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When groundwater emerges from a spring with sufficient intensity, it entrains sediment and progressively digs a channel. The latter draws more water and slowly grows into a river. This process, known as ‘seepage erosion’, is at the heart of diversity of morphological features at the surface of the Earth, and possibly, of other planets in the solar system. It controls the formation of amphitheater valleys, and of river networks, one of the most widespread and recognizable features of Earth’s landscapes (Dunne, 1980). 

Current models of drainage networks repose on two observations (Devauchelle et al., 2012): (1) the network of rivers acts as a boundary condition which controls the groundwater field; (2) streams grow in the direction from which groundwater enters their tips. As a stream grows, it therefore modifies the groundwater field, which, in its turn, modifies the growth of the network. This simple set of assumptions captures the branching instability, responsible for the ramification of the drainage network. 

Although current models account for the shape of drainage networks, the question of their growth rate remains highly debated (Berhanu et al., 2012). As of today, it is not possible to infer the age of a drainage network from its shape. This problem arises from the lack of understanding of erosion at the river head (Petroff et al., 2011). Unfortunately, the timescale for the growth of the network, of the order of a few millennia, forbids direct field observations. The objective of this Ph.D. project is therefore to investigate the physics of seepage erosion in a set of well designed laboratory experiments (Howard & McLane, 1988; Lobkovsky et al., 2004). The experiments will serve to develop a sound physical understanding of seepage erosion, with the goal to test it against field data. The Ph.D. will be conducted in close collaboration with Jerome Neufeld (Department of Earth Sciences & Department of Applied Mathematics and Theoretical Physics, University of Cambridge).

The first experiment consists in a long thin channel, filled with cohesionless sediment, forming a quasi-2D aquifer. Groundwater, injected at the aquifer inlet, flows through the aquifer and forms a spring at its outlet. This setup will be used to investigate the coupling between groundwater and seepage erosion, with a focus on the formation of the river and the erosion of the spring. In this quasi-2D channel, the river forming downstream of the spring is bounded by the channel walls. This simple geometry facilitates the analytical treatment of the equations of the flow and sediment transport. The second part of the Ph.D. project will be dedicated to more realistic configurations : (1) How does erosion proceed in a channel large enough for the river to develop banks? (2) What happens if the sediment is cohesive? (3) Is it possible to reproduce a drainage network in the laboratory?

We are looking for a candidate with a strong background in physics, fluid mechanics, and granular physics, as well as a strong expertise in — and a taste for —  the resolution of partial differential equations. Autonomy and ability to work in a team will also be considered in the evaluation process. 
Main collaborators:  Jerome Neufeld (Department of Earth Sciences & Department of Applied Mathematics and Theoretical Physics, University of Cambridge), Olivier Devauchelle and François Métivier (IPGP).
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