Module 1: Mining Fundamentals

Certified Ekasi Mineral Leacher Program - Detailed Study Guide

Learning Objectives

By the end of this module, students will be able to:

1. Define and differentiate basic mining terminology with 95% accuracy

2. Classify different types of mining operations based on geological and economic factors
3. Analyze the complete mineral extraction value chain from exploration to market

4. Calculate ore grade, tonnage, and recovery with practical applications

5. Evaluate economic feasibility using standard mining economics principles

6. Apply fundamental concepts to real-world mining scenarios

Section 1: Core Mining Terminology and Concepts

1.1 Fundamental Definitions
Ore

Definition: A naturally occurring mineral aggregate containing one or more valuable constituents in such

concentrations that they can be profitably extracted under prevailing economic conditions.

Key Characteristics:

e Must contain valuable minerals in economic concentrations

e Profitability depends on:

e Metal prices

e Extraction costs

e Transportation costs

e Processing technology

e Environmental compliance costs

Examples:

¢ Gold ore: Typically economic at grades as low as 0.5-1.0 g/t

e Copper ore: Economic grades typically 0.3-3.0% Cu



¢ Iron ore: Economic grades typically 25-65% Fe

¢ Uranium ore: Economic at grades as low as 0.01-0.1% U;Osg

Gangue
Definition: The commercially worthless rock or mineral matter intimately associated with ore minerals.
Characteristics:

e Constitutes the majority of mined material
e Must be separated from valuable minerals
¢ Can sometimes become valuable if market conditions change

e May contain trace valuable elements
Common Gangue Minerals:

e Quartz (SiO;): Most common gangue mineral
e Feldspar: Common in hard rock deposits
e Calcite (CaCO;): Common in carbonate-hosted deposits

¢ Clay minerals: Often problematic for processing

Grade

Definition: The concentration of a valuable constituent in an ore, typically expressed as a percentage by

weight or parts per million (ppm).
Expression Methods:
e Percentage (%): For base metals (copper: 2.5% Cu)
e Grams per tonne (g/t): For precious metals (gold: 5.0 g/t Au)

e Ounces per ton (oz/t): Traditional US unit (gold: 0.146 oz/t)

e Parts per million (ppm): For trace elements (1% = 10,000 ppm)
Grade Classifications:

e High-grade: Above average for the commodity
e Low-grade: Below average but still economic
e Sub-grade: Below current economic cutoff

e Waste: No economic value

Recovery



Definition: The percentage of valuable material actually extracted from the ore during processing.
Types of Recovery:

1. Metallurgical Recovery: Percentage recovered in the plant
2. Mining Recovery: Percentage of in-situ resource actually mined

3. Overall Recovery: Combined mining and metallurgical recovery

Factors Affecting Recovery:

e Ore mineralogy and texture

e Processing technology used

Particle size and liberation

Chemical interference

e Equipment efficiency
Tailings
Definition: The waste material remaining after the valuable minerals have been extracted from ore.
Characteristics:

e Typically 90-99% of the original ore volume
e May contain residual valuable minerals
e Requires long-term storage and management

e Environmental liability if not properly managed
Management Considerations:

¢ Tailings storage facility (TSF) design
e Geochemical stability
e Water management

e Long-term closure planning

1.2 Resource and Reserve Classifications

Resources

Definition: A concentration of material in or on the Earth's crust with reasonable prospects for economic

extraction.



Categories:

¢ Inferred: Geological evidence and limited sampling
¢ Indicated: Reasonable geological confidence

e Measured: High degree of geological confidence

Reserves
Definition: The economically mineable part of a measured or indicated resource.
Categories:

e Probable: Based on indicated resources

e Proven: Based on measured resources
Cutoff Grade
Definition: The minimum grade required for material to be classified as ore rather than waste.
Calculation Factors:

e Operating costs per tonne

e Processing costs per tonne

Metal prices

Recovery rates

Royalties and taxes

Section 2: Types of Mining Operations

2.1 Surface Mining Methods

Open-Pit Mining

Definition: Large-scale surface mining method creating a terraced excavation.
Applications:

e large, low-grade deposits
e Deposits extending to significant depth
e Stable pit wall conditions

e Favorable overburden-to-ore ratios



Key Parameters:

e Stripping Ratio: Volume of waste removed per unit of ore
¢ Pit Slope Angle: Determined by geotechnical conditions
e Bench Height: Typically 10-15 meters

e Ultimate Pit Limit: Maximum economic excavation boundary
Equipment:

¢ Drilling: Rotary blast hole drills (150-300mm diameter)
e Blasting: ANFO, emulsion explosives
e Loading: Electric shovels, hydraulic excavators (50-100+ cubic yard capacity)

¢ Hauling: Off-highway trucks (100-400 tonne capacity)
Advantages:

e High production rates (10,000-100,000+ tonnes/day)
e Lower operating costs per tonne

e Better ore control and selectivity

e Safer working environment

e Suitable for mechanized operations
Disadvantages:

e High initial capital investment

e Large environmental footprint

e Limited by depth (typically <500m economic limit)
e Weather dependent

e Requires waste disposal areas
Strip Mining

Definition: Surface mining method removing overburden in strips to access horizontal or near-horizontal

ore bodies.
Applications:

e Coal seams

e Qil sands



e Placer deposits

e Shallow, horizontal deposits
Process:

