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Rhine Alarm Model



Basics and Theory of Solute Transport



Longitudinal and Transversal Dispersion

• Dispersion transveral and longitudinal

• Gauß-shaped curves



Dispersion of solutes during transport

Concentration decreases and an increasingly large volume
of water is contaminated

Longitudinal and Transversal Dispersion



a) Different volecities

b) Different pore size

c) Different paths

Quelle: Sächsisches Landesamt für Umwelt und Geologie 



Effect of hydrodynamic dispersion

Quelle: Sächsisches Landesamt für Umwelt und Geologie 





Dispersion coefficient

• Dispersion coefficient D (m2/s)

D= δ * va

dispersivity δ is scale dependent and describes the heterogeneity
• Laboratory scale
• Field scale
• Regional scale



Transversal / longitudinal Dispersion

• Transversal dispersion 0,1- to 0,2-times longitudinal

• Hydrodynamic dispersion can be determined with column or
field experiments



Large and small dispersivity



Dispersion in column experiment



Immobile zones and dispersion



Scales of dispersion



Skalen der Dispersivität



Scale effects



Diffusion



Diffusion coefficient



Transport equation

• D__ dispersion coeffizient x,y,z direction

• C concentration t time

• v _flow velocity



Dispersion effects



Dispersivity and dispersion coefficient

• D dispersion coeffizient

a dispersivity

• v flow velocity



Definition for Dispersivity and Tortuosity

• T Tortuosity

• D_ Dispersion coefficienten

• L, T for lateral and transversal



3D



3D equation

• 3D Transport

• Translation and dispersion



3D

• v < 0.1 m/Tag :

– DL = Dxx

– DT = Dyy = Dzz



2D



Boundary conditions



2D

if

then



Boundary conditions

• M mass (g)

• ‚n‘ porosity

• H is thickness



Analytical solution 2D

• M is mass (g)

• n is porosity

• H is thickness

• DL is longitudinal
DT is transversal
Dispersion



Time equation 2D

• tm is residence time



Transverse dispersion

• Y is transverse distance

• DT is transversal dispersion coeffizient

• tm is residence time



Finally …

1D



Momentaneous injection

• Dirac-Stoß



1D

• 1D no change in y and z

• Rivers and columns

if

then:



Boundary conditions 1D



Solution 1D

• Main equation 1D

• C depends on M and 1/Q and DL
-1/2 and 1/t3/2 and decreases exponentially with

x2



Radial 1D

• Applicable to wells



Residence time

• In proportion to Volume and

• In inverse proportion to discharge



Dispersion parameter (Definition)

• Dispersion coeffizient per velocity

• Dispersivity per length x

• Dispersion parameter corresponds to a/x



Normalized curves



Measurements



Mass curve



Fitting



Multifinalität



Conceptual model



Parallel ADV Models



Dispersion and Diffusion



Example



Rhein



Fitting of models



Warning model



Combining advection dispersion and diffusion
into dead zones



Brasil



Determining the residence time of water in a 
surface reservoir in Brasil near Sao Paulo



Summary

– ADV has analytical solutions for 1D, 2D

– Can be used to predict breakthrough

– Can be used to calculate mass M

– Fundamental equations for predicting mass transport


