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Columbia Manufacturing Company (CMC) Restoration Project
Westfield, Massachusetts
Groundwater Site Restoration Activities (Interim Corrective Measures [ICMs] and Current Conditions)
Following the site wide investigation conducted by O’Brien & Gere Engineers, Inc. (O’Brien & Gere) (RCRA Facility Investigation Report, September 1994) RMT and MTD executed numerous interim corrective measures (ICMs) to address identified releases from solid waste management units (SWMUs) and to protect human health and the environment.  The ICMs that were completed at the site between 1996 and 2003 were primarily focused on soil, as these areas of the site posed the greatest risk.  A summary of the ICMs completed for soil is provided in the Soil Site Restoration Activities (ICM and Current Conditions).  Several of the soil ICMs included removal of the source materials that were in contact with the water table or that potentially contributed constituents to groundwater.  These soil ICM areas included the Fuel Containment Area and Rim Room (1996), the Former Lagoons and Reflecting Pond (April and June 2000), the Zinc Room, Chrome Room, and Rim Room (December 2001 and 2009), and the Boiler Room (2009).  
Beginning in September 2001, a series of supplemental remedial investigations were initiated at the site to obtain the information necessary to begin ICMs for affected groundwater.  These investigations are described in Environmental Investigations and Studies.  Several interim measures were completed for groundwater.  Initial groundwater ICMs were implemented at the northern property boundary to limit off-site migration of volatile organic compounds (VOCs).  In 2003, consistent with the United States Environmental Protection Agency’s (USEPA’s) new guidance document Results-Based Approaches and Tailored Oversight Guidance, MTD, in concert with the USEPA, developed an adaptive management approach to accelerate the restoration of the site groundwater to conditions whereby natural processes could effectively complete the clean-up process.  Thus, other ICMs were executed for both the North End and South End to reduce and control sources of VOCs to the affected groundwater areas.  These ICMs have now been successfully completed.
The following discussions summarize the geologic and hydrogeologic conditions underlying the site, initially described by O’Brien & Gere and supplemented later with information obtained during field investigations conducted by RMT.  This document also summarizes the ICMs that have been conducted at the site to address groundwater, as well as the current conditions of the North End Groundwater and South End Groundwater.
Site Geology and Hydrogeology
The geology beneath the site, as originally described by O’Brien & Gere (RCRA Facility Investigation, Phase IIA Summary Report, January 1997) consists of six stratigraphic units.  A brief description of each unit, from ground surface to bedrock, is provided below.
· Fill – generally poorly graded, consisting of dark brown medium-to-fine sand.  Fill was generally evidenced in the areas of the site characterized by the presence of man‑made structures (e.g., brick, glass, wood, and concrete).  Thickness of fill is generally less than 10 feet.
· Eolian sands – windblown deposits of poorly graded, tan, fine sand.  The typical thickness of this unit is 3 to 5 feet, but the unit has been encountered at depths of 7 feet.
· Alluvium – contains poorly graded sands with pebbles and cobbles occurring near the base of the unit (15 to 30 feet).  Alluvium is thought to have been placed by meanders from the Little River or tributaries which may have crossed the site at one time.
· Glaciolacustrine – characterized by fine-grained glacial silts or varved clays.  The unit is significant because of its low permeability.  Lenses of poorly graded medium-to-coarse sands have been encountered within the unit.
· Till – consists of a mixture of sands, silt, clay, gravel, and cobbles.  The unit appears to be thin (<5 feet) and discontinuous across the site.
· Arkosic Siltstone Bedrock – a reddish brown coarse-grained conglomerate with a thickness reported to be greater than 5,000 feet.
During groundwater investigations performed subsequent to the RCRA Facility Investigation (RFI), field observations and groundwater evaluations led to the description of three distinct hydrostratigraphic units underlying the site (alluvium/water table, glaciolacustrine, and bedrock).  A brief description of each hydrostratigraphic unit is provided below.
1. Alluvium (water table) Aquifer - The alluvium aquifer, or unconfined water table aquifer, is the upper-most saturated zone encountered beneath the site, and is found at depths ranging from 7- to 15-feet below ground surface (bgs).  Thickness of this unit varies across the site, but is generally between 15 to 30 feet.  Analysis of the hydraulic conductivity of this unit (based on the slug testing conducted by O’Brien & Gere) ranges from 0.26 feet per day (ft/day) to 80.35 ft/day.  O’Brien & Gere also report that the groundwater velocity in this unit is approximately 0.64 ft/day.  Monitoring wells installed within this unit are designated with the letter “S” at the end of the well name.  One shallow well on the site is designated with an “I” (MW-26I) but is actually constructed within the alluvium aquifer and is used to monitor groundwater quality within the shallow water table. 
2. Glaciolacustrine Aquifer – The glaciolacustrine aquifer is a lower permeability unit below the site that overlays the Arkosic Siltstone (New Haven Arkose) bedrock.  This unit is generally first encountered at depths of 15 to 30 ft, and has an overall thickness of up to 90 ft.  Hydraulic conductivity in the shallow portion of the unit ranges from 0.06 to 17.6 ft/day, while values in the intermediate to deep portions of the unit range from 0.19 to 5.2 ft/day.  These measurements indicate a decrease in conductivity with depth within this unit and are consistent with the depositional environment of the unit.  Monitoring wells installed within this unit are designated with either the letter “I” or the letter “D” at the end of the well name.  Generally, a downward vertical gradient is present within the “S,” “I,” and “D” well pairs at the site.  
3. Arkosic Siltstone Bedrock Aquifer - As noted before, the New Haven Arkose is a 5,000‑plus foot-thick unit.  This is the deepest saturated unit encountered during site investigations.  Hydraulic conductivity testing was conducted in only one location (MW‑25BR).  The hydraulic conductivity in this location was 0.21 ft/day.  The two monitoring wells installed within this unit are designated with the letters “BR” at the end of the well name.  
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)[image: ]A Water Table Configuration Map (May 2009) was constructed using water level measurement obtained  from 78 monitoring wells located on and off the site and screened in the alluvium (water table) aquifer.  Groundwater flow, interpreted from this map, appears to be in a semi-radial pattern flowing in a northeast to southeasterly direction, in an off-site direction toward the Little River.  A groundwater divide is present beneath the main manufacturing building.  The groundwater divide separates site groundwater into North End Groundwater and South End Groundwater, where the North End Groundwater flows northeast toward the Little River and the South End Groundwater flows south-southeast toward the Little River.  
