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1.0 INTRODUCTION 

 

MACTEC Engineering and Geology, P.C. (MACTEC) prepared this Remedial System 

Optimization (RSO) Evaluation for the Carriage Cleaners site (Site) in Brighton, Monroe County, 

New York (see Figure 1.1). This work was completed for the New York State (NYS) Department 

of Environmental Conservation (NYSDEC) under Work Assignment No. D009809-15. The Site 

was assigned Site No. 828120 by the NYSDEC. The Record of Decision (ROD) identified the Site 

as a Class 2 site that poses a significant threat to the public health and environment. In October 

2013, the Site was downgraded to a Class 4 site because remedial construction actions had been 

completed for all operable units, but the Site had not been brought into compliance with standards, 

criteria, or guidance. Active groundwater extraction with on-site treatment and discharge to a 

sanitary sewer was operational October 2011 to September 2020, and active soil vapor extraction 

(SVE) and discharge to ambient air activities are currently in operation at the Site. An RSO report 

was prepared in 2016 (MACTEC, 2016), which provided recommendations for field activities to 

further evaluate potential system optimization.  

 

1.1 PROJECT OBJECTIVES AND SCOPE OF WORK 

 

The overall objectives of the RSO evaluation are the following: 

• Review remedial program objectives 

• Evaluate overall system operation, effectiveness, and progress towards achieving remedial 
objectives 

• Assess the selected remedy’s applicability to meeting remedial action (RA) objectives and 
goals, as well as the appropriateness of the remedial program for the Site 

• Assess studies and pilot tests conducted as part of the 2016 RSO recommendations 

• Identify potential modifications to the remedial program and treatment systems 

 

This scope of work consisted of a review of historical and recent investigations at the Site, review 

of recommendations and associated results from the 2016 RSO, review of operational data, 

developing and evaluation of potential system modifications, and preparation of this report. 

Previous investigations and historical data from the Site that were reviewed for this report include: 

• The Pre-Design Investigation and basis of design documents for the SVE system and the 
groundwater extraction and treatment system (GWETS) 

• Weekly, biweekly, monthly, and semi-annual operational monitoring and sampling from 
December 2011 through September 2019  
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• Semi-annual groundwater sampling events from 2009 to March 2020  

• A subsurface soil investigation conducted in September 2013 and results of subsequent 
samples collected in March 2017. The March 2017 sampling was conducted in response to 
the recommendation in the 2016 RSO Report. 

• A radius of influence analysis for the groundwater extraction well conducted in August 
2015 and groundwater extraction pilot testing conducted from December 2018 to July 
2019. 

• SVE system modification transitioning a vapor monitoring point to an additional extraction 
well. Also modified the new well’s depth per recommendations in the 2016 RSO Report.  

• SVE rebound study conducted from December 2017 through November 2018 per 
recommendations in the 2016 RSO Report. 

• Groundwater extraction pilot testing conducted at MW-6B and MW-8B from December 
2018 to July 1019. 

 

Review of existing site permit documentation and discharge requirements was also conducted for 

this report. The following permit and discharge criteria are currently used for the Site: 

• The County of Monroe Sewer Use Permit Number 951 for the GWETS system (included 
as Appendix A)   

• The DAR-1 Guidelines for the Control of Toxic Ambient Air Contaminants and Title 6 of 
the New York Codes, Rules, and Regulations Part 212 is applicable for the SVE system. 

 

This evaluation presents findings from previous site investigations listed above, provides a brief 

summary of current site remedial systems, operations data and associated permits, and options for 

optimization of the remedial system. This evaluation is intended to present a high-level conceptual 

design discussion and contains recommended actions for the Site to: (1) convert the existing SVE 

system to a sub-slab depressurization system (SSDS) and (2) conditionally proceed with a pilot 

study to evaluate monitored natural attenuation (MNA) as a viable method to reduce the 

contaminant mass and extent of the Site groundwater plume.  

 

Following the submittal of the draft evaluation (January 2020), the GWETS was shut-down 

(September 2020) at the request of the NYSDEC. When directed, a RSO work plan and design will 

be prepared and submitted to detail a groundwater rebound study (which will address groundwater 

and vapor intrusion monitoring), and to implement the recommended action to convert the existing 

SVE system to a SSDS. 
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1.2 REPORT OVERVIEW 

 

This evaluation is organized as follows: 

• Section 2.0 provides a summary of site history, regulatory history, investigations, and 
remedial activities conducted to date, and a conceptual site model (CSM) 

• Section 3.0 provides GWETS and SVE system performance data through June 2019 

• Section 4.0 presents an evaluation of potential system modifications 

• Section 5.0 presents conclusions and recommendations 

• Section 6.0 presents report references
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2.0 REMEDIAL ACTION DESCRIPTION 

 

This section presents a summary of the site history, regulatory history and requirements, and 

previous and ongoing RAs at the Site.  

 

2.1 SITE LOCATION AND HISTORY 

 

The Site is located at 2101 Monroe Avenue, Town of Brighton, Monroe County, New York (Figure 

1.1). The Site is a commercially zoned parcel approximately 0.35 acres in size located at the 

intersection of Brooklawn Drive and Monroe Avenue. The area is a densely populated, mixed 

commercial and residential area. The Site is currently occupied by a one-story cement block dry 

cleaning facility, a two-story wood-framed house (currently unoccupied), and a paved parking lot.  

 

Dry cleaning operations have occurred at the Site for at least 30 years; a Town of Brighton Sewer 

inspection suggests that dry cleaning operations may have occurred at the Site as early as 1959. Up 

until October 10, 2018 Carriage Cleaners utilized tetrachloroethene (PCE) during dry-cleaning 

operations. Since then, naphthalene, a petroleum-based solvent, has been used. Data collected as 

part of the various investigations suggest that PCE disposal may have occurred at multiple 

locations at the Site. Evaluation of a storm sewer adjacent to the west side of the building 

documented a failed section of the sewer and the presence of PCE contamination in soil near the 

sewer at a concentration of 48 parts per million (ppm) in 2007 (NYSDEC, 2008) and 3,900 ppm in 

2008 (MACTEC, 2009). Additional PCE disposal appears to have occurred below the building.  

 

It is also possible that spills occurred in a narrow alleyway between the site commercial building 

and onsite residential property (2111 Monroe Avenue). Although a source area was not identified 

within this alleyway during previous investigations, spills could have occurred at a former 275 

gallon above-ground storage tank (AST) that was historically used to store PCE, or in the vicinity 

of the rear entrance/exit to the site building, where PCE was stored in 55-gallon and 30-gallon 

drums. Soil samples collected from two separate areas within the alleyway contained PCE at 

concentrations of 1.3 and 1.5 ppm, but these samples were from below the water table and may 

represent a source of groundwater contamination and not a soil source of soil contamination.  

 



Remedial System Optimization Evaluation – Carriage Cleaners  December 2020 
NYSDEC – Site No. 828120   
MACTEC Engineering and Geology, P.C., Project No. 3612206118 
 

 
2-2 

 
8.1 report.hw828120.2020-12-08.Carriage_Cleaners_RSO-FINAL 
 

Data collected during previous investigations did not provide information on when and for what 

duration PCE disposal occurred at the Site. The data does generally show that PCE handling 

practices over a period of more than 25 years has contributed to the on-site PCE contamination.  

 

2.2 REGULATORY HISTORY AND REQUIREMENTS 

 

In 2004, the NYSDEC listed the Site as a Class 2 site after a series of investigations related to a 

petroleum spill at the former Newcomb Oil/Citgo Gasoline Station at 2087 Monroe Avenue 

identified chlorinated solvents in groundwater samples collected downgradient of the Site. 

 

The owner of Carriage Cleaners at the time subsequently completed a limited Phase II 

Environmental Site Assessment in 2004. The results of the site assessment reportedly did not 

identify a source for the PCE but did indicate that soil and groundwater at the Carriage Cleaners 

property were contaminated with PCE. The site assessment report concluded that possible breaks in 

the storm and sanitary sewer lines may represent a potential source for the PCE contamination. 

During the site assessment, the highest concentration (34.5 ppm) of PCE in soil was detected in a 

soil boring advanced adjacent to the underground sewer lines servicing the west side of the 

Carriage Cleaners building. In groundwater, PCE was detected at a maximum concentration (4,380 

parts per billion) in an overburden monitoring well located near the PCE AST in the alleyway that 

separates the Carriage Cleaners building from the adjacent residential building located at 2111 

Monroe Avenue (NYSDEC, 2008). 

 

In addition to on-site investigation activities, the NYSDEC completed an off-site vapor intrusion 

(VI) program in January of 2004. A total of six VI sample sets (sub-slab, indoor air, and ambient 

air samples) were collected at four residential properties. Three VI sample sets were collected at 

one large apartment complex on Monroe Avenue. Based on this off-site VI sampling one 

basement/crawlspace ventilation system and four SSDS were installed as part of an interim 

remedial measure in February 2004 (three of the SSDSs were installed at the apartment complex) 

(NYSDEC, 2008). 

