
SITE INFORMATION
• Shallow groundwater occurs in unconsolidated soil and weathered bedrock. Bedrock

occurs at relatively shallow depths [5 to 18 feet (ft) below ground surface (bgs)] and

consists of fissile shale interlayered with thin beds of siltstone, sandstone and

limestone. The overlying unconsolidated material is weathered shale and residual

silty clay soil derived from shale.

• The depth to water in the shallow zone beneath the site varies from less than 2 to

about 5 feet bgs, and generally increases slightly going from south to north, with

overall flow in the shallow zone to the north-northwest.

• The shallow flow zone is comprised of inconsistently wetted partings in the shaley

weathered rock, and is semi-confined below the less permeable clay soil that

overlies bedrock. Secondary permeability (and pathways for contaminant

migration) may be provided by vertical fracturing.

• The presence of TCE degradation products in the groundwater plume prior to

remediation, which generally increased as a percent of total CVOCs with distance

from the source area, indicated reductive dechlorination was occurring prior to

remedial implementation.

• The site was broken down into the following treatment areas: Primary Source (>50

mg/L TCE), Secondary Source (10-50 mg/L TCE), and Dilute Plume (<10 mg/L TCE)

• The overall site cleanup goal was to reduce CVOCs to below the Maximum

Contaminant Levels (MCLs). In the primary source area, the goal was to reduce the

contaminant mass to a level that would support the success of plume wide

treatment using 3DMe®.

ABSTRACT
• A large manufacturing facility used vapor degreasing in the 1970s and 1980s that

resulted in Chlorinated Volatile Organic Compound (CVOC) contamination of limited

soil and widespread groundwater areas.

• In the Primary Source Areas (Figure 1), Trichloroethene (TCE) concentrations in

groundwater exceeded 50 mg/L and rapid cleanup was required. Pilot testing of

Trap & Treat BOS 100® (BOS 100®), a specialized catalyst manufactured by

Remediation Products Inc., demonstrated the ability of this product to effectively

and quickly reduce the source area mass.

• Biostimulation was selected for treatment of the Secondary Source and Dilute Plume

Areas (Figure 2) and involved injection of Regenesis’ 3-D Microemulsion (3DMe®).

The 3DMe® injections were performed in both grid and barrier configurations.

• The first round of injections was completed in the fall of 2012 by AST Environmental

Inc. (AST). Planned supplemental injections of both BOS 100® and 3DMe® were

performed in late 2013/early 2014. In addition to the 3DMe®, sodium bicarbonate

(for pH buffering) and BioDechlor Inoculum (BDI®) were added in strategic locations

to optimize the remedial effort based on observations from the first injection event

(lowering of pH and daughter product accumulation).

• Installation of the BOS 100® resulted in rapid reduction of TCE (98%) with

comparable reductions in cis-1,2-Dichloroethene (DCE) and Vinyl Chloride (VC). The

TCE concentrations in the Secondary Source and Dilute Plume areas treated with

3DMe® were reduced 98-99.9%. Daughter product concentrations initially increased

as expected, but have been reduced to an average of 89% and 37% for DCE and VC

respectively. The current average concentrations for the various treatment areas

are presented in Table 1 and Figures 3 through 5.
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PRIMARY AMENDMENT DESCRIPTIONS
• BOS 100® consists of activated granular carbon impregnated with reactive iron. BOS

100® “traps” groundwater CVOCs by adsorption onto the carbon granules and holds

the contaminants in close proximity to the reactive iron to be “treated” by

chemical reduction. It is not soluble, and therefore must be injected under

pressure as an aqueous slurry. Once injected, the material is embedded in the

formation matrix, and does not migrate. Therefore, a high density (5 to 7.5 ft

triangular grid) of injection points was designed to obtain sufficient distribution of

the material through the source area groundwater matrix, so as to ensure that all or

most of the groundwater moving through the formation would come in contact with

it. The BOS 100® granules act as both a treatment medium and a proppant for the

fracture lenses created during injection. Since these lenses present a preferential

path for groundwater, the likelihood of contact is greatly enhanced.