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The following discussion presents a summary of the ICMs that have been executed and successfully completed to address impacted groundwater across the site.  The Groundwater ICMs Location Map shows the areas where ICMs have been completed for North End Groundwater and South End Groundwater.
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)[image: ]North End Groundwater Migration Control:  Remedial investigations conducted in the north end of the site determined that VOC-affected groundwater had migrated off the site toward the residential area located north of Cycle Street.  To mitigate the risk to these residential properties, MTD installed and currently operates a groundwater recovery system designed to capture groundwater at the northern property line and contain the VOC plume on the property.  This recovery system withdraws groundwater from nine groundwater recovery wells located along the northern property boundary.  Dilute concentrations of VOC-affected groundwater are pumped to on-site storage tanks where tanker trucks retrieve the water and haul it to the Westfield publicly owned treatment works (POTW) for treatment..  The system layout and engineering details are provided in the 2003 System Performance Monitoring Report: LNAPL and Groundwater Migration Control System (RMT July 2004).  The groundwater migration control system has been operating at the site since March 2003 and has removed approximately 41 million gallons of VOC-impacted groundwater.  This action has significantly reduced the size, and concentration, of the VOC plume.
· North End Light Nonaqueous-Phase liquid (LNAPL) Recovery:  Remedial investigations conducted in the north end of the site identified LNAPL, consisting primarily of highly weathered cutting oil, present on the water table surface beneath the northern portion of the facility adjacent to former Building 1.  Approximately 0.05 to 0.15 feet of LNAPL was measured within a 900-square foot area north of the Building 1.  In addition, residual cutting oil and fuel oil was identified above the water table, within the capillary fringe, in an area of approximately 20,000‑square feet.  A dual-phase extraction (DPE) system was designed and installed to remove the LNAPL before it could migrate to the recovery wells.  The LNAPL system consisted of seven DPE wells positioned within the LNAPL zone to address both free-phase liquids (LNAPL) at the water table as well as the LNAPL residuals adsorbed to the overlying soil.  Details of the system layout are provided in 2003 System Performance Monitoring Report: LNAPL and Groundwater Migration Control System (RMT July 2004).  The DPE system was operated at the site from May 2003 through March 2004 and was successful in recovering approximately 10 gallons of product.  The DPE system was discontinued in 2004 because the amount of product recovery significantly declined during the system’s operation.  Minor amounts of cutting oil that may remain are not mobile but are present mainly as residual concentrations adsorbed to the soil.
· North End and South End In Situ Ozone and Perozone Sparging:  Following installation of the groundwater recovery system, groundwater remediation was focused on VOC “hot spots” in an effort to accelerate cleanup.  In June 2004, a remedial investigation was conducted in both the north end and south end of the site.  The purpose of the investigation was to refine the target treatment areas to focus pilot testing of an in situ treatment technology that uses gas phase oxidation (ozone and perozone) to destroy organic chemicals.  Results of this investigation are summarized in the technical memorandum Final Design for In Situ Oxidation of Chlorinated VOCs in Groundwater (RMT, June 2004).  The in situ ozone sparging system was installed in the north end of the site in and around the former vapor degreasing area thought to be the primary source of VOCs in the North End Groundwater.  The in situ perozone sparging system (ozone gas coated by liquid peroxide for greater reactivity and persistence) was installed in the south end.  Both systems were online by August 2004 and operated until June 2007.  The north end ozone and south end perozone sytems were effective in reducing VOC concentrations in the target treatment areas.  However, the remediation time frames predicted did not meet MTD’s desired time-line and expectations.  As a result, ozone and perozone sparging was discontinued and replaced with a more aggressive remedial technology – in situ chemical oxidation (ISCO) using catalyzed sodium persulfate.  
· North End ISCO:  Four ICMs were conducted in the North End Groundwater for source control measures using ISCO by injection of catalyzed sodium persulfate.  
Front Yard Adjacent to Former Building 1:  During August 2006, the first ICM using catalyzed sodium persulfate was conducted in the front yard of the site north of former Building 1.  This ICM included injection of approximately 10,800 gallons of sodium persulfate into the groundwater through a shallow horizontal trench as well as several vertical injection wells.  The details of this pilot study and results are summarized in a technical memorandum Summary of In Situ Groundwater Chemical Oxidation Pilot Study, (RMT November 2006).  The remedial activities effectively reduced the concentrations of VOCs in the groundwater in the target treatment area by 90 percent.
Former Vapor Degreasing Area:  During October 2006, injection activities were conducted in the former vapor degreasing area where residual chemical concentrations represented a continuing source to groundwater.  Over 15,000 gallons of sodium persulfate were injected at three separate depth intervals within the former vapor degreasing room.  Injections were conducted into unsaturated soil, the soil within the capillary fringe where a residual VOCs may be present, and the underlying groundwater.  The details of this pilot study and results are summarized in a technical memorandum Summary of ISCO Pilot Study – Former Vapor Degreasing Room, (RMT June 2007).  Consistent with the results of the study conducted in the front yard, north of former Building 1, concentrations of VOCs in the groundwater were reduced by almost 90 percent and no VOC rebound has been observed.
Monitoring Well MW-13S Area:  During October 2007, an ICM was conducted in a small area of the site centered around monitoring well MW-13S.  This ICM was conducted to address elevated concentrations of tetrachloroethene (PCE) detected at well MW-13S.  Approximately 3,500 gallons of catalyzed sodium persulfate was injected into seven vertical injection wells in the area of MW-13S.  The details of this ICM and results are summarized in a technical memorandum Summary of In Situ Groundwater Chemical Oxidation ICMs for Groundwater – MW-13S Area, (RMT June 6, 2008).  Again, concentrations of PCE in the groundwater were reduced by almost 90 percent in the target treatment area.