 

The data collected as part of these investigation activities led to the listing of the Site as a Class 2 

Inactive Hazardous Waste Disposal site in June 2004. A Class 2 site is a site where hazardous 

waste presents a significant threat to the public health or the environment and action is required. 
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Based on this listing, a Remedial Investigation (RI) / Feasibility Study (FS) of the property was 

completed for the NYSDEC by O’Brien & Gere (OBG). The RI was conducted between March 

2005 and November 2007. The RI included the collection of soil vapor, subsurface soil, indoor air, 

and groundwater samples; the installation of 10 groundwater monitoring wells; the evaluation and 

subsequent repair of an underground storm sewer pipe; and the permeability testing of newly 

installed monitoring wells (OBG, 2007). Based on the results of the RI, subsurface soil, 

groundwater, and soil vapor/indoor air were determined to be the media in need of remedy; the 

primary contaminant of concern was PCE (NYSDEC, 2008).  

 

The FS Report (OBG, 2007) identified the preferred remedy with the following components: 

• Presumptive remedy of SVE of site soils 

• Groundwater extraction for control of site groundwater 

• Monitored natural attenuation of off-site groundwater 

• VI mitigation and monitoring of off-site properties 

• Excavation of site soils 

• Groundwater monitoring 

• Deed restrictions. 

 

The ROD prepared by NYSDEC identified the aforementioned remedy as the selected remedy for 

the Site. 

 

2.3 CLEAN-UP GOALS AND SITE CLOSURE CRITERIA 

 

NYSDEC prepared a ROD (Appendix B) for the Site in March 2008 (NYSDEC, 2008) identifying 

the following remediation goals for the Site: 

• Eliminate or reduce to the extent practicable: 

o Exposures of persons at or around the Site to PCE, and PCE breakdown products 
in soil and groundwater 

o The release of contaminants from soil into groundwater that may create 
exceedances of groundwater quality standards 

o The release of contaminants from subsurface soil beneath basements into indoor 
air through soil vapor. 

• Attaining to the extent practicable: 
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o Ambient Water Quality Standards and Guidance Values for groundwater 
(NYSDEC, 1998) 

o The soil cleanup objectives (SCOs) included in the Technical and Administrative 
Guidance Memorandum 4046 and Title 6 pf the New York Codes, Rules, and 
Regulations (NYCRR) Subpart 375-6 – Remedial Program SCO.  

o The air guidelines provided in the Guidance for Evaluating Soil Vapor Intrusion in 
the state of New York, dated October 2006. 

 

Through remedial actions performed to date, the remedial goals listed above have been addressed 

with the exception of attaining ambient water quality standards and guidance for groundwater. The 

following sections will further describe what actions were taken to address the goals and will 

recommend changes to optimize ongoing operations that will continue to be protective of public 

health and the environment.  

 

2.4 REMEDIAL ACTIONS AND POST-REMEDIAL INVESTIGATIONS 

PERFORMED TO DATE 

 

The following paragraphs provide brief summaries of the RAs and post-RA investigations 

performed at the Site. Additional information for each can be found in the 2016 RSO report 

(MACTEC, 2016), and Quarterly Operation, Maintenance and Monitoring (OM&M) Reports (3rd 

quarter 2019 [MACTEC, 2019a]), annual Periodic Review Reports (PRR) (2019 PRR [MACTEC, 

2019b]). Since the submission of the draft RSO evaluation (January 2020), the OM&M Reports for 

4th quarter 2019, 1st quarter 2020, and 2nd quarter 2020, and the 2020 PRR have been submitted to 

NYSDEC for review (MACTEC, 2020a, 2020b, 2020c, 2020d). Locations of RAs and post-RA 

investigation locations related to on-site soil, soil gas, and groundwater, and general site layout are 

included in Figure 2.1. 

 

2.4.1 Vapor Intrusion Mitigation 

 
One basement ventilation system and sixteen SSDS systems are active in the vicinity of the Site. 

Three of the SSDSs are located in a large apartment building (Hampshire Apartments), and the 

basement ventilation system and thirteen SSDSs are located in off-site residential properties. These 

vapor mitigation systems are monitored and maintained by NYSDEC. The locations of these 
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systems are shown in Figure 2.2. The on-site residential building, unoccupied since a fire occurred 

there in 2014, houses an inactive SSDS. 

 

Continued operation of these systems is recommended to ensure public safety due to the potential 

for vapor intrusion. 

 

2.4.2 Soil Remediation 

 
Soil Excavation and Aboveground Tank Removal 
 

In 2011, the 250-gallon PCE AST was removed from the site alleyway. Additionally, 127 cubic 

yards of contaminated soil were removed from an approximate 260 square foot (ft) excavation that 

extended approximately 12 feet (ft) below ground surface (bgs) and three feet below groundwater 

elevation at the storm sewer break on the building’s west side. Confirmatory sidewall samples were 

not collected during the advancement of the excavation due to the presence of the sheeting/shoring 

system. Following completion of excavation advancement, approximately 1,540 pounds (lbs) of 

potassium permanganate were placed at a rate of 5.5 lbs per square foot onto the base of the 

excavated area via excavator bucket on August 11, 2011. Prior to backfilling, reagent piping was 

placed at the bottom of the excavation to support future injections of permanganate. The excavation 

was then backfilled with stone to a depth of 6.5 ft bgs and common borrow to pre-existing grade. 

 

In addition to the removal of the AST and excavation of impacted soils, and in an effort to 

minimize recontamination of site soils during continued operation of the site as a dry cleaner, floor 

drains inside the facility were abandoned and washing machine effluents previously tied into the 

floor drain/storm sewer lines were rerouted to the sanitary sewer by OP-TECH September 29, 2011 

to October 7, 2011; storm sewers were replaced by OP-TECH July to August 2011. The facility 

floor drains will be visually inspected by the OM&M contractor during the RSO activities to verify 

that they were sealed during the abandonment to eliminate the preferential pathway.  

 

Soil Vapor Extraction System 
 

To further reduce soil impacts under the building where excavation was not feasible, an SVE 

system was installed and has been operating since October 2011. The general configuration of the 
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SVE system’s extraction wells and vapor monitoring points is presented in Figure 2.3. The SVE 

system is described in further detail in Subsection 2.5 of this report.  

 

Soil Sampling and Associated SVE Reconfiguration 
 

In 2013, subslab borings (DP-14A and DP-17A) were completed within the building to evaluate the 

effectiveness of the SVE by sampling for the presence of residual contamination in an area that 

historically had the highest PCE concentration in soil beneath building. Sampling showed that the 

SVE system operation had reduced PCE contamination in the soil beneath the building by several 

orders of magnitude at DP-17A such that SCOs had been achieved. The PCE concentration at the 

DP-14A location had decreased by approximately 50% but still exceeded the SCOs.  

 

As a result of the soil sampling, the SVE system was reconfigured to target the extraction wells 

closest to DP-14A and one of the vapor monitoring points (VMP), VP-08, was converted into a 

vapor extraction (VE) well, VE-8. This well was screened deeper than the other SVE wells, and 

during high groundwater conditions moisture was pulled into the SVE system’s vapor liquid 

separator (VLS) causing the liquid level in the VLS to trip the automatic system shutoff level on a 

few occasions. VE-8 has since been modified to reduce its depth to minimize system downtime. 

 

In 2017, another round of sub-slab soil sampling was conducted near DP-14 revealing a maximum 

PCE concentration of 0.019 milligrams per kilogram (mg/kg), below the SCO, indicating that the 

SVE system has achieved its remedial goal. As a result, the SVE system was turned off for 

approximately one year during which time a rebound study was conducted. Results of the rebound 

study are discussed in subsequent sections of this report. Currently, the SVE system continues to 

operate, capturing vapors from impacted groundwater and impacted bedrock below the targeted 

soil.  

2.4.3 Groundwater Water Mitigation 

 
Groundwater Extraction and Treatment System 
 

To reduce the migration of contaminants from the Site within groundwater, a GWETS was 

installed and operated October 2011 through September 2020; the GWETS was shut-down in 

September 2020. The GWETS includes a single recovery well, EW-1, which pumps on average 
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about 0.5 gallons per minute (gpm). The influent concentration of total volatile organic compounds 

(VOCs) captured by EW-1 ranged between 200 – 750 micrograms per liter (µg/L) and was treated 

by an on-site air stripper prior to sewer discharge under permit by Monroe County.  

 

Installation of Permanganate Cylinders 
 

Due to high PCE concentration (as high as 24 milligrams per liter (mg/L)) observed in groundwater 

at monitoring well MW-6 and in MW-6B (470 µg/l) and high PCE concentration in bedrock at 

MW-6B (as high as 48 mg/kg), potassium permanganate (RemOx® SR) cylinders were installed in 

2014 to passively treat groundwater and bedrock in the vicinity of these wells. Quarterly visual 

inspections of both wells following the installation of the RemOx® SR revealed that the water in 

the wells was purple, indicating that potassium permanganate was still present through December 

2018 at which time the permanganate cylinders were removed from the wells.  

