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Co-Metabolic
 Process

• Can Occur Aerobically or 
Anaerobically

• Break down byproducts
• Ethene
• Co2 and water

• Applicable where there are 
chlorinated and BTEX plumes 
mixed together

• Also applicable where a growth 
substrate is injected
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‒ Residual product impacts in ROM area - VOC concentrations in 2020 and in intermediate and deep VOC 
concentrations in 2021.

‒ Anticipate long-term source contributions from groundwater

‒ Shallow groundwater impacts in Upper Vincentown primarily consist of VOCs DCE, VC, absent PCE and 
TCE. Brook Sampling Finds VC in stream

‒ Toluene and xylene present in the northern part of the Site.  

‒ Mostly aerobic/anoxic, with low DO concentrations. BioTrap genetic evidence of potential aerobic co-
metabolic processes for biodegradation of TCE, DCE, VC in groundwater

‒ Site appears to be in DCE/VC Stall.  Anaerobic Degradation could increase DCE/VC concentrations

Knowns/Unknowns
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‒ Historical evidence of BTEX plume upgradient of CVOC impacts

‒ Groundwater velocity in upper Vincentown 0.33 ft/day upgradient to 1.5 ft/day downgradient, order of 
magnitude less in lower Vincentown.  

‒ Deep groundwater in Lower Vincentown low to no DO.  PCE present along with degradation byproducts, 

at HW-43D DCE and VC predominate.

‒ A series of technologies have been implemented at the site with varying levels of success.
‒ Several Removal Actions to Eliminate Soil Sources to groundwater 
‒ Site-wide ISCO
‒ Groundwater Pump and Treat

‒ Vinyl Chloride impacts had still reached the Stream

‒ Subsequent to ISCO Site was redeveloped, building (box store) installed prior to Site Closure

‒ Residuals could be beneath building contributing to long term groundwater impacts

Knowns/Unknowns
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Technology ISCO ISCR and ERD ERD Cometabolism

Technology Description

In Situ chemical oxidation 
(ISCO) includes injection of 
Klozur® SP..Approximately 
135,000 lbs of Klozur® SP  
and  185,000 lbs of 25% 
NaOH.

In Situ chemical reduction (ISCR) and 
enhanced reduction dichlorination 
(ERD) includes injection of 
biogeochemical reagents  that are 
specifically designed to perform 
chemical reduction, biological reduction  
and generate reactive iron sulfide 
minerals

ERD includes  injection of a 
complex organic substrate   
and  Dhc microbial bacteria 
to enhance anaerobic 
bioremediation of 
chlorinated VOCs present at 
the Site. 

Installation of a injection 
system for compressed 
gases (primary substrate) 
and nutrients to support 
cometabolism. Site requires 
increasing the current 
populations of microbial 
organisms at the Site on a 
primary substrate (e.g. 
propane). 

Implementability                         

Klozur® SP is soluble and can 
be applied using direct push 
temporary or permanent 
injection wells in the treatment 
area ranging from 
approximately  30 ft bgs to 42 
ft bgs. Mobilization of metals 
at high pH  is not anticipated 
to occur as the site has 
adequate base buffering 
capacity 0.40 g 25% NaOH 
/kg dry soil.  Injection pressure 
and flow relationship should 
be tested on the first day of 
injection. 

GeoForm® Extended Release  is 
typically slurried with water  (25 to 35% 
solution) and injected using direct push 
point using medium injection pressure 
(>30 psi). Typical ROI will be 5 to 7 ft, . 
Thinner slurry will promote permeation 
into more permeable formations, 
whereas a more concentrated/more 
viscous slurry will promote fracturing 
and horizontal propagation into more 
fine-grained formations. Metal 
mobilization is not anticipated to occur 
as insitu generation of iron sulfide 
minerals will prevent it. 

ELS® microemulsion is 
soluble and can be applied 
using direct push temporary 
or permanent injection wells 
in the treatment area 
Groundwater velocity of 
0.13 ft per day "tighter 
formation" and may have a 
low radius of influence ~10 
to 12 ft   of injected 
reagents.  Mobilization of 
naturally existing iron may 
occur as reducing conditions 
persist that enhances the 
dissolution of iron from the 
soil.. 

Permanent wells  and an 
automated injection system 
will be required for injection 
of compressed gases. 
When diffusion based 
injection technology is used 
it can lead to larger ROI 
over time. Permit by rule 
application will be required  
prior to starting field 
injection work.

Cost

High. Cost of injection reagents 
alone is over $300k due to high SOD 
value(>15 mg/Kg), Additional 
injection rounds could significantly 
increase cost.

Medium. Cost of material is ~$105k.Drilling 
(direct push)  and Injection duration is estimated 
to be 10 days @ $5,000 per day.

Low. Cost of material is ~$50k to 
$100k. Drilling (direct push)  and 
Injection duration is estimated to 
be 10 days @ $5,000 per day.

Low to  Med. Assuming 
incorporation of UV System 
modifications and piping.. Annual 
O&M cost low ., 
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DAP Injection
• 1,000 gallons @900 ppm of DAP was injected in each ISCO well 

followed by 100 gallons of fresh water

• Measuring Ammonia concentration using field colorimetric kit was 
challenging- tint was not perfect match due to presence of  iron and 
chlorine in the water
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System Installation

Testing of ISOC Units Installation of ISOC Units Control Panel and Manifolding 
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Field DO Monitoring

Date

D
O

 m
g/

L

4/214/164/114/64/13/273/223/173/123/73/2
0.00
5.00

10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
65.00
70.00
75.00
80.00
85.00
90.00
95.00

100.00

Eatontown DO Trends ISOC-1
ISOC-2
ISOC-3
ISOC-4
ISOC-5
ISOC-6
ISOC-7
ISOC-8
ISOC-9
ISOC-10
ISOC-11
ISOC-12
ISOC-13
ISOC-14
ISOC-15
ISOC-16
ISOC-17
ISOC-18
ISOC-19
ISOC-20
OW-01
OW-02
OW-03
OW-04
OW-05
HW-43D
HW-43I
HW-43S

Turned Off O2 
@ISOC-10 to 
monitor decay

Changed from 
Optical DO sensor 
to Galvanic DO 
sensor

• DO at ISOC-10 plummeted from ~48 ppm to 4.5 ppm 25 days
• Manual bailing versus Downhole Probe DO monitoring will lead to different results 
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Thank You
Brent O’Dell, P.E., BCEE
Brent.odell@wsp.com
Hamilton, NJ
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