Expanded MW-13S Area:  During November 2009, an additional ICM was completed in the area around and upgradient of monitoring well MW‑13SR.  This area was formerly inaccessible until the building demolition was completed earlier in 2009.  The purpose of this ICM was to address the rebound in PCE concentrations observed in MW-13SR during the May 2009 groundwater sampling event.  Approximately 52,400 lbs of quicklime was mixed into the unsaturated soil present above the water table and approximately 41,100 lbs of catalyzed sodium persulfate was mixed into the saturated soil within the water table around and upgradient of well MW-13SR.  The source of the PCE was identified and removed during this ICM.  Well MW-13SR was also removed during the ICM and replaced with MW-13SRR to continue to monitor the effectiveness of the treatment in the groundwater in this area of the site.  The details of this ICM and results are summarized in a technical memorandum Summary of In Situ Soil and Groundwater Chemical Oxidation ICM for Groundwater – Expanded MW-13S Area (RMT December 2009).  Concentrations of the PCE in both the soil and groundwater were reduced by almost 90 percent within the target treatment area.
South End In situ Chemical Oxidation:  Catalyzed sodium persulfate was also used for source control measures in the South End Groundwater.  Injections were conducted through 23 vertical wells into the groundwater within a focused area immediately downgradient of the current wastewater and plating operations of the CMC facility.  Over 30,000 gallons of sodium persulfate were injected into the South End Groundwater to reduce the elevated concentrations of chlorinated VOCs detected in this area.  The details of this ICM and results are summarized in a technical memorandum Summary of In Situ Groundwater Chemical Oxidation Pilot Study ICM – South End PCE Area, (RMT May 6, 2008).  The oxidant injections effectively reduced the size of the VOC “hot spot” and reduced the concentration by almost 50 percent.  Further in situ treatment could not be implemented without compromising the structural integrity of the building.  
Current Conditions North End Groundwater and South End Groundwater
The final soil ICMs were completed at the site during March 2009, following demolition of the 100-year old building structures.  During building demolition activities, many of the monitoring points installed to monitor the performance of the groundwater ICMs were damaged.  In April 2009, following building demolition and completion of the final soil ICMs, the damaged wells and remaining observation and injection points installed in the North End Groundwater area were properly abandoned.  The monitoring well network that remained was supplemented at this time by installing seven new 2-inch monitoring wells (MW‑59S through MW-66S).  The scope of work implemented during April 2009 was outlined in a technical memorandum addressed to USEPA titled Construction of Long‑term Groundwater Monitoring Network (RMT, March 30, 2009).  This work was conducted with the concurrence of the USEPA.
The most recent site-wide groundwater sampling event was conducted during May 2009.  The May 2009 sampling event is considered the “baseline” sampling event for South End Groundwater as well as the site-wide groundwater flow and monitored natural attenuation (MNA) parameters for the North End Groundwater as it establishes the condition of the groundwater, site-wide, prior to the implementation of the final corrective measures.  The final corrective measures are discussed in the Long-term Actions and Contingencies (Final Corrective Measures).  New groundwater data was collected from the monitoring wells in the North End Groundwater area during December 2009, following completion of the final North End ICM.  This data supplements the data collected during May 2009 for the North End Groundwater constituents of concern (COCs).
The discussions below provide results of the baseline sampling for both the North End Groundwater and South End Groundwater compared to the media protection standards (MPS) appropriate for each area.  Details of the development of the MPS are provided in the Site Clean-up Goals (MPS).  The MPS for the North End Groundwater were developed to be protective of the residential neighborhood.  The South End Groundwater MPS were developed with consideration of two potential exposures scenarios: 1) potential exposure to the industrial worker inside the current manufacturing facility to vapors in indoor air, and 2) potential discharge of groundwater containing VOCs and site metals to the surface water of the Little River.
North End Groundwater
The following discussion presents the condition of groundwater beneath the north end of the site as of May 2009 and December 2009.  The ICM for groundwater migration control at the northern property boundary remains in operation and is continuing to withdraw VOC-affected groundwater and prevent off-site migration.  The discussion of groundwater current conditions is divided into three groups of wells:  compliance wells that are located in and near the source areas, perimeter wells that are located along the property boundary, and off-site wells.  Data from these three groups of wells is discussed with respect to comparison to the MPS.
The MPS for the North End Groundwater are protective of the potential exposure of VOC vapors to the indoor air of the residential neighborhood north of the site.  Site‑specific MPS have been calculated for the primary constituents of concern (COCs) of the North End Groundwater – PCE, trichloroethene (TCE), and daughter products.  The observed levels of constituents in this area do not exceed these MPS.
 (
Water Table Configuration Map
May 2009
)[image: ]Groundwater Flow Conditions
The North End Groundwater is defined as the groundwater that is present to the north of the site groundwater divide.  The North End Groundwater flow is depicted on the Water Table Configuration (May 2009), and a summary of the groundwater elevations is presented in Table 1 (Summary of Groundwater Elevations [May 2009]).  In general, groundwater flow in the northern portion of the site is to the north-northeast in an off-site direction toward the Little River.  VOC migration has been controlled in this area of the site by the operation of nine recovery wells, seven of which have been in operation since March 2003 with the remaining two in operation since November 2007.  The groundwater recovery system has operated continuously since March 2003 and has been effective in containing North End Groundwater on the site thereby mitigating the risk to the off-site properties.  The influence on the water table from the operation of the groundwater migration control system is also shown on the Water Table Configuration (May 2009). 
Current Conditions of Groundwater – December 2009
The distribution of the primary COCs for the North End Groundwater (PCE, TCE, cis-1,2-dichloroethene [cis-1,2-DCE], and vinyl chloride) are shown on the following figures: Distribution of PCE North End Groundwater (December 2009), Distribution of TCE North End Groundwater (December 2009), Distribution of cis-1,2-DCE North End Groundwater (December 2009), and Distribution of Vinyl Chloride North End Groundwater (May 2009).  A summary of the constituents detected in the groundwater samples collected from the North End Groundwater during December 2009 is presented in Table 2 (Summary of Constituents Detected in North End Groundwater – December 2009).  The laboratory analytical data is provided in the Support for Monitored Natural Attenuation (MNA) of Groundwater.  The summary tables present a comparison of the constituent concentrations to the site-specific MPS for each constituent detected in the North End Groundwater.   
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Compliance Groundwater Monitoring Wells
Compliance groundwater monitoring wells are defined as those wells located within the groundwater plume, or in the vicinity of, former source areas in the north end of the site.  Compliance monitoring wells are summarized below.  
	

