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Outline
 Pedagogical Aspects (“Comsol in 

Education”)
 Importance of 2-D Depth-Averaged Flow
 Some Examples
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Pedagogical Aspects
 We have largely completed a transition to 

numerical tools to teach:
 Flow in porous media and 
 Groundwater flow.

 Challenges:
 Hydrogeologists and Environmental 

Engineers have their own style of learning
numerical methods

 Little “glitches” in COMSOL appear to 
students like major stumbling blocks.
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Pedagogical Aspects (cont.)
 A strategy that seems to work:  Do a 

sequence of many problems that improve, 
simultaneously,  grasp of mechanics and 
mathematical modeling skills.  

 “Learn on the job” with minimal discussion 
of numerical methods.

 Start from simple problems and end up 
with actual applications.
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Why 2-D Averaged?
 In many practical applications, flow is in 

thin and (nearly) horizontal layers.  Head 
differences over the depth are small.  

 2-D modeling is easier computationally 
and in terms of data requirements. 
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• Evidence of uranium(VI) reduction

Phase I              Phase II              Phase III

• Terminal electron-accepting sequence• Nitrate inhibition• Bicarbonate concentration: U(VI) sorption/desorption model• Sorption site distribution: kinetic U(VI) sorption/desorption• Effective reduction rate: vU(VI)=1mmol U(VI)/mg SRB-day
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Several Other Issues

For example, dealing with transport:
 Recirculation;
 Sorption
 Multiple components and reactions 

(instantaneous, Monod kinetics, 
reversible). 
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Conclusion

For Groundwater Flow and Transport: 
COMSOL Multiphysics can be a valuable 
tool in teaching processes and in practical 
applications.   
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