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Effects of Dispersion and Diffusion
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Effects of Dispersion and Diffusion

• Hydrodynamic dispersion 
causes contaminant plume to 
spread over a larger area as it 
moves through the aquifer

• Spreading occurs mostly in the 
direction of movement 
(longitudinal dispersion)

• Maximum contaminant 
concentration in the plume 
decreases with travel distance 
(and travel time) because of 
dispersion
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Sorption

• Many solutes can interact with the mineral grains in the 
aquifer during groundwater flow, leading to slower solute 
migration than the groundwater flow rate

• Sorption processes include adsorption, chemisorption, 
absorption (actually a diffusion process), and ion 
exchange

• Sorption processes can be rapid, leading to equilibrium 
conditions

• Sorption processes can be slow, in which case a kinetic 
sorption model is required to describe the process

• Sorption can be important to contaminant migration 
because it slows movement of contaminants allowing time 
for radioactive decay or chemical degradation
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Linear Sorption

CKC d*

C* = mass of solute sorbed on solids
Kd = sorption coefficient
Bd = bulk density
 = porosity or moisture content
Rf = retardation factor
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Sorption

NKCC *

K = fitting constant
N = exponent fitting constant
 = adsorption constant related to binding energy
 = maximum amount of solute that can be sorbed
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Freundlich Isotherm:

Langmuir Isotherm:
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Effects of Sorption

• Sorption of the contaminant on 
mineral grains in the aquifer 
leads to a retardation of the 
plume

• Even a moderate amount of 
sorption will lead to 
contaminant migration that is 
many times slower than the 
groundwater velocity
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Non-Aqueous Phase Liquids
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Non-Aqueous Phase Liquids

• Non-aqueous phase liquids 
(NAPL) may be the wetting 
phase, in which case the water 
exists as isolated bodies in the 
porous medium

• If the NAPL is the non-wetting 
phase, then the water exists as 
a continuous body in the 
porous medium

• Wetting or non-wetting 
behavior is a function of the 
NAPL and the mineral grains
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Non-Aqueous Phase Liquids
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Non-Aqueous Phase Liquids
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Non-Aqueous Phase Liquids

• DNAPL contamination of 
fractured aquifers 
represents a serious 
challenge for aquifer 
remediation

• DNAPL migration in 
fractures is difficult to 
characterize and predict 

• DNAPL probably cannot 
be recovered from 
fractured bedrock
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Transport in Fracture Media

• Groundwater velocity in 
fractured media are generally 
very high due to the low 
value of fracture porosity

• Diffusion of contaminants 
from the fracture into the 
porous rock matrix can be an 
important mechanism for the 
retardation of contaminant 
migration

• Matrix diffusion provides 
access to the sorption 
capacity of the rock matrix 
also



14

Contaminant Monitoring

• Monitoring wells should be 
constructed to protect from 
surface contamination

• Well screen length should not 
be excessive because this can 
lead to artificial dilution of 
contaminant concentrations 
during pumping

• Filter pack, well casing, and 
well screen should not be 
chemically reactive with 
contaminants of interest



15

Contaminant Monitoring

• Soil vapor can be sampled from the unsaturated zone 
using well construction similar to water wells

• Soil moisture can be sampled from the unsatured zone 
using a suction lysimeter in which a vacuum is created 
within a ceramic porous cup to extract liquid from 
partially saturated soil