1. Remove topsoil and store for reclamation
2. Remove overburden and stockpile

3. Extract ore/coal

4. Backfill with overburden

5. Replace topsoil and revegetate
Environmental Considerations:

e Requires comprehensive reclamation planning
e Potential for acid mine drainage
e Habitat disruption

e Surface and groundwater impacts

Mountaintop Removal
Definition: Extreme form of strip mining removing entire mountaintops to access coal seams.
Process:

e Forest clearing
e Topsoil and overburden removal
e Coal extraction

o Valley fill disposal
Controversies:

¢ Significant environmental impacts
e |rreversible landscape alteration
e Community opposition

e Regulatory restrictions

2.2 Underground Mining Methods

Room and Pillar Mining



Definition: Mining method creating rooms supported by pillars of unmined ore or rock.
Applications:

o Relatively flat-lying deposits
e Competent ore and host rock
e Deposits at moderate depths

e High-value commodities where pillar loss is acceptable
Design Parameters:

¢ Pillar Size: Calculated for structural support
e Room Width: Limited by roof stability
e Extraction Ratio: Typically 40-60%

¢ Pillar Recovery: Sometimes possible during mine closure
Advantages:

e Relatively safe method
e Good ore recovery in rooms
e Flexible mining sequence

e Lower development costs
Disadvantages:

e Ore left in pillars (typically 40-60% of deposit)
e Limited to relatively flat deposits
e Subsidence potential with pillar failure

e Requires competent ground conditions

Longwall Mining
Definition: Highly mechanized underground mining method extracting coal in long faces.
Process:

1. Development of access roads and setup rooms
2. Installation of longwall equipment
3. Systematic extraction along the face

4. Controlled roof collapse behind shields



Equipment:

e Shearer: Cuts coal along the face (150-400m long)
e Shields: Hydraulic supports protecting workers
e Conveyor: Transports coal from face

¢ Crusher: Sizes coal for transport
Applications:

e Primarily coal mining
e Flat-lying, continuous seams
e Depths of 150-300m typical

e Seam thickness 1.5-5.0m
Advantages:

e High production rates
e Good ore recovery (typically >75%)
e Highly mechanized operation

e Lower unit costs for suitable deposits
Disadvantages:

e High capital investment
e Surface subsidence
e Limited flexibility

e Requires specific geological conditions

Cut and Fill Mining

Definition: Underground mining method where ore is removed in horizontal slices and voids are filled

with waste material.
Process:

1. Extract ore in horizontal slices (lifts)
2. Fill void with waste rock or tailings

3. Repeat process for overlying slices

Applications:



e Steep-dipping, high-grade deposits
e Unstable ground conditions
e High-value ores justifying higher costs

e Deposits requiring good recovery
Fill Materials:

e Rock Fill: Waste rock, coarse and inexpensive
¢ Hydraulic Fill: Classified tailings, provides good support

e Cemented Fill: Cement-stabilized fill, highest cost but best support
Advantages:

e High ore recovery (>90%)
e Good ground control
e Environmentally friendly (uses mine waste)

e Safe working environment
Disadvantages:

e High operating costs
e Lower production rates
e Complex logistics

e Requires suitable fill materials

2.3 Solution Mining Methods
In-Situ Leaching (ISL)

Definition: Mining method where leaching solutions are injected directly into the ore deposit to dissolve

valuable minerals.
Applications:

¢ Uranium: Most common application (>50% of world production)
e Copper: Oxide deposits in suitable geology
e Rare Earth Elements: Emerging application

e Salt: Brine solution mining

Process Components:



1. Well Field Development:

e Injection wells: Introduce leaching solution
e Recovery wells: Extract pregnant solution

e Monitor wells: Environmental protection

2. Solution Preparation:

e Uranium: Sulfuric acid or carbonate solutions
e Copper: Sulfuric acid solutions

e pH and concentration optimization

3. Processing:

¢ lon exchange or solvent extraction

e Metal recovery and purification

Geological Requirements:

e Permeable ore zone
e Impermeable confining layers above and below
e Suitable groundwater conditions

e Favorable ore mineralogy
Advantages:

e Minimal surface disturbance
e Lower capital costs
¢ No tailings generation

e Reduced mining risks
Disadvantages:

e Groundwater contamination risk
e Limited to specific geological settings
e Potentially lower recovery rates

e Long-term environmental monitoring required

Brine Extraction

Definition: Solution mining method for extracting minerals from subsurface brines or salt deposits.



Applications:

¢ Lithium: Salt flats (salars) and geothermal brines
e Sodium Chloride: Rock salt deposits
e Potash: Evaporite deposits

e Magnesium: Seawater extraction
Process for Salt Mining:

1. Drill wells into salt formation
2. Inject fresh water to dissolve salt
3. Pump saturated brine to surface

4. Evaporate brine to recover salt
Lithium Brine Processing:

1. Brine extraction from aquifer
2. Solar evaporation in ponds
3. Chemical concentration and purification

4. Lithium carbonate precipitation

Section 3: The Mineral Extraction Value Chain

3.1 Exploration and Resource Evaluation

Phases of Exploration

1. Regional Exploration

¢ Objective: Identify prospective areas
e Methods: Geological mapping, satellite imagery, regional geochemistry

e Scale: 1:50,000 to 1:250,000

¢ Investment: Low (thousands to tens of thousands of dollars)
2. Target Generation

e Objective: Define specific drill targets
e Methods: Detailed mapping, geochemistry, geophysics
e Scale: 1:10,000 to 1:50,000



¢ Investment: Moderate (hundreds of thousands of dollars)
3. Target Testing

e Objective: Test geological model with drilling
e Methods: Diamond drilling, reverse circulation drilling
e Scale: 1:1,000 to 1:10,000

