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Modelling in the unsaturated soil zone
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Modelling in the unsaturated soil zone

= Models described by partial differential equations:

- Flow: RICHARDS-Equation, retention curve parameterization
by VAN GENUCHTEN/LUCKNER
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Modelling in the unsaturated soil zone

= Models described by partial differential equations:

- Transport: Convection-Dispersion-Equation

e s _ &) ac

= D. — |———+ u e+ S+ v 60+ — Sc
ét Oft é}(i 1 é}(j 0/3( ,LIW ,US,O 7/W 7/310 S

C | concentration Djj tensor of dispersion coefficients

S | sorbed concentration S sink/source term

P | bulk density C, concentration of sink/source term
t | time Yuw» Ys | parameters for 15t order processes
q; | i-th component of flux W,. Ms | parameters for Ot order processes

TU Dresden, 11.10.2011 The simulation software PCSiWaPro® Page 6 of 29



TECHNISCHE
UNIVERSITAT L :
DRESDEN Modelling in the unsaturated soil zone

= How to use these equations to simulate model behaviour

- input data
- solil parameters (conductivities, porosities, ...)
- contaminant parameters (diffusion coefficient, half-life, ...)
- initial conditions
- steady-state or transient boundary conditions

- mathematical equation solving technique

- additional input data: discretization of the model area
(space and time)
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The software PCSiWaPro®

= PCSiWaPro®: a software to simulate flow and transport processes in
the unsaturated soil zone
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= How to use these equations to simulate model behaviour
with PCSiwWaPro®

- input data
- soil parameters (conductivities, porosities, ...)
- contaminant parameters (diffusion coefficient, half-life, ...)
- initial conditions
- steady-state or transient boundary conditions

- mathematical equation solving technique

- additional input data: discretization of the model area
(space and time)
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= Integrated 1D- or 2D-mesh generator

ﬁ Mesh generator - boundary condition editor EIE

File  Bdras
SIPIEELT-SEISEES IRl L1 4 o

n 3

Nodes: 952 : Elements: 1655 X=0666cm: Z=10.86cm
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= How to use these equations to simulate model behaviour
with PCSiwWaPro®

- input data
- soil parameters (conductivities, porosities, ...)
- contaminant parameters (diffusion coefficient, half-life, ...)
- initial conditions
- steady-state or transient boundary conditions

- mathematical equation solving technique

- additional input data: discretization of the model area
(space and time)
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= Data input through user-friendly GUI
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= How to use these equations to simulate model behaviour
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= Equations solved by:

=
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= discretization
- space: finite elements
- time: adjusted finite intervals
- explicit, implicit, Crank-Nicholson

- repeated solution of linear equation system
for each timestep
- direct: GAUSSIan elimination
- iterative: preconditioned conjugate gradient method

- Problem: long simulation runtimes
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= Current research topic: source code parallelization

- dividing work into mutually independent parts

Incremental parallelism (OpenMP domain decomposition (MPI)

Maéier
Thread

"~ parallel Re gions

- computationally most expensive tasks:
- matrix assembly, system solver
- integrating and testing of parallel solver libraries
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The software PCSiWaPro®

= Simulation (dam seepage example)
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The software PCSiWaPro®

=» Result viewer
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= How to use these equations to simulate model behaviour
with PCSiwWaPro®

- input data
- soil parameters (conductivities, porosities, ...)
- contaminant parameters (diffusion coefficient, half-life, ...)
- initial conditions
- steady-state or transient boundary conditions

- mathematical equation solving technique

- additional input data: discretization of the model area
(space and time)
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= Computation of upper boundary condition with the
Integrated weather generator

Concem_:ration c!istribution at 9 i N p u t d ata
contaminated site after 25 years
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The weather generator

= Time series generation by:

(1) statistical characterization of input time series

(2) spatial interpolation of statistical parameters

(3) sampling of synthetical time series
- past, present and future

1. w1
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= Data input through assistant

Erzeugung synthesioe e cepesisens
potentielle Boden =
Grundlage realer| ‘ v.,.,

y Ge = Mmmw.;.t
Exposition (Ausrichtung) und Neigung des Standortes
e __

Wahle ',

Ggahensipdie Landnutzungsform
Einfallsrichtu

Neigung an.
Geben siedie am Standort vorherrschende Landnutzungsform
Nelgung an.
= Landnutzungsart | Grinland und Grasflachen -

Hinweis: Je nachdem, welt ' =
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]
Suchbegrifil  dresden, Gemany
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Auswahl der Position mit einem R auf die Berechnung ¢ eﬂf_é.a;. - ngogad

Karte

Hinweis: Neben der Bodenart wird die real am Standort auftretende Evaporation noch
entscheidend durch die Landnutzungsform beeinflusst.
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= Graphical visualization of result time series
- automatic transfer to PCSiWaPro® model

[*= Wettergenerator (Versiol
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Applications

= Applications of PCSiWaPro® in the following fields:

- |leachate forecast

- earth dams

- capillary barriers

- landfill coverage

- small-scale sewage treatment plants
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= Completed applications with PCSiWaPro®:

- Seepage in an earth dam

How long / how far will the unsaturated zone be wetted
until instabilities occur?
Influence of structural measures (drainage, blocking walls, ...)
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= Completed applications with PCSiWaPro®:
- Simulation of a capillary barrier in a tipping trough

Which materials should What are requirements
w be used? for the dimensioning of
the tipping trough?
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Thanks for your attention!
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