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Boundary conditions and parameters
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• FE-Mesh
• transient - 2D – 3D ?
• boundary (POTE)
• Well (KNOT)
• Leakage (LERA)
• Stream level (VORF)
• Recharge (FLAE)
• K-Values (KWER)
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Well I
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Well II
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Well III
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Well IV
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Well V
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Well VI
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Transport processes

Advektion
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Advection

c

c

transport with groundwater flow

depends on the average particle velocity
of groundwater (distance velocity)

particle velocity darcy velocity

advectiv flux = particle velocity * concentration

average particle velocity (distance velocity) =
Darcy velocity / effective porosity
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Transport processes
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Diffusion

c

flux from higher to lower concentration

- groundwater flow !
- direction

flux = diffusion coefficient * (- gradient of concentration)
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depends on:

depends not on:

- soil characteristics
- gradient of concentration
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Transport processes 3
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Scale
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Hydromechanical Dispersion

Spreading of the transported substance due to the way around the grains and heterogenity
of permeability in all scales

- soil characteristics
- flow velocity
- model scale
- gradient of concentration

depends on:

flux = dispersion tensor * (- gradient of concentration)
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Transport
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Tracer Porous Media
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Upwind
Technique



Folie: 27

Lecture SPRING



Folie: 28

Lecture SPRING

3D-Model Mesh
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Calculated bencene plume
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Vertical catchment area of a partialy penetrating well



Folie: 31

Lecture SPRING

Bencene concentration at pumping well (Grafik)
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Multiphase Flow
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Multiphase Flow
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Multiphase Flow
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Wetting (w) and Nonwetting (nw) phase
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1-dimensional example (Grafik)
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General Transport Equation:
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with:
• c = concentration of material in fluid [kg/kg]
• cs = adsorbed concentration of material in matrix [kg/kg]
• cin = input concentration of material [kg/kg]
• qc = predetermined in-/output of material [kg/m3/s]
• qj = in-/output of material from reactions
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Parameters:
• n = discharge-effective porosity of aquifer [-]
• na = total porosity of aquifer [-]
• Sr = saturation level [-]
• = density of fluid [kg/m3]
• s = density of matrix [kg/m3]
• q = fluid source/depression term
• v = distance velocity [m/s] ; v = vf/n ; vf = filter velocity [m/s]
• dm = molecular diffusion coefficient [m²/s]
• D = symmetric dispersion tensor [m²/s]
• f = source/depression term built by production-/reduction-/degradation-

processes of the material in the fluid [kg/kg/s]
• fs = source/depression term built by production-/reduction-/degradation-

processes of the adsorber in the fluid/matrix [kg/kg/s]
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General Transport Equation:
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Adsorption Models

• Calculation without adsorption (non-adsorption)
• Linear adsorption model (Henry):

kd = Henry-isotherme of material [m3/kg]

• Freundlich-adsorption:
k1 = 1st Freundlich-isotherme of material [m³/kg] and

k2 = 2nd Freundlich-isotherme of material [-]

• Langmuir-adsorption:
k1 = 1st Langmuir-isotherme of material [m³/kg] and
k2 = 2nd Langmuir-isotherme of material [m³/kg]

Individual zone-and material specifications can be defined
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Typical runs of isothermal curves
Henry

Henry Isothermen
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Typical runs of isothermal curves
Freundlich

Freundlich Isotherme
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Typical runs of isothermal curves
Langmuir

Langmuir Isotherme
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Conditions KNOT 0.01999Input 1 mg/l

4

1

2

3

SICK 0.00000
BILK 0.00000

Layer Nr. 1 2 3 4

KWER 
[m/s]

8.9e-6 3.8e-7 1.5e-6 2.1e-4

PORO 0.04900 0.05200 0.05400 0.21000

DISP 0.08000 0.08000 0.08000 0.08000
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Adsorption parameter: None - TRACER
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Examples
Henry: χ1=0.00003 Equation: CCs ⋅⋅= ρχ1
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Examples
Freundlich: χ1=0.0005,  χ2=1.1 Equation: ( ) 2

1

1 χρχ CCs ⋅⋅=

Vertikalnetz

SPRING
Auswertung SITRA
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ADSORPTION NACH FREUNDLICH
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Examples
Langmuir: χ1=0.0005,  χ2=1.1 Equation: C

CCs ⋅⋅+
⋅⋅
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Zone-specified Adsorptionparameters
Layer Nr. 1 2 3 4

Freundlich χ1=0.0005,  χ2=1.1 χ1=0.0004,  χ2=1.2 χ1=0.0003,  χ2=1.1 χ1=0.0010,  χ2=1.1
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Zone-specified Adsorptionparameters

Examples

Layer Nr. 1 2 3 4

Langmuir χ1=0.0005,  χ2=1.1 χ1=0.0004,  χ2=1.2 χ1=0.0003,  χ2=1.1 χ1=0.0010,  χ2=1.1
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Vertikalnetz

SPRING
Auswertung SITRA

ZEIT IN TAGEN
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ADSORPTION NACH HENRY (ZONIERT)

91498244733964345529390026331366
99

Zone-specified Adsorptionparameters

t [d]
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Layer Nr. 1 2 3 4

Linear χ1=0.00013 χ1=0.00003 χ1=0.00009 χ1=0.000002


