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The Subsurface Environment



Aquifers



Sources of Groundwater Contamination



Contamination Pathways and Sources

• Disposal of chemicals by burying them in drums or ponding them in lagoons 
• Leaking underground storage tanks (NAPLs, DNAPLs)
• Septic tanks (non-industrial pollutants e.g. pathogens, N and P)
• Leakage of injection wells that were used to inject chemical wastes 
• Agriculture

nafsa
Sticky Note
https://en.wikipedia.org/wiki/Non-aqueous_phase_liquid



Transport processes of solutes in a porous 
media

Two important processes:
 Advection, and
 Dispersion/ Hydrodynamic dispersion

nafsa
Sticky Note
Seepage velocity takes into account the area of voids that is …it is discharge per unit area of voids whereas Discharge velocity takes total area of soil under study.

Seepage velocity is always greater than Discharge velocity.

Seepage velocity = Discharge velocity/Porosity 

nafsa
Sticky Note
seepage velocity = velocity / porosity




Transport processes of solutes in a porous media …..

nafsa
Sticky Note
Tortuosity is a property of curve being tortuous (twisted; having many turns).



Effect of dispersion



Effect of dispersion ……..

nafsa
Sticky Note
http://hydrogeologistswithoutborders.org/wordpress/1979-english/chapter-9/



Hydrodynamic dispersion



Hydrodynamic dispersion …..



1-D Dispersion of a pulse tracer in a Column

Concentration at the center of mass when the center of mass is at a 
distance x from the origin (only applicable when longitudinal 
dispersion dominates the transport coefficient):



Problem: 1-D Dispersion

A column experiment is set up in the laboratory. Sand with a mean 
grain size of approx 0.5 mm is packed (porosity 0.3) into a cylindrical 
column, 1.5 m in length and 10 cm in dia. Water flows through the 
column with a seepage velocity of 1 m/hr. 5 mg of salt are injected into 
the column (pulse injection)

a. What will be the concentration of salt after an hour at a distance 
0.9 m down the column?

b. When the tracer mass is centered 1.3 m down the column, what is 
the concentration of tracer at this location?



Solute Transport in Saturated Homogenous Porous 
Media: Continuous Source



Solute Transport in Saturated Homogenous Porous 
Media: Continuous Source …………



Solute Transport in Saturated Homogenous Porous 
Media: Continuous Source …………



Complementary Error Function Table

CE 435: Environmental Pollution Management Dr. Tanvir Ahmed



Table (approximate) for erf(x) and erfc(x)



Solute Transport in Saturated Homogenous Porous 
Media: Continuous Source …………



Advective-Dispersive Transport with Chemical 
Reaction:



Advective-Dispersive Transport with Chemical 
Reaction: 1-D Transport with Adsorption



Advective-Dispersive Transport with Chemical 
Reaction: 1-D Transport with Adsorption ……..



Advective-Dispersive Transport with Chemical 
Reaction: 1-D Transport with Adsorption ……..



Advective-Dispersive Transport with Chemical 
Reaction: 1-D Transport with Adsorption ……..



Advective-Dispersive Transport with Chemical 
Reaction: 1-D Transport with Adsorption ……..



Retardation of Solutes 
due to Adsorption



Problems



Problems
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