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Oxidant • Natural Organic Matter (NOM)
• Reduced Inorganics (Fe, Mn, etc)
• Catalyses



Treatment Implications
Increase…

 consumption of oxidant
 decomposition rate

Decrease…
 transport/mobility
 the reaction rate
 mass of oxidant available

… inefficient treatment system
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Approach

 Collect and characterize aquifer materials
  

 Perform a batch and column tests, and field 
experiments

 Develop kinetic models to capture observed 
trends

 Explore predictive implications
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Peroxide Story…

22OH
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Permanganate Story…
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Typical Batch Reactor Results
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Permanganate
Natural Oxidant Demand (NOD)

Consumption by the naturally present 
reduced species associated with the 
aquifer material

      g of KMnO4 / kg of solids



Reduction in COD [g/kg]
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Column Experiments

Pore Volumes
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Permanganate Kinetics
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Passivation?
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Passivation?
manganese
oxide coating



Column Data – Model Results
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Persulfate Story…
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100 mL H2O

100 g aquifer 
material

Persulfate

Persulfate

1 or 20 g/L
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C

O
D

[g
O

2/k
g]

Borden DNTS LAAP LSU MAAP NIROP USU
0

1

2

3

4

5

6

Initial

After exposure
at 1 g/L

After exposure
at 20 g/L



Persulfate
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Persulfate

Oxidant to Solids Mass Ratio
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Persulfate Kinetics
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Oxidant Stability vs NOD

Enhanced Decomposition
- H2O2 (little reduction in TRC)

- S2O8
2- (slight/moderate reduction in TRC)

Finite Demand (NOD)
- MnO4

- (proportional reduction in TRC) 
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Summary
• Ignoring aquifer material interaction will 

overestimate treatment efficiency

• Kinetic models developed for in situ conditions, but 
rely on properties...
- H2O2 (amorphous Fe)
- MnO4

- (NOM)
- S2O8

2- (amorphous Fe + NOM)

• Bench-scale data are hindered by experimental  
conditions and scale-up issues 
 



Questions?



Comparison

Site H2O2 MnO4
- S2O8

2-

Borden low low mid
DNTS low low low
EGDY mid high -
LC34-LSU low mid highest
LC34-USU low mid high
MAAP mid low low
NFF high highest -
NIROP highest low high
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