• Biostimulation of naturally-occurring bacteria was performed by injecting 3DMe®, a

multi-component amendment containing both quick-release and slow-release

components, to treat the groundwater in the secondary source and dilute plume

areas. 3DMe® is comprised of a patented molecular structure containing oleic

acids (i.e., oil component) and lactates/polylactates (lactate component)

which are molecularly bound to one another. The 3DMe® molecule contains both a

soluble (hydrophilic) and in-soluble (lipophilic) region, and the balanced

hydrophilic/lipophilic regions of 3DMe® result in an electron donor with

physical properties that allow it to initially adsorb to the aquifer material in the

area of application and then slowly redistribute via very small 3DMe® “bundles”

called micelles. These 3DMe® micelles spontaneously form within sections of the

aquifer where concentrations of 3DMe® reach several hundred parts per million.

REMEDIAL APPROACH
• Before the first full scale injection event, a Remedial Design Characterization (RDC)

sampling event was performed. The purpose of this additional characterization was

to fill data gaps in the conceptual site model. Within the Primary Source Area,

eleven (11) soil borings were advanced to refusal with soil samples collected

approximately every 2 ft vertically. Eight (8) of the locations were converted to

Temporary Wells (TW-#, Figure 1). All samples were analyzed at the RPI Quality

Assurance Laboratory.

• From August 2012 to November 2012 the first round of injections was completed

• 22,680 lbs of BOS 100® were injected at 157 locations (pink circles, Figure 1)

from 8 to 19 ft bgs (variable refusal depth)

• 46,400 lbs of 3DMe® (5,570 gal) were injected at 182 locations (Figure 2., 121

temporary DPT injection locations, 61 injection wells; 38 locations in Secondary

Source Area, 144 locations in Dilute Plume Area) from 5 to 18 ft bgs.

• Since 3DMe® could potentially sorb onto the activated carbon and limit its

sorptive capacity, sentinel wells were installed in the buffer zone between the

BOS 100® and 3DMe® treatment areas to monitor migration of 3DMe®

components toward the BOS 100® treatment areas.

• During the injection of the 3DMe® in the area of the WWTR (Figure 1), a black

liquid with solvent odor discharged to the surface. Injections were terminated

and additional characterization identified another TCE source area. An

excavation was performed and additional BOS 100® was injected below the

excavated area during the second injection event detailed below.

• From December 2013 to February 2014 the second round of injections was

completed

• Due to the amount of mass identified during the RDC in the Primary Source

Area, a second injection of BOS 100® was planned for certain areas of the

Primary Source Area. Additional treatment areas were added based on access

issues encountered during the first round of injections and the discovery of the

new source area near the WWTR. An additional 4,830 lbs of BOS 100® were

injected into 72 DPT locations.

• An additional 3,200 lbs of 3DMe® (with the addition of sodium bicarbonate for

pH modification), were injected into 50 locations (42 existing injection wells + 8

new injection wells). In addition, BioDechlor Inoculum was added to the MW-13

area as part of a pilot test to determine if bioaugmentation could limit daughter

product generation and accelerate the overall rate of groundwater remediation

in the shallow zone.
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Figure 3. Primary Source Areas (BOS 100®) - Avg (14 Wells) Concentration vs. 
Time

Inj Event 1 Inj Event 2 BOS 100 TCE BOS 100 DCE BOS 100 VC
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Figure 4. Secondary Source Areas (3DMe®) - Avg (4 Wells) Concentration vs. 
Time

Inj Event 1 Inj Event 2 3DMe TCE 3DMe DCE 3DMe VC

Table 1. Groundwater Concentration Summary

Treatment Area Reagent COC Jun-12 Oct-14 % Red

Primary Source Area BOS 100®

TCE 66.828 1.157 98.3%

DCE 9.787 0.618 93.7%

VC 0.909 0.089 90.2%

Secondary Source Area 3DMe® + NaHCO3

TCE 14.350 0.295 97.9%

DCE 3.685 1.175 68.1%

VC 0.237 0.274 -15.8%

Dilute Plume 3DMe® + NaHCO3

TCE 0.569 0.002 99.7%

DCE 0.742 0.014 98.1%

VC 0.057 0.023 59.0%

Dilute Plume + DHC 3DMe® + NaHCO3 + DHC
TCE 0.500 0.001 99.9%

DCE 2.000 0.006 99.7%

VC 0.031 0.010 68.1%

Note: All concentrations in mg/L

DATA EVALUATION

CONCLUSIONS
• At this complex site with multiple source areas for TCE and widespread

contamination of shallow groundwater, a two-pronged approach was used to tackle

the very high concentrations (greater than 50 ppm) in the primary source areas, and

lesser concentrations in the secondary source and dilute areas of the plume. BOS

100® was used in the most concentrated areas, and 3DMe® was used in the larger,

more dilute areas. Overall, significant reductions have been achieved using both

types of treatment.

