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Abstract
Understanding flow through physical heterogeneities in the subsurface and particularly how heterogeneities lead to preferential (e.g., much faster than average) flow is useful in diverse fields such as enhanced oil recovery, radioactive waste treatment and groundwater contaminant migration. Fractures are a principal factor controlling both the amount of gas that can be stored in shale and the risk associated with that storage. Sequestering CO2 in shale depends on the diffusion of CO2 into stagnant areas adjacent to the fractures into which the CO2 is injected. According to our knowledge, the chemical tracer has a long enough transit through the system to diffuse into the matrix, but a nanoparticle tracer does not. So the nanoparticle tracer arrives first and the chemical tracer later, and the separation measures the degree of preferential flow. 
                                                                                                                                                                                                                                                                                                                                                                                                                                           
The experiment dispersed the nanoparticles we synthesized in a supercritical CO2 fluid analogue, and passed them, together with an inert chemical tracer, through a stainless cylindrical column we processed. The cylindrical column has a central channel of large diameter beads surrounded by an annulus filled with smaller diameter beads. For the particle synthesis, a scCO2-phylic polymer was grafted to the particles and fluorophore molecules were added to make the polymer corona fluorescent. Thanks to the great attention paid to the polymer grafting process, mono-dispersed batches of SiO2 and Fe3O4 cored nanoparticles were successfully polymerized and produced using our method. The nanoparticles display satisfying properties such as showing little tendency to agglomerate, having good stability, highly fluorescent and small (~40nm) and uniform in size. Ultraviolet absorption spectroscopy is used to measure the concentration of the Trifluorotoluene (TFT) chemical tracer and the concentration of the nanoparticle tracers are measured mainly by the fluorescence of fluorophore molecules imbedded in the polymer coronae.

In both cases the nanoparticles arrived before the chemical tracer.  This reflects the fact that the chemical tracer diffuses more in to the slit adjacent to the core flow channel than do the nanoparticles. Models of the process have been developed to design field tests assessing the viability of sequestrating CO2 in shale. In the paper, the synthesis of the particles, the laboratory tests we have performed and the modeling will be discussed in detail.
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