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Abstract

As global economies grow and demand more energy, scientists work to develop alternative
sources to meet demand. Developing countries, e.g. China and India in particular, will turn
to nuclear power to meet their energy needs, increasing demand for uranium. There are
enough land-based uranium reserves to cover current demand for about 120 years. However,
increasing demand will shorten this estimate and require mines to tap into harder-to-extract
reserves resulting in higher prices and greater environmental footprints. An unlimited supply
of uranium, roughly 4.3 billion tonnes, is dissolved in the ocean at a concentration of 3 parts
per billion. Chemists have been developing polymers to extract uranium from seawater
to provide fuel and price security for the nuclear power industry. Coupling a system that
extracts uranium with an existing offshore structure, such as a wind turbine, reduces the
cost of deployment and operation as well as the overall price of uranium from the ocean.

In ocean-based systems, trace metals such as uranium are passively removed via adsorbent
polymers. These polymers are not inherently strong or durable, however. One solution is
to enclose them in a shell structure that bears the environmental loads. This work aims
to characterize the flow of water in and around porous shells containing uranium adsorbent
to inform the design of a uranium extraction device. Shells with different hole patterns
were fabricated and tested. The corresponding flow in and around the shells was examined
qualitatively using computational fluid dynamics (CFD) and dye flow studies. The form drag
of the different shells was determined experimentally and verified through CFD. The results
were used to model a chain of uranium adsorbent shells submerged in the ocean and subject
to various currents. The dynamic forces due to vortex-induced vibration were studied to
determine resonant frequencies. Findings will be used to inform uranium extraction system
design in an offshore environment.
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