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“Securing Canada’s Energy Future”—that is the promise of
the oil sands. The magnitude of the oil sands resource, largely
found in Alberta, is vast. The proven crude oil reserves from
Canada’s oil sands are 177 billion barrels—second only to
Saudi Arabia. This is enough resource to provide Canada with
a secure supply of crude oil for over 200 years. The true
potential of Canada’s oil sands resource is actually much
greater. It has been estimated that approximately 320
billion barrels is recoverable using current technology, and the
total oil in place (1.7 trillion barrels) is roughly equivalent to
the total for the entire Middle East. 

The oil sands are a resource of global strategic value. History
has shown how oil sands development has progressed by
building on existing technology platforms. As such, this
Handbook is a consolidation of the current technological
foundation. It is meant to engage the minds of professors,
students, researchers, engineers, and technical operating staff.
It will provide them with the technology foundation that will
serve as the springboard for the future enhancements required
for the sustainable development of our vast oil sands resource.
It is their bright ideas and innovations that will be so vitally
important if we, as Canadians, are to realize the huge socio-
economic potential of this strategic global resource.

From the Foreword by

Dr. Eric P. Newell, O.C., AOE, FCAE, P.Eng



H
andbook on T

heory and Practice of 
B
itum

en R
ecovery from

 A
thabasca O

il Sands

“Securing Canada’s Energy Future”—that is the promise of
the oil sands. The magnitude of the oil sands resource, largely
found in Alberta, is vast. The proven crude oil reserves from
Canada’s oil sands are 177 billion barrels—second only to
Saudi Arabia. This is enough resource to provide Canada with
a secure supply of crude oil for over 200 years. The true
potential of Canada’s oil sands resource is actually much
greater. It has been estimated that approximately 320
billion barrels is recoverable using current technology, and the
total oil in place (1.7 trillion barrels) is roughly equivalent to
the total for the entire Middle East. 

The oil sands are a resource of global strategic value. History
has shown how oil sands development has progressed by
building on existing technology platforms. As such, this
Handbook is a consolidation of the current technological
foundation. It is meant to engage the minds of professors,
students, researchers, engineers, and technical operating staff.
It will provide them with the technology foundation that will
serve as the springboard for the future enhancements required
for the sustainable development of our vast oil sands resource.
It is their bright ideas and innovations that will be so vitally
important if we, as Canadians, are to realize the huge socio-
economic potential of this strategic global resource.

From the Foreword by

Dr. Eric P. Newell, O.C., AOE, FCAE, P.Eng



Contents 

 

Chapter 1: Introduction to the Athabasca Oil Sands  
 

1.1 Geology 

1.1.1 Origins of Oil Sands 

1.1.2 The Athabasca Wabiskaw-McMurray Deposit 

1.2 Alberta’s Crude Bitumen Resource 

1.2.1 Oil Sands Ore Characterization 

1.2.2 Recovery Methods 

1.2.3 Crude Bitumen Reserves: Definitions and Values 

Initial In-Place Volume of Crude Bitumen 

Ultimate In-Place Volume of Crude Bitumen  

Ultimate Potential Recoverable Reserves of Crude Bitumen  

Established Reserves of Crude Bitumen  

Initial Established Reserves of Crude Bitumen  

Remaining Established Reserves of Crude Bitumen 

Synthetic Crude Oil Production 

1.2.4 Crude Bitumen and Synthetic Crude Oil Under Active Development 

1.3 Bitumen Production from the Athabasca Oil Sands: Historical Background 

1.4 Oil Sands Development Driving Forces 

1.5 Bitumen Extraction and Upgrading Schemes 

1.5.1 Extraction 

1.5.2 Upgrading 

1.5.3 Sulphur and Sulphur Dioxide Production 

1.5.4 Greenhouse Gases (GHGs) and Energy Intensity 

1.5.5 Water Use 

 

 