¢ Investment: High (millions of dollars)
4. Resource Definition

e Objective: Define mineral resource
e Methods: Systematic drilling, metallurgical testing
e Scale: 1:500 to 1:2,000

¢ Investment: Very high (tens of millions of dollars)

Exploration Techniques

Geological Methods:

e Mapping: Rock units, structures, alteration
e Sampling: Rock chips, stream sediments, soils

e Structural Analysis: Faults, folds, lineaments
Geochemical Methods:

e Stream Sediment Sampling: Regional reconnaissance
¢ Soil Sampling: Target definition

e Rock Chip Sampling: Direct ore sampling
Geophysical Methods:

e Magnetic Surveys: Map geological structures
e Gravity Surveys: Density contrasts
e Electromagnetic (EM): Conductive ore bodies

¢ Induced Polarization (IP): Disseminated sulfides
Drilling Methods:

e Diamond Core Drilling: High-quality samples, expensive



¢ Reverse Circulation (RC): Faster, less expensive
e Air Core: Very fast, limited depth

e Percussion: Shallow drilling
3.2 Mine Development and Planning
Feasibility Studies
Pre-Feasibility Study (PFS):

e Accuracy: £25-35%
e Purpose: Initial project economics
¢ Investment: $1-5 million

e Duration: 6-12 months
Components:

e Resource estimate (indicated and inferred)

e Mining method selection

Processing flowsheet development
¢ |Infrastructure requirements
e Environmental baseline studies

e (Capital and operating cost estimates
Definitive Feasibility Study (DFS):

e Accuracy: +10-15%
e Purpose: Final investment decision
¢ Investment: $5-20+ million

e Duration: 12-24 months
Components:

e Proven and probable reserves

Detailed mine plan

Process plant design

Infrastructure design

e Environmental and social impact assessment



e Detailed financial analysis
e Risk assessment

Mine Planning Process

1. Geological Modeling:

e Grade and tonnage estimation
e Spatial distribution of mineralization
e Geological domains and controls

e Resource classification
2. Geotechnical Assessment:

e Rock mass characterization

e Slope stability analysis

e Ground support requirements
e Mining method optimization

3. Mining Schedule Development:

e Production rate optimization
e Equipment selection and sizing
e \Waste/ore sequencing

e Cash flow optimization
4. Processing Plan:

e Metallurgical testing programs

e Process flowsheet design

e Recovery and product quality

e Operating conditions optimization
3.3 Extraction Operations
Mine Operations Planning

Production Planning:

¢ Annual Plans: Detailed 12-month operational plans



Monthly Plans: Specific production targets and schedules

e Weekly Plans: Equipment allocation and crew assignments

Daily Plans: Specific task assignments

Grade Control:

Blast Hole Sampling: Grade definition for mining blocks
Ore/Waste Classification: Economic boundary determination
Ore Blending: Consistent feed grade to processing

Quality Control: Analytical accuracy and precision

Mining Equipment Selection

Factors Affecting Selection:

Production rate requirements
Operating cost considerations
Capital cost constraints
Operating conditions
Maintenance requirements

Availability and utilization targets

Key Performance Indicators (KPIs):

Availability: Percentage of time equipment is available for production
Utilization: Percentage of available time actually used

Overall Equipment Effectiveness (OEE): Availability x Utilization x Performance
Cost per Tonne: Total operating cost divided by tonnes moved

Productivity: Tonnes per hour or tonnes per shift

3.4 Ore Processing and Beneficiation

Processing Objectives

Primary Objectives:

Maximize valuable mineral recovery

e Achieve required product quality

e Minimize processing costs



e Ensure environmental compliance

e Optimize overall project economics

Common Processing Steps
1. Comminution:

¢ Crushing: Size reduction from run-of-mine to <25mm
¢ Grinding: Fine size reduction for mineral liberation

¢ Classification: Size separation for process optimization
2. Concentration:

e Gravity Separation: Density differences (gold, heavy minerals)
¢ Flotation: Surface chemistry differences (sulfide ores)
e Magnetic Separation: Magnetic property differences (iron ores)

¢ Electrostatic Separation: Electrical conductivity differences
3. Dewatering:

¢ Thickening: Solid-liquid separation
¢ Filtration: Final moisture removal

¢ Drying: Thermal moisture removal

Metallurgical Testing

Laboratory Testing:

e Mineralogical characterization
e Comminution testing (Bond work index)
e Concentration testing (flotation, gravity)

e Dewatering characteristics
Pilot Testing:

e Continuous operation simulation
e Equipment performance verification
e Process optimization

e Scale-up factor determination



3.5 Product Marketing and Distribution

Product Specifications

Concentrate Products:
e Copper Concentrate: 20-30% Cu, <0.5% As, <0.1% Bi
¢ Zinc Concentrate: 50-55% Zn, <1.0% Fe, <0.05% Cd

¢ Lead Concentrate: 65-75% Pb, <3% Zn, <0.1% As
¢ Gold Concentrate: Variable grade, 30-1000+ g/t Au

Metal Products:

e Cathode Copper: 99.99% Cu minimum
e Gold Doré: 85-95% Au+Ag content
e Silver Bullion: 99.9% Ag minimum

¢ Refined Zinc: 99.95% Zn minimum

Marketing Considerations
Factors Affecting Marketing:

e Product quality and specifications

e Transportation costs and logistics

e Market demand and pricing

e Customer requirements and contracts

e Regulatory compliance
Sales Contracts:

e Spot Sales: Current market price
e Term Contracts: Fixed price or pricing formula
e Concentrate Sales: Treatment and refining charges

e Hedge Contracts: Price risk management

3.6 Mine Closure and Rehabilitation

Closure Planning

Progressive Rehabilitation:



