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Introduction
Injecting carbon dioxide (CO2) into deep geological formations is recognized worldwide as the only realistic mitigation technology to reduce current anthropogenic CO2 emissions. However, Carbon Capture and Storage (CCS) activities have aroused public concerns over potential surface leakage of CO2 from geological reservoirs, limiting the number of potential storage sites. From the microscopic scale to large faulting systems, cracks are present in any rock formation of the Earth crust. To guarantee safe and long-term CO2 storage in fractured reservoirs, the effect of reservoir fractures on the multiphase flow has to be assessed. Interconnected fracture networks may lead to fast CO2 flow through the reservoir, but the role of isolated fractures remains unclear. The assessment of crack distribution and fluid dynamics is a key aspect to determine the suitability of a reservoir for CCS, and to predict the advance of the CO2 plume underground. Seismic techniques offer information about fractures and fluid distribution during CO2 injection, from the behavior of compressional (P) and shear (S) waves when passing through geologic formations. In fractured reservoirs (real geological contexts), the anisotropy imposed by potentially aligned fractures may result in shear wave splitting (SWS) – two orthogonal shear waves (S1 and S2). Here we present, to our knowledge, the first CCS experiment on a fractured-reservoir analogue at the laboratory scale, using common geophysical monitoring techniques (acoustic waves and electrical resistivity) to study the hydromechanical and transport properties of the rock during CO2 injection. The experiment consisted of a brine-CO2 flow-through test (BCFT), following the experimental procedure described in Falcon-Suarez et al. (2017). The test was performed on a fractured sandstone with well-defined fracture network (cracks aligned at oblique angle; Amalokwu et al. 2015), under realistic geological conditions of confining and pore pressures (40 and 10 MPa, respectively). 
Brine-CO2 flow-through test (BCFT)
The BCFT was performed using synthetic sandstone with equally-distributed non-connected fractures aligned 45 degrees to the fracture normal. The brine:CO2 fractional flow was increased from 100:0 to 0:100 by steps of 20% during the drainage part of the experiment. Once the maximum CO2 saturation (~60%) was achieved, the sample was flushed back with the original brine to complete the test with a forced imbibition episode. During the test, we measured ultrasonic P- and S1,2-wave velocities and attenuations, together with electrical resistivity that we used to determine the evolution of the degree of CO2 saturation (covering the whole range of CO2 saturation for drainage and imbibition saturation paths), axial and radial strains, temperature and relative permeability to brine and CO2.  
Results 
During the BCFT, ~63 PVs (pore volume, PV, ~10 mL) were flushed through the sample. Ultrasonic P and S1,2-waves signatures vary with the partial saturation of CO2 (Fig. 1a), in agreement with previous brine-CO2 multi-flow experiments in sandstones (e.g., Falcon-Suarez et al. 2017; Papageorgiou et al. 2018). The sample showed low relative permeability curves cross point and end-point relative permeability to CO2 values (Fig 1b), when compared to results from similar experiments performed with three non-fractured samples (Papageorgiou et al. 2018), indicating that the presence of fractures affects the wettability and mobility of the individual phases.
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Figure 1: Brine-CO2 flow-through test in fracture sandstone. P- and S-wave velocities for the whole range of brine (and reciprocally to CO2) saturation (a), and relative permeabilities (b) data and fits for both fluids. Solid and empty symbols indicate drainage and imbibition conditions, respectively.
Discussion and summary
Our results suggest that the non-connected fracture network partially isolates the non-wetting phase, favoring the trapping of CO2 in the porous medium and improving the overall CO2 storage efficiency of the reservoir. This finding challenges the assumption that fractured reservoirs are unsuitable geological formations for CO2 storage. We are using the data to develop a rock physics model to improve the distinction between fracture anisotropy and fluid distribution from seismic data, during and after the CO2 injection in fractured sandstone saline CCS-reservoirs.
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