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ABSTRACT

Air injection is an enhanced oil recovery (EOR) process in which compressed air is
injected into a high temperature, light-oil reservoir. The oxygen in injected air is intended
to react with a fraction of reservoir oil at elevated temperature resulting in in-situ
generation of flue gases and steam, which, in turn, mobilize and drive the oil ahead
towards the producing wells. To understand and determine the feasibility of the air
injection process application to a given reservoir, it is necessary to understand the

oxidation behaviour of the crude oil.

The aim of this study is to screen two Australian light-oil reservoirs; Kenmore Oilfield,
Eromanga Basin, and another Australian onshore oil and gas field “B”* for air injection

EOR process, and to understand the oxidation reaction kinetics during air injection. It is
carried out by the thermogravimetric and differential scanning calorimetric (TGA/DSC)
studies to investigate the oxidation mechanism during an air injection process. There
has not been any TGA/DSC evaluation conducted to date with regard to air injection for

Australian light-oil reservoirs.

A series of thermal tests was performed to investigate the oxidation behaviour of two
selected reservoirs in both air and oxygen environments. The first step undertaken in
this study is thermogravimetric and calorimetric characterization of crude oils to (i)
identify the temperature range over which the oil reacts with oxygen, (ii) examine the
oxidation behaviour within the temperature identified, and (iii) evaluate the mass loss
characteristics during the oxidation. This study also examines the effect of pressure on
oxidation at different temperature ranges and the effect of core material (rock cutting) on
oxidation reactions. Finally, kinetic data are calculated from thermal tests results by

literature described method.

Kenmore and Field B both are high temperature and light-oil reservoirs. Hydrocarbon
distribution indicates that Kenmore oil contains 84 mole% of lower carbon number n-Cs
— n-Cy3 compounds. Reservoir B oil also contains a substantial amount (i.e., 95 mole %)
of lower carbon number n-C, — C;9 compounds. These lighter components may
contribute favourably towards efficient oxidation. However, a high content of lighter ends
in the oil may also result in a lower fuel load. Generally, low molecular weight oil gives

fastest mass loss from heavy crude oil.



Thermal tests on Kenmore oil showed two distinct exothermic reactivity regions in
temperatures of 200-340°C and 360-450°C, with a 85-95% mass loss when the
temperature reached 450°C. Reservoir B oil showed a wider exotherm range between
approximately 180°C-260°C with 90-95% mass loss by temperature 350°C. In the high
temperature range, the combustion reactions of Reservoir B oil are weaker than
Kenmore oil. This is due to insufficient fuel available for oxidations in high temperature
region. Reservoir B oil has more chance to auto ignite; but it has less sustainability to
the ignition process. Based on the sustainability study of the ignition process, between

the two reservoirs, Kenmore is the better candidate for air injection.

Based on the thermal tests, it is concluded that for light-oil oxidation, vaporization is the
dominant physical phenomenon. At low temperature range, the addition of the core
material enhanced the exothermic reactions of the oil. The elevated pressure
accelerated the bond scission reactions. The largest amount and highest rate of energy
generation occurred at the low temperature range. Activation energies (E) are calculated
from thermal test results and the value of ‘E’ in oil-with-core combined tests is smaller
than the oil-only test. This indicates that the rock material has a positive impact on the
combustion process. Moreover, the compositional analysis result addresses the
composition of oils, which can help understand the oxidation behaviour of light-oils.

* For confidentiality reasons, the field name is coded as Field B at the request of the
operating company.
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