Concurrent rehabilitation during mining

Reduces final closure costs

Demonstrates commitment to restoration

Provides learning opportunities
Final Closure Activities:

¢ Infrastructure decommissioning
¢ Tailings facility closure

e Surface rehabilitation

e Groundwater monitoring

e Long-term care and maintenance

Financial Assurance
Bonding Requirements:

e Reclamation bonds
e Performance guarantees
e Trust funds

e Insurance policies
Cost Estimation:

e Present value of future closure costs
¢ Inflation and discount rate assumptions
e Technology and regulatory uncertainties

e Long-term monitoring costs

Section 4: Ore Grade and Tonnage Calculations

4.1 Grade Calculation Methods
Arithmetic Mean

Used when sample lengths or weights are equal.

Formula:



[ Grade = (X(Individual Grades)) / Number of Samples

Example: Sample grades: 2.1%, 1.8%, 2.5%, 1.9%, 2.3% Average grade = 2.1 + 1.8 + 25+ 1.9+ 23) + 5
=2.12%

Length-Weighted Average
Used when sample lengths vary.

Formula:

[ Grade = X(Grade x Length) / X(Length)

Example:

e Sample 1: 1.5% Cu over 2.0m
e Sample 2: 2.8% Cu over 1.5m
e Sample 3: 0.8% Cu over 3.0m

Weighted Average = [(1.5x2.0) + (2.8x1.5) + (0.8x3.0)] =+ (2.0+1.5+3.0)
=[3.0+42+24]+65=96+6.5=148%Cu

Tonnage-Weighted Average
Used when sample tonnages vary.

Formula:

[ Grade = X(Grade x Tonnage) / X(Tonnage)

4.2 Tonnage Estimation Methods

Cross-Sectional Method

Process:

1. Create geological cross-sections

2. Calculate area of ore zones on each section
3. Assign average thickness between sections
4. Calculate volume: V = Area x Thickness

5. Apply bulk density: Tonnage = Volume x Density



Example Calculation:

e Section 1 area: 150 m?

e Section 2 area: 200 m?

e Distance between sections: 25 m

e Average area: (150 + 200) + 2 = 175 m?

e Volume: 175 m? x 25 m = 4,375 m?

e Bulk density: 2.7 t/m?

e Tonnage: 4,375 m* x 2.7 t/m* = 11,813 tonnes

Block Model Method
Process:

1. Divide deposit into regular blocks (e.g., 1T0m x 10m x 5m)
2. Estimate grade and tonnage for each block
3. Classify blocks as ore or waste based on cutoff grade

4. Sum ore blocks for total resource
Block Classification:

e Above cutoff grade = Ore block
e Below cutoff grade = Waste block

¢ No data = Unclassified
4.3 Statistical Considerations
Grade Distribution
Most ore deposits show:

¢ Positive skew: Few high-grade samples, many low-grade
e Outlier values: Exceptionally high or low grades

e Spatial correlation: Nearby samples tend to be similar
Sampling Errors
Types of Errors:

¢ Fundamental Error (FE): Particle size and distribution effects



¢ Grouping and Segregation Error (GSE): Non-uniform sample distribution

Delimitation Error (DE): Incorrect sample boundaries

Extraction Error (EE): Sample collection problems

Preparation Error (PE): Sample handling and processing

e Analytical Error (AE): Laboratory measurement errors

Quality Assurance/Quality Control (QA/QC)
Standard Procedures:

¢ Blank Samples: Detect contamination (target: <2% failures)
e Duplicate Samples: Measure precision (target: <10% relative difference)
e Standard Reference Materials: Measure accuracy (target: +5% of true value)

¢ Field Duplicates: Measure sampling variability

Section 5: Economic Considerations

5.1 Capital vs Operating Expenditures

Capital Expenditure (CAPEX)
Initial Capital (Construction Phase):

e Mine development and infrastructure
e Processing plant construction

e Equipment purchase and installation
e Working capital requirements

e Pre-production costs
Sustaining Capital (Operating Phase):

e Equipment replacement and refurbishment
e Mine development to maintain access
¢ Plant modifications and improvements

e Environmental compliance upgrades
Typical CAPEX Distribution:

e Mining: 20-30%



e Processing: 30-40%
e [nfrastructure: 15-25%

e Indirect costs: 15-25%
Operating Expenditure (OPEX)
Mining Costs:

e Labor (operators, maintenance, supervision)
e Equipment operating costs (fuel, maintenance)
e Explosives and consumables

e Contractor services
Processing Costs:

e Power and utilities
e Reagents and consumables
e Maintenance materials and services

e Laboratory services
General and Administrative (G&A):

e Management and administration
e Environmental monitoring
e Community relations

e Insurance and permits
Typical Cost Distribution:

¢ Mining: 40-60% of total operating costs
e Processing: 25-35% of total operating costs

o G&A: 10-15% of total operating costs
5.2 Financial Analysis Methods
Net Present Value (NPV)
Definition: The present value of future cash flows minus the initial investment.

