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Introduction 

Roux Associates, Inc. (Roux Associates) is a national environmental consulting and management 
firm that specializes in solving complex environmental problems.  Founded nearly 35 years ago, 
Roux Associates is widely recognized for providing innovative solutions to facilitate timely and 
cost-effective cleanups to achieve closure at complex Resource Conservation and Recovery Act 
(RCRA), Superfund, and state regulatory-driven projects.  Roux Associates has investigated and 
remediated thousands of sites, including chemical and manufacturing plants, petroleum refineries 
and distribution terminals, railyards and other transportation facilities, redevelopment sites, and 
dry cleaner sites. 

Dry cleaners, though harmless looking, can often be a significant source of contamination to the 
environment.  The cleanup of soil and groundwater contamination at these sites can be far more 
complex and costly than what their non-threatening appearance may suggest.  Dry cleaner 
contaminants (solvents containing chlorinated volatile organic compounds, or CVOCs) are highly 
mobile in the environment and denser than groundwater, often leading to complex, costly and time 
consuming remediation.  Due to the volatile nature of dry cleaner solvents, these sites have a high 
potential to cause vapor intrusion (VI) concerns to adjacent/nearby commercial, retail, or 
residential tenants and properties. 

The purpose of this Case Study is to provide a perspective on Roux Associates’ work at a former 
dry cleaner site (Site) located in northern New Jersey that was previously undergoing an 
ineffective remediation for over 10 years under the direction of another consultant.  At this former 
dry cleaner site, Roux Associates successfully took over the project and developed and 
implemented a cutting edge remedial program utilizing pneumatic fracturing and the injection of 
Zero-Valent Iron (ZVI) and Emulsified Vegetable Oil (EVO) to remediate groundwater and 
saturated soil, and Soil Vapor Extraction (SVE) to address unsaturated soil impacts.  The remedy 
developed and implemented by Roux Associates achieved the following results at the Site: 

• Successfully reduced the concentrations of CVOCs in groundwater by an average of over 
95% in less than 2 years (results described below). 

• All invasive work (subsurface fracturing, injection of nearly 200,000 pounds of ZVI, and 
the construction and startup of an expanded SVE system) was completed within the tight 
timeframe dictated by the Client (less than 2 months).  This allowed a major national 
anchor tenant to move in and occupy space in the retail center (without any loss of revenue 
to our Client). 
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• Work was completed with minimal disturbance to the retail tenants (i.e., there was no 
interruption to their businesses). 

• Site closure expected to be achieved years ahead of schedule (when compared to the 
previous consultant’s approach).  We are on schedule to issue a Response Action Outcome 
(RAO) for the Site in early 2016. 

• The implementation of our remedy saved the Client an estimated $1.5 million over the 
previous consultant’s approach. 

Below are details of the work completed by Roux Associates at the Site. 

 
Background and Site Description 

The Site is located in Northern New Jersey, within a large 18-acre retail shopping center that 
contains four (4) one-story structures.  Figure 1 is a Site Plan depicting the former dry cleaner 
retail space and surrounding area, and current monitoring well network: 

The Site is supplied with municipal 
water and has been serviced by 
municipal sewers since 
approximately 1972.  Prior to 1972 
(from the mid-1950s), the Site was 
serviced by an on-site sewage 
treatment plant and leach field, 
formerly located in the parking area 
adjacent to a former dry cleaning 
operation.  There are no longer dry 
cleaning operations occurring at the 
Site.  Previous investigations have 
identified this former sewage 
treatment plant as the likely source 
of the dry cleaner contaminant to the 
subsurface.  The Site contaminants 
include CVOCs, including 
tetrachloroethylene (PCE) and its 
associated daughter products related 
to the former dry cleaning operation.   

The investigation and remediation 
of this Site is being conducted 
through the State of New Jersey’s 
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Site Remediation Reform Act (SRRA) and associated Licensed Site Remediation Professional 
(LSRP) program.  A member of Roux Associates’ staff is the official LSRP for this Site.  