	COMPLIANCE MONITORING  WELL ID
	GENERAL LOCATION  WITHIN MONITORING AREA

	MW-13SRR and PMP-03
	Within former source areas (vapor degreasing and MW-13S area)

	MW-20B, MW-20CR, MW‑24S, MW-35S, MW-61S, MW-63S, MW-53I, 
MW-53D, MW-55S, MW-56S, MW-60S, PMP-01, PMP-02, and RW-09.
	Downgradient of former source areas


Recognizing that groundwater is a dynamic system and that, within the North End Groundwater plume, VOC concentrations will vary, constituent concentrations observed in samples collected from Compliance Monitoring wells will be averaged.  For the final corrective measure to be effective the average concentration should be stable or declining.  A summary of average concentrations of COCs in the North End Groundwater compliance wells (December 2009) is provided below.  This data set establishes the baseline for future comparisons and to aid in evaluating the effectiveness of the final corrective measure.
	

	CONSTITUENT DETECTED
	ARITHMETIC AVERAGE (1)
	STANDARD DEVIATION (1)

	VOCs

	cis-1,2-DCE
	0.082
	0.103

	PCE
	0.066
	0.165

	TCE
	0.130
	0.171

	Vinyl chloride
	0.030
	0.042

	Total petroleum hydrocarbons (TPHs) 

	Gasoline range organics (GRO)
	0.400
	0.000

	Unidentified Oil (2)
	4.873
	3.075

	(1) 	Concentrations posted in mg/L.
(2) 	Unidentified Oil is classified as a diesel range organics (DRO) compound
Arithmetic Average calculated using the detection limit for non detects
Standard Deviation calculated using the detection limit for non detects


The following bullet items provide a summary of the current groundwater conditions observed in the compliance groundwater monitoring wells during the December 2009 groundwater sampling event.    
TCE was not detected in any of the groundwater samples obtained from the compliance monitoring wells at concentrations above the site-specific MPS of 0.8 mg/L.  TCE throughout the compliance monitoring area has been declining in concentration since the start of the ICMs for groundwater in 2003.  Declining trends in TCE concentrations are discussed in the Support for MNA for Groundwater.
PCE was not detected in any of the groundwater samples obtained from the compliance monitoring wells at concentrations above the site-specific MPS of 1.2 mg/L, including PMP-03 located in the former vapor degreasing room and MW-13SRR.  Consistent with the concentrations of TCE, the concentrations of PCE in the compliance monitoring area have been declining since the start of the IMCs in 2003 (with the exception of MW-13S).  Concentrations of PCE detected in the groundwater at the MW-13SRR location have declined significantly as a result of the source remediation ICM conducted in that area of the site in November 2009.  Concentrations declined from 9.6 mg/Lin May 2009 to 0.252 mg/L in December 2009.
Cis-1,2-DCE concentrations detected in the North End Groundwater compliance monitoring wells are below the MPS.  Cis-1,2-DCE is present at the site as a degradation product of TCE and PCE.
Vinyl chloride is the only constituent observed at concentrations above the site MPS at more than one location.  Although vinyl chloride is detected at concentrations above the MPS, its presence provides additional evidence for natural attenuation as it is formed through the degradation of TCE.  Vinyl chloride will continue to be present and likely fluctuate in concentrations throughout the North End Groundwater in the areas where TCE continues to naturally attenuate. 
Two primary TPH compounds are detected in the North End Groundwater compliance wells (TPH gasoline and unidentified oil).  The TPH compound detected at the highest concentrations is the unidentified oil, which is classified within the diesel range of organics.  It is suspected that the unidentified oil is very old and highly degraded fuel that is no longer volatile or mobile like gasoline or pure diesel fuel.  This unidentified oil, though classified within the diesel range or organics, does not have an MPS because it does not pose a threat to the vapors in indoor air.  Thus, TPH is not detected in the North End Groundwater compliance wells at concentrations above the MPS.  The detections of the unidentified oil TPH are co‑located in the area where TCE and PCE concentrations are the highest – in the vicinity and downgradient of MW‑13SRR and the former vapor degreasing room.  
Perimeter Groundwater Monitoring
Perimeter detection monitoring wells are defined as those wells located along the property boundary where affected groundwater exits the property.  Perimeter monitoring wells are summarized below. 
	

