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Motivation: Why Particle Tracking

® Computing residence and travel times, streamlines and path-lines

® Delineation of capture zones
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= Advantages of PT: computational efficiency, no numerical dispersion
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Motivation: Why Postprocessing of FEM Velocities?

Emerging problem:

® Existence of mature finite-element-type codes for simulating
variably-saturated flow, and integrated hydrosystem modeling

= FE-type-velocities are not conforming

Example: non-conforming FEM-velocity field

But, finite-element-type methods
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Attributes of the solution:
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The FVM reconstruction for Richards’ equation

A centroid-centered finite-volume flux reconstruction on the primal grid
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The resulting system resembles those of the steady-state groundwater
flow equation: Ah =rr.
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Elementwise Analytical Particle Tracking

On OE; every face is
embedded in a vectorized
line equation:

Xy = Xp1 + Sty

— solve for s such that
the exit coordinates of
the particle are recovered

s = (ay + b}/nl ax + ban) < btx,l bty’e )1

a, + by, ©a+ bx, ax + bx, a, + by,

= Extendible to hyperplanes in R"!
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At the Catchment Scale: FVM reconstruction on prisms
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b) FVM pseudo-potential: top layer
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Application to the Catchment Scale: Trajectories
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Outcome and Conclusions

© Definition and implementation of a flux postprocessing technique for
heterogeneous models of variably saturated flow in porous media on
the catchment-scale linked to HydroGeoSphere

© The finite-volume flux reconstruction is robust and fast to compute

© Very effective, parallelized code for particle tracking in Matlab (10°
particle tracks in an unstructured, variably saturated, and transient
catchment-scale model (without pre-computations) take a few
minutes on a Standard-PC on the CPU)

® The FVM flux reconstruction comes with a comparably high coding
effort © but is available on GitHub
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Thank you for your attention!

Contact: philipp.selzer@gmx.net

All codes are available on GitHub:
https://github.com/PhilippSelzer/FluxCorr_ParticleTracking
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