Geology and Hydrogeology 
The Site is underlain by unconsolidated soils which consist of primarily five soil types (sand with 
gravel, fine sand, very fine sand with silt, silt, and fill).  The fill material is generally encountered 
from just under the asphalt or topsoil to depths of approximately 5 feet below ground surface 
(bgs).  A layer of unsaturated glacial outwash, predominantly comprised of very fine sand with 
silt, is encountered underlying the fill material to a depth from approximately 5 to 30 feet bgs.  
Bedrock is encountered at depths greater than 100 feet bgs and is comprised of siltstone 
and sandstone.  Groundwater at the Site was measured at a depth of approximately 30 feet bgs at 
most on-site monitoring wells.  Groundwater flow direction at the Site is generally to the east 
south-east. 

A generalized hydrogeologic cross section (traversing approximately north to south through the 
Site) is presented below in Figure 2: 
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Description of Site Impacts and Previous Consultant’s Remedial Actions 

Prior to the property owner retaining Roux Associates in 2013, environmental investigation 
activities had been ongoing at the Site since 1999.  Investigation activities included the 
characterization of soil and groundwater quality within and around the source area.  The previous 
consultant also completed remediation activities at the Site.  These remedial activities included 
bioremediation injections to treat groundwater and a small SVE system to address unsaturated soil 
impacts.  These cleanup activities were limited in their effectiveness and were ultimately 
unsuccessful in meeting the Site’s cleanup objectives for closure.  Below is a brief summary of the 
nature and extent of the Site contamination and the previous remedial activities completed. 

Nature and Extent of Contamination 
Historic results indicate that several CVOCs, primarily PCE, and to a lesser degree the breakdown 
products trichloroethene (TCE), cis-1,2-dichloroethene (DCE), and vinyl chloride (VC) exceed the 
applicable New Jersey Department of Environmental Protection (NJDEP) Groundwater Quality 
Standards (GWQS) and applicable soil criteria for the Site.  Historic Remedial Investigation (RI) 
activities generally defined the horizontal and vertical extent of groundwater contamination above 
the NJDEP GWQS and soil contamination above the applicable soil criteria at the Site, as 
described below.  

Groundwater investigations were conducted 
at the Site between 1999 and June 2013.  A 
total of 22 original monitoring wells were 
utilized to facilitate the collection of 
groundwater samples ranging in depth from 
approximately 20 feet bgs down to 
approximately 75 feet bgs, both on-site and 
off-site.  Based on historic RI data, the 
vertical extent of CVOC contamination in 
groundwater exceeding the GWQS was 
generally found in the 30 feet bgs to 
approximately 75 feet bgs zone.  These 
groundwater investigations also provide the 
analytical results used to establish the 
horizontal extent of groundwater impacts at 
the Site.  PCE was found to be the most 
prevalent CVOC present at the Site, and 
Figure 3 depicts the approximate horizontal 
extent of the PCE groundwater plume 
exceeding 5 micrograms per liter (µg/l) as 
measured in December 2001 (shown by the 
yellow shading).   
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Historically, the most elevated concentrations of the CVOCs detected in groundwater at the Site 
are presented below: 

CVOC 
Most Elevated  

Concentration (µg/l) 
in Groundwater 

PCE 36,000 
TCE 3,390 
DCE 7,950 
VC 4,010 

 

In addition to the groundwater investigations, Historic RI soil investigations were conducted 
between 1999 and 2013.  The analytical results indicate that CVOCs were detected above the 
applicable NJDEP soil criteria in unsaturated soils.  A total of 32 unsaturated soil samples were 
collected above the groundwater table from a depth between 3.5 and 34 feet bgs to determine the 
extent of unsaturated soil impact.   

A total of 32 saturated soil samples were collected from below the groundwater table between 
1999 and 2013 to determine the vertical and horizontal extent of saturated soil impacts at the Site.  
The majority of these samples were collected in 2000 and 2001 to delineate PCE impacts initially 
identified during the Historic RI.  The analytical results indicate PCE exceedances of the 
applicable NJDEP soil criteria extended to a maximum depth of 65 feet bgs.  PCE was the only 
CVOC found to exceed applicable NJDEP soil criteria (maximum PCE concentration was 
35,240 micrograms per kilogram). 

Based on analytical results, it was determined that unsaturated soil impacted above the applicable 
NJDEP soil criteria was limited to a small area in the eastern portion of the Site in close proximity 
to the former wastewater treatment plant (see Site Plan above).  It was confirmed that unsaturated 
soil impacts did not extend off-site. 

