé;;.
=

Key Responsi es

Ground control technologists and technicians support mining geotechnical daily activities. Their scope includes mapping, collecting and analyzing instrumentation
data, as well as conducting inspections. They participate in the operational routines by communicating ground control hazards and aiding in planning of field work
while ensuring compliance with safety requirements. They also support geotechnical exploration campaigns.

Roles Clusters

Techno 2

+ Senior Mines Technologist

Techno 1

 Seismic Technologist
* Mines Technologist
+ Technologists

+ Technicians

« Lab Technician

* Analysts

Monitoring & Response System (conformanceto Data Collection (infield to characterize rock mass)

design)
Monitoring Plans

Monitoring Reporting
* Hazard Map
Major Incident Response

Install & Maintain Monitoring Eqt.
« Trigger Action Response Plan

Mine Design & Planning & Operations Support

+ Technical Investigation Report

T
Ground Control
|

Key Outputs

Geotechnical Factual Reports
Geotechnical Data Management System
Routine Geotechnical Mapping

Routine Geological & Structural Mapping
Routine Hydrogeological Data Collection

Procedures

Business

+ Geologists

External Consultants

Operations (Review)

+ Support Suppliers

Operations

Geotechnical Office

External Independent
Reviewers

Vendors

Mine Planning Engineers

Soft

Main Interfaces

Remote Operating Centers
Remote Monitoring
Centers

Regulatory Bodies
Geology

Health & Safety
Geomechanics Study
Group

Contractors

Mine Management

Modeling & Calibration

Characterization

« Ground Control
Management System

+ Monitoring Design &

Implementation

Data Management

Hazard Management
Ground Support Design
Excavation and Slope Design
Incident Response Planning
& Action

Verification and
Communication

Financial Projections
Mining & Plant Operati
Planning & Technical
Services

Exploration Execution
Project Management &

Productivity
ons ¢ Technology & Innovation
* ProblemSolving

Figure 14 Vale Base Metals technologists and technicians role profile

l Role Profile 6: Capital Projects

Ground Control Capabilities Advancement Program =

Communication
Teamwork
Leadership
Operating in a Group
Self Development
Behaviors

e

1

Key Responsibilities

Capital project ground control practitioners support mining projects in the development of mining geotechnical designs, in accordance with standard guidelines,
requirements, and regulations. Within project teams, they develop strategies to address geotechnical risks and to ensure adequate transition from mining project to

operations.
Roles Clusters

Capital Project 2

« Principal Ground Control

« Senior Civil and Structural Engineer

Capital Project 1
+ Master Geologist

+ Geologists

Geotechnical Models and Design Parameters .
+ Determine Geotechnical Domains & Properties =

* Rock Mass Model
* Stress Tensor
+ Stability Assessments

Geotechnical Data Gap Ana\ysls

Key Outputs

Install & Maintain Monitoring Equipment
Trigger Action Response Plan (brownfield only,
includes preventive maintenance)

Monitoring Reporting (brownfield only)
Hazard Map (brownfield only)

Major Incident Response (all section is

Mine Design & Support
Reconditioning Plans (Brownflelds) .

« Ground Support Standards .

* Excavation Geometry & Sequence Constraint .

Recommendations

controls)

Depressurization Plans

Mnnltormg & Response System

* Monitoring Plans

only)

Technical Investigation Report
Develop Mitigation Strategies
Develop Reconditioning Plans

Data Collection

Risk Management Strategies (strategic & tactical

Excavation & Mining Sequence .
Surface Water Management Plans .

Geotechnical Factual Reports
Geotechnical Data Management System
Routine Geotechnical Mapping

Routine Geological & Structural Mapping
Routine Hydrogeological Data Collection

Ground Control Management Plans

Summation of all final outputs

« External Consultants
Geologists
* Mine Planning Engineers

Operations (Brownfields)

Support Suppliers
+ Contractors

Geotechnical Office

+ External Independent
Reviewers

+  Community

* Regulator Bodies

Community

Main Interfaces

Occupational Health &
Safety (brownfields)
Capital Projects Team
Operations

Remote Operating Centers
(brownfields)

Vendors

Geology
Geomechanics Study
Group

Mine Management
(Brownfields only)