 

Extraction Well Radius of Influence Testing 
 

In August 2015 a Radius of Influence (ROI) evaluation was conducted on the GWETS extraction 

well EW-1. Prior to shutting down the system, groundwater elevation measurements were made in 

several on-site and off-site wells. Approximately 24 hours after the GWETS was shut down, each 

monitoring well was gauged again. Measurements from the test indicate that EW-1 experienced 

6.32 ft of drawdown while pumping; however, none of the surrounding wells showed a hydraulic 

response to pumping at EW-1. Notably, most of the wells showed an increase in depth to water 

following the GWETS shutdown. This is most likely due to either a barometric change or to aquifer 

drainage that was on-going prior to shutting down EW-1. Bedrock wells MW-8B and OW-1 are 

located within ten ft of EW-1; neither of the two wells showed an effect after pumping was 

stopped. Groundwater in the bedrock aquifer moves via fractured flow, and the lack of influence by 

EW-1 at these wells is likely due to the anisotropy of the aquifer; bedrock fractures at the nearby 

monitoring well locations are not connected to the bedrock fracture where EW-1 is located. Based 

on the results, flow through the fractured bedrock associated with EW-1 does not behave like an 

equivalent porous media; therefore, a ROI could not be calculated using the existing monitoring 

well network response.  
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Extraction Well Replacement Pilot Testing 
 
Following removal of the permanganate cylinders at MW-6/6B, water was periodically pumped to 

remove residual permanganate from the wells, and groundwater was sampled. During pumping, 

drawdown in the well was recorded to evaluate the potential of using MW-6B as a replacement 

extraction well that may yield more water than EW-1 and potentially improve hydraulic 

containment. MW-6B was able to yield higher flow than EW-1, however, over the course of 

pumping and sampling, PCE concentrations in groundwater at MW-6B decreased to concentrations 

lower than what is typically observed in EW-1 (5.8 µg/l at MW-6B compared to 200 µg/l in May 

2019). Therefore, MW-6B is not recommended to replace EW-1 as an extraction well.  

 
Following the evaluation of MW-6B as a replacement extraction well, evaluation of MW-8B 

began. Historically, MW-8B exhibited similar VOC concentrations as those reported at EW-1, 

however its specific capacity was higher indicating a potential for enhanced connection to the 

aquifer. Pumping and sampling of MW-8B began; however, during the early stages of the well 

evaluation on July 11, 2019 during attempts to sample MW-8B, the sampling technician found the 

well pump to be irretrievable due to a rock cave in at approximately 18 ft bgs.  

 

2.4.4 Site Management Plan 

 

A Site Management Plan (SMP) (MACTEC, 2013) has been developed for long term management 

of remaining contamination as required by the Environmental Easement. The SMP includes plans 

for: (1) institutional/engineering controls, (2) monitoring, (3) operation and maintenance, and (4) 

reporting. 

 

2.5 DESCRIPTION OF EXISTING GWETS AND SVE SYSTEM 

 

2.5.1 System Goals and Objectives  

 

SVE and GWET system operations were initiated at the Site in October 2011. Residual 

contaminated soil (i.e., soil remaining beneath the building) is treated by operation of the on-site 

SVE system, and contaminated shallow bedrock groundwater was extracted, treated, and 

discharged to minimize off-site contaminant mobilization during the GWET operation (October 
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2011 – September 2020). The primary goal for the SVE system is to achieve the SCO for PCE in 

soil (1.3 mg/kg). The primary goal of the groundwater extraction system was to minimize off-site 

mobilization of impacted groundwater.  

 

2.5.2 System Description 

 

The GWETS and SVE system operated concurrently through September 2020. The GWETS was 

designed by MACTEC, constructed by OP-TECH Environmental Services (OP-TECH), and 

operated October 2011 through September 2020. The GWETS was designed to extract and treat 0.6 

gpm and to achieve hydraulic control of the contaminant plume to minimize off-site migration of 

contaminants. Bedrock groundwater was extracted via a single extraction well EW-1 and was 

pumped to an air stripper located in a site trailer adjacent to the active dry cleaner building. Once 

volatile organics were removed from the groundwater by the air stripper, the groundwater was 

discharged to the public sanitary sewer under a site-specific permit issued by the Monroe County 

Department of Environmental Services (MCDES). 

 

The SVE system, also designed by MACTEC and constructed by OP-TECH, began operating in 

October 2011 with five VE wells; a sixth VE well was added in October 2014. The SVE system is 

designed to extract and treat up to 300 cubic ft per minute of vapor from impacted soil beneath the 

Carriage Cleaners building. Extracted vapor was treated via vapor-phase granular activated carbon 

(VGAC) until June 2012 but has since been discharged directly to the atmosphere at a rate below 

the acceptable discharge rate of 0.1 lbs per hour of high toxicity contaminants as defined in the 

DAR-1 Guidelines for the Control of Toxic Ambient Air Contaminants and Title 6 of the NYCRR 

Part 212. Figure 2.4 includes a process flow diagram for the systems. 

 

2.5.3 Current Operation and Maintenance Program 

 

The routine OM&M and reporting of the SVE and GWETS system including weekly, biweekly, 

monthly and quarterly monitoring, inspections, and reporting activities are summarized in Table 

2.1 below. The routine OM&M activities do not include various studies/pilot tests such as the SVE 

rebound study. 
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 Table 2.1:  Routine Sampling, Maintenance, and Reporting Summary 

Location 
Description 

Location/ 
Sample 

ID 

Quarterly Monthly Bi-
Weekly 

Weekly Parameter/Analysis/Purpose 

Groundwater 
Extraction 
Well 

EW  X   Pressure 
 X   Groundwater Elevation 

Influent 
Groundwater 

GWS-IN    X Pressure 
   X Flow Rate 
 

X 

 

 

Volatile organic compound 
(VOC) Sample (United States 
Environmental Protection 
Agency [USEPA] 624) 

Effluent 
Groundwater 

GWS-TE    X Flow Total 
 X   VOC Sample (USEPA 624) 

Vapor 
Extraction 
Wells 

VE-#  X   Pressure 
   X Flow Rate 
 

X 
 

 
VOC Screening (via 
photoionization detector 
[PID])  

Vapor 
Monitoring 
Points 

VP-#  X   Pressure 
 X   VOC Screening (via PID) 

Combined 
Soil Vapor 
Influent 

SVE    X Pressure 
   X Flow Rate 
   X VOC Screening (via PID) 
 X   VOC Sampling (via USEPA 

TO-15) 
Air Stripper 
Vent 
Discharge 

ASE    X Pressure 
   X Flow Rate 
   X VOC Concentration (via PID) 
 X   VOC Concentration (via 

USEPA TO-15) 
Combined 
Stack Vent 
Discharge 

CSV    X Pressure 
   X Flow Rate 
   X VOC Concentration (via PID) 
 X   VOC Concentration (via 

USEPA TO-15) 
Air stripper 
cleaning NA    X Remove scale within stripper 

OM&M 
Reporting NA X    Provide site data and activities 

to NYSDEC 
Note:  The sampling events highlighted in gray in Table 2.1 are not currently performed; the sampling was 
discontinued following the shut-down of the GWETS in September 2020. 
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2.6 CONCEPTUAL SITE MODEL OVERVIEW 

 

This CSM has been derived based on site history, RIs, RAs, operational data, and post RA 

investigations, all of which have been previously described or will be described in further detail in 

subsequent sections of this report.  

 

The Site contains a commercial building that has reportedly operated as a dry cleaner for over 30 

years. Data collected during the RI performed by OBG suggest that PCE disposal may have 

occurred at multiple locations at the Site. Specifically, a failed sewer system adjacent to the 

northwest-side of the building resulted in a release, and 48 ppm PCE in soil were subsequently 

detected during the RI. An additional PCE release appears to have occurred in a narrow alleyway 

between the site building and an adjacent residential property located along Monroe Avenue, an 

area used to store drums in addition to the former AST, based on a reported groundwater 

concentration of 7,100 µg/L in monitoring well MW-1, an overburden well located on the west end 

of the alleyway behind the building (OBG, 2007). Soil contamination was also detected beneath the 

building during pre-design investigations, which is likely indicative of spills and poor 

housekeeping practices in the building during operations.  

 

As directed by the ROD (NYSDEC, 2008), removal of contaminated soil associated with the faulty 

sewer line was conducted, and an SVE system was installed to reduce the concentration of PCE 

beneath the Carriage Cleaners building. In addition, a GWETS was installed to provide hydraulic 

control of contaminated groundwater and mitigate the threat of downgradient VI to nearby homes. 

The selected remedies prescribed by the ROD were operational by 2011. 