Previous Remedial Activities 
Prior to Roux Associates’ involvement in this project, the Site had been undergoing groundwater 
remediation via in-situ bioremediation using injections of Substrate Release Composition (SRC™) 
and unsaturated soil remediation via SVE since 2001 under an NJDEP-approved Remedial Action 
Work Plan (RAWP) and Permit-by-Rule (PBR).  To treat groundwater, relatively small quantities 
of SRC™ were injected into the exiting monitoring wells several times per year.  The SVE system 
that was operating at the Site contained only three SVE wells (typically only one operated), which 
was insufficient to address the unsaturated soil impacts.   
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While this remedial approach was initially effective at reducing the groundwater and soil impacts 
at the Site, its effectiveness waned within its first 3 years of implementation.  Essentially, the 
groundwater treatment injection wells and the SVE wells were no longer positioned to adequately 
address the contamination at the Site. 

Roux Associates’ Innovative Remedial Action 

As stated above, Roux Associates was retained to work at this Site starting in June 2013.  Initially, 
Roux Associates reviewed all existing previously generated Site data, and since so much previous 
data existed, Roux Associates only needed to supplement the existing dataset with a small scale 
Pre-Design Investigation (an additional full-scale RI was not necessary).  These field activities 
included the collection of discrete groundwater samples, the installation of additional shallow and 
deep monitoring wells, and the installation of additional soil borings to further refine the extent of 
groundwater and soil impacts prior to designing the new remedial approach.  Following this 
investigation, a highly effective and optimized remedy for the Site was designed and a RAWP and 
PBR were prepared and submitted to NJDEP. 

Roux Associates’ Remedy – Groundwater and Saturated Soil 
To address groundwater and saturated soil, Roux Associates developed a program that included 
the atomized injections of ZVI (a reactive iron powder), and EVO (an organic carbon source) to 
enhance the ongoing remediation of the CVOCs found in groundwater and saturated soil at the 
Site.  The ZVI reactive powder is known by the trade name FEROX™.  This technology uses 
nitrogen gas as the carrier to distribute ZVI and EVO (the amendments) into the subsurface.  ZVI 
remediates the source area through in-situ chemical reduction and the EVO acts as an electron 
donor in order to enhance anaerobic biological degradation via reductive dechlorination 
subsequent to the chemical reduction. 

Roux Associates’ ZVI/EVO Injection Program was conducted in a period of just over 1-month in 
late 2013.  Each temporary injection point installation was completed using the Sonic drilling 
method in accordance with the RAWP prepared by Roux Associates.  This was a one-time only 
injection event.  The ZVI amendments remain active in the subsurface long after the injection 
event is completed, therefore reducing costs and site disturbance associated with multiple injection 
events being completed over long periods of time.  

The amendments were injected into the subsurface at 27 temporary injection point locations within 
a depth zone extending from 5 feet below the water table down to a silt layer observed below the 
base of the impacted zone (approximately 25 feet bgs to a maximum depth of 80 feet bgs - the 
zone of impacted groundwater).  The injection point locations as well as the measured extent of 
the estimated treatment zone are shown in Figure 4 below: 
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The ZVI/EVO amendments were injected using an injection mixing trailer (to keep ZVI in 
suspension prior to injection) and specialized injection equipment (to control flow rates and create 
uniform distribution within the subsurface).  Nitrogen gas was used to fracture the subsurface and 
disburse the amendments and increase radius of influence (ROI) around the injection location.  A 
total of 193,797 pounds of ZVI and 20,000 pounds of EVO were distributed within the treatment 
area, which treated approximately 13,774 square feet and approximately 17,090 cubic yards of 
saturated soil.  An effective ROI of at least 15 feet was observed during injection activities. 

Roux Associates’ Remedy – Unsaturated Soil 
The previous SVE system located on the southeast portion of the Site (within and adjacent to the 
former wastewater treatment area) was no longer effective.  Roux Associates re-engineered and 
upgraded the SVE system to effectively address the unsaturated soil impacts at the Site.  
The upgraded SVE system was designed to apply targeted high vacuum to subsurface vadose zone 
soils to remediate CVOCs in unsaturated soils which exceed the applicable NJDEP soil criteria.  
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The upgraded system consisted of six SVE wells connected via above and below-grade piping to 
an SVE blower, process piping and appurtenances, and a Granular Activated Carbon (GAC) unit. 

