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Abstract.  Groundwater represents one of the most 
important sources so as to satisfy the steadily increasing 
demand of pure water in modern times. However, 
groundwater is very susceptible to many kinds of pollu-
tion whose causes can usually be divided into one of two 
categories: point-source and nonpoint-source pollution.  
In this comparison a particular focus was put on the 
modelling of a 2D-homogeneous groundwater body and 
the contamination of its groundwater stream caused by 
a steady point-source pollution in case of a uniform 
pore-water velocity. Three different tasks were regarded: 
In task A, the pollution propagation was investigated and 
compared to an approximated analytical solution in case 
that no treatment plants are installed. In contrast, task B 
and C consisted of examining the impact of treatment 
plants on the actual pollution propagation in case of a 
permanent activation and when the pollution reduction 
works according to a set schedule instead. In total, two 
different computational approaches were chosen and 
implemented in Matlab whereby one consisted of a finite 
difference method and the other was based on a ran-
dom walk ansatz. Similar results were obtained but fur-
ther parameter studies could be helpful. 

1 Modelling & Task Definition 

1.1 Task A: Unaffected pollution spread 
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Variable Description  VValue 

 Pore velocity in -direction  

 Dispersivity 

Degradation 0 

Input rate of pollutant mass 

Thickness of saturated flow  

Effective porous volume 0.25 

Table 1: Notation and description of used parameters. 

1.2 Task B: Pollution reduction by facilities 

1.3 Task C: Controlled pollution reduction 

Figure 1: Pollution concentration obtained by (2) after 
 days with parameters of table 1 (task A). The 

green regions represent the 5m-circle neighbourhood of 
the treatment plants at   (task B and C). 

2 Finite Difference Method 
Mesh grid. 
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Diffusion term.

Convection term.

Time derivative. 

Evolution. 

3 Random Walk 
Modelling.

particles

deterministic convective probalis-
tic dissipative

Pollution concentration.

Evolution. 

4 Results 
Task A: Unaffected pollution spread  

Figure 2: Task A: Pollution after  days for all methods 
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Task B: Pollution reduction by facilities.

Figure 3: Task A: Pollution after  and  days at m. 

 
Figure 4: Task B – FDM: Pollution after  days at  

and  with and without pollution reduction facilities.

 
Figure 5: Task B – RW: Pollution after  days at  

and  with and without pollution reduction facilities. 

Task C: Controlled pollution reduction.

Figure 6: Task C – FDM: Comparison of pollution spread at 
 for permanent and controlled pollution reduction. 

Figure 7: Task C – RW: Comparison of pollution spread at 
 for permanent and controlled pollution reduction. 

5 Conclusion 

Model sources 
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