Associated Skill Areas

1
Ground Control
!

Business

Soft

Modeling & Calibration
Characterization

Ground Support Design
Excavation & Slope Design”
Hazard Management
Ground Control
Management System

Monitoring Design &
Implementation

Incident Response Planning
& Action

Verification &
Communication

Data Management

Mining & PlantOperations

Planning & Technical
Services

Financial Projections
ProjectManagement &
Productivity

Exploration Execution
« Technology & Innovation
* Problem Solving

Communication
Teamwork
Behaviors
Self-Development

Figure 15 Vale Base Metals capital projects role profile
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Bridging the skills gap: a blueprint for enhancing ground control capabilities

9 Skills prioritisation

A Hossack et al.

Once a company-wide map of geotechnical objectives and skills was built, skills were prioritised so that
proficiencies and learning modules could be developed for high priority skills in a timely manner; as well as
to not overwhelm the search for solutions or the ground control community within the business.

At VBM, the process of skills prioritisation involved ranking each skill according to severity and scarcity, refer
to Figures 16 and 17. Severity being the impact of the skill on the business if it were lacking, and scarcity
defined as how common the skill is across the business. Each skill was then plotted on a 2 x 2 matrix to
illustrate primary, secondary, and tertiary skills. To ensure priority skills were in line with the strategic needs
of the business, a review by ground control leadership was carried out and adjustments made.

45
High . o
Priority
A
Input Parameter Generation
43 @ Conceptualization of Rock Mass Behavior
Geology Data Collection and Characterization
4 Geotechnical Numerical Modeling, Calibration and
1 Rock mass data collection ahd e
Underground Opening Design charactrization
° o Incident Investigation and Root Cause Analysis @
Workplace Inspections z G s 5
29 T el Aessmente econditioning Ground Support Design) Siope Design.
) ° ° ° v © Geotechnical Analytical Modeling,
Proactive ground support and improvement design Calibration and Inteepretation
; Minifg Stress Management TARP Development
| Empirical Modeling, Calibration and
37 ° 4 Interpretation ° - e --
Workforce Safety Communication Ground support preventative maintenance program
+—
O Data Analysis ° 9 Conceptualizat 2 e Developingand Maintaining
© 5 Hazard Identification and Risk Assessment 101 0F Brooedltes Standardsilicelines
o geological. Instrumentation selection
Emergency Response o e °
e S anegement Mot O e Backiill Design In-situ Stress Data Collection and Regime Characterization
i Emergency Response Planning
33 & Datalntegration °
Hazard Map Development
Data Validation & Cleaning Conceptualization of Hydrology/Hydrogeology Models
p 2
31 Quality Assurance and Quality Control Management
Cod
Instrufnentation Installation and Maintenance ° P P S
29 Hydrology Data Collection and Characterization
° @ DatasStorage Hydrogeology Data Collection and Characterization
27
& Low Priority
25
15 2 2.5 3 35 4 4.5
Low < Scarcity > High
Note: Instrumentation data collection and interpretation was
added as a skill after the prioritization exercise
45
High Priority
A
43
“ @
o Major Change Management
o ® Business Case/Trade-off
27 Mine Planning and Sequending
-
® °
o
£ 35
= Problem Solving ° ® Cost Estimation
ProjectManagement Drill and Blast Knowledge
33 Resource and Reserve Estimation ? ° ® Budgeting °
Asset Valuation
° » ) @ Technology Roadmapping
31 T = = = = Implementation - -
Execution Capabilities Minimum Project Requirements Time Managerpent Scanning and Selection
° © @ ® Design Thinking
54 Action Management Research Skifls
e ! :
Asking Probing/Pertinent Questi -
sking Probing/Pertinent Questions Nenoriaton ) )
27 @ Ppilots and Prototyping
° o e -
v e e et Diamond Drilling Blast Practices
Low Low Priority Ore Processing
15 2 = 5 45
Low <« Scarcity > High

Figure 17 Results of the business skill prioritisation exercise for Vale Base Metals
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10 Skill proficiency and matrix

The GCCAP for VBM introduces a multi-dimensional proficiency matrix with explicit performance bands.
These performance bands were defined as the following:

e foundational: basic understanding of concepts and principles
e intermediate: ability to apply knowledge in controlled settings
e advanced: expertise in solving complex problems and innovating solutions.

