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Abstract 

In this thesis an integrated approach to predict the effective thermal conductivity of porous media 

is presented. A pore scale level heat transfer model is developed and used to generate a custom 

mixing rule for thermal conductivity prediction. The novel mixing rule is developed based on 

particle size distribution data for unconsolidated porous media. The fluid and solid phase are 

considered, with fluid phase being stagnant. The point contact between the grains and spherical 

shape of the grains are also assumed. The model and mixing rule are validated and sensitivity 

analysis is performed. 

The question of upscaling the results of pore scale level modeling is also addressed. Two 

approaches are presented: equivalent network model and upscaling using computer tomography 

images. Equivalent network model was validated using model-by-model validation approach. 

Computer tomography images upscaling approach was applied to predict the scaled up thermal 

conductivity of oil sand core samples. 
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CSOR Cumulative Steam to Oil Ratio 

CSS Cyclic Steam Stimulation 

CT Computer Tomography 

EMT Effective Medium Theory 

ERCB Energy Resources Conservation Board 

ETC Effective thermal conductivity 

GJ Gigajoule 

GS Greyscale 

MIHS Muddy Inclined Heterolithic Stratification 

MMDB Millions of Barrels of Oil Per Day 

MMBtu Millions of British Thermal Units 

NER Net Energy Return 

NMR Nuclear Magnetic Resonance 

PSD Particle Size Distribution 

SAGD Steam Assisted Gravity Drainage 

SIHS Sandy Inclined Heterolithic Stratification 

SOR Steam to Oil Ration 

TC Thermal conductivity 

USD United States Dollar 

WCSB Western Canadian Sedimentary Basin 

WTI Western Texas Intermediate 

XRD X-ray Powder Difraction 
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injected into the reservoir and displaces bitumen towards the producer. Heat is transferred by 

conduction and convection. As a result a so-called steam chamber develops. It is believed that 

mature steam chamber consists of sand, residual oil saturation, condensate and steam. The final 

phase is a normal SAGD production when the steam chamber is already developed. During this 

phase steam gives its latent heat to bitumen and condenses at the edge of the steam chamber. 

Condensate and heated oil drain towards the producer under the force of gravity. Heat is 

conducted from the edge of steam chamber toward the reservoir outside of steam chamber. In 

terms of composition the edge of steam chamber represents an intermediate zone between steam 

chamber and reservoir. 

As shown above, thermal conduction plays an important role during each phase of a SAGD 

project. In composite materials such as oil sands heat conduction equation is usually written in 

terms of effective thermal conductivity of that material. It is known that thermal conductivity of 

oil sand depends on thermal conductivity of components (water, oil, gas and sand), temperature 

of oil sand material, contact area between the grains, porosity and fluid saturations (Butler 1991). 

The term mixing rule will be used for any formula which will allow to calculate effective thermal 

conductivity of porous media based on the parameters listed above. 
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and generally it depends on temperature and pressure. For materials such as rock minerals and 

liquid fluids, dependence on pressure can be neglected with good accuracy. 

  












































































































































































































































































