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Characterization and evaluation. An example from the Froan Basin

Characterization of a Storage site, seal and reservoir

Classification of a CO2 storage project

Methods and Principles

Supercritical fluids behave like gases, in that they can diffuse readily through the pore 
spaces of solids. But, like liquids, they take up much less space than gases. Supercritical 
conditions for CO2 occur at 31.1°C and 7.38 megapascals (MPa), which occur 
approximately 800 meters below surface level. This is where the CO2 has both gas and 
liquid properties and is 500 to 600 times denser (up to a density of about 700 kg/m3) 
than at surface conditions, while remaining more buoyant than formation brine.

Relation between geological formations and aquifers.

Pressure gradients obtained from pore pressure data and leak-off tests in wells from 
the Norwegian Sea Shelf and North Sea at water depths between 250 and 400 m. The 
fracturing gradient marks the lower boundary of measured leak-off pressures and the 
upper boundary of measured pore pressures. The lithostatic gradient was calculated 
from general compaction curves for shale and sand with a 300 m water column. The 
hydrostatic gradient assumes sea water salinity. The arrows show how much pressure 
can be increased from hydrostatic pressure before it reaches the fracure gradient.

Aquifers and structures have been characterized in terms of capacity, injectivity and safe storage of CO2. To complete the characterization, the aquifers are also evaluated according to the data coverage and their technical maturity. Parameters used in the characterization process 
are based on data and experience from the petroleum activity on the NCS and the fact that CO2 should be stored in the supercritical phase to obtain the most efficient and safest storage. The methods used for characterization of reservoir properties are similar to well-established 
methods used in petroleum exploration. Characterization of cap rock and injectivity is typically conducted in studies of field development and to some extent in basin modelling. For evaluation of regional aquifers in CO2 storage studies, the mineralogical composition and the 
petrophysical properties of the cap rocks are rarely well known. In order to characterize the sealing capacity in this atlas, we have mainly relied on regional pore pressure distributions and data from leak-off tests combined with observations of natural gas seeps.

Garn-Ile aquifer in the Froan Basin in The Norwegian Sea: NW-SE profile showing the geometry 
of aquifers (yellow) and sealing formations (green)

The figures in the second row illustrate the free CO2 saturation (green/blue) over 10,000 years. 
The CO2 injection well is located down dip, but alternative locations and injection zones have 
been simulated, with different injection rates. The injection period is 50 years, and the 
simulation continues for 10,000 years to verify the long term CO2 migration effects.

Results for the Garn – Ile aquifer, a half-open case and a closed case for the whole 
aquifer to illustrate the importance for the estimates of storage volumes. Large volumes 
can theoretically be stored if the aquifer is in pressure communication with additional 
large water volumes. In the Garn-Ile case, such pressure communication could take 
place with the sea along the subcrop line. Another alternative to creating a half-open 
system might be to inject CO2 and produce water. The most optimistic case would be to 
assume that closed structures with a large storage capacity exist and could be filled with 
CO2, without any migration to the half-open eastern boundary. 

A comparison between the UNECE, SPE and 
NPD’s classification system. 
NPD has not done any economic assessment.
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