 
Results and Conclusions 

The innovative remedy developed and implemented by Roux Associates has been highly effective 
and achieved extremely favorable results, as described below. 

Groundwater and Saturated Soil 
Following the completion of the ZVI/EVO injection program, Roux Associates has completed six 
quarterly post-injection monitoring events.  The groundwater results have been overwhelmingly 
favorable, including the reduction of PCE in plume monitoring well MW-17R from 5,290 µg/l 
(immediately prior to injections) to six quarters of sustained non-detect measurements following 
the injection program.  A summary of the baseline PCE groundwater data (from wells that 
exceeded the NJDEP GWQS of 1 µg/l for PCE immediately prior to injections) compared to the 
most recent post-injection monitoring event is shown in the table below. 

Well ID 
Baseline PCE 
Concentration 

(µg/l) 

Current (March 2015) 
Post-Injection PCE 
Concentration (µg/l) 

% Reduction 

MW-8SR 380 3.7 99.03% 
MW-14AR 3.4 Non-Detect 100% 
MW-17R 5,290 Non-Detect 100% 
MW-19 250 1.1 99.56% 
MW-20 17 3.9 77.06% 
MW-21 360 Non-Detect 100% 

 

Figure 5 below presents the current PCE (>1 µg/l) groundwater plume (shown in green) compared 
to the baseline PCE (>1 µg/l) groundwater plume defined prior to the completion of the injection 
program using the groundwater monitoring well network and the data generated during the Pre-
Design Investigation (shown in pink).  Note the substantial decrease in the aerial extent of the 
plume.  Additionally, the most elevated PCE concentration currently at the Site is 3.9 µg/l 
(compared to the highest PCE baseline concentration of 5,290 µg/l immediately before injections, 
or the Site’s all time highest PCE groundwater concentration of 36,000 µg/l).  It has been 1.5 years 
since the ZVI/EVO injection program was completed, and there has been no evidence that PCE 
concentrations are rebounding (in fact these low concentrations have not only been sustained, but 
they are continuing to show a decreasing trend).   
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As stated above, PCE is the most prevalent CVOCs in groundwater, and is therefore used as the 
primary indicator for the effectiveness of the remedy.  In addition to PCE, however, the ZVI/EVO 
injection program has also been highly effective at destroying PCE daughter products (TCE, DCE, 
and VC) in groundwater.  Wells that contained groundwater that exceeded the NJDEP GWQS for 
TCE, DCE, and/or VC immediately prior to injections demonstrated an average reduction of 
96.9% when compared to the most recent post-injection monitoring event.  All that remains are 
marginal low level exceedances of TCE (only in two wells at a maximum concentration of 
1.8 µg/l) and VC (in two wells at a maximum concentration of 4.2 µg/l), and these concentrations 
are showing a continued decreasing trend. 
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Unsaturated Soil  
The upgraded SVE system for unsaturated soils is operating effectively (over 90% runtime since 
installation).  Based on system influent monitoring results, this system is actively recovering a 
significant mass of VOCs.  The system will operate for several more months before we collect soil 
samples to confirm that the applicable NJDEP soil criteria have been achieved. 

Soil Vapor/Vapor Intrusion 
Based on vapor intrusion data collected by Roux Associates, there were no Vapor Concern or 
Immediate Environmental Concern (IEC) conditions present at the Site.  Further, the post-
injection groundwater concentrations did not trigger VI sampling in off-site buildings.  No further 
vapor intrusion related work is required. 

Conclusions 
Based on the results of our remedial activities, we anticipate an RAO will be issued in early 2016.  
Our remedy is highly effective and has so far resulted in a greater than 95% decrease in CVOC 
contaminant concentrations in groundwater (concentrations are still showing decreasing trend).  
This remedy was implemented on a very short timeframe to meet the Client’s requirements to 
allow for a major new tenant to occupy a portion of the retail center (resulting in no loss of 
revenue to our Client).  Further, there was no interruption of business to the existing tenants.  
Our remedy will result in Site closure years ahead of the previous consultant’s project schedule, 
and save our Client an estimated $1.5 million over the previous remedy.   

Prior to Roux Associates’ involvement, this Site had been a long-term liability for our Client with 
essentially no end in sight.  Roux Associates was successful in alleviating this liability, while at 
the same time providing our Client with significant cost savings.  
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