
Hydraulic groundwater modeling

• Week 11

• Assessing the quality of a groundwater model
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„Quality“ of a model

• Stability

• Accuraccy

• Applicability

• Limitations

• …
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Example: Solute transport

• Tracer injection into a steady but heterogeneous aquifer
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Hydraulic head (m)Hydraulic conductivity (m/s)

Initial tracer concentration (kg/m³)



Simulation results
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concentration after 30 days (kg/m³)concentration after 20 days (kg/m³)

concentration after 5 days (kg/m³) concentration after 10 days (kg/m³)



Simulation results - statistic

• Using the statistics tool:
• The solution is bounded

• The model is mass conserving
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Look at the output!
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The CFL stability criteria

• CFL criteria advection

• CFL criteria diffusion (CSFT)
• Note that D/dx is also velocity (m/s)

• Usually diffusion much slower than advection
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CFL in r.solute.transport

• CFL for advection (source code)

• In GUI: use CFL flag (does not work in Python)

• With Python: Use loops
• Divides given time step in number of separate steps

• In shown example: 10 loops
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Violating CFL criteria
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concentration after 30 days (kg/m³)



Decreasing timestep dt

• Half of previous time step (now: 4320s)

• Result: No fundamental change
small changes to be expected
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concentration after 30 days (kg/m³)



Increasing accuraccy
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concentration after 30 days (kg/m³)



Reduce spatial resolution
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concentration after 30 days (kg/m³) – dx = 4m

concentration after 30 days (kg/m³) – dx = 2m



Peclet number

• 𝑃𝑒 =
𝑑𝑥 𝑣

𝐷
< 2
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Peclet number (-) – dx = 10m

concentration after 30 day (kg/m³) 



Assessing numerical diffusion

• Assume pure advection

• In Grass GIS r.solute.transport diffusivity has to be larger than 0 but 
can be set to a very small number (here: 0.0000000000000000001)
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Computed tracer concentration after 30 days (kg/m³)



Numerical diffusion - homogen
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Computed tracer concentration after 30 days (kg/m³)



Lessons learned

• Assessing the quality of a simulation is maningfold

• Conceptual decissions need to be assessed separately!

• Boundedness and conservativity can be assessed comparably easy

• Know (and check!) your stability criterias

• Accuraccy difficult to assess without validation

• Check for convergence in spatial and temporal resolution
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