	PERIMETER MONITORING WELL ID
	GENERAL LOCATION WITHIN MONITORING AREA

	MW-01I, MW-25S, MW-25D, and MW-25BR
	Background/Upgradient

	MW-11I, MW-40S, MW-40I, MW-62S, MW-64S, MW-65S, OW-02, OW-08, OW-09, RW-01, RW-02, RW-03, RW-04, RW-05, RW-06, RW-07, and RW-08.
	Downgradient perimeter 
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TCE was not detected in any of the groundwater samples obtained from the perimeter monitoring wells at concentrations above the site-specific MPS of 0.8 mg/L.  TCE in the perimeter monitoring area has been declining in concentration since the start of the ICMs for groundwater in 2003.  Declines in TCE concentrations in the recovery wells are presented in the Support for MNA for Groundwater.
PCE and cis-1,2-DCE were either not detected in the perimeter monitoring wells or were detected at concentrations below the MPS.  
Vinyl chloride is the only constituent observed at concentrations above the site MPS at more than one perimeter well location.  Although vinyl chloride is detected at concentrations above the MPS, the ongoing presence of this constituent is the result of the natural degradation of TCE and provides evidence that natural attenuation is occurring.  Vinyl chloride will continue to be present and likely fluctuate in concentrations throughout the North End Groundwater in the areas where TCE continues to naturally attenuate.
TPH was not detected in any of the perimeter groundwater samples collected during the December 2009 sampling event at concentrations above the MPS.
Off-site Groundwater Monitoring
Off-site monitoring wells are defined as those wells located outside the fenced site boundary.  Off-site monitoring wells are summarized below.
	 

	OFF-SITE MONITORING WELL ID
	GENERAL LOCATION  WITHIN MONITORING AREA

	MW-32S , MW-32I, MW-43S, MW-44S MW-46S, and MW-51S
	North of property boundary along Cycle Street and Toledo Street 

	MW-33S, MW-33I, MW-58S and MW-58I
	Northeast of the property boundary in the direction of the Little River
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The following is a summary of the current groundwater conditions observed in the off-site detection monitoring wells during the December 2009 groundwater sampling event.
Chlorinated VOCs (PCE, TCE, cis-1,2-DCE, and vinyl chloride) are detected in four monitoring wells immediately north of the Site (MW-32S, MW-32I, MW‑46S, and MW-51S).  With the exception of vinyl chloride detected in wells MW-32I and MW‑51S, none of these constituents are detected at concentrations above the MPS.  This is consistent with previous sampling events conducted in the North End Groundwater.
Only one constituent (vinyl chloride) is detected at a concentration above its MPS.  Vinyl chloride is detected at a concentration of 0.022 mg/L and in well MW-32I compared to the MPS of 0.013 mg/L.  The presence of vinyl chloride in this well is likely the result of the natural degradation of TCE.  These observed vinyl chloride exceedances are isolated to the glaciolacustrine aquifer which underlies the alluvium aquifer and therefore does not represent a risk to residential properties.
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)[image: ]COCs are not detected in the off-site wells located to the northeast of the site (MW-33S, MW-33I, MW‑43S, MW‑44S, MW-58S, MW-58I) at concentrations above the MPS.
TPH was not detected in the off-site monitoring wells during the December 2009 sampling event.
Support for MNA
Historically, the primary COCs in the North End Groundwater have been PCE, TCE, and related degradation products.  The source of the chlorinated VOCs, primarily TCE, in the North End Groundwater is believed to have been a release from the former vapor degreasing room.  The elevated concentrations of PCE are observed in an area sidegradient of the former vapor degreasing room, where monitoring well MW-13SRR is located.  The source of the PCE was an abandoned line that was associated with an abandoned underground storage tank (UST).  This line and the abandoned UST were removed during the final ICM completed in the MW-13S area during November 2009.  No other sources of PCE were identified in this area of the site.  The location of the former vapor degreasing room and the MW-13S area are shown on the Groundwater ICMs Locations Map.
MNA represents a reasonable and appropriate final corrective measure for the North End Groundwater because sources of the COCs (PCE, TCE, and daughter products) have been remediated through successful implementation of ICMs, the chlorinated VOC plume has contracted, and the presence of abundant daughter products (e.g. vinyl chloride and cis-1,2-DCE) combined with low dissolved iron have been observed.  A more detailed discussion of the supporting evidence for MNA is provided in Support for MNA in Groundwater.
South End Groundwater 
The following information summarizes the current conditions of the groundwater flow and groundwater quality in the South End of the site.  The sampling results relied upon to describe the groundwater current conditions are divided into three groups:  samples collected from compliance wells located in and near the source areas, samples collected from perimeter wells located along the property boundary, and samples collected from off-site wells.  South End Groundwater is further divided into two areas for comparison to MPS: 
1. Groundwater that is present beneath or within 30 feet of an occupied industrial building (in both the upgradient and downgradient direction) was compared to the MPS developed and determined to be protective of potential industrial worker exposures to organic vapors in indoor air.
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)[image: ]Groundwater that is greater than 30 feet downgradient of an occupied building was also compared to the MPS developed and determined to be protective of groundwater discharge to the surface water of the Little River.
Groundwater Flow Conditions
The South End Groundwater is defined as the groundwater that is present to the south of the groundwater divide.  Groundwater flow in the southern portion of the site is shown on the Water Table Configuration (May 2009).  In general, groundwater flow in the southern portion of the site is to the southeast in an off-site direction toward the Little River.   
Current Conditions of Groundwater – May 2009
COCs for South End Groundwater include both VOCs and metals.  The VOCs are PCE, TCE, cis‑1,2-DCE, vinyl chloride, and TPH.  The site-specific metals include cadmium, chromium, copper, nickel, and zinc.  The spatial distribution of the five primary COC for the South End Groundwater (PCE, TCE, cis‑1,2-DCE, vinyl chloride, and TPH) are shown on the Distribution of PCE South End Groundwater (May 2009), Distribution of TCE South End Groundwater (May 2009), Distribution of cis-1,2-DCE South End Groundwater (May 2009), Distribution of Vinyl Chloride South End Groundwater (May 2009).  
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)[image: ]The spatial distribution of four of the five site-specific metals (cadmium, copper, chromium, and nickel) are shown on Distribution of Cadmium South End Groundwater (May 2009), Distribution of Chromium South End Groundwater (May 2009), Distribution of Copper South End Groundwater (May 2009), and Distribution of Nickel South End Groundwater (May 2009).  Zinc, the fifth site metal, was not detected at concentrations above the secondary drinking water standard of 5 mg/L.  A summary of the constituents detected in the groundwater samples collected from the South End Groundwater during May 2009 is presented in Table 3 (Summary of Constituents Detected in South End Groundwater (May 2009) (protective of facility workers exposure to vapors in indoor air) and Table 4 (Summary of Constituents Detected in South End Groundwater (May 2009) (protective of ecological receptors in surface water of Little River). 
Compliance Groundwater Monitoring Wells
Compliance groundwater monitoring wells are defined as those wells located beneath or in close proximity to former source areas and along the property line in the south end of the site.  Compliance monitoring wells for the South End Groundwater are summarized below. 
	

