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Abstract 

 

The pressure build-up of large scale CO2 injection projects is one of the biggest challenges towards the development of a carbon sequestration 

technology. The pressure front creates stress gradients in the subsurface that can lead to dilation or slip along faults or fractures, hydro-

fracturing of the caprock, and potentially microseismicity. Furthermore potential compartmentalization of the storage reservoir can not only 

reduced the original estimated reservoir capacity, but exacerbates the pressure increase and associated hazards. 

 

In this work we investigate the geomechanical response to the CO2 injection in the Tubåen Fm at the Snøhvit site focusing on the potential 

compartmentalization of the storage reservoir. This compartmentalization has been suspected due to the unexpected pressure rise during 

operations in the storage reservoir that has led to a considerable decrease in the estimated total capacity and to the abandonment injection 

operations.  

 

The Snøhvit gas field is located offshore in the northern Norwegian Sea (Barents Sea). CO2 is separated from the produced gas and until 2011 

it was stored underground in the Tubåen Fm. at approximately 2600 m depth. The Tubåen Fm. corresponds to a delta plain environment 

dominated by fluvial distributary channels and some marine-tidal influence. It is separated by the producing gas reservoir (Stø Fm.) by the 

Nordmela 1 and 2 Fms. that contain wide shale layers expected to act as flow barriers. The channelized nature of the Tubåen Fm. suggests the 

possibility of stratigraphic compartmentalization. 

 

Structurally this area is extensively faulted, characterized by a dominant east-west-trending fault system, where the majority of the faults dip 

toward the basin axis and define typical horsts and graben geometry. However, it also present faults at high angles to this trend, leading to 

complex fault interactions and making fault compartmentalization a strong possibility as well.  

 

Given the geometry of major faults and fractures in and above the reservoir, available estimates of the in situ stress tensor, and reservoir 

characteristics, we use a coupled hydromechanical approach to understand the geomechanical response of the system to the CO2 injection, 



focusing in particular on addressing the potential reservoir compartmentalization and its impacts on injection performance, CO2 distribution 

and migration outside of the storage interval. 
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Presenter’s notes: 

Rate: 2000 t/day (In Salah 3500 t/day, Sleipner 2700 t/day)

Total storage: 23,000 kt (In Salah 17,000 kt, Sleipner 20,000 kt)

Basin at Middle Jurassic level (approx. age of producing reservoir). Blue lines outline the gas fields [from Spencer et al., 2008].

2



Presenter’s notes: Total overpressure < 10 MPa (100 bars). System was not drove to failure
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Presenter’s notes: 

•Gaseous CO2: rho=2g/m^3=0.002 kg/m^3

•Supercritical CO2: rho= ~500 kg/m^3

•Point source sequestration at power generation facilities

•Describe elements of a successful storage scenario

• Reservoir is ideally high permeability (accessible) and high porosity (capacity)

• Overlying rock (caprock) is low permeability

•Tools appropriate for this specific scenario have potential for improving other techniques: shale
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Presenter’s notes: The likely magnitudes for SHmax can then be calculated by combining the equations that relate σ1 and σ3 for a critically oriented fault 

at the frictional limit Eq. (2) [15] with Anderson’s faulting theory which determines which principal stress (SHmax, Shmin, Sv) corresponds to S1, S2 and 

S3 respectively [16]. Therefore by using the corresponding equation for a SS environment, Eq. (3), the upper bound of allowable values of SHmax can be 

found: 

*xLOT at 2400m and extrapolated to 2683 m with a grad of: 2.33 g/cm3 (= 0.0226 MPa). S3 = 42.88 [MPa]  at 2683 m
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Presenter’s notes: By comparing Pc with the reference pore pressure (Pp) in the reservoir we obtain the critical pressure perturbation (Pcp) that indicates 

the pore pressure change for a fault segment to slip given the stress state, fault orientation and reference Pp. When using this type of analysis to evaluate 

the risk of leakage, it is assumed that active faults are potential conduits for fluid migration, so that Pcp indicates the leakage potential for each portion of 

the fault. 
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Presenter’s notes: Map view of faults color coded with pressure perturbation (PPpert) needed for reactivation Color code represents pressure in MPa
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