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Contaminant Hydrogeology

• Originally the science of groundwater hydrology was 
focused primarily on evaluation of groundwater as a 
resource

• More recently, issues of groundwater contamination have 
become more dominant in the field

• Undetected groundwater contamination can pose individual 
and population health risks

• Wide-spread groundwater contamination can threaten 
groundwater as a resource if the water quality in significant 
portions of  the aquifer is degraded
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Types of Contaminants
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Types of Contaminants
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Sources of Contamination
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Sources of Contamination
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Sources of Contamination

• Waste landfills are common 
sources of groundwater 
contamination

• High chloride 
concentrations result from 
dissolution in waste and 
indicate flow directions

• Chloride plume is generally 
a good proxy for 
contamination with other 
chemicals from the landfill
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Sources of Contamination

• Landfills typically contain 
organic waste that 
consumes available oxygen 
within the landfill and in the 
proximal groundwater 
plume

• Variations in the redox 
conditions in the plume can 
have important impacts on 
contaminant degradation, 
contaminant mobility, and 
water quality
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Impacts of Redox Conditions

• Water chemistry and 
important redox species 
vary along the flow path in 
a landfill plume

• The nature of microbial 
growth and metabolism 
also varies along the flow 
path

• Types of microbial activity 
are important because of 
their role in contaminant 
degradation
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Impacts of Redox Conditions
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Advective-Dispersive Transport
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Advection:



12

Advective-Dispersive Transport
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D* = effective diffusion coefficient
Dd = molecular diffusion coefficient
 = coefficient related to tortuosity

dDD  *

Diffusion:

(Fick’s second law)
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Advective-Dispersive Transport

Diffusion:
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Advective-Dispersive Transport

*DvD iLL 

DL = longitudinal hydrodynamic dispersion

DT = transverse hydrodynamic dispersion

L = longitudinal dispersivity

aT = transverse dispersivity

*DvD iTT 

Hydrodynamic 
Dispersion:
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Advective-Dispersive Transport

• Dispersion is dominated by 
diffusion at low groundwater 
velocities (Pe < ~1)

• Dispersion is dominated by 
hydrodynamic dispersion 
(dispersivity) at higher 
groundwater velocities (Pe > ~1)

• Transport in most groundwater 
flow systems is dominated by 
hydrodynamic dispersion

• Dispersivity generally increases 
with increasing length of flow 
path
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Advection-Dispersion Equation
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Two-Dimensional Transport

DL = longitudinal diffusion coefficient

DT = transverse diffusion coefficient
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Advection-Dispersion Equation
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Analytical Solution for One-Dimensional Transport

(Ogata and Banks 1961)

DL = longitudinal diffusion coefficient

C0 = source concentration

L = distance from source

erfc = complimentary error function