	COMPLIANCE MONITORING WELL ID
	GENERAL LOCATION WITHIN MONITORING AREA AND MPS

	MW-01I, MW-25S, MW-25D, MW-25BR 
(north end background wells)
MW-66S (south end upgradient well)
	Location – background/upgradient 
MPS for VOCs and Site Metals – MA DEP 
GW-3 and site‑specific targets (for VOCs); protective of the surface water of the Little River

	MW-16SR, MW-17S, MW-27S
MW-04S, MW-26I, and MW-52S
	Location – within former source areas (chromium and zinc plating operations, former lagoons and reflecting pond, and PCE area, respectively)
MPS for VOCs – MA DEP GW-2 and site‑specific targets; protective of the potential exposure of vapors to indoor air
MPS for Site Metals -  MA DEP GW-3; protective of the surface water of the Little River

	MW-10S, MW-10I, MW-27S, MW-27I, 
MW-34S, MW-36S, and MW‑50I,
	Location – downgradient of former source areas
MPS for VOCs – MA DEP GW-2 and site-specific targets; protective of the potential exposure of vapors to indoor air
MPS for Site Metals -  MA DEP GW-3; protective of the surface water of the Little River

	MW-12S, MW-12I, and MW-47BR
	Southeastern property line bordering South Medow Road (within 30 feet of occupied building)
MPS for VOCs – MA DEP GW-2 and site‑specific targets; protective of the potential exposure of vapors to indoor air
MPS for Site Metals -  MA DEP GW-3; protective of the surface water of the Little River
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)[image: ]The locations of the monitoring wells are shown on the Water Table Configuration (May 2009).  
Recognizing that groundwater is a dynamic system and that within the South End Groundwater plume site metals and VOC concentrations will vary, constituent concentrations observed in samples collected from Compliance Monitoring wells will be averaged.  For the final corrective measure to be effective the average concentration should be stable or declining.  A summary of average concentrations of detected constituents in the South End compliance wells (May 2009) is provided below.  This data set establishes the baseline for future comparisons and to aid in evaluating the effectiveness of the final corrective measure.
	

	CONSTITUENT DETECTED
	ARITHMETIC AVERAGE (1)
	STANDARD DEVIATION (1)

	VOCs
	
	

	cis-1,2-DCE
	0.182
	0.267

	PCE
	5.144
	14.831

	TCE
	0.433
	0.814

	Vinyl chloride
	0.081
	0.159

	TPHs
	
	

	GRO
	2.156
	4.420

	DRO 
	5.915
	5.898

	Site-specific Metals
	
	

	Cadmium, total
	0.008
	0.008

	Chromium, total
	3.006
	7.816

	Copper, total
	0.559
	1.361

	Nickel, total
	8.669
	20.038

	Zinc, total
	0.570
	1.223

	(1) 	 Concentrations posted in mg/L.
Arithmetic Average calculated using the detection limit for non detects
Standard Deviation calculated using the detection limit for non detects