Chapter 2: Basic Scientific Background  
 

2.1 Surface and Colloid Science 

2.2 Surface and Interfacial Tension 

2.2.1 Introduction 

2.2.2 Young-Laplace Equation 

2.2.3 Superheating, Supercooling, and Ostwald Ripening 

 Superheating 

 Supercooling 

 Ostwald Ripening 

2.2.4 Three-Phase Contact and Contact Angle 

 Contact Angle Hysteresis 

2.2.5 Spreading 

 Adhesion and Cohesion Energies 

 Spreading Coefficient 

2.3. Measurements of Surface and Interfacial Tension 

2.3.1 Capillary Rise Method 



2.3.2 Maximum Bubble Pressure Method 

2.3.3 Wilhelmy Plate Method 

2.3.4 Du Noüy Ring Method 

2.3.5 Drop Shape Methods 

2.3.6 Spinning Drop (or Spinning Bubble) Method 

2.3.7 Drop Weight (or Volume) Method 

2.3.8 Micropipette Method 

2.4. Methods of Measuring Contact Angle 

2.4.1 On Flat Surfaces 

2.4.2 On Powders 

2.5. Adsorption 

2.5.1 Thermodynamics of Adsorption 

2.5.2 Adsorption Isotherms 

2.6. Electric Surface Phenomena 

2.6.1 Origins of Surface Charge 

2.6.2 Electrical Double Layer 

2.6.3 Theory of Electrical Double Layer Structure 

2.6.4 Electrokinetic Phenomena 

 Electrophoresis 

 Streaming Potential 

 Electro-osmosis 

 Sedimentation Potential 

2.6.5 Zeta Potential 

2.7. Surface Forces 

2.7.1 Van der Waals Forces 

 Dipole-Dipole Interaction 

 Dipole-Induced Interaction 

 Dispersive Interaction 

2.7.2 Double Layer Overlapping Forces 

2.7.3 DLVO Theory of Colloid Stability 

 Impact of Surface Potential 

 Impact of Electrolyte Concentration 

 Critical Coagulation Concentration (CCC) 

 Impact of Specific Ion Adsorption 

2.8. Non-DLVO Interactions 

2.8.1 Steric Repulsion 

2.8.2 Polymer Bridging 

2.8.3 Hydration Effects 

2.8.4 Hydrophobic Interactions 

2.9. Coagulation Kinetics 

2.9.1 Stability Ratio 

2.9.2 Theory of Rapid Coagulation 

 Smoluchowski’s Theory 

 Smoluchowski’s Continuity Equation 

2.9.3 Slow Coagulation 

2.10. Surfactants 



2.10.1 Common Surfactant Types 

2.10.2 LHB Scale 

2.10.3 Micellization and Critical Micelle Concentration 

 Micelle Formation 

 Krafft Point 

 Factors Affecting the CMC 

 Thermodynamics of Micellization 

2.10.4 Solubilization 

2.10.5 Emulsification 

2.10.6 Detergency and Flotation 

 Detergency 

 Flotation 

2.11 Physical Constants and Basic SI Units 

 

 

Chapter 3: Fluid Dynamics  
 

3.1 Multiphase Flow and Applications 

3.2 Drag on a Single Rigid Sphere 

3.3 Bubbles and Drops 

3.4 Ideal System: Multi-Particle System of the Same Species 

3.5 Ideal System: Multi-Particle System Containing Different Species 

3.6 Non-Ideal System: Multi-Particle System of the Same Species 

3.7 Non-Ideal System: Multi-Particle System Containing Different Species 

3.8 Modelling of a Gravity Separation Vessel 

3.8.1 Modelling of a Bidisperse Suspension Separation  

Model Verification 

3.9 Inclined Plate Settlers (IPS) 

3.9.1 Settling of Heavy Particles in an Inclined Plate Settler 

3.9.2 Separation of Particles in an Inclined Plate Settler 

3.10 Concluding Remarks 

 

 

Chapter 4: Physical and Chemical Properties of Oil Sands  
 

4.1 Oil Sands Composition: Bitumen, Mineral Solids, and Inorganic Ions 

4.1.1 Bitumen Grade Distribution 

4.1.2 Mineral Solids 

Clays 

Two-layer Kaolinite Clays 

Three-layer Clays 

Chlorite 

Cation Exchange Capacity of Clays 

Mineral Solids and Bitumen Grade 

4.1.3 Electrolytes in Oil Sands 

4.2 Bitumen Density 



4.2.1 API Classification of Oil Crude 

4.3 Bitumen Dynamic Viscosity 

4.4 Refractive Index of Bitumen 

4.5 Specific Heat 

4.6 Heat of Combustion 

4.7 Thermal Conductivity 

4.8 Chemical Aspects of Bitumen 

4.8.1 Bitumen Characterization 

Elemental Composition 

Solubility and Adsorption 

Chemical Structure 

4.9. Interfacial Properties in Bitumen Recovery 

4.9.1 Surface Tension 

4.9.2 Interfacial Tension 

4.9.3 Surfactant Chemistry 

4.9.4 Natural Surfactants in Bitumen 

Zeta Potential 

 