Formula:



NPV = X[CFt / (1 + )] - Initial Investment

Where:
CFt = Cash flow in year t
r = Discount rate

t = Time period

- J

Interpretation:

e NPV > 0: Project creates value
e NPV < 0: Project destroys value

e NPV = 0: Project breaks even
Example Calculation: Initial Investment: $100M Annual Cash Flows: $25M for 6 years Discount Rate: 10%

NPV = -100 + 25/(1.10)" + 25/(1.10)* + 25/(1.10)® + 25/(1.10)* + 25/(1.10)> + 25/(1.10)°
NPV = -100 + 22.7 + 20.7 + 188 + 17.1 + 15.5 + 14.1 = $8.9M

Internal Rate of Return (IRR)
Definition: The discount rate that makes NPV equal to zero.
Interpretation:

¢ |RR > Required return: Accept project

¢ |RR < Required return: Reject project
Calculation: Requires iterative solution or financial calculator/software.
Limitations:

e Multiple IRR solutions possible
e Assumes reinvestment at IRR rate

e May conflict with NPV in project ranking
Payback Period
Simple Payback Period: Formula: Initial Investment + Average Annual Cash Flow
Discounted Payback Period: Considers time value of money in calculation.
Example: Initial Investment: $50M Annual Cash Flows: $8M

Simple Payback = $50M + $8M = 6.25 years




5.3 Sensitivity Analysis
Key Variables

Market Variables:

e Metal prices
e Exchange rates
¢ |Inflation rates

e Market demand
Operating Variables:

Production rates

Operating costs

Recovery rates

Ore grades
Capital Variables:

e Construction costs
e Equipment costs
e Development costs

e Working capital
Sensitivity Analysis Process
Steps:

1. Identify key variables

2. Define variable ranges (+10%, £20%, etc.)
3. Calculate NPV for each scenario

4. Rank variables by impact on NPV

5. Identify critical success factors

Spider Diagram: Graphical representation showing sensitivity of NPV to various parameters.

5.4 Risk Analysis

Types of Risk



Technical Risks:

e Geological uncertainty
e Metallurgical performance
e Equipment reliability

e Construction delays
Market Risks:

e Commodity price volatility
e Demand fluctuations
e Competition changes

e Substitute products
Political/Regulatory Risks:

e Government policy changes
e Tax and royalty changes
e Environmental regulations

e Permitting delays
Financial Risks:

e |Interest rate changes
e Currency fluctuations
e Credit availability

e Cost inflation
Risk Management Strategies
Risk Mitigation:

¢ Diversification

¢ Insurance coverage

e Contractual protections

e Technology selection

e Conservative assumptions

Risk Monitoring:



Key performance indicators

Regular reviews and updates

Scenario planning

Contingency planning

Section 6: Practice Problems and Solutions
Problem Set A: Basic Calculations

Problem 1: Grade Calculation

A drill hole intersected the following mineralized intervals:

e 0-2m: 0.5% Cu

2-5m: 2.1% Cu
5-7m: 0.8% Cu

7-12m: 3.2% Cu

12-15m: 1.1% Cu

Calculate the length-weighted average grade for the entire mineralized interval.
Solution: Length-weighted average = Z(Grade x Length) + Total Length

= [(0.5x2) + (2.1x3) + (0.8x2) + (3.2x5) + (1.1x3)] + 15
=[10+63+16+ 160+ 3.3]+ 15
=282+ 15=188%Cu

Problem 2: Tonnage Calculation

An ore body has been defined by drilling on a 25m x 25m grid. The ore zone has the following

characteristics:

e Length: 200m
e Width: 150m
e Average thickness: 12m

e Bulk density: 2.65 t/m?
Calculate the total tonnage of ore.

Solution: Volume = Length x Width x Thickness Volume = 200m x 150m x 12m = 360,000 m?*



Tonnage = Volume x Bulk Density
Tonnage = 360,000 m? x 2.65 t/m® = 954,000 tonnes

Problem 3: Metal Content Calculation

A copper mine produces 15,000 tonnes per day of ore with an average grade of 1.8% Cu. The processing

plant achieves 92% copper recovery.

Calculate:
a) Daily copper content in ore

b) Daily copper metal production
Solution: a) Daily copper content = Tonnage x Grade = 15,000 t/day x 0.018 = 270 tonnes Cu/day

b) Daily copper production = Copper content x Recovery
= 270 t/day x 0.92 = 248.4 tonnes Cu/day

Problem Set B: Economic Analysis
Problem 4: Simple Payback Calculation

A mining project requires an initial investment of $75 million. The project is expected to generate the

following annual cash flows:

e Years 1-3: $12 million/year
e Years 4-8: $18 million/year
e Years 9-12: $15 million/year

Calculate the simple payback period.
Solution: Cumulative cash flows:

e Year 1: $12M (Cumulative: $12M)

Year 2: $12M (Cumulative: $24M)

Year 3: $12M (Cumulative: $36M)

Year 4: $18M (Cumulative: $54M)

Year 5: $18M (Cumulative: $72M)

Year 6: $18M (Cumulative: $90M)

Payback occurs between Year 5 and Year 6.
Remaining amount after Year 5: $75M - $72M = $3M
Time in Year 6: $3M + $18M = 0.17 years



Simple payback period = 5.17 years

Problem 5: NPV Calculation

Calculate the NPV for the project in Problem 4 using a 12% discount rate.
Solution: NPV = -$75M + Z[CFt + (1.12)/]

Year 1: $12M = (1.12)" = $10.71M
Year 2: $12M = (1.12)? = $9.56M
Year 3: $12M = (1.12)* = $8.54M
Year 4: $18M = (1.12)* = $11.43M
Year 5: $18M =+ (1.12)° = $10.21M
Year 6: $18M =+ (1.12)¢ = $9.12M
Year 7: $18M = (1.12)" = $8.14M
Year 8: $18M =+ (1.12) = $7.27M
Year 9: $15M =+ (1.12)° = $5.39M
Year 10: $15M =+ (1.12)"° = $4.81M
Year 11: $15M = (1.12)" = $4.30M
Year 12: $15M =+ (1.12)"? = $3.84M

NPV = -$75M + ($10.71 + $9.56 + $8.54 + $11.43 + $10.21 + $9.12 + $8.14 + $7.27 + $5.39 + $4.81 +
$4.30 + $3.84)
NPV = -$75M + $93.32M = $18.32M

Interpretation: Positive NPV indicates the project creates value and should be accepted.