 

Overburden geology at the Site consists of loose silt and fine sand overlying a denser till comprised 

of fine and medium sand with some silt and gravel. The total thickness of these unconsolidated 

deposits ranges from approximately 5 ft to 12 ft. Bedrock encountered immediately below the 

unconsolidated materials consists of dolomite with a weathered zone immediately below the till 

deposit, a shallow fractured bedrock zone with horizontal and vertical fractures, as well as pits and 

vugs and an intermediate more competent bedrock where the number of fractures decreases 

considerably.  
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Groundwater is sporadically present in the overburden. Where encountered, the saturated thickness 

of overburden groundwater is generally between one and five ft. The rate of groundwater 

movement in the overburden aquifer is estimated to be in the range of less than 0.045 to 0.09 

(ft)/day. The overall flow of shallow groundwater has components flowing both northeast and 

southeast (OBG, 2007). The bedrock has limited primary porosity; the occurrence of groundwater 

in the bedrock occurs primarily in fractures. The overburden and shallow bedrock interface zones 

are considered to act as a single hydrogeologic unit. The estimated horizontal groundwater seepage 

velocity through the shallow bedrock interface zone is estimated to be approximately 1.4 ft/day or 

approximately 511 ft/year (OBG, 2007). The flow of groundwater in the bedrock primarily flows in 

a northeasterly direction.  

 

A deeper intermediate zone appears to have limited hydraulic connection with the overburden and 

shallow bedrock interface zones. This was proven by an ROI study conducted in August 2015, 

where pumping water from EW-1 showed no indication of influence on nearby wells, as previously 

discussed, with a possible exception at off-Site monitoring well MW-210. PCE concentrations at 

MW-210 have decreased from 230 µg/L in 2009 to consistently below the NYS Class GA 

Groundwater Standard of 5 µg/l (NYS, 1999) during  recent sampling events, with the exception of 

a slightly higher PCE concentration of 8 µg/L during the October 2019 semi-annual sampling 

event. Alternately, the observed reduction in PCE concentration at MW-210 may be a result of 

natural attenuation which will be further evaluated during the RSO activities including the 

groundwater rebound study. 

 

The soil excavation and operation of the active SVE system have acted to minimize impacts to 

groundwater from impacted soil. The subslab soil sampling conducted in 2013 indicated a 

significant decrease in VOC concentrations in one location, and a lesser decrease in a second 

location. The highest observed VOC concentration in soil is located at a depth between 4 to 6 ft 

below the building slab and above the groundwater table. An additional VE well (VE-8 converted 

from VP-8) was installed in October 2014 to help target extraction in the area of highest reported 

soil contamination. Results of additional soil samples collected in 2017 indicate that SCOs have 

been achieved.  

 

Lingering contamination is evident in MW-6, an overburden well located near the northeast corner 

of the building in the narrow alleyway where PCE was temporarily stored and presumably spilled. 
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Additional investigation, including the installation of bedrock well MW-6B, indicated the presence 

of PCE diffused into the bedrock matrix and was detected at a high concentration. The operation of 

the SVE system will likely continue to reduce residual concentrations of PCE in soil beneath the 

building but appears to have had no effect on contaminants located at the MW-6/6B location. 

Therefore in 2014 potassium permanganate (RemOx® SR) cylinders were installed to passively 

treat groundwater and bedrock in the vicinity of MW-6/6B. Since the removal of the cylinders in 

late 2018, groundwater contaminant concentrations reported in the bedrock at the MW-6/6B 

location have overall decreased. PCE was detected in groundwater samples collected in MW-6B on 

May 1, 2019, October 16, 2019, and March 30, 2020 at concentrations of 5.8 µg/L, 1000 µg/L, and 

5.3 µg/L, respectively.  

 

The RSO work plan and design shall include an updated CSM including current site groundwater 

data collected in October 2019 and March 2020, the evaluation of the necessity to further 

define/delineate the groundwater plume off-Site, and the evaluation of potential off-Site soil vapor 

intrusion exposures. Updated groundwater plume maps and groundwater flow direction figures will 

also be provided as part of the RSO work plan and design.
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3.0 SYSTEM PERFORMANCE TO THROUGH JUNE 2019 

 

The SVE system and GWETS have been operating since 2011. The following subsections 

summarize conditions and trends identified from the beginning of operations through June 2019 

(MACTEC, 2019a) in terms of overall performance both in the subsurface and in the systems 

themselves. Additional detail was provided in quarterly OM&M reports and Annual Periodic 

Review Reports. 

 

3.1 SOIL VAPOR EXTRACTION SYSTEM 

 

The purpose of the SVE system is to treat residual contamination in overburden, vadose zone soil. 

The SVE system was designed to extract and treat soil vapor at a rate of up to 300 standard cubic ft 

per minute (scfm), while operating three extraction wells at a time at a rate of up to 100 scfm each. 

Several combinations of extractions wells have been active throughout operations to maximize the 

radius of influence of the SVE system and concentrate on areas with the highest concentrations in 

soil or soil vapor.  

 

In March 2017, as recommended by the 2016 RSO, soil samples were collected in the vicinity of 

former sample location DP-14, and the PCE concentrations were below the SCO of 1.3 ppm, vastly 

reduced compared to the 2013 results as shown in Table 3.1 below.  

 

Table 3.1 PCE Concentration is Subsurface Soil 

Boring 
Location 

December 2008 September 2013 March 2017 

Depth 
Interval 

PCE 
Concentration 

Depth 
Interval 

PCE 
Concentration 

Depth 
Interval 

PCE 
Concentration 

(ft bgs) (ppm) (ft bgs) (ppm) (ft bgs) (ppm) 

DP-14 6 290 

4 – 6 140.01 4 – 6 0.0061 

6 – 8 39.01 6 – 8 0.019 

10 – 11.5 0.85 10 – 11.5 Not Sampled 
1Bolded values exceed the SCO for PCE of 1.3 ppm. 
ft bgs = feet below ground surface 
ppm = parts per million 

 

As a result of the soil sampling investigation, a rebound study involving shutdown of the SVE 

system was conducted from December 2017 to December 2018. The objective of the study was to 
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assess the need for continued SVE system operation given that the SCOs had been achieved. 

During the system shutdown, periodic vapor samples were collected from: 

 

• VE-4 – A vapor extraction well to compare against previous SVE influent concentrations. 
The well is screened from 3.5 to 6.5 feet bgs. 

• VE-9 – A vapor monitoring point located directly beneath the building slab, to evaluate 
change in concentrations in the subslab as result of shutting down the system. 

• Indoor Air – to evaluate changes in indoor air concentrations.  

 

In general, as shown on Table 3.2, soil vapor concentrations at VE-4 increased over time during the 

rebound study and are likely attributable to contaminants off-gassing from groundwater and/or the 

bedrock matrix.  

Table 3.2 
   Soil Vapor Extraction Rebound Study TO-15 Results 

 VP-9 

VE-4  
(March 2017 was 

Combined Influent 
Sample) 

Indoor  Outdoor1 

Date  
PCE 

(µg/m3) 
TCE 

(µg/m3) 
PCE 

(µg/m3) 
TCE 

(µg/m3) 
PCE 

(µg/m3) 
TCE 

(µg/m3) 
PCE 

(µg/m3) 
TCE 

(µg/m3) 
3/19/2017 
(Baseline) 8,100 650 2,600 130 7,200 360 4.2 1.3 
12/20/2017 47,000 3,500 1,900 54 NA NA NA NA 
1/10/2018 27,000 1,400 24,000 720 27,000 1,100 4.4 < 0.21 
2/14/2018 17,000 870 2,900 150 NT NT NT NT 
3/4/2018 27,000 1,200 410 23 NT NT NT NT 
4/11/2018 16,000 680 1,700 61 33,000 8,800 300 / 200 7.5 / 6 
5/9/2018 26,000 1,100 2,700 81 NA NA NA NA 
6/13/2018 33,000 1,100 13,000 370 NA NA NA NA 
7/18/2018 28,000 720 31,000 500 1,700 760 230 / 670 0.83 / 9 
8/15/2018 26,000 640 28,000 450 3,100 4,000 130 / 290 22 / 18 
9/12/2018 46,000 930 54,000 740 720 770 29 / 1,300 1.4 / 13 
10/10/2018 35,000 690 4,900 580 760 250 9.4/700 1.1/6.8 
11/14/2018 30,000 670 28,000 510 880 5,500 0/0 0.77/0 
11/20/2019 760 290 500 140 NA NA NA NA 
Notes: 
1. Single outdoor samples were collected for comparison to ambient conditions during the baseline and first quarter 2018. 
During second, third, and fourth quarters 2018, two outdoor samples were collected, one upgradient and one 
downgradient from the dry cleaner. Results are shown as upwind / downwind.  
2. NT = not tested 
3. µg/m3 = micrograms per cubic meter. 
4. Sample on November 20, 2019 was nearly one year after turning SVE system back on, no indoor air samples were 
collected at this time. 
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Soil vapor concentrations at VE-9 did not appear to be affected by the SVE shutdown but remained 

elevated (generally higher than VE-4) throughout the rebound study. This may be attributable to 

saturation of the concrete slab with PCE over time during dry cleaning operations. Dry cleaner 

indoor air concentrations did not appear to be impacted by the SVE shutdown. Reported 

concentrations in indoor air were reduced during the warmer months, likely due to opening doors 

and windows for ventilation, and remained reduced toward the end of the shutdown, likely due to 

the dry cleaner switching from PCE-based products to naphthalene-based products. Regardless of 

the results, there was a concern that the elevated rebound soil vapor concentrations at VE-4 could 

continue to increase and contribute to the dry cleaner subslab and/or indoor areas, therefore the 

SVE system was reactivated on November 21, 2018. 

