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Contextualization : the soil decree in the Walloon region of Belgium

In risk assessment studies, groundwater can be considered as : 
• A receptor (as a resource) : risk of pollutant leaching from the vadose zone
• A pathway, i.e. exposure route to downgradient receptors

Source image :
http://wpage.unina.it/giutosca/mesocosmo/index_en.html
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 Focus here on risk of 
groundwater resource degradation
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RA leaching and dispersion « disconnected » and incompatible …

Based on Connor (1996, 1997)

By their design, the two modules do not really 
fit together: Cout leaching ≠ Cin dispersion

 A question of mass-balance …
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The more permeable is the 
aquifer, the less it is at risk …!!!

Leaching : Csoil compared with VSN

VSN defined based on VSnappe using
dilution factors
VSnappe comes from drinking water 
standards (GW threshold value)

Dispersion : C < VSnappe at the border of 
the land parcel in a time frame < 100 years
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Low-K Aquifer : Low GW Fluxes  less extended, more concentrated plumes

High-K Aquifer : High GW Fluxes more diluted but also more extended plumes

The « Dilution Factor Paradox » that makes « good » aquifers
less protected than « poor » ones …
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Low-K Aquifer : Low GW Fluxes  less extended, more concentrated plumes

High-K Aquifer : High GW Fluxes more diluted but also more extended plumes

The « Dilution Factor Paradox » that makes good aquifers
less protected than poor ones …

C = Threshold value (TV)

 If TV corresponds to red and above, groundwater is more degraded
in the first case because dilution is enough in the 2nd …

5



Groundwater Quality 2025 – Bordeaux – 10-13 June 2025

Low-K Aquifer : Low GW Fluxes  less extended, more concentrated plumes

High-K Aquifer : High GW Fluxes more diluted but also more extended plumes

The « Dilution Factor Paradox » that makes good aquifers
less protected than poor ones …

 If TV corresponds to yellow and above, the volume of degraded GW 
is more important in the 2nd case, even if concentrations are lower !

C = Threshold value (TV)

C = Threshold value (TV)
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Low-K Aquifer : Low GW Fluxes  less extended, more concentrated plumes

High-K Aquifer : High GW Fluxes more diluated but also more extended plumes

Revised framework for flux-based groundwater pollution risk 
assessment

Volume of degraded groundwater larger in case 2 because the mass flux is larger! 

 Risk analysis be based on a maximum acceptable degraded volume 
of groundwater above threshold ... (Walloon Region of Belgium : 5000 m³)

C = Threshold value (TV)

C = Threshold value (TV)
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Adapted FBRA Tool : a new analytical solution to compute pollutant 
leaching and dispersion through groundwater

Minimal requirements :

- Capability to calculate the volume of groundwater polluted above threshold value

- Combination of leaching and dispersion processes through the continuity of mass 
discharge at the vadose zone – saturated zone interface (mass conservation)

Bonus capabilities :

- Dealing with various types of pollution scenarios (source strength, continuous versus 
step input, pollutant leaching from a contaminated soil …)

- Dealing with mother (precursors) and degradation products across a given chain 
of degradation
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Adapted FBRA Tools : a new analytical solution to compute pollutant 
leaching to and dispersion through groundwater …

•Vadose zone:
- Infinite-length column
- Vertical 1D transport

•Injection of pollutant:
- soil initially polluted
- Mass flux injection at top of model

•Results:
- Concentration (function of z and t)
- Mass flux at a depth e (function of t)

•Aquifer:
- 1D horizontal permanent flow
- 3D transport

•Injection of pollutant:
- Mass flux injection on a rectangular horizontal surface

•Results:
- Concentration (function of x, y, z and t)

Conceptual model
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Adapted FBRA Tools : a new analytical solution to compute pollutant 
leaching to and dispersion through groundwater …

Validation of the analytical solution

Mass flux at bottom of the unsaturated zone Concentration in the aquifer at a point downgradient the source

P1 Chain-cascade
P2 Chain-cascade
P3 Chain-cascade
P4 Chain-cascade 
P1 RT3D
P2 RT3D
P3 RT3D
P4 RT3D

P1 HPSQ
P2 HPSQ
P3 HPSQ
P4 HPSQ
P1 RT3D
P2 RT3D
P3 RT3D
P4 RT3D
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Two months step discharge of pollutant P1 and its degradation
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Welcome to discuss in front of our poster !
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abstract ID: 375
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Developments of the analytical solution by Antoine Poncelet undertaken in the scope 

of the REPAIRS project which is part of the FEDER portfolio of project

(see also poster in today’s session)                                                                                                                     
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