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Site Background
1.55 acre site, suburb of Milwaukee
Located in a mostly residential area
Laundry facility operated for 80 years

Closed 2005
Included both wet and dry cleaning (with 
Stoddard solvent and PCE)
Demolished prior to site remediation (Feb 
2010)

The site’s geology consists of: 
Clay, fine silt stringers (to ~70 ft bgs)
Sand (from ~70 ft to ~100 ft bgs)
Weathered bedrock (at ~100 ft bgs)

Groundwater:
Shallow perched aquifer (at ~24 ft bgs)
Deeper confined aquifer (at ~70 ft bgs). 



Site Investigation Effort
114 borings, ranging from 15 to 
100 ft bgs
23 groundwater wells, ranging 
from 35 to 100 ft bgs
24 soil vapor wells, nested @ 5, 
10, and 15 ft bgs
Included use of UVOST and MIP 
technologies
>1,100 soil and groundwater 
samples
~46,000 data.



Estimated Nature & Extent of Contamination: 
Soil

Mostly Stoddard, to 15 ft bgs

Mostly PCE, to ~70 ft bgs

Mixture of Stoddard and PCE,
to ~30 ft bgs. 

Somewhat unknown due to 
building interference



Estimated Nature & Extent of Contamination: 
Groundwater (in Confined Aquifer)

PCE in groundwater, ug/L.



Remedial Action: Soil

In-situ mixing with Cool-Ox®-R
0 to ~15 ft bgs
74,775 gals of reagent
7,000 yd3 treated

Cool-Ox®-R via direct push 
technology (DPT)

15 to ~40 ft bgs
206 probes
27,444 gals of reagent
4,600 yd3 treated



Remedial Action: Groundwater

Cool-Ox®-R via 
Permeable Reactive 
Curtain (PRC):

29 deep (80 ft bgs) 
injection wells
Arranged in a 3x10 array
42,000 gals of reagent
Reagent added under 
pressure



So, how effective was the remedial 
action?



Remediation Progress: Soil
One Application

• Lesser-impacted soils 
(<100 mg/kg):

Successfully remediated

• Moderately impacted 
soils (100 to 1000 mg/kg):

95 to 99% remediated

• Heavily-impacted soils 
(>1000 mg/kg):

Minimally remediated



Remediation Progress: Groundwater
One Application

Pre-ISCO (October 2010) Post-ISCO (December 2010)

Successfully being remediated



Why weren’t all the soils remediated?

To find the answer let’s review:

The conventional understanding of ISCO chemistry…



The Conventional Understanding of 
ISCO Chemistry:

Oxidation of PCE*:

4H2O2 = 4H2O + 4O+2

4O+2 + C2Cl4 = 2CO2 + 4Cl-

Brown cautions that SOD may “rob” O+2

*per Richard Brown (2003)



If SOD acts as an O+2 sink, then:

o Little or no PCE reduction should have occurred
o (but we saw substantial reduction!)

o Site’s SOD data suggest that ~200 applications will 
be needed to “break even”

Therefore, the site’s empirical data suggest that SOD is 
not acting as a “sink”, and thus is not relevant.



So, what does this mean?

Maybe the conventional theory is flawed…



An alternative explanation of 
ISCO Chemistry:

Bimolecular nucleophilic substitution (Sn2) of 
chlorine**:

2H2O2 = 4OH-

4OH- + C2Cl4 = C2(OH)4 + 4Cl-

Lundy argues that the OH- displaces Cl-, and thus SOD is 
irrelevant by hydroxide ion

**per William Lundy (2011)



Sn2 Theory is supported by Site’s data:

Substantial PCE reduction occurred

Additional reagent mass is needed to off-
set the unexpected additional PCE
Thus, a few more applications are 
needed to complete the job.



Next Steps

1. Perform groundwater monitoring to confirm progress

2. Conduct additional ISCO of soils

3. Assess need for 3rd application

4. Re-inject with Cool-Ox®-R reagent, if needed.



Lessons Learned

1. Data gaps (e.g., samples deep under the building) 
may hinder a full understanding of the remediation 
requirements

2. Our understanding of conventional ISCO chemistry 
may need revisiting

3. Contaminant O+2 demand may be much more 
relevant than soil oxygen demand in estimating 
reagent requirements.
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