 

Throughout routine operation of the SVE system, influent vapor samples have been collected on a 

monthly basis. Results of laboratory samples show a slight overall decreasing trend in VOC 

concentrations, as shown in Figure 3.1. In addition, the rate of mass removal has decreased as 

shown by the more gradual slope of the VOC mass removal line.  

Figure 3.1:  Soil Vapor Extraction System Influent and Effluent Concentrations 
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Overall, the SVE system has generally performed as expected over its eight years of operation and 

has achieved its goal of reducing soil concentrations to below SCOs. Although there are still 

measurable PCE concentrations in soil vapor at the SVE influent, it is likely attributable to off-

gassing of groundwater and/or bedrock from the subsurface. This impacted soil vapor could impact 

indoor air concentrations at the dry cleaner building overtime, however, given the high PCE 

concentrations in the building subslab, they are unlikely to make conditions worse. At this point in 

time, a subslab depressurization system would be better suited for vapor intrusion mitigation than 

the ongoing operation of the SVE system.  

 

3.2 GROUNDWATER EXTRACTION AND TREATMENT SYSTEM 

 

The GWETS was designed to extract and treat groundwater at a rate of 0.6 gpm. Figure 3.2 shows 

the GWETS flow rate since the beginning of operation. As shown on the graph, the system 

frequently operates at a rate less than the design flow rate. Extraction well rehabilitation is 

conducted periodically to improve flow rates. The tight formation, however, impedes the ability to 

extract water at a higher rate without the well going dry.  
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Figure 3.2:  Groundwater Extraction and Treatment System Flow Rates 

 

 
 
The total VOC concentration of the GWETS influent groundwater has ranged from 0.20 ppm to 1.7 

ppm since the beginning of operation. The influent VOC concentration exhibits a slight downward 

trend as shown in Figure 3.3. The total VOC concentration in the GWETS effluent is typically non-

detect but has been above non-detect on occasion. The highest total VOC concentration detected in 

the effluent has been 0.05 ppm. A conservative calculation using the lowest influent concentration 

and the highest effluent concentration, suggests a greater than 99% removal efficiency. The 

Monroe County Sewer Use Permit establishes a total VOC discharge limit of 2.13 mg/L. Both 

influent and effluent VOC concentrations have consistently been below this discharge limit since 

the start of GWETS operation in December 2011. 
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Figure 3.3:  Groundwater Extraction and Treatment System Influent  

And Effluent Concentration 

 
 

Although there is a decreasing influent VOC concentration trend at the extraction well, and the 

targeted extraction flowrates were generally achieved over the years, containment of the 

contaminant plume cannot be clearly demonstrated.  

 

Since hydraulic containment has not been successful and the contaminant concentrations have 

exhibited an overall downward trend, upon the request of the NYSDEC, the GWETS was shut 

down in September 2020. The shut-down activities were performed by the on-site OM&M 

contractor (Groundwater and Environmental Services, Inc.) and included: 

• Suspension of OM&M and Sampling of the GWETS. 

• Week of August 31, 2020: Staff inspected the system and determined what would be 

needed to properly shut down and prepare the GWETS for storage. 

• Week of September 7, 2020: Site gauging and GWETS shutdown (the stripper was acid 

treated to ensure it was scale free for storage). 
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• Week of September 14, 2020: Follow-up site gauging and stripper pump out and cleaning. 

Drained lines and cleaned all accessible parts for storage. Monthly readings/vapor 

sampling. 

• Week of September 21, 2020: Follow-up site gauging and O&M. Completed any final 

cleaning of GWET system. Pump was left in well. 

 

To evaluate the potential groundwater migration under non-pumping conditions after the shutdown 

of the GWETS, a groundwater rebound study will be detailed in the RSO work plan and design. 

 

3.3 COMBINED SYSTEM MASS REMOVAL 

 

Since system startup in October 2011 through June 2019, the SVE system has removed 

approximately 325.9 lbs of VOCs from soil vapor based on United States Environmental Protection 

Agency (USEPA) Method TO-15 analytical results and associated SVE flow rates. During this 

time the GWETS has removed approximately 78.5 lbs of VOCs from groundwater based on 

USEPA Method 624 analytical results and associated groundwater flow rates. The cumulative mass 

removal rates since startup for SVE system and GWETS as well as total system removal rates are 

shown on Figure 3.4.  
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Figure 3.4: System Contaminant Mass Removal

SVE VOC Mass Removal (lbs) GWETS VOC Mass Removal (lbs) Cumulative VOC Mass Removal (lbs)

 

Mass removal was not one of the objectives of either the SVE or the GWETS, and given the slow 

rate of mass removal of these systems combined, together they have achieved the remediation goals 

established in the site ROD to the extent practicable, and are not likely to contribute to achievement 

of ambient water quality standards and guidance values for groundwater, or to meeting the soil 

vapor intrusion guidance values (without the in-place SSD systems) in a timely manner.  

 

3.4 SYSTEM DOWNTIME AND OPERATIONAL ISSUES 

 

Since the beginning of operations in October 2011, the SVE system and the GWET system had 

overall uptimes of 84.8% and 97.5% respectively. For the most part, downtimes were attributable 

to planned or routine OM&M activities including: 

 

SVE: 

• System shutdown to convert VP-8 to VE-8 

• System shutdown for nearly a year for the rebound study 



Remedial System Optimization Evaluation – Carriage Cleaners  December 2020 
NYSDEC – Site No. 828120   
MACTEC Engineering and Geology, P.C., Project No. 3612206118 
 

 
3-9 

 
8.1 report.hw828120.2020-12-08.Carriage_Cleaners_RSO-FINAL 
 

 

GWETS: 

• Weekly air stripper cleaning  

• Pump and flow meter cleaning/maintenance 

• Extraction well rehabilitation 

• System shut-down September 2020 

 

On a few occasions throughout the years, the SVE or GWETs was shut down due to equipment 

failure, power outage, or too much liquid accumulation in the SVE system. Generally, the systems 

were back on-line shortly after the failure. Additional information regarding uptime can be found in 

the quarterly OM&M reports and PRRs. 

 

3.5 MAJOR COST COMPONENTS OF PROCESSES 

 

The on-site SVE and GWET systems have relatively low OM&M costs. The two systems do not 

require consumable supplies and materials such as bag filters or treatment chemicals. The systems 

also do not generate waste as part of the process.  

 

The two major cost components are electricity and labor. The system operates 24 hours per day and 

requires electricity to operate the SVE blower, the GWETS air stripper, the groundwater extraction 

well pump, and the system controls.  

 

Labor involved for OM&M includes primarily:  

1. Weekly visits for cleaning of the air stripper to avoid system shutdowns due to high 
pressure 

2. Bi-weekly and monthly visits to record system data and collect analytical samples 

3. Semi-annual groundwater sampling  

4. Quarterly OM&M Report preparation.  

 

3.6 SUSTAINABILITY EVALUATION 

 

DER-31 (NYSDEC, 2011) includes applying green remediation concepts, such as minimizing 

energy consumption, reducing greenhouse gas emissions, maximizing the reuse of land, recycling 
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of materials, and conserving natural resources such as soil, water and habitat to the extent possible 

while still implementing remedies that are protective of public health and the environment. As 

previously stated, the on-site SVE and GWET systems, compared to similar treatment systems at 

other sites, have low OM&M costs, which in turn results in low energy and resource consumption 

and low waste generation compared to treatment systems that operate at higher rates.  

 

The GWETS extraction rate from bedrock is low, 0.6 gpm, and does not impact the available water 

for consumption since the area is provided water by the public drinking water supply system. There 

are also no nearby surface water bodies that are impacted by the groundwater extraction. The water 

is treated through an air stripper that consumes electricity for continuous operation. The air stripper 

requires cleaning on a weekly basis to prevent clogging, however, there is no resulting waste 

stream that requires off-site transportation and disposal. Continuous operation of the air stripper 

consumes electricity, and the labor associated with cleaning it once a week requires travel and 

associated vehicular emissions.  

 

The soil gas extracted by the SVE system discharges directly to the atmosphere with no treatment 

because the concentrations are below NYSDEC guidance values. Therefore, there are no resulting 

waste streams such as VGAC. The SVE system does require continuous operation of a blower that 

consumes electricity. 

 

Although resource consumption at the Site is low compared to other GWETS and SVE systems, 

the operating systems have achieved the remediation goals established in the site ROD to the extent 

practicable and as such could be optimized to increase sustainability while still being protective of 

public health and the environment.  

 

3.7 REGULATORY COMPLIANCE  

 

VOC concentration in groundwater in the GWETS effluent consistently meets the discharge 

requirements in the Monroe County Sewer Use Permit for the Site. The influent VOC 

concentrations in groundwater also meet the discharge requirements of the permit, however, 

according to the permit (Appendix A) “All groundwater must be treated regardless of the influent 

concentrations.”     
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As previously stated, the 2008 ROD identified remediation goals for the Site. The following is an 

assessment of compliance with the established remediation goals for the Site. 