Problem Set C: Advanced Applications

Problem 6: Cutoff Grade Calculation

A gold deposit has the following cost structure:

e Mining cost: $8.50/tonne

e Processing cost: $15.20/tonne
e G&A cost: $3.80/tonne

e Gold recovery: 85%

e Gold price: $1,800/0z

e Royalty: 3% of gross revenue

Calculate the breakeven cutoff grade.



Solution: Total operating cost = $8.50 + $15.20 + $3.80 = $27.50/tonne

Revenue required per tonne = Operating cost + (1 - Royalty rate)
Revenue required = $27.50 + (1 - 0.03) = $28.35/tonne

Gold content required = Revenue + (Gold price x Recovery)
Gold content = $28.35 + ($1,800/0z x 0.85)
Gold content = $28.35 + $1,530/0z = 0.0185 oz/tonne

Converting to g/t: 0.0185 oz/t x 31.1035 g/oz = 0.58 g/t Au

Cutoff grade = 0.58 g/t Au

Problem 7: Strip Ratio Calculation
An open pit mine has the following characteristics:

e Pit depth: 250m

e Ore body dip: 45°

e Ore body thickness: 30m

e Overall pit slope angle: 50°
e Ore density: 2.7 t/m?

e Waste density: 2.4 t/m?
Calculate the overall waste-to-ore ratio for the pit.
Solution: This requires detailed pit design, but simplified calculation:
For a conical pit approximation:

e Bottom radius = Ore width + 2

e Top radius = Bottom radius + (Depth + tan(slope angle))

e Ore volume = Ore body dimensions

e Waste volume = Total pit volume - Ore volume

e Strip ratio = (Waste volume x Waste density) + (Ore volume x Ore density)

Note: This problem requires more geometric detail for precise calculation, typically done with mine

planning software.

Problem 8: Resource Classification

A copper deposit has been drilled on various grid spacings:



e Central area: 25m x 25m grid, 95% confidence in grade continuity
¢ Intermediate area: 50m x 50m grid, 80% confidence in grade continuity
e Quter area: 100m x 100m grid, 60% confidence in grade continuity

e Exploration area: Limited drilling, geological inference only
Classify the resources according to standard categories and explain your reasoning.
Solution: Measured Resources (Central area):

e Close-spaced drilling (25m x 25m)
¢ High confidence (95%) in grade estimates

e Suitable for proven reserve conversion
Indicated Resources (Intermediate area):

e Moderate drill spacing (50m x 50m)
e Good confidence (80%) in estimates

e Suitable for probable reserve conversion
Inferred Resources (Outer and Exploration areas):

e Wide drill spacing or limited data
e Lower confidence levels

e Require additional drilling for upgrade
Reasoning: Classification based on:

¢ Drill hole spacing relative to ore body geometry
e Statistical confidence in grade estimates
e Geological complexity and continuity

e Quality and quantity of data

Section 7: Industry Case Studies
Case Study 1: Escondida Copper Mine, Chile
Background

e World's largest copper mine

e Open pit operation since 1991



e Owned by BHP (57.5%), Rio Tinto (30%), others

e Production: ~1.2 million tonnes Cu per year

Technical Specifications

e Ore Type: Porphyry copper deposit

e Grade: Declining from 1.8% to 0.5% Cu over mine life
e Mining Method: Open pit with truck and shovel

¢ Processing: Conventional flotation and leaching

e Strip Ratio: Approximately 2.8:1 waste:ore

Key Success Factors

1. Scale Economics: Large-scale operation reducing unit costs
2. Technology: Advanced automation and process control

3. Water Management: Seawater desalination for operations
4. Skilled Workforce: Comprehensive training programs

5. Continuous Improvement: Ongoing optimization initiatives

Lessons Learned

¢ Importance of water security in desert operations
e Benefits of investing in automation and technology
¢ Value of long-term workforce development

¢ Need for adaptive management as ore grades decline
Case Study 2: Cortez Gold Mine, Nevada, USA

Background

e large-scale heap leaching operation
e Owned by Nevada Gold Mines (Barrick/Newmont JV)
e Production: ~500,000 oz Au per year

e Operating since 1969

Technical Specifications

e Ore Type: Carlin-type gold deposit

e Grade: 0.8-1.2 g/t Au (current operations)



¢ Mining Method: Open pit
¢ Processing: Heap leaching with cyanide

e Recovery: 75-85% gold recovery

Innovation Highlights

1. Refractory Ore Processing: Roasting and pressure oxidation
2. Heap Leaching Optimization: Multi-lift stacking
3. Environmental Management: Groundwater protection systems

