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Abstract

This work presents some of the main contributiomghe discussion about porosity changes due tetyerand an
analytical model to describe them when temperataéations occur. The model is based on two medartheories:
poroelasticity, which considers three differenturoks (bulk, solid frame, and porous) in their amswe stress change, and
thermoelasticity that allows calculating the medbanstresses related to temperature changes tisanmmal expansion. To
achieve a more realistic behavior, a previous maetodified by adding the action of confining e as a new variable
and multiple modifications of the thermal expansmefficients from laboratory evidence. Those migdifons allow the
overcoming of either over or underestimation protde

In the proposed model, three modifications areiagpo achieve a better approach of actual phenamBnThe thermal
expansion coefficient is understood as non-lin2athe expansion of bulk and constitutive matesia differentiated, and 3)
the bulk volume is dominated by a new concept oflutated strain that combines thermal and confirstigss, in order to
include confining stress into the model.

It is found that porosity changes happen as atre$tie interaction between the thermal and candjrstresses. Therefore,
the model describes two phases. In the first pham®sity decreases as a consequence of the cobstinvolume while the
solid volume expands, thus accumulating thermaskstrin the second phase, the thermal stress owesdie confining stress,
triggering a porosity recovery.

Some applications, such as permeability calculatisimg Carman-Kozeny correlations are presentedséd ltalculations
may give an idea on how the temperature could ahahg formation's petrophysical properties. Fumheme, a simple
formulation of a safe injection temperature cardégved from the concept of maximum allowed resirgeformation, which
depends on temperature change and overburden mressu

Finally, the sensitivities of the new model aregerged in order to analyze the impact of mechaigdlthermal properties
within the porosity calculations.

Keywords: Thermoelasticity, poroelasticity, porosity changermeability change, temperature effect, confingtigess,
caprock integrity.

40 1 Introduction

41 Heavy oil, extra heavy oil, and bitumen depositssandstones represent a huge resource in the global
42 energy market due to their large reserves througtiai world. Shafiei and Dusseault (2013) mention a
43 estimate of approximately 7.3 trillion barrels [TBjth significant oil reserves in Venezuela, Russiad
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