 

Eliminate or reduce to the extent practicable exposure to PCE and PCE breakdown products 

in soil and groundwater. The limited excavation eliminated the most likely means of exposure to 

PCE in soil. The remaining impacted soil beneath the building have been treated by the SVE 

system, and results of 2017 soil samples indicate that the remedial objectives for soil cleanup have 

been achieved. Groundwater at and within the vicinity of the Site is not used as a drinking water 

source, and potential exposure would be restricted to subsurface construction workers. The 

GWETS is intended to prevent migration of contamination offsite, but the low pumping rate and 

specific capacity of the extraction well make it difficult to demonstrate its effectiveness. 

Contaminant concentrations are trending downward, and natural attenuation is likely occurring. 

 

Eliminate or reduce to the extent practicable the release of contaminants from soil into 

groundwater that may create exceedances of groundwater quality standards. The soil 

excavation conducted in 2011 eliminated a significant source of contaminated soil, and the 

operation of the SVE system since 2011 has continued to eliminate the source. Soil sampling 

conducted beneath the building in 2017 indicates that the SCO for PCE has been met as previously 

shown in Table 3.1. The SCO of 1.3 mg/kg of PCE is the protection of groundwater standard which 

is the most stringent SCO for PCE and identical to the SCO for unrestricted use.  

 

Eliminate or reduce to the extent practicable the release of contaminants from subsurface soil 

beneath basements into indoor air through soil vapor. The operation of the on-site SVE system 

reduced the soil concentrations to below the applicable SCOs. However, based on the results of the 

rebound study, soil vapor beneath the building slab is elevated at higher concentrations that the 

deeper SVE target zone and is likely attributable to PCE saturation in the floor due to years of dry-

cleaning operations. Vapor concentrations at the extraction wells increased during the rebound 

study and are likely attributed to off-gassing of impacted groundwater and/or bedrock. 

Additionally, SSD systems have been installed in off-site buildings to mitigate potential vapor 

instruction. Therefore, the release of contaminants from subsurface soil beneath basements into 

indoor air through soil vapor has been reduced or mitigated to the extent possible.  

 



Remedial System Optimization Evaluation – Carriage Cleaners  December 2020 
NYSDEC – Site No. 828120   
MACTEC Engineering and Geology, P.C., Project No. 3612206118 
 

 
3-12 

 
8.1 report.hw828120.2020-12-08.Carriage_Cleaners_RSO-FINAL 
 

To the extent practicable, attain ambient groundwater quality standards. The GWETS 

influent groundwater PCE concentrations show a slight downward trend since the beginning of 

operations. However, PCE concentrations in on-site groundwater continue to persist above the 

ambient groundwater standard of 5 µg/l. Table 3.3 below provides a summary of PCE 

concentrations in groundwater.  

 

Table 3.3:  Groundwater PCE Concentrations 

Date Groundwater PCE Concentration (µg/L)  
MW-111I HA-114 MW-210 MW-8B MW-9 MW-9B MW-6B 

January 2009 240 - 230 - - - - 
December 2012 - 31 - - - - - 

2/14/2013 - - 4.3 - - - - 
10/10/2013 - - 5.1 - - - - 

4/4/2014 - - 2.6 - - - - 
12/17/2014 83 13 3.5 - - - - 
5/26/2015 96 55 1.8 620 - ND - 
8/25/2015 150 76 2.8 810 5.5 ND - 
4/25/2016 200 6.3 1.1 450 1.9 ND - 
11/9/2016 290 19 160 380 3.9 46 - 
5/10/2017 190 2.8 7.5 140 1.7 0.73 - 
11/1/17* 92 10 5.6 490 5.19 ND - 

5/2/2018** 170 42 2.6 480 0.94 ND - 
11/14/2018 44 60 3.7 380 ND 6.5 - 

5/1/2019 49 30 1.2 290 2.2 - 5.8 
5/15/2019 - - - 200 - - - 
6/12/2019 - - - 300 - - - 
6/25/2019 - - - 290 - - - 
7/1/2019 - - - 380 F1 - - - 

10/16/2019 130 E 140 E 8 620 E 1.2 ND 1000 E 
3/30/2020 110 E 30 1.7 380 2.3 ND 5.3 

Notes: 
1. – not sampled 
2. ND – non-detect 
3. *Sample for well HA-114 was collected on 11/2/2017 
4. **Samples for wells HA-114 and MW-210 were collected on 5/3/2018 
5. Values in bold exceed the ambient groundwater standard of 5 µg/L  
6. F1 – MS and/or MSD Recovery is outside acceptance limits 
7. E – Result exceeded calibration range 
 

Overall, groundwater contaminant concentrations have continued to decrease since 2009. The PCE 

concentrations at MW-111I, HA-114, MW-210, MW-8B, and MW-6B increased in October 2019, 

compared to the May 2019 sampling activity, and decreased in March 2020. The concentrations in 

October 2019 were uncharacteristically high, but during the March 2020 sampling event 
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concentrations dropped to levels that appear to continue the decreasing trend previously 

established. The October 2019 rebound was likely due to matrix diffusion from remaining 

contamination in the bedrock. 

 

MW-210 is the only downgradient well that has been monitored consistently on a semiannual basis 

since GWETS and SVE system startup. Historical results have indicated a seasonal fluctuation in 

PCE concentration, with a slight rise in concentration in the summer/fall seasons. Results from the 

samples collected from 2009 to 2020 were found to be within the range of past observations, except 

for the November 2016 concentration of 160 μg/L. This outlier can be attributed to the 

heterogeneity of the plume and bedrock fractures, and still indicates a decreasing trend in 

concentration. 

 

A review of groundwater data collected during and since implementation of the RI, as summarized 

in Table 3.4, indicates that natural attenuation is likely occurring. Table 3.4 provides results for 

PCE and its daughter products trichloroethene, dichloroethenes (cis-, trans-, and 1,1- DCE) and 

vinyl chloride (VC). Based on results of groundwater sampling, some of the wells exhibit signs of 

natural attenuation via reductive dichlorination where PCE is reduced to TCE, then to DCE, then 

VC and eventually to ethene. The mechanism for natural attenuation may be tied to biological 

activity from the sewer (northwest side of building), where the bulk of the soil contamination was 

excavated during the remedial action source removal.  

 

Methanol Extraction of Rock Chips (MERC) testing of rock core from MW-6B in 2013 indicated 

PCE concentrations as high as 48 mg/kg were present in the matrix of the shallow bedrock. Matrix 

diffusion will occur if there is a concentration gradient between the PCE-contaminated matrix and 

the groundwater-filled fracture. Based on other sites in which matrix diffusion has been 

demonstrated, it is likely that the diffusion process will continue for a period that extends beyond 

the lifetime of the existing GWETS at the Carriage Cleaners site. The ROD for the Carriage 

Cleaners site indicates that “operation of the components of the remedy will continue until the 

remedial objectives have been achieved, or until the Department determines that continued 

operation is technically impracticable or not feasible”. A technical argument can be made that 

ambient groundwater quality standards at Carriage Cleaners are not achievable to the extent 

practicable because of matrix diffusion. 
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To the extent practicable, attain air guidelines provided in the Guidance for Evaluating Soil 

Vapor Intrusion in the state of New York. There are seventeen offsite SSDS systems operating 

in residential homes to mitigate potential indoor air intrusion. 

 

The goal of the SVE system is not related to vapor intrusion. Its purpose is to reduce PCE in soil to 

below unrestricted use SCOs, and this goal has been achieved. Based on November 2019 vapor 

sampling (Table 3.2), it is evident that the SVE system also reduces vapors in the sub slab of the 

building thus reducing potential indoor air impacts.  
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4.0 EVALUATION OF POTENTIAL SYSTEM MODIFICATIONS 

This section presents recommendations for implementation of measures to 1) achieve remediation 

goals; 2) improve system performance; 3) improve sustainability; and 4) reduce operating costs.  

 

4.1 EVALUATION OF OPTIONS TO ACHIEVE REMEDIATION GOALS 

 

Soil vapor concentrations at the influent of the SVE system show a slight downward trend (Figure 

3.4). In addition, soil sampling results from 2017 indicate contaminant reduction and achievement 

of the SCOs. Indoor air sampling at the dry cleaning facility during the rebound study indicates that 

mitigation is necessary to reduce PCE concentrations to below guidance values, however, indoor 

air concentrations are likely partially attributed to saturation of floors during years of dry cleaning 

operations. As PCE has not been used at the dry cleaner since its transfer to naphthalene in 

October 2018, an evaluation of the current potential sources of indoor contamination and/or SVI 

will be included in the RSO work plan. 