The following is a summary of the current conditions of the chlorinated VOCs detected in the compliance monitoring wells in the South End Groundwater based on the May 2009 sampling event.  Compliance wells are located within an area where there is a potential for an industrial worker to be exposed to VOC vapors in indoor air.  As such, the compliance wells were compared to the MPS developed and determined to be protective of this exposure pathway.  Generally, the MPSs are the promulgated MA DEP GW-2 standards.  Site-specific MPS have been calculated for the primary VOCs of the South End Groundwater.
PCE is the COC detected at the highest concentrations in the South End Groundwater.  PCE was detected in samples collected from two compliance wells (deep well MW-27I and shallow well MW-52S) at concentrations above the MPS.  During the May 2009 baseline sampling event, PCE was detected at a concentration of 34.4 mg/L in well MW-27I and 55 mg/L in well MW-52S compared to an MPS of 2.8 mg/L.  While concentrations have remained relatively unchanged in well MW-52S, the concentrations of PCE in well MW-27I have declined since the well was installed in 2003.  The details of these concentrations trends are presented in the Support for MNA of Groundwater.  Additionally, concentrations of PCE have declined in well PMP-06 since completion of the ICM for South End Groundwater.  Concentrations have declined from over 12.0 mg/L to 2.6 mg/L, below the MPS.  Further downgradient from the high concentrations of PCE at the southern property line (MW-12S, MW-12I, and MW-47BR), concentrations of PCE are an order of magnitude or more lower than the MPS.
TCE is the most widely distributed constituent detected in the compliance well samples.  TCE was detected in samples collected from two compliance monitoring wells at concentrations above the MPS, MW-27I at 2.28 mg/L and MW-50I at 2.79 mg/L versus an MPS of 1.9 mg/L.  These concentrations are within the range of historical concentrations identified in these wells over time.  This data is presented in the Support for MNA of Groundwater.
Cis-1,2-DCE was not detected in the South End Groundwater at concentrations above the MPS.  The presence of cis-1,2-DCE is an indication of the natural degradation of the PCE and TCE.
Vinyl chloride is present at some compliance monitoring locations in the South End Groundwater.  Vinyl chloride was detected in the samples collected from two monitoring wells at concentrations above the MPS of 0.052 mg/L, MW-50I at 0.088 mg/L and PMP-06 at 0.19 mg/L.  The presence of vinyl chloride is further indication of the natural degradation of the PCE and TCE.
TPH was detected in the samples collected from several compliance monitoring wells at a concentration above the MPS of 5.0 mg/L (for both the TPH-GRO and TPH-DRO).  The highest concentration of both GRO and DRO was detected in the samples collected from well MW-52S, 13.9 mg/L and 24.7 mg/L, respectively, and are co-located with the highest concentration of PCE.
While the presence of VOCs in groundwater at concentrations above the MPSs indicates that the potential exists for industrial workers to be exposed to VOC vapors in the indoor air, the indoor air monitoring conducted during December 2009 shows that VOC vapors are not present at concentrations well below any Occupational Safety and Health Administration (OSHA) Permissible Exposure Levels (PELs) protective of industrial workers.  
Indoor air samples were collected at a total of five locations including the area immediately overlying the groundwater plume where the highest concentrations of PCE had been detected (MW-52S and MP-103), as well as in the wastewater treatment area, which is the only location in the vicinity of the South End PCE plume that is intermittently occupied by a wastewater treatment operator during the work day.  
While low level detections of TCE were identified in two of the five samples and a low level detection of PCE was identified in one of the five samples, all the VOCs detected were several orders of magnitude below the applicable OSHA PELs and confirm that there is no risk to industrial workers from exposure to VOC vapors emanating from the South End Groundwater plume.  The results of the air sampling are provided below.
	

	PARAMETER
	SAMPLE ID/SAMPLE DATE

	
	OSHA PEL (ppm)
	AS-103
12/15/09 
	AS-52
12/15/09 
	AS-BG
12/15/09 
	AS-PO6
12/15/09 
	AS-WT
12/15/09 

	PCE 
	100
	0.00171
	<0.0005
	<0.0005
	<0.0005
	<0.0005

	TCE 
	100
	<0.0005
	<0.0005
	<0.0005
	0.00094
	0.00074

	Vinyl chloride
	1
	<0.0005
	<0.0005
	<0.0005
	<0.0005
	<0.0005

	Units are ppmv
Bold indicates detection 
< 	Concentration less than the Quantitation Limit.


The following is a summary of the current conditions of the site-specific metals detected in the compliance monitoring wells in the South End Groundwater based on the May 2009 sampling event.  Site‑specific metals include cadmium, chromium, copper, nickel, and zinc.  Because there is no risk of vapors of metals to indoor air, the MPS for site‑specific metals are the promulgated MA DEP GW-3 standards that are protective of the surface water of the Little River.  
Nickel is the most widely distributed of the site‑specific metals and is detected at the highest concentrations.  Most of the compliance monitoring wells had nickel detected at a concentration above the MPS.  The highest concentration of nickel was detected in the monitoring well located immediately downgradient of the current and former plating operations, MW-27S.  Nickel was detected at a concentration of 79.9 mg/L in this well versus a MPS of 0.2 mg/L.  
Chromium is observed in South End Groundwater compliance wells at concentrations above the MPS of 0.3 mg/L.  The highest concentrations of chromium observed during the May 2009 monitoring event were in the samples collected from wells PMP-07 (27.4 mg/L) and MW-52S (19.7 mg/L), downgradient of the former and current plating operations.
Copper is observed South End Groundwater compliance wells at concentrations above the MPS of 0.09 mg/L at three locations (MW-27S, MW-52S, and PMP‑07).  The highest concentration of copper detected during the May 2009 monitoring event was 5.06 mg/L and was identified in the samples collected from well MW-27S.  
Zinc was identified at three locations at concentration above the MPS.  Zinc was observed in the samples collected from wells MW-27S, MW-52S, and PMP-07 during the May 2009 monitoring event at concentrations of 1.79 mg/L, 4.32 mg/L, and 2.74 mg/L, respectively, above the MPS of 0.9 mg/L.
Nickel and zinc are the only site metals observed in the samples collected from the monitoring wells on the property line (MW-12S and MW-12I,).  These COCs were detected at concentrations an order of magnitude below the MPS.
Overall, concentrations of metals in the compliance monitoring wells have declined since the completion of the soil ICM conducted in the former chromium and zinc plating area.  The details of the concentration trends of site metals since completion of the ICMs are discussed in the Support for MNA for Groundwater.
Off-site Groundwater Monitoring
Off-site detection monitoring wells are defined as those wells located outside the fenced site boundary.  Off-site monitoring wells are summarized in the following table.
	 

