Anatomy of a Contaminated Site
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Diagnosing and Treating a
Contaminated Site
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Remediation Options — A 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...
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time evolution of a plume if it undergoes attenuation



A generalization of mass
balance....

Simplified Block Diagrams Probable
contaminant
plume status

attenuation :> Expanding

mechanism(s)

Minimal Attenuation

[
= -
T O
% § Expanding,
= 5 _ = Stable or
5 2 attenu_atlon Shrinking
-8 < mechanism(s)
=

c
c S
_ccs 2 ' N Stable or
= g attenugtlon Shrinking
w b mechanism(s)




0"
*
Groundwatey
flAvas ‘0

II.I‘IIIIIIII

NAPL Mass

MF2:C2ave.Q2 MFQ:C.OQA\m: O

MF; = Ciae* Q1



C/Co

Plume Structure - Steady State Predicted Concentration
(no dispersion)

a —
01 ¢
* (v - i
0.01 + = 2 ]_ - .I. ].
| gy o
| 15, :
0.001 +
0.0001 +
E constant - steady state source
[ 1*order degradation in plume
0.00001 +
F L= 01
0.000001 ; L R S
01 1 b$00 Example Stable Plume Size for L, = 3 and a desired C/C, of 0.001
travel distance, x (m) i
01+
0.01 +
8 [
g 0.001 +
o i
0.0001 +
0.00001 +
0.000001
0.1

travel distance, x (m)

1000



C/C

Plume Structure -- Maximum Predicted Concentration
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Historical Perspective

Timeline — Natural Attenuation of
hydrocarbons and chlorinated

SOIVe ntS NOBIS protocol for
chlorinated solvents
final AFCEE orotocol | (Europe)

for hvdrocarbons

draft AFCEE protocol U.S. EPA protocol
for fuel hydrocarbons I ITRC protocol and guidance for chlorinated solvents I '
NRC Evaluation bOE
maior oil ITRC guidance and S Aot
company draft AFCEE protocol I summary report for ey :
protocols for chlorinated solvents Vi Fraizs?

chlorinated solvent

|~

/2000 ' | 2001 2002 |
ASTM task group formed I interim U.S. EPA ;,‘GSLLLS j Ef.A Y
MNA directive e . "
MNA experience *

draft ASTM standard released I

ASTM standard finalized I

NRC committee formed
I ITRC requirements for ISB
of chlorinated solvents

= petroleum hydrocarbons = chlorinated solvents

(modified from Wiedemeier and Barden, 2002)
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