 

The influent groundwater VOC concentration of the GWETS shows a downward trend (see 

influent groundwater concentration trendline, Figure 3.3). Linear regression of influent 

groundwater VOC concentrations over the eight years of operation shows that VOC concentrations 

are decreasing at a rate of approximately 0.0003 ppm (or 0.3 µg/L) per day. If VOC concentrations 

were to continue to decrease at this rate, it would take over 13 years to reach the 5 µg/L cleanup 

objective. In addition, contaminant mass from bedrock matrix is likely to continue to slowly diffuse 

into groundwater, prolonging the estimated treatment period even further. 

 

4.1.1 Options for SVE System 

 

The purpose of the SVE operating system at the Site is to decrease VOC concentrations in soil to a 

level that protects the potential migration into groundwater. These SCOs have been met. 

 

The SVE system is currently operating and is capturing the volatilization of shallow PCE-

contaminated groundwater and bedrock that exists below the site.  

 

The SVE rebound study suggested that vapor concentrations were generally higher in the 

building’s subslab area compared to the system’s extraction depth, however, after resuming SVE 
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operations for a year and switching from PCE-based to naphthalene-based dry cleaning products, 

the vapor concentrations in the subslab also decreased.  

 

Indoor air concentrations, although not measured in 2019, decreased in 2018 after the dry-cleaning 

facility stopped using PCE-based products. Thus, PCE concentrations in soil gas beneath the 

building could negatively impact indoor air quality.  

 

The existing SVE system was not intended to be used as a vapor intrusion mitigation system and 

requires routine operation and monitoring. Therefore, given that impacted vapors are expected to 

continue to off-gas from groundwater and bedrock for years to come, and that there is likely 

residual PCE impacts in the building’s floor from years of dry-cleaning operations, converting the 

SVE system to an SSDS is recommended for future vapor intrusion mitigation. An SSDS would 

have a much lower operating cost than the existing SVE system and would require less 

maintenance and monitoring. The required modifications to convert the existing SVE system to a 

SSDS system will be further detailed in the RSO work plan. Testing to confirm sufficient vacuum 

beneath the floor slab will also be detailed in the RSO work plan.  

 

4.1.2  Options for GWETS  

 
As previously discussed, the PCE groundwater concentration in the GWETS influent has exhibited 

a slight downward trend since the beginning of operations, however the groundwater 

concentrations remain above the ambient groundwater standard of 5 µg/l. The reported 

concentration of PCE in groundwater at the MW-210 located downgradient and off-site, however, 

decreased to below the 5 µg/l standard for the semi-annual sampling events in May 2018, 

November 2018, and May 2019. Since the ROI investigation in 2015 was inconclusive, the 

decrease in concentrations MW-210 is not necessarily indicative that the GWETS is achieving 

control of site groundwater, as was the purpose of the chosen remedy, but instead that natural 

attenuation has been occurring. The GWETS system is not expected to reduce on-site groundwater 

to below ambient groundwater concentrations in the near future. 
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The mechanism for the natural attenuation may be tied to biological activity from the sewer 

(northwest side of building), where the bulk of the soil contamination was excavated during the 

remedial action source removal. Testing for contaminant degrading bacteria (e.g., 

Dehalococcoides) in select site wells would first be necessary to properly understand the 

mechanisms responsible for the observed degradation (Note: MW-3 and EW-1 have shown 

breakdown of PCE to vc). If the natural bacteria can be enhanced, either through the introduction 

of complimentary bacteria or through a source of carbon, MNA could be a viable low-cost method 

to degrade in-situ the on-site plume. Besides a lower operating cost (requires monitoring which is 

already being performed), the relatively slow and persistent process by which degradation occurs 

would be beneficial for the reduction of any mass entrained in the bedrock matrix. MERC testing 

of rock core from MW-6B in 2013 indicated PCE concentrations as high as 48 mg/kg were present 

in the matrix of the shallow bedrock. Matrix diffusion will occur as long as there is a concentration 

gradient between the PCE-contaminated matrix and the groundwater-filled fracture. Based on other 

sites in which matrix diffusion has been demonstrated, it is likely that the diffusion process will 

continue for a period that extends beyond the lifetime of the existing GWETS at the Carriage 

Cleaners site. 

 

The ROD for the Carriage Cleaners site indicates that “operation of the components of the remedy 

will continue until the remedial objectives have been achieved, or until the Department determines 

that continued operation is technically impracticable or not feasible”. A technical argument can be 

made that ambient groundwater quality standards at Carriage Cleaners are not achievable to the 

extent practicable because of matrix diffusion.  

 

The link below provides a list of sites that have applied for a Technical Impracticability (TI) 

waiver, many of which use matrix diffusion as the basis for the TI waiver:   

https://semspub.epa.gov/work/HQ/175391.pdf 

 

4.2 EVALUATION OF OPTIONS TO IMPROVE SYSTEM PERFORMANCE 

 
4.2.1 Options for SVE System Performance 

 

The overall performance of the SVE system is considered good. There is no treatment of the 

extracted vapor, therefore performance cannot be based on removal efficiency. However, the 

https://semspub.epa.gov/work/HQ/175391.pdf
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system performs as expected in terms of flow from the various SVE wells and vacuum 

measurements in associated VMPs. There are no recommendations to improve performance of the 

existing SVE system as it has achieved its intended purpose.  

 

4.2.2 Options for GWET System Performance 

 

Previous activities that have taken place to improve performance of the GWETS included: well 

redevelopment, extraction pump replacement, flow meter bypass line, new flow meter, and 

recirculation of extracted groundwater to keep the well from running dry, which in turn causes 

stress on the extraction pump. The overall contaminant mass removal from the on-site groundwater 

plume is consistent, but relatively low compared to other GWET systems because the influent PCE 

concentrations are relatively low and the groundwater is extracted at a low rate. The pumping rate, 

however, cannot be increased without significant drawdown at the well which causes stress on the 

pump and scaling in the well.  

 

The performance of the GWETS system in terms of percent contaminant removal is considered 

good, with an efficiency of over 99%. The continuous operation of the air stripper, however, 

requires weekly maintenance to maintain performance and prevent system shutdowns. Both 

effluent and influent groundwater concentrations meet the requirements for the discharge permit.  

 

The GWETS consists of one recovery well, EW-1, which pumps on average about 0.5 gallons per 

minute (gpm). Due to the lack of interconnected shallow fractures, the specific capacity of EW-1 is 

low, and the effective radius of capture cannot be determined. A nearby shallow bedrock well, 

MW-8B, has similar concentrations to EW-1, but has exhibited a higher specific capacity, however, 

a recent collapsed within the borehole has made the well currently unusable. The high specific 

capacity suggests a greater lateral hydraulic connectiveness which would improve the effective 

radius of capture. The influent concentration of total VOCs captured by EW-1 have been 

fluctuating the past few years between 200 – 750 µg/L. Although the effluent from EW-1 is treated 

by an on-site air stripper to non-detect levels, the untreated extracted groundwater already meets 

the sewer discharge concentration criteria of 2.13 mg/L for the summation of purgeable aromatics 

and halocarbons, which is determined by the County of Monroe, New York.  

 

As part of an ongoing groundwater containment pilot test, bedrock groundwater monitoring well 
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MW-8B is currently being evaluated as a potential replacement for EW-1 as an extraction well due 

to its similar VOC concentrations and higher specific capacity. However, on July 11, 2019 during 

attempts to sample MW-8B the sampling technician found the well pump to be irretrievable; upon 

video inspection it was concluded that the rock in the borehole had partially collapsed around the 

pump, preventing its retrieval. The rock failure was determined to have occurred at a depth of 

approximately 18 feet (the well was installed to 31 feet).Pilot test sampling at this location has been 

discontinued as an option to increase the GWETS performance.  

 

As the GWETS is not achieving hydraulic control of the site groundwater, and the on-site 

groundwater concentrations are not expected to reduce to below ambient groundwater 

concentrations in the near future, upon the request of the NYSDEC, the GWETS was shut down in 

September 2020. 

 

4.3 EVALUATION OF OPTIONS TO IMPROVE SUSTAINABILITY 

 

As previously discussed, the SVE system and GWETS do not generate waste streams that require 

disposal, and do not consume a significant amount of natural resources such as water or natural 

gas. The system components do, however, operate on a continuous basis, which in turn requires a 

significant amount of electricity to operate the major pieces of equipment such as the SVE blower 

and the GWETS air stripper.  

 

Some of the recommendations stated above could also improve sustainability: 

• Converting the SVE to an SSDS would greatly reduce the electricity used by the blower. 

• Shutting down the GWETS (implemented in September 2020) will save energy by 
eliminating the use of the air stripper. 

• The alternative remedies require less maintenance than the existing systems which would 
reduce vehicular emissions. 

 

4.4 RECOMMENDATIONS TO REDUCE COSTS 

 

Measures have been taken to reduce costs of system OM&M costs. These measures include 

removal of the activated carbon vessels, elimination of Groundwater & Environmental Services, 

Inc’s monthly OM&M reports, and reducing the frequency of photoionization detector and 
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groundwater elevation readings to monthly. Additional cost reductions could be achieved by 

implementing the recommendations previously mentioned, namely: 

• The recommended alternative remedies would reduce electricity consumption and 
associated costs 

• The recommended alternative remedies require less maintenance than the existing systems, 
reducing the frequency of site visits and associated costs.
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5.0 CONCLUSIONS AND RECOMMENDATIONS  

Review of existing systems operational data as well as soil, soil gas, and groundwater data, result in 

the following conclusions: 

 

1. The SVE system has operated as designed. The existing SVE system is recommended to be 
converted to a SSDS.  

2. Hydraulic containment of site groundwater through the operation of the GWETS was not 
achieved and the GWETS was shut down in September 2020. 

