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Cluster (www.bgr.bund.de/CLUSTER) is a research project funded by the German Federal

Ministry for Economic Affairs and Energy (BMWi), that investigates the impact of CO2

streams and mass flow for different scenarios along the CO2 capture and storage chain

(CCS). This work describes geomechanical behaviour changes in a reservoir rock caused

by supercritical (sc) CO2 by taking into consideration the variability of boundary

conditions in storage location (e.g. effective stress changes, storage period, presence of

fractures, CO2 stream composition). Here we present the first results for the investigated

bunter sandstone Trendelburg beds within the Solling Formation, regarding its directional

anisotropy under untreated conditions, as well as after a long-term scCO2-treatement in

autoclave systems (Fig. 1).

The Trendelburg beds consist of a fine to middle grained sandstone and is classified in mineralogy as a

subarkose (Fig. 1). This hard and compact silica cemented sandstone (ρ = 2.3 g/cm³) has an average

effective porosity of 12 % and a low permeability (0.9 – 2 mD), although physical rock parameters show

that a considerable variation occurs naturally in this formation (Fig. 2).

Fig. 1: CO2 phase diagram indicating experimental conditions (left), and a schematic representation of
core samples drilled parallel and perpendicular to bedding with unrolled photographs (right). Core
samples were used in triaxial compression tests and to evaluate sandstone physical properties. σ1= axial
stress, σ2=σ3= confining pressure. CO2 phase diagram © planet-terre.ens-lyon.fr

Fig. 6: Visual evaluation of effects of scCO2 are described as an
opening of pore spaces (1) through mineral phases dissolution (3) and
rounding grain corners (2). Pictures taken from a rock specimen with a
3D-Digital-microscope under reflected ligth.

An influence of scCO2 on geomechanical

properties and mineralogical state could firstly be

detected after a long-term reaction in autoclave

experiments, under reservoir conditions (brine

saturation with 250g/L, 333K and 16 MPa scCO2).

The influence of scCO2on the deformability of the

Trendelburger bed is reflected due to the

reduction of Young’s modulus (ca. 17 %), a loss of

cohesion (60 %), as well as a decrease in

compressive strength (20 %).

Micrographs made before and after scCO2

treatment show how mineral phases were

dissolved and therefore how pore spaces became

connected (Fig. 6).
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Fig. 5: Spatial arrangement of shear failures due to
porosity contrast associated with bedding.

Fig. 4: Uniaxial tensile strength was indirectly
determinated by the Brazilian-Test (ISRM
1987) with cylindrical rock specimens (5 x 5
cm and 5 x 7 cm), modified after german
standards (DIN 22024). Tensile strength is
direction-dependent and decreases after a
long-term scCO2-treatment (ca. 30 %) (BoxPlot
© Vertex 2017).

Fig. 2: Physical properties were determinated from different rock blocks of Trendelburg bed, which explains its scattering.
However, a linear relation between density and porosity has been observed, and in most of the samples (94 %) the effective
porosity corresponds to at least 85 % from total porosity. Total porosity was evaluated using grain density (determinated with
helium pycnometry). Compressive strength, ultrasonic velocities, modulus of deformation, shear parameters, water- and CO2-
permeability have been demonstrated as direction-dependent properties. Parallel to bedding were observed faster
longitudinal wave velocities (9 %), higher compressive strength (17 %), higher permeability (55 %) and less deformable
behaviour (16 %) than transverse to bedding.

Fig. 3: Stress-strain curves from triaxial compression tests for cement and sandstone specimens, under 40 MPa confining
pressure and 16 MPa pore pressure (water). For rock specimens (right), the directional anisotropy plays a main role in the
mechanical response. For cement specimens (left), the hardening process time is significant to develop a pronounced brittle
or ductile behaviour, as we can see through the modulus of deformation (Vb = brittle, Vd = ductile).

Fig. 7: Shear parameters for cement and sandstone specimens (left). Due to pronounced plastic properties, the cement specimen
shows higher cohesion than sandstones, even after mechanical failure has occurred. On the right side it is presented the relation
between total (W) and effective (W‘) mechanical work done up to failure related to confining- and pore pressure (sandstone
specimens).

Fig. 8: CO2-capacity is here presented as a factor to quantify CO2-volume regarding sandstone physical properties. It depends on
material properties, such as porosity, permeability and directional anisotropy, as well as on pore fluid pressure. CO2-capacity
increases (1) when pore pressure flows parallel to bedding (left, blue square over red triangle) and (2) after scCO2-treatment (left,
yellow triangle over red triangle). After a scCO2-treatment in the autoclave system, the rock specimen incorporates mechanical and
chemical alterations that are mirrored on its behaviour.
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