 

Chapter 5: Slurry Preparation and Conditioning  
 

5.1. Modelling of Lump Digestion in a Hydrotransport Pipeline 

5.1.1 Conceptual Model 

5.1.2 Model Development 

Conservation of Mass 

Conservation of Thermal Energy 

Model for Lump Ablation 

Lump Shear Stress 

5.1.3 Comparison of Model to Experimental Measurements 

5.1.4 Model Parametric Study Predictions 

5.2 Bitumen Liberation 

 

 

Chapter 6: Bitumen Recovery 
 

6.1 Bitumen  Liberation 

6.2 Bitumen Aeration 

6.2.1 Wettability of Solids 

6.3 Bitumen Flotation 

6.3.1 Induced Air Flotation 

6.3.2 Flotation by Gas Nucleation/Precipitation 

6.3.3 Flotation Machines 

6.3.4 Flotation Circuits 

6.4 Processability 

6.4.1 Ore Processability 

Impact of Ore Grade 



Impact of Temperature 

Impact of Ore Acidity 

Impact of Solids Wettability 

Impact of Ore Water Chemistry 

Effect of Clay and Calcium Addition on Bitumen Recovery 

Sludging of the Separation Vessel 

Slime Coating 

Water Softening 

Impact of Natural Surfactants 

Bitumen-in-Water Emulsions 

 Segregating and Non-Segregating Slurry 

 

 

Chapter 7: Froth Treatment Fundamentals 
 

7.1 Emulsions and Emulsion Stability 

7.1.1 Introduction 

7.1.2 Surfactant-Stabilized Emulsions 

 Winsor Emulsion Types 

7.1.3 Impact of Fine Solids on Emulsion Stabilization 

7.1.4 Emulsion Thin Liquid Films 

7.2. Emulsions in Petroleum Systems 

7.2.1 Introduction 

7.2.2 Asphaltenes 

 SARA Analysis 

 Asphaltene Chemistry 

 Molecular Weight of Asphaltenes 

 Asphaltene Aggregation 

 Asphaltene Molecular Structure 

  Archipelago Model 

  Island or Like-Your-Hand Model 

  Asphaltene Nano-Aggregation and Mullins’ Model 

7.2.3 Role of Naphthenic Acids and their Salts in Emulsion Stabilization 

7.3 Fundamental Aspects of Paraffinic and Naphtha-Based Processes 

7.3.1 Learning from Past Research 

 Critical Dilution Ratio 

7.3.2 Industrial Implications 

 Naphtha-Based Froth Treatment 

 Paraffinic Froth Treatment 

7.3.3 Summary 

7.4. Demulsifiers and Other Chemical Aids 

7.4.1 Demulsifier Dosage 

Flocculant-Type Chemicals 

Coalescing-Type Chemicals 

Commercial Compositions Versus ‘Pure’ Systems 

7.5 Concluding Remarks 



 

 

 

Chapter 8: Colloidal Science in Tailings Management 
 

8.1 Impact of Water Chemistry 

8.2 Characteristics of Fluid Fine Tailings 

8.3 Hydrodynamics of Particle Aggregation 

8.3.1 Coagulation 

8.3.2 Flocculation 

8.4 Rheology of Fine Particle Slurries 

8.5 Non-Segregating Tailings 

 8.5.1 CT Process 

 8.5.2 Thickened Tailings (or Paste) Technology 

8.6 Integration of Fines Flocculation with Bitumen Extraction 

 8.6.1 Stackable Deposits 

 8.6.2 Freeze-Thaw Process 

 8.6.3 Natural Drying 

 8.6.4 Centrifugation 

8.6.5 Filtration 

8.7 Concluding Remarks 