3. VOC concentrations in the SVE and GWETS influent have exhibited a downward trend. 

4. Soil contaminant concentrations in the SVE area have decreased to below the SCO for 
unrestricted use. 

5. On-site groundwater concentrations in the vicinity of extraction well EW-1 remain 
elevated; evidence of hydraulic connectivity between the monitoring wells and the 
extraction well has not been identified, and therefore the extent of hydraulic containment 
cannot be determined. 

6. The groundwater is not being used as a drinking water source and based on the low VOC 
concentrations observed at MW-210 below 5 µg/L, impacts to downgradient VI have been 
reduced.  

7. The primary cost components of system operation are electricity to operate the systems 
continuously and labor to conduct weekly site visits.  

 

To decrease future OM&M costs while maintaining conformance with the remedial objectives of 

the site, the following recommendations are proposed:   

 

1. Convert the existing SVE system to an SSDS. 

2. Sample for the presence of contaminant degrading bacteria in groundwater and other 
indicating parameters of MNA such as ethenes. 

3. Depending on the results of recommendation No. 2 above, proceed with a pilot study to 
test MNA or Enhanced MNA as a viable method to reduce the concentration of the onsite 
groundwater VOC plume.  
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Table 3.4  

 

GW Wells - Multiple Parameters



RSO Evaluation – Carriage Cleaners 
NYSDEC – Site No. #828120 
MACTEC Engineering and Geology, P.C., Project No. 3612112223

November 2020

PCE TCE cis-DCE trans-DCE 1,1-DCE VC PCE TCE cis-DCE trans-DCE 1,1-DCE VC PCE TCE cis-DCE trans-DCE 1,1-DCE VC

Jan-09 NA - - - - - - 240 140 920 7 - 110 - - - - - -

Dec-12 Dec-12 560 100 160 ND ND ND - - - - - - 31 15 31 ND ND 10

2/14/2013 2/15/2013 400 66 ND ND ND ND - - - - - - - - - - - -

10/10/2013 10/22/2013 960 280 ND ND ND ND - - - - - - - - - - - -

4/4/2014 4/15/2019 190 27 ND ND ND ND - - - - - - - - - - - -

12/17/2014 12/23/2014 400 67 ND ND ND 1.9 83 9.7 110 ND ND 24 13 2.2 8.5 ND ND 2.1

5/26/2015 5/19/2015 590 59 ND ND ND ND 96 13 44 ND ND 21 55 10 23 ND ND 3.5

8/25/2015 8/13/2015 660 83 ND ND ND 6.2 150 38 130 E 0.96 ND 34 76 15 29 ND ND 4.1

4/25/2016 4/13/2016 430 35 ND ND ND ND 200 21 46 ND ND 6.5 6.3 0.97 4.4 ND ND 1.9

11/9/2016 10/28/2016 150 39 ND ND ND 4.2 290 110 E 260 E 1.6 0.5 81 19 6.2 160 ND ND 46

5/10/2017 5/17/2017 320 21 ND ND ND ND 190 28 66 ND ND 7.3 2.8 2.9 32 ND ND 5

11/1/17* 11/15/2017 190 19 ND ND ND ND 92 18 77 ND ND 14 10 1.8 14 ND ND 2.1

5/2/2018** 5/9/2018 330 17 ND ND ND ND 170 33 75 ND ND 20 42 6.7 14 ND ND ND

11/14/2018 11/14/2018 420 66 ND ND ND ND 44 0.79 ND ND ND ND 60 11 16 ND ND 0.98

5/1/2019 5/15/2019 200 13 ND ND 13 ND 49 7.9 39 ND ND 12 30 5.7 12 ND ND ND
10/16/2019 10/15/2019 600 100 140 ND ND ND 100 38 140 ND ND 51 140 30 41 ND ND 5.8
3/30/2020 3/11/2020 120 8.6 8 ND ND ND 88 12 69 ND ND 18 30 5.9 12 ND ND ND

Notes:
1. Results are in micrograms per liter (µg/l)
2. ND = not detected above the laboratory reporting limit
3. "-" = not tested
4. PCE = tetracloroethene
5. TCE = trichloroethene
6. DCE = dichloroethene
7. VC = vinyl chloride

Semi-Annual 
Sampling System Sampling

Date Sampling Location

EW-1  / Influent HA-114MW-111I

Prepared by JDW on 11/21/2019
Checked by LES 11/10/2020
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November 2020

Jan-09 NA

Dec-12 Dec-12

2/14/2013 2/15/2013

10/10/2013 10/22/2013

4/4/2014 4/15/2019

12/17/2014 12/23/2014

5/26/2015 5/19/2015

8/25/2015 8/13/2015

4/25/2016 4/13/2016

11/9/2016 10/28/2016

5/10/2017 5/17/2017

11/1/17* 11/15/2017

5/2/2018** 5/9/2018

11/14/2018 11/14/2018

5/1/2019 5/15/2019
10/16/2019 10/15/2019
3/30/2020 3/11/2020

Semi-Annual 
Sampling System Sampling

Date

PCE TCE cis-DCE trans-DCE 1,1-DCE VC PCE TCE cis-DCE trans-DCE 1,1-DCE VC

230 - - - - - -

- - - - - - - - - - - -

4.3 0.96 2.2 ND ND ND - - - - - -

5.1 1.5 3.1 ND ND 1.4 - - - - - -

2.6 0.71 1.7 ND ND ND - - - - - -

3.5 1.1 2.6 ND ND ND - - - - - -

1.8 0.57 0.99 ND ND ND 620

2.8 0.68 1.1 ND ND ND 810 13 21 ND ND ND

1.1 ND ND ND ND ND 450 11 15 ND ND ND

160 36 33 ND ND 1 380 28 50 ND ND ND

7.5 2.2 1.8 ND ND ND 140 16 12 ND ND ND

5.6 1.7 1.4 ND ND ND 490 17 27 ND ND ND

2.6 0.79 ND ND ND ND 480 19 21 ND ND ND

3.7 1.9 1.5 ND ND ND 380 7 7.5 ND ND ND

1.2 0.49 ND ND ND ND 290 12 16 ND ND ND

8 8.7 45 ND ND 3 640 46 64 ND ND ND

1.7 0.69 ND ND ND ND 380 19 25 ND ND ND

Sampling Location

MW-210 MW-8B

Prepared by JDW on 11/21/2019
Checked by LES 11/10/2020

Notes:
1. Results are in micrograms per liter (µg/l)
2. ND = not detected above the laboratory reporting limit
3. "-" = not tested
4. PCE = tetracloroethene
5. TCE = trichloroethene
6. DCE = dichloroethene
7. VC = vinyl chloride
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November 2020

Jan-09 NA

Dec-12 Dec-12

2/14/2013 2/15/2013

10/10/2013 10/22/2013

4/4/2014 4/15/2019

12/17/2014 12/23/2014

5/26/2015 5/19/2015

8/25/2015 8/13/2015

4/25/2016 4/13/2016

11/9/2016 10/28/2016

5/10/2017 5/17/2017

11/1/17* 11/15/2017

5/2/2018** 5/9/2018

11/14/2018 11/14/2018

5/1/2019 5/15/2019
10/16/2019 10/15/2019
3/30/2020 3/11/2020

Semi-Annual 
Sampling System Sampling

Date

PCE TCE cis-DCE trans-DCE 1,1-DCE VC PCE TCE cis-DCE trans-DCE 1,1-DCE VC

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - ND

5.5 ND ND ND ND ND ND ND ND ND ND ND

1.9 ND ND ND ND ND ND ND ND ND ND ND

3.9 ND ND ND ND ND 46 6.4 11 ND ND ND

1.7 ND ND ND ND ND 0.73 ND ND ND ND ND

5.19 ND ND ND ND ND ND 0.68 1.2 ND ND ND

0.94 ND ND ND ND ND ND ND ND ND ND ND

ND ND ND ND ND ND 6.5 ND ND ND ND ND

2.2 ND ND ND ND ND ND ND ND ND ND ND

1.2 ND ND ND ND ND ND ND ND ND ND ND

2.3 ND ND ND ND ND ND ND ND ND ND ND

Sampling Location

MW-9BMW-9

Prepared by JDW on 11/21/2019
Checked by LES 11/10/2020

Notes:
1. Results are in micrograms per liter (µg/l)
2. ND = not detected above the laboratory reporting limit
3. "-" = not tested
4. PCE = tetracloroethene
5. TCE = trichloroethene
6. DCE = dichloroethene
7. VC = vinyl chloride
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APPENDIX A 

 

MONROE COUNTY SEWER USE PERMIT 
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