
Anatomy of a Contaminated Site 

Source Zone

Characteristics:
High Concentrations 
Significantly perturbed 
geochemistry

Need:
Aggressive technologies 
to limit long term damage

Examples:
destruction in place or 
enhanced removal; 
heat/steam; chemical 
oxidation or reduction.

Primary Groundwater / 
Vadose Zone Plume

Characteristics:
Moderate to high aqueous/vapor 
phase concentrations

Need: Baseline methods or 
moderately aggressive alternatives

Examples: pump (gas or water) and 
treat; recirculation wells; enhanced 
bioremediation

Dilute Plume / Fringe

Characteristics: 
Low aqueous/vapor 
phase concentrations; 
Large water volume.
Need: innovative 
technologies - sustainable 
low energy concepts
Examples: MNA, Passive 
pumping (siphon, barometric, 
etc.); bioremediation; 
phytoremediation, etc.

Waste 
site



Diagnosing and Treating a 
Contaminated Site

Source Zone

Costs:
$/lb contaminant or $/cu 
yd. Removal
examples:
< $50-$100/cu yd or
< $100/lb for chlorinated 
solvents

hot spot characterization 
reduces cleanup volume

Primary Groundwater/Vadose
Zone Plume

Costs:
$/treatment volume (gallon/cu ft)
example:
<$0.5-$10 / 1000 gallons

zone of capture characterization 
needed, optimize extraction to 
reduce treatment volume

Dilute Plume/Fringe

Costs: 
Operation and 
maintenance costs $/time

mass transfer and flux 
characterization needed

Waste 
site



Remediation Options Remediation Options –– A ContinuumA Continuum
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Enhanced Attenuation 
(EA)
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Remediation Options Remediation Options –– A ContinuumA Continuum
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Definition: A “Sustainable Enhancement” is an intervention that continues to 
operate until such time that the enhancement is no longer required to reduce 

contaminant concentrations or fluxes.



The four stages of plume 
development…

source

EXPANDING

source

STABLE

source

SHRINKING

former source

EXHAUSTED

I. II. III. IV.

time evolution of a plume if it undergoes attenuation



A generalization of mass 
balance….

attenuation 
mechanism(s)
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Probable 
contaminant 
plume status

Expanding

Expanding, 
Stable or 
Shrinking

Stable or 
Shrinking

Simplified Block Diagrams



Groundwater 
flow

NAPL Mass 

MF1 = C1 ave • Q1 
MF2 = C2 ave • Q2 MF3 = C • Q3 ave =  0



Plume Structure - Steady State Predicted Concentration 
(no dispersion)
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Example Stable Plume Size for ? = 3 and desired C/C0 = 0.001Example Stable Plume Size for ? = 3 and desired C/C0 = 0.001

b)
Example Stable Plume Size for ?  = 3 and desired C/C0 = 0.001
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Plume Structure -- Maximum Predicted Concentration 
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Historical Perspective

1994 1995 1996 1997 1998 1999

draft AFCEE
for fuel

draft AFCEE protocol
for fuel hydrocarbons

final AFCEE protocolfinal AFCEE protocol

major
company
protocol

major oil
company
protocols

ASTM task groupASTM task group formed

draft ASTM standarddraft ASTM standard released

NRC committee formedNRC committee formed

interim U.S.
MNA

interim U.S. EPA
MNA directive

final U.S.
MNA

final U.S. EPA
MNA directive

U.S. EPA
for chlorinated

U.S. EPA protocol
for chlorinated solvents

NOBIS protocol
chlorinated
(Europe)

NOBIS protocol for
chlorinated solvents
(Europe)

?

= petroleum hydrocarbons = chlorinated solvents

MNA and EPR TIMELINE

2000 2001 2002

NRC Evaluatio
of MN
Protocol

NRC Evaluation
of MNA
Protocols

MNA experience ?

..

DOE
Alternativ

Projec

DOE
Alternative

Project
ITRC guidance and
summary report for
chlorinated solvents

draft AFCEE
for chlorinated

draft AFCEE protocol
for chlorinated solvents

ITRC protocol and guidance
for hydrocarbons

ASTM standardASTM standard finalized

ITRC requirements for ISB
of chlorinated solvents

Timeline – Natural Attenuation of 
hydrocarbons and chlorinated 

solvents

(modified from Wiedemeier and Barden, 2002)
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