Each band was associated with cognitive load thresholds, and behavioural markers, otherwise known as
knowledge areas. Professionals advance through evidence-based achievement milestones. Refer to Figure 18
for an example of a skill and its associated knowledge areas defined for each proficiency.

Example: Rock Mass Data Collection and Characterization NMustrative

Definition: The evaluation and categorization of rock masses based on their geomechanical properties, using specific systems or criteria to inform engineering design and construction decisions

pml Foundational Yl Intermediate A

Knowledge of intact and rock mass properties (strength, An understanding of how different classification systems An ability to plan and implement a rock mass

stiffness, Poisson’s ratio) are used downstream for different design objectives, characterization program

An understanding of rock mass classification systems such as excavation or support design

(RMR MRMR, Bieniawski, Q, Q', GSI)

An ability to critically analyze the quality of the data

An ability to apply advanced survey and other An understanding of the limitations and uncertainties of

Knowledge of how to apply the different rock mass monitoring techniques for data collection parameters used in rock mass classification as well as an

classifications, and their correlations An ability to do the scan lines and regular mapping ability to communicate these to stakeholders

Knowledge of how to collect rock mass data through An ability to collect samples and conduct point load, An understanding of the potential impacts on the

spot mapping, and scan lines compressive uniaxial/triaxial, tensile, and direct shear business of rock mass characteristics

An understanding the influence of stress on rock mass tests

quality
Knowledge of rock and soil lab testing methodologies

An ability to conduct geotechnical logging

An understanding of new technologies used for rock
mass characterization and new classification systems

An understanding of the concepts of cohesion, friction
and shear strength

An ability to complete RQD assessments

Figure 18 Example of proficiency definitions for rock mass data collection and characterisation

Once proficiencies were defined for all skills, a skills matrix which cross-references specific roles with skills
and required proficiency levels was created. Unlike role profiles, which describe responsibilities, the skills
matrix provides a detailed framework for identifying training needs, assessing workforce capabilities, and
planning succession. Refer to Figure 19.

Ground Control Skills
Ground Control Management System

Developing and Maintaining Procedures, Standards and Guidelines
Geology Data Collection and Characterization
Data Collection and O

Ground  Ground
Ground Ground Ground Ground
rg[’:“"' (3":'}" Control 1 Control 2 Control 3 Control 4 Hydro1 Hydro2 Hydro3 Hydro 4

Capital  Capital
Project 1 Project 2

F F F

Hydrology Data Collection and Characterization

Rock mass data collection and characterization

mom oo

o . , I -
H

In-Situ Stress Data Collection and Regime Characterization
Data Validation & Cleaning

Data Integration

Data Storage

Coding

Input Parameter Generation

Data Analysis

Modeling & Calibration

Geotechnical Numerical Modeling. Calibration and Interpretation

Geotechnical Analytical Modeling, Calibration and Interpretation
Geotechnical Empirical Modeling. Calibration and Interpretation
Model Outcomes Visualization

Conceptualization of Rock Mass Behavior

Conceptualization of Hydrology/Hydrogeology Models
Conceptualization of geological lithologies and structures

Instrumentation Selection

mm oMo om o om

Instrumentation Installation and Maintenance

and

2% 15|
T

-mom o
l i
mmom o

F

F

F

In-field Assessments F

stratalis 6

116 vale | capabilities Advancement

NP No Proficiency Required  F Foundational Bl rcermediace

Figure 19 Example of a skills matrix
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Bridging the skills gap: a blueprint for enhancing ground control capabilities A Hossack et al.

11 Self-assessment

Self-assessment tools enable professionals to evaluate their skill gaps and identify areas for improvement.
These tools may include competency checklists, digital platforms with adaptive tests, and feedback
mechanisms. By engaging in self-assessment, individuals can take ownership of their professional
development and align their learning goals with their career aspirations and business requirements.
A self-assessment tool was created for the VBM ground control community, to serve as a baseline and
launching point for the GCCAP. Key aspects of the self-assessment survey tool include, but are not limited to:

e the gaps between current and expected proficiency level in the skills matrix are displayed
e a confidential comparison to peers within the same profile and role is displayed
e the tool can show which skills need to be developed for future roles

e the tool can also be used to facilitate the conversation between the professional and their leader,
aiming at selecting which skills to focus on

e these development priorities exist for both their current role and their future aspired role.

