CO2 ACTIVATION OF ABANDONED OIL WELLS

Oil is removed in three phases. The first phase is simplest. The first phase is the
primary phase where the oil is simply pumped from the well. After the oil production
reaches exhaustion the secondary phase is initiated to extract additional oil by injecting
water. Again, after the oil production reaches exhaustion the tertiary phase is initiated to
extract the remaining oil that is extremely viscous so that CO2 or N2 gases are injected
to reduce the viscosity.

Oil viscosity is reduced dramatically with dissolving CO2 in oil. The overall reduction of
viscosity depends on the initial viscosity, where there is greater reduction for higher
viscous crudes. Reducing oil viscosity increases relative permeability of oil and reduces
residual oil saturation. Oil permeability is higher in CO2 injection compared to N2
injection. Interfacial tension and viscosity reduction, and oil swelling are mechanisms
that account for oil relative permeability improvement. These cause the recovery factor
of CO2 injection to become higher than N2 injection. Recovery factor in CO2 injection is
higher due to swelling effect of CO2 and lower interfacial tension result in lower residual
oil saturation.

Figure 1 shows a commercial CO2 gas injection into an abandoned oil well (Tertiary
Phase). Figure 2 shows the three phases of the oil well activities. The tertiary phase
wherein CO2 is injected produces oil that would have been left behind in an oil well
considered abandoned. Therefore, the tertiary phase oil production is called, Enhanced
Oil Recovery (EOR).

In the EEG LLC version of EOR CO2 blocks are dropped down the existing injection
borehole pipes so that the cold dry blocks of CO2 impinge on the warm oil pool (Figure
3). The vaporizing CO2 solid cylinders throw off vapor and propel the smaller and
smaller solid cylinders through the viscous oil pool. The CO2 gas mixes with the oil and
reduces the oil viscosity so that it can be pumped again.

Figure 4 shows how this EOR process fits in with the patented suite of EEG LLC
processes.

Figure 5 shows the state of development of the EEG LLC E.O.R. system. The reason
for the rating is the degree of difficulty in obtaining a site for a Demonstration Test.

Figure 6 shows the ratings based upon the same difficulty...obtain a site for a
Demonstration Test. In order to increase the possibility for obtaining access to an
existing site we need a site where the dry ice cylinders can be easily dropped down the
injection hole. The results at the production hole will then become evident.
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Figure 3. EEG LLC
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Figure 6.
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