	OFF-SITE MONITORING WELL ID
	GENERAL LOCATION  WITHIN MONITORING AREA AND MPS

	MW-02S, MW-02I, MW-08S, MW-08I, and MW‑09S 
	Location - southwestern of property line in tobacco fields
MPS for VOCs and Site Metals – MA DEP 
GW-3 and site‑specific targets (for VOCs); protective of the surface water of the Little River

	MW-21S, MW-29S, MW-30SR, MW-30I, MW-48S, MW‑48I, MW-57S, and MW-57I.
	Location – off-site south-southeast of the site 
MPS for VOCs and Site Metals – MA DEP 
GW-3 and site‑specific targets (for VOCs); protective of the surface water of the Little River
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The following is a summary of the current conditions of the chlorinated VOCs detected in the off-site monitoring wells in the South End Groundwater based on the May 2009 sampling event.  The MPS for the off‑site groundwater are the promulgated MA DEP GW-3 standards that are protective of the surface water of the Little River.
VOCs are not observed in the off-site monitoring wells at concentrations above the MPS.  TCE was detected in the samples collected from two off-site wells (MW-21S and MW-29S) located dowgradient of the site in the tobacco fields across from South Meadow Road and four off-site wells (MW-02I, MW-08S, MW-08I, and MW‑09S) located sidegradient of the southern property line.  Concentrations of VOCs detected in these wells have either been stable or declining for the past several years of monitoring.  The details of these data are presented in the Support for MNA for Groundwater. 
The leading edge of the TCE plume is defined by well MW-29S as the concentration of TCE detected in this well during the May 2009 monitoring event was 0.0058 mg/L (versus the federal drinking water standard of 0.005 mg/L).  Cis-1,2-DCE was also detected in this well indicating that the TCE is naturally attenuating.
VOCs were not detected in monitoring wells located further downgradient of MW-29S, closer to the Little River.
The following is a summary of the current conditions of the site-specific metals detected in the off-site monitoring wells in the South End Groundwater based on the May 2009 sampling event.  Because there is no risk of vapors of metals to indoor air, the MPS for site-specific metals are the promulgated MA DEP GW-3 standards that are protective of the surface water of the Little River.
Nickel was detected in the groundwater samples collected from MW-02S, MW-02I, MW-08S, MW-08I, and MW-09S, located sidegradient of the southern property line at concentrations above the MPS.  The highest concentration of nickel was detected in the samples collected from well MW-02I (2.33 mg/L versus MPS of 0.2 mg/L).
Nickel was also detected in two off-site monitoring wells (MW-21S and MW-29S) below the MPS during the May 2009 monitoring event.  These wells are located downgradient of the southern property line across South Meadow Road.  Consistent with the distribution of TCE, well MW-29S defines the leading edge of the nickel plume.  Monitoring wells further downgradient of the MW-29S have no detections of nickel.  Also consistent with TCE, the concentrations of nickel detected in these wells have either been stable or declining for the past several years of monitoring.  The details of these data are presented in the Support for MNA for Groundwater. 
Cadmium and copper were detected in samples collected from only one of the off-site monitoring wells (MW-02I) at concentrations above their respective MPS.  Cadmium was detected at a concentration of 0.011 mg/L versus an MPS of 0.009 mg/L and copper was detected at a concentration of 0.236 mg/L versus an MPS of 0.09 mg/L. 
Chromium was detected at only one off-site monitoring location at a concentration above the MPS during the May 2009 monitoring event.  Chromium was detected in the samples collected from MW-08I at a concentration of 0.548 mg/L versus an MPS of 0.3 mg/L.
Zinc was detected in the samples collected from the all the off-site wells at concentrations consistent with the concentrations detected from the background locations (MW-25S, MW11I, and MW-25BR).
Support for MNA
Historically, the primary COCs in the South End Groundwater have been site-specific metals (cadmium, chromium, copper, nickel, and zinc), chlorinated VOCs (PCE, TCE, and related degradation products), and TPH.
The source of the site-specific metals, primarily nickel and chromium, to the South End Groundwater was releases from the former chromium and zinc plating operations.  The source of these metals was removed during a soil ICMs conducted during December 2001.  During March 2009, additional metals-affected soil was excavated around the footers of the former plating building as it was torn down during demolition activities.
There are three known sources of chlorinated VOCs, primarily TCE, to the South End Groundwater, the former lagoons, reflecting pond, and wastewater treatment.  The impacted soil of the former lagoons and reflecting pond were removed during an ICM conducted April and June 2000.  
Because the South End PCE source area is located beneath Building 3, in an area of the site where safety concerns make aggressive treatment of the shallow soils impracticable, treatment in the South End PCE source area was limited to groundwater.  Concentrations of PCE in this area of the site will be evaluated by monitoring the groundwater concentration trends.  Stable and declining trends currently support the conclusion that there is not a continuing source of PCE to groundwater.  
MNA is an appropriate and viable final corrective measure for the South End Groundwater because sources of the COCs (site‑specific metals – cadmium, chromium, copper, nickel, and zinc and chlorinated VOCs – PCE, TCE, and daughter products) have been remediated, the area of groundwater affected by site‑specific metals is stable or contracting, the area of groundwater affected by PCE, TCE  and daughter products is also stable, and abundant daughter products (e.g. vinyl chloride, cis-1,2-DCE, low dissolved iron) are present in the groundwater. 
The supporting evidence for MNA as a viable final corrective measure for South End Groundwater is provided in Support for MNA in Groundwater.
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