Refer to Figure 20 for a selection of images of the self-assessment tool that was developed to support the
VBM ground control community.

Ground Control Capability Advancement Program

. GEOTECH SKILLS QUESTIONS

6. What level best describes your knowledge of d

Dear Gro criteria?
Skill definition: Ihe creation and onaoina refinement of sustematic instructions and recommendations to execute activities and ensure aualitv and

: e, q T ~ St
ping and gp /9 based on the following

We are ex) consistency

B INDIVIDUAL DEVELOPMENT PRIORITIES

CAPIsac 0 ©

skolls or

T 2. Knowled - V... =
kept cont standards. ( Role GROUND CONTROL ASSESSMENT - INDIVIDUAL RESULTS

Part 1 - Curvent Role
major stepd Number of Gap identified

Areas with the Main Gaps vs Target fe e . . vs o

Figure 20 A selection of images of the self-assessment tool developed for the Vale Base Metals Ground
Control Capabilities Advancement Program

Each member of the VBM ground control community carried out the self-assessment survey and a
comprehensive analysis of the data collected was carried out, to understand broad capabilities within the
organisation and to determine if preconceived hypotheses about the state of the ground control community
in VBM were true.

As a result, it was discovered that most of the survey participants had an intermediate or advanced level of
proficiency in safety-related skills, such as workforce safety communication, workplace inspections and
working safely in the field — reflecting the company’s long-term emphasis on workforce safety. Additionally,
it was also discovered that many survey participants expressed gaps in ‘future skills’, such as coding, artificial
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intelligence, and machine learning, suggesting an opportunity to improve expertise required to meet the
demands of emerging technologies and practices in the mining industry. Furthermore, some of the greatest
opportunities for skills improvement in VBM included data collection, geotechnical numerical modelling, and
rock mass behaviour conceptualisation. Finally, gaps in areas such as business case development, trade-off
analysis, and cost estimation highlighted the need to develop business skills that enable community members
to make better decisions; while addressing gaps in resource and reserve estimation as well as mine planning
and sequencing enable community members to work more collaboratively with other disciplines.

12 Upskilling toolbox

An upskilling toolbox was then developed with customised learning approaches for all knowledge areas.
Learning approaches can be categorised into passive and active learning. Passive learning methods involve
structured, instructor-led or self-paced training. Examples include:

o off-the-shelf courses: pre-designed online modules, such as those offered by Coursera or the
Australian Centre for Geomechanics.

e custom courses: tailored programs developed in collaboration with industry experts to address
specific needs, such as slope stability analysis or seismic hazard assessment.

Active learning emphasises practical application and experiential learning. Key methods include:

e mentorship: pairing less experienced professionals with seasoned experts to facilitate knowledge
transfer

e job rotation: providing exposure to diverse geotechnical scenarios to broaden skill sets

e secondment: temporary assignments to regulatory bodies or other organisations to gain insights
into compliance and best practices

It can be seen from Figure 21 that knowledge areas for the primary skills were classified according to learning
approach. For active learning, approaches included absorption, mentorship, tutelage, job rotation and
secondment. While for passive learning, approaches included off-the-shelf courses and custom courses.

Iof‘ the-Shelf Courses 48

-
Passive Learning Approaches
I Custom Courses 26
-
Ground Control Knowledge Areas
M Mentorship 17
Total Knowledge Areas I Active Learning Approaches
44

175 M Absorption 14

M Tutelage 12

Business Knowledge Areas
57 Job Rotation 1

- Passive Learning Approaches
l Off-the-Shelf Course 31

Active Learning Approaches
Custom Course 22

— Secondment 2
Absorption 1

Tutelage 1

Figure 21 Breakdown of knowledge areas and associated learning approaches for the primary skills of the
Vale Base Metals Ground Control Capabilities Advancement Program

13 Course catalogue

Finally, a course catalogue was also developed as part of the VBM GCCAP. The courses were sourced with
subject matter experts from learning platforms, academia and vendors. Courses were organised by skill,
proficiency, and knowledge area to match upskilling objectives (refer to Figure 22).
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Bridging the skills gap: a blueprint for enhancing ground control capabilities A Hossack et al.