4. Resource Extension: Underground development beneath pit

Critical Success Factors

e Metallurgical innovation for refractory ores
e Environmental compliance and community relations
e Resource life extension through exploration

e Cost control through operational excellence

Case Study 3: Olympic Dam Mine, Australia

Background

e World's fourth-largest copper deposit
e Underground mine operated by BHP
e Polymetallic deposit (Cu-Au-Ag-U)

e Unique geological setting
Technical Specifications

e Ore Type: Iron oxide copper-gold (I0CG) deposit

Grade: 1.2% Cu, 0.5 g/t Au, 300 ppm U304

Mining Method: Block caving underground

Processing: Flotation for copper, heap leaching for uranium

Complexity: Multiple products from single ore stream

Key Challenges and Solutions

1. Geological Complexity: Extensive geological modeling

2. Multi-metal Processing: Integrated circuit design



3. Water Scarcity: Water recycling and conservation
4. Remote Location: Fly-in/fly-out workforce model

5. Regulatory Compliance: Multiple commodities, complex regulations

Strategic Insights

e Value of polymetallic deposits in commaodity price volatility
e Importance of integrated processing systems
e Benefits of advanced geological understanding

e C(ritical role of infrastructure investment

Section 8: Technology and Innovation Trends

8.1 Digital Mining Technologies
Internet of Things (loT) Applications
¢ Equipment Monitoring: Real-time performance data
e Environmental Monitoring: Air quality, noise, vibration sensors

¢ Safety Monitoring: Worker location and health monitoring

e Process Optimization: Automated parameter adjustment
Benefits:

e Improved equipment availability and utilization
e Enhanced safety through early warning systems
e Better environmental compliance

e Optimized process performance

Artificial Intelligence and Machine Learning

¢ Predictive Maintenance: Equipment failure prediction
¢ Grade Control: Real-time ore grade estimation

¢ Process Optimization: Automated control systems

e Exploration: Pattern recognition in geological data

Applications in Mining:

e Autonomous haulage systems



e Optimized blasting patterns
e Predictive geology models

e Automated ore sorting

Automation and Robotics

¢ Autonomous Vehicles: Self-driving haul trucks
e Remote Operation: Tele-remote equipment control
¢ Robotic Systems: Automated sampling and maintenance

¢ Integrated Systems: Fully automated mine-to-mill operations
Current Status:

e Autonomous haulage: Commercial deployment
e Remote operation centers: Widely adopted
e Automated drilling: Increasing implementation

e Mine-to-mill optimization: Advanced trials

8.2 Sustainable Mining Innovations

Energy Efficiency

¢ Electric Mining Equipment: Battery and trolley-powered systems
e Renewable Energy Integration: Solar, wind, and hybrid systems
¢ Energy Storage: Grid-scale battery systems

e Waste Heat Recovery: Thermal energy capture and reuse

Water Management

¢ Dry Processing Technologies: Reduced water consumption
¢ Advanced Treatment Systems: Higher water recovery rates
e Closed-Loop Systems: Zero liquid discharge operations

e Smart Water Networks: Optimized distribution and treatment

Waste Reduction

¢ In-Pit Disposal: Reduced surface footprint
e Paste Tailings: Higher density tailings storage

e Waste Rock Utilization: Construction materials and backfill



¢ Progressive Rehabilitation: Concurrent restoration during mining

8.3 Future Trends and Opportunities
Deep Mining Technologies

¢ High-Temperature Systems: Equipment for >60°C environments
e Advanced Ground Support: Pre-stressed cable systems
¢ Ventilation Innovations: Improved air cooling systems

e Automated Systems: Reduced human exposure in extreme conditions

Space Mining Concepts

¢ Asteroid Mining: Platinum group metals and rare elements
¢ Lunar Resources: Helium-3 and rare earth elements
¢ Technology Development: Robotic extraction systems

e Economic Models: Long-term viability assessment

Biotechnology Applications

e Bioleaching: Microbial metal extraction
e Bioremediation: Environmental restoration using organisms
e Biomining: Enhanced recovery using biological processes

e Waste Treatment: Biological treatment of mine waters

Section 9: Professional Development and Career Paths

9.1 Career Opportunities in Mining
Technical Roles

¢ Mining Engineer: Mine design and production planning

e Maetallurgical Engineer: Process design and optimization

e Geological Engineer: Resource evaluation and mine geology

e Environmental Engineer: Environmental compliance and management
e Geotechnical Engineer: Rock mechanics and slope stability

e Process Engineer: Plant design and troubleshooting

Management Roles



Mine Manager: Overall mine operations responsibility

Plant Manager: Processing facility management

Project Manager: Capital project development and execution
Operations Manager: Day-to-day operational oversight
Safety Manager: Health and safety program management

Environmental Manager: Environmental compliance and sustainability

Specialized Roles

Resource Geologist: Resource estimation and classification
Hydrogeologist: Groundwater management and protection
Mine Planning Engineer: Long-term and short-term planning
Automation Engineer: Control systems and optimization
Maintenance Manager: Equipment reliability and maintenance

Community Relations Manager: Stakeholder engagement

9.2 Required Skills and Competencies

Technical Skills

Engineering Principles: Mechanics, thermodynamics, chemistry
Computer Skills: CAD software, mine planning software, databases
Mathematical Skills: Statistics, optimization, numerical methods
Scientific Method: Problem-solving and analytical thinking

Safety Knowledge: Risk assessment and safety management

Soft Skills

Communication: Written and verbal communication skills
Leadership: Team management and motivation

Project Management: Planning, scheduling, and execution
Critical Thinking: Problem analysis and solution development

Cultural Awareness: Working in diverse communities

Industry Knowledge

Regulations: Environmental, safety, and mining laws



e Economics: Financial analysis and project evaluation

Markets: Commodity markets and price dynamics

Technology: Current and emerging technologies

Sustainability: Environmental and social responsibility

9.3 Professional Development Pathways
Education Requirements

e Bachelor's Degree: Engineering, geology, or related field
¢ Advanced Degrees: Master's or PhD for specialized roles
¢ Professional Certification: PE license, professional society memberships

e Continuing Education: Regular training and skill updates

Professional Organizations

¢ Society for Mining, Metallurgy & Exploration (SME)

¢ Canadian Institute of Mining (CIM)

¢ Australasian Institute of Mining and Metallurgy (AusIMM)
¢ Institution of Mining and Metallurgy (IMM)

¢ International Association of Hydrometallurgy (IAH)

Career Development Strategies

1. Technical Expertise: Develop deep knowledge in chosen specialty
2. Broad Experience: Gain exposure to different aspects of mining

3. Leadership Development: Take on increasing responsibilities

4. Professional Networking: Build industry relationships

5. Continuous Learning: Stay current with technology and best practices

Section 10: Regulatory and Compliance Overview

10.1 Environmental Regulations
Major Environmental Laws (US Focus)

¢ National Environmental Policy Act (NEPA):

e Environmental impact assessments required



e Public consultation processes

¢ Alternative analysis requirements

e Clean Water Act:
e Discharge permits (NPDES)

e Water quality standards

e Wetlands protection

e Clean Air Act:
e Air quality permits

e Emission standards

e Prevention of significant deterioration

e Resource Conservation and Recovery Act (RCRA):

e Hazardous waste management
e Treatment, storage, and disposal requirements

e Corrective action for contamination

International Standards

¢ ISO 14001: Environmental management systems
e Equator Principles: Project finance environmental standards
¢ IFC Performance Standards: World Bank Group requirements

¢ UN Global Compact: Corporate sustainability framework

10.2 Safety Regulations
Mine Safety and Health Administration (MSHA)

e Part 46: New miner training requirements

Part 48: Training and retraining of miners

Part 50: Notification, investigation, reports and records

Part 56: Safety and health standards for surface operations

Part 57: Safety and health standards for underground operations

Key Safety Requirements

e Hazard Communication: Chemical safety information

e Personal Protective Equipment: Minimum safety equipment



e Emergency Procedures: Evacuation and rescue plans
¢ Training Programs: Initial and ongoing safety training

¢ Incident Reporting: Accident and near-miss reporting

10.3 Permitting Processes
Typical Permit Requirements

1. Mining Permits: Right to extract minerals

2. Environmental Permits: Air, water, and waste permits

3. Construction Permits: Infrastructure development approvals

4. Cultural Resource Permits: Archaeological and historical site protection

5. Endangered Species Permits: Biological impact assessments

Permitting Timeline

e Pre-application: 6-12 months for studies and preparation

Application Review: 12-24 months for regulatory review

Public Process: 6-12 months for consultation and hearings

Final Approval: 3-6 months for final permit issuance

Total Timeline: 3-5 years for complex projects

Module 1 Summary and Key Takeaways

Critical Concepts Mastered
1. Mining Terminology: Understanding of ore, gangue, grade, recovery, and tailings
2. Mining Methods: Classification and selection criteria for surface, underground, and solution mining
3. Value Chain: Complete understanding from exploration to closure
4. Economic Analysis: NPV, IRR, payback period, and sensitivity analysis

5. Calculations: Grade and tonnage estimation methods and applications

Practical Applications
¢ Project Evaluation: Ability to assess mining project feasibility
e Method Selection: Criteria for choosing appropriate mining methods
¢ Cost Estimation: Understanding of capital and operating cost components

¢ Risk Assessment: |dentification and evaluation of project risks



¢ Regulatory Awareness: Understanding of compliance requirements

Industry Context
¢ Global Perspective: Understanding of major mining operations worldwide
¢ Technology Trends: Awareness of digital transformation in mining
¢ Sustainability Focus: Integration of environmental and social considerations

e Career Development: Knowledge of professional opportunities and requirements

Next Steps

Module 1 provides the foundation for:

e Module 2: Ethical considerations and social responsibility
e Module 3: Modern leaching technologies and applications
e Module 4: Practical leaching processes and operations

¢ Advanced Modules: Specialized topics in mineral processing and management

Study Recommendations
1. Review Practice Problems: Complete all calculations with full understanding
2. Study Case Studies: Analyze real-world applications and lessons learned
3. Research Current Events: Follow industry news and technological developments
4. Professional Networking: Connect with industry professionals and organizations

5. Practical Experience: Seek opportunities for site visits and internships

Additional Resources for Further Study

Recommended Textbooks
e "Introduction to Mining Engineering" by Hartman & Mutmansky
e "Mining Engineering Analysis" by Torries
e "Surface Mining" by Kennedy (Editor)
e "Underground Mining Methods" by Hustrulid (Editor)

Professional Journals
e Mining Engineering (SME)
e Canadian Mining Journal (CIM)



e Mining Magazine

¢ International Journal of Mining Science and Technology

Online Resources
e SME Digital Library
e USGS Mineral Resources Program
e World Bank Mining Knowledge Hub

e International Council on Mining and Metals (ICMM)

Software Training
e Mine planning software (Surpac, MineSight, Whittle)
e Financial modeling (Excel, Crystal Ball)
e Statistical analysis (R, Python, Minitab)
e GIS applications (ArcGIS, QGIS)

This completes the comprehensive Module 1 study guide for the Certified Ekasi Mineral Leacher program.
Students should master these fundamentals before proceeding to specialized leaching technologies and

processes in subsequent modules.



