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Traditionally CO2 Enhanced Oil Recovery (EOR) has aimed to minimise CO2 injection
per incremental barrel. This has historically been due to the high cost in sourcing CO2,
normally from CO2 rich reservoirs. However, when trying to combine CO2 EOR with
Carbon Capture and Storage (CCS), where extra CO2 stored is a benefit not a cost then
the project has to manage two, sometimes conflicting aims; to maximise both the oil
produced and the volume of CO2 stored. Current methods of CO2 EOR have issues
when combined with CCS. This study looked at the impact of injecting CO2 deeper into
the aquifer on both the oil production and CO2 stored.
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The aim of this study was to investigate the potential use of CO2 injection for pressure
support, the main lessons learnt are:

• It is very difficult to utilise CO2 purely for pressure support. This in part is due to the
choice of a steeply dipping reservoir, a shallower angle could reduce the problem,
but even so, the extremely mobile nature of CO2 is hard to overcome.

• Increasing the injection distance from the OWC can eliminate CO2 gas production,
but this is just replaced by carbonated water production, which is more of an issue.

• Injecting CO2 deeper into the aquifer has the benefit of combining water flooding
with miscible gas flooding. The trick to optimising the oil recovery is to get the water
and CO2 to breakthrough at the same time, thereby maximising the three-phase
zone, no easy feat.

• By using CO2 for pressure support, around 50% of the lifetime CO2 emissions of the
oil produced could be mitigated. This could be increased further by converting the
project to a full CCS project at the end of productive life.

• The cost of capturing and transporting CO2 has a major effect on the project
economics, unless these costs come down or the tax on CO2 production increases,
CCS EOR project will not be viable.

• A loss can be tolerated on the CCS component, paid for by the extra oil production.

The impact of injection distance from the Oil Water Contact was investigated on a 3D
simulation model using CMG’s GEM compositional simulator. The model used was a
sector extracted from a reservoir model with a large modelled aquifer. The fluid data
was from the Pembina field A sensitivity was run on moving the CO2 injectors deeper
into the aquifer.
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The results showed an increase in oil production and CO2 storage as injection distance
from the oil water contact (OWC) increased. The behaviour changes can split into
zones:
• Zone 1: Increased Gravity Segregation - Reduced Sweep Efficiency:

o Decrease in oil production and CO2 storage
• Zone 2: Increased Areal Sweep – Increased Sweep Efficiency

o Increase in oil production and CO2 storage
• Zone 3: Switch frommiscible gas to water flooding

o Initial increase then drop in oil production, increase in CO2 storage
• Zone 4: CarbonatedWater Flooding

o Recovery in oil production

Areal	Cross	Section	showing	CO2	concentration	at	end	of	production	(Mol %)

An economic analysis was carried out comparing the CO2 injection to waterflooding to
find the minimum revenue needed from the CCS component to beat waterflooding. A
$60/bbl oil price was assumed and it was found that for the highest recovery scenario
a loss of up to $30 per ton of CO2 stored could be incurred and still outperform
waterflooding.

Comparing the final CO2 distribution (below) for injection at the OWC (left) and at the
highest recovery (right) it can be seen that the sweep efficiency is much higher, with
greater spread and reduced fingering.

Minimum	net	CO2 Revenue	per	tonne	to	beat	water	flooding	vs	injection	distance

Oil	Production	and	CO2 Storage	vs	Injection	Distance
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