Course: Engineering Project Management Specialization V VALE

COURSE OVERVIEW

This specialization offers in-depth knowledge of project management tailored to engineering projects. It includes VENDOR
courses on project initiation, planning, execution, and closure, with a focus on the unique challenges faced in Coursera
engineering environments. By completing this specialization, professionals will gain the skills needed to lead

DURATION

engineering projects effectively, ensuring they meet their goals on time and within budget.
1 month at 10 hours a week

SKILL ADDRESSED
DELIVERY MODE
Project Management :

Online
KNOWLEDGE AREAS
COosT

== Understanding of the basic project scheduling techniques Fra

Understanding of stakeholder identification
Understanding of simple risk management approaches AVAILABILITY TYPE
On-demand
Knowledge of advanced project scheduling (Gantt charts, critical path method)

Knowledge of project budget management and cost tracking INSTRUCTOR

Q00000

Kazimir Karwowski, Tom Phalen

OTHER COURSE CONTENT

Perform a project assessment using information from previous projects and lessons learned, Identify key deliverables

based on business requirements while managing customer expectations, Analyze and develop a project organization

Create a project charter, Project Scope, Prioritization Matrix

Proficiency Levels | am. Foundational A Intermediate A Advanced Stmtalism

COURSE LINK: h

Figure 22 An example of a course 1-pager developed for the Vale Base Metals Ground Control Capabilities
Advancement Program course catalogue

14 Conclusion

The development and implementation of a GCCAP at VBM has revealed several insights that may serve as
valuable guidelines for others undertaking similar journeys in capability building within technical domains.

First and foremost, it is essential to begin with a clear understanding of purpose. Knowing the ‘why’ behind the
program, what specific jobs are to be done and what value does the technical function delivers.
This information provides a foundation for meaningful design. This clarity also ensures that the program is not
merely a collection of training modules, but a strategic enabler of operational excellence and risk mitigation.

Equally important is the recognition and management of the most significant challenges, which are often
both human and technical in nature. On the human side, successful implementation requires proactive
engagement with non-technical stakeholders such as human resources and information technology teams.
These partnerships demand clear communication, shared objectives, and mutual respect. On the technical
side, the task of deconstructing geotechnical skills into their fundamental components can be daunting.
It requires deep expertise and a willingness to confront the complexity of what is often tacit knowledge.
Yet, through this process, it is often discovered that more insight and capability are possessed than initially
realised.

Delving into the technical detail is not something to be feared. In fact, it is a necessary step in creating a
program that is both rigorous and relevant. Breaking down knowledge into discrete, teachable elements
demands precision and discipline, but it is this granularity that enables effective learning and skill transfer.

Prioritisation is another cornerstone of success. Without a disciplined approach to identifying and focusing
on the most critical skills, there is a risk of creating an encyclopaedic repository that overwhelms rather than
empowers. The goal must be to deliver targeted, high-impact learning experiences that align with operational
priorities and risk profiles.

Accessibility is also paramount. Knowledge must be available at the point of need, through platforms that
are intuitive, flexible, and responsive to the realities of field-based work. A well-designed learning
environment supports just-in-time learning and reinforces continuous development.
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Moreover, the program must be designed to create a natural pull for participation. Rather than relying on
mandates or punitive measures, the most effective programs cultivate intrinsic motivation by demonstrating
clear value to the learner and the organisation. This cultural shift, from compliance to curiosity, can be one
of the most powerful outcomes of a well-executed development initiative.

Finally, it is important to recognise that not all content needs to be built from scratch. A wealth of digital
courses, vendor modules, and academic resources already exists. The key is to curate thoughtfully, building
only what is unique or critical, and integrating external resources where they meet the required standards of
quality and relevance.

In summary, the journey to build geotechnical capabilities is as much about strategic alignment and cultural
transformation as it is about technical instruction. By grounding the program in purpose, embracing complexity,
and designing for accessibility and engagement, organisations can cultivate a geotechnical community that is
not only technically proficient but also resilient, innovative, and aligned with the future of mining.
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