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Mixing in subsurface flows

Contaminant transport and remediation
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Mixing in subsurface flows

Contaminant transport and remediation

Fukushima
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Mixing in subsurface flows
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The importance and challenge of hyporheic mixing
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Mixing in subsurface flows

Clogging in Geothermal energy or artificial recharge)

Fe(OH),

Luc Burté, PhD thesis, University of Rennes, Antea group




Mixing in subsurface flows
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Macminn et al., J. of Fluid Mech.., 2011

Dissolved CO2 Porosity changes

Hidalgo et al., Geophys. Res. Lett., 2015



Cobalt chloride concentration C1 (M)

Mixing in subsurface flows

Sodium silicate concentration C2(M)
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Haudin et al., PNAS 2014



Permeability (cm/s)
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Experimental observations of mixing in porous media

Plugins




Experimental observations of mixing in porous media

Various poin
Injections l l

Injection

- High Péclet number
- Steady Stokes Flow
- Tracer point source
- High resolution 5cm— 50 uym









Dispersion
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Mixing scale

IUSTI Metzger, Lhuissier > s(tp) = 15um

» 1 pixel = 1um



Mixing scale
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Mixing scale
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Compression due to elongation

Diffusion

Mixing scale
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Mixing scale
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Chaotic mixing in granular media

Turuban et al. PRL 2018
Heyman et al. In prep.




Evidence of chaotic mixing in crystalline porous media

Poincaré sections
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Chaotic stirring

A simple estimation: doubling length every grain size

p(d) = 2p(0)
p(2d) = 4p(0)
p(3d) = 8p(0)
p(nd) = 2"p(0)

p(nd) = e'°927p(0) n=x/d

p(x) = e*p(0) Yx = log2/d




Mixing scale under chaotic stiring
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Batchelor scale in turbulent flows
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Batchelor scale
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