• In the source area, reductions of 90.2% to 98.3% have been achieved abiotically

using BOS 100®, driving TCE concentrations down from greater than 50 ppm to 1

ppm or lower, with concurrent decreases in daughter products. This approach

was successful in reducing the mass of CVOCs in the source area, and reducing

the ongoing mass flux into the less concentrated plume areas.

• In more dilute areas of the plume, biostimulation successfully capitalized on

previously existing biodegradation processes, despite variable geochemistry. The

barrier line approach, with injections installed perpendicular to the direction of

groundwater flow, appears to have been successful in establishing the mixed

conditions necessary for CVOC breakdown. TCE has been reduced by 97.9% to

99.9%. Daughter products DCE and VC increased significantly after the first

injection, but DCE especially has been found to decrease over the past year,

with total reductions of 68.1% to 99.7% over both rounds of treatment. Vinyl

chloride has been more recalcitrant, but has also shown an overall decrease in

most locations.

• Pilot testing has shown that polishing using bioaugmentation with DHC will be

the most appropriate approach for driving concentrations down to MCLs in the

dilute plume areas. It is anticipated that bioaugmentation is likely to be

particularly successful now that initial biostimulation of the flow zone has

resulted in a relatively hospitable environment for propagation of the microbial

consortium.

• The challenge for the future will be to build on the success of the BOS 100® in

the primary source area, by promoting biostimulation for further degradation of

TCE in that area using electron donor(s) that will be compatible with the

original treatment.

• The BOS 100® performed well, with CVOCs in the Primary Source Area reduced on

average 90.2 to 98.3% (Table 1, Figure 3).

• Daughter product concentrations did not increase with decreasing TCE concentration.

Abiotic degradation was confirmed via dissolved gas concentration increases (data not

presented), proving that the mass removal was not due to carbon adsorption.

• Site chemistry did not need to be modified for the BOS 100® to be successful

• The 3DMe® application in the Secondary Source Areas (Table 1, Figure 4) exhibited

classic anaerobic reductive dechlorination trends with DCE and VC generation

concurrent with rapid TCE degradation. Overall average reductions for the three

compounds (in 4 wells) ranged from -15.8 to 97.9%.

• The pH modification (sodium bicarbonate addition) was successful in increasing the

degradation rates for DCE and VC (June 2013-May 2014 data points).

• TCE concentrations in the Secondary Source Areas were greatly reduced. DCE, with an

average concentration above 1 ppm, may be “stalled” and may require

bioaugmentation. VC concentrations have increased from baseline (not uncommon

given the starting parent concentration) and may also require bioaugmentation.

• The bioaugmentation pilot test at well MW-13 (Figure 5 – dashed lines) using

Dehalococcoides bacteria (DHC), contained in the BDI®, was successful in decreasing

residual DCE and VC. TCE and DCE are below their respective MCLs; VC is slightly

above the 2 ppb threshold.

• The unaugmented 3DMe® monitoring locations (6 wells) in the Dilute Plume Area (Table

1, Figure 5 – solid lines) did not see the same spike in daughter product concentrations

seen in the Secondary Source Areas (Figure 4). This may be due to the lower initial

parent compound concentration, different microbial consortiums, or different

geochemical conditions.

• In future remedial efforts that involve polishing of the Primary and Secondary Source

Areas, bioaugmentation and pH buffering may be appropriate to drive concentrations

of all CVOCs down to the MCLs.
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Figure 5. Dilute Plume Areas (3DMe®)  Avg (6 Wells - no DHC) + MW-13 (DHC) 
Concentration vs. Time
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