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Homework #4 

Simulation of unit basin problems – Steady state simulation of flow in a vertical profile 

Problem setting 

The first task is to build a model of the Unit Basin defined by J Toth (1963). The original problem was 

defined as a vertical 2D problem, as a slope with no flow boundary at the sides and the bottom and a 

linearly decreasing potential at the top. After building the base model run, boundary conditions, 

material properties are to be modified to understand the behavior of flow regimes. 

Hydrogeological conditions of the base model: 

The simulated system consists of a silty, silty sand aquifer (the parameters can be freely chosen). There 

are no flow boundaries at all sides. The potential distribution on the top surface is linearly decreasing, 

the horizontal hydraulic gradient is constant (please apply freely chosen a horizontal hydraulic gradient 

in the range of 1-3 m/km). 
 

Task 1. Determine the flow field (potential distribution) and pathlines starting from the surface at 

constant distance intervals, please. 

Task 2. Modify the base model as follows and determine the new flow field (potential distribution) the 

changes of flow field using “drawdowns”, the pathlines starting from regularly distributed starting 

points. 
 

Model variants to be calculated: 

Task 2a. Nested flow field: Please apply 4 total waves at the top boundary of the model. The amplitude 

of the waves is 20% of the increase of potential in each km at the base simulation (for ex. at 2 m/km 

hydraulic gradients, the increase/decrease of potential is 2 m at each km, therefore the amplitude is 

0.4 m. 

Task2b&c. Apply an anisotropy of 20 both for the original and the “nested” flow field. 

Task2d. Divide the aquifer into several layers of aquifers and aquitards using sand and silty clay 

material properties (you may decide the number of layers and the hydraulic parameters applied). You 

may use any previously built flow model. 

Task2e&f. Define an additional recharge or discharge at the downgradient side of the unit basin 

bottom (You max use any appropriate package (recharge, well, etc.)) The amount of recharge is ± 25 

mm/years. 
 

Materials to be presented: 

In printed form a short report of the problem with  

- the description of the models 

- the details of the chosen data sets 

- graphic presentation of the mentioned potential fields or drawdown distributions 

- graphic presentation of pathlines at different scenarios 

- the evaluation of results 
 

Digitally (only at the end of semester) 

- report in document form 

- total dataset 

- plots in graphical form 


