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To estimate fluid flow in underground during CO2 geological sequestration, the properties of the two phase flow such as rela-
tive permeability are necessary. There are essentially three means by which relative-permeability data can be obtained. They are
(1) direct measurement in a laboratory, (2) calculation by capillary pressure data and (3) calculation from field-performance data.
In CO2 geological sequestration, however, residual water saturation which means the non displaced portion of water by CO2, is
very important and this value can’t be estimated from capillary pressure. Also field-performance data can’t be acquired except
demonstrations of CO2 geological sequestration or EOR gas storage in oil-fields. So we think that direct measurement of relative
permeability in laboratory is necessary for site assessment.

There are two kinds of test methods to determine relative permeability directly by laboratory experiment. One is the steady-
state method and the other is unsteady-state or displacement method .In the steady-state method, a specimen is initially saturated
with water. Two fluids are introduced at predetermined fluid ratio and are flowed through the specimen until the produced ratio is
equal to the injected ratio. At this time, the specimen is considered to be in steady-state flow condition and the existing saturation
of the specimen is considered to be stable. The injected ratio is increased, removing more of water, until once again the speci-
men be in steady-state flow condition. This process has to be continually repeated until complete relative permeability curve is
obtained. So this method is rather involved and time consuming.

On the other hand, the displacement method is rather simple and fast. A specimen is saturated with water, and only gas (CO2)
is injected into the specimen. Differ from the steady-state method, only one fluid is entering the core, and two fluids are leaving.

Figure.1 shows the schematic view of relative permeability test apparatus. Using this apparatus, the test samples can be flooded
with CO2 in super-critical condition. CO2 is pressurized in the injection pump, then flow into the sample inside the core holder
which is set in the incubator at desired temperature. The maximum pressure capacity of the core holder is 50MPa, and the maxi-
mum pressure capacity of fluid tubing system is 25MPa. So this apparatus can reproduce the pressure condition of underground
in the depth of 2000m.

In the process of relative permeability test, two kinds of fluids flow out from a core sample. In the displacement method,
cumulative volume of each fluid must be measured individually for the calculation of relative permeability and saturation of the
sample. Two fluids separate in a separator on account of the effect of their density difference and one fluid (usually displacing
fluid) flows out, the other (displaced fluid) remains in the separator. The total outflow volume can be evaluated from the amount
of the back-pressure pump during the experiment, so the cumulative volume of each fluid can be calculated using data of water
level change in the separator. There are some ways to measure water level in a separator. One is the visual measurement through a
window of separator. The other is indirect measurement using differential pressure transducer or electric capacitance. We adopted
electric capacitance because installing a window to the separator is difficult in compliance with regulation.

In steady-state method, the main experimental problem is accurate measurement of saturation. In many case, the saturation is
measured directly by measuring sample weight or estimated by in-situ measurement using resistivity, NMR, micro wave absorp-
tion or X-ray CT scanning. These are the technique that we must add with our apparatus if we conduct the steady-state relative
permeability test.
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