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Multi-scale testing and modeling have been used in subsurface research to improve fundamental process understanding and to obtain new insights into upscaling theory. The intermediate scale, a length scale that is intermediary
to the traditional laboratory and field scales, is a part of this experimental approach. Limited measurements and a
lack of control make the validation of flow and transport theories and predictive models using field data difficult.
Intermediate-scale, physical models provide cost-effective alternatives that allow accurate, high-resolution datasets
to be generated across a range of observational scales under carefully controlled conditions. Emerging problems related to climate change and food-water-energy nexus security (e.g., carbon dioxide sequestration, fugitive methane
loading during unconventional energy development, ecohydrology, irrigation management) do not fall within the
traditional scope of subsurface hydrology, thus warranting further investigation. Adapting intermediate scale testing to such non-traditional problems pose many scientific and technical challenges in how to create appropriate
atmospheric boundary conditions and reproduce multiphase fluid flow behavior characteristic of the high pressures
of deep geologic formations. This paper presents our recent work on the development and application of intermediate scale test systems to address these non-traditional problems. Experimental techniques and results are presented
from studies involving: enhancing capillary trapping of supercritical carbon dioxide, dissolution trapping of carbon
dioxide in heterogeneous formations, the leakage of gases from deep geologic formations and evaporation from
bare and vegetated soils